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Abstract

Traumatic brain injury (TBI) is associated with impairments of attention, most typically measured through tests of
information processing, or by subjective symptom endorsement by patients, families, and clinicians. We have
previously shown increased rates of off-task behavior among patients with TBIversuscontrols as defined by
videotaped records of independent work in distracting environments. In this research, we report on a more detailed
method of coding such videotaped records which allows measurement of the precise number of off-task behaviors,
their durations, and their relationship to distracting events. Using this method, we studied 20 patients with recent
moderate-to-severe TBI and 20 demographically comparable controls as they performed independent work tasks
while being subjected to controlled distracting events. This research confirms that patients are markedly less
attentive than controls both in the presence of distractions and in their absence, that distractions have an influence
on off-task behavior in both groups, and that the disruptive impact of distractors wanes relatively quickly for
controls but not for patients. The duration of distraction produced by various classes of distracting events appeared
similar for patients and controls, although the power to detect differences in behavioral duration between groups
was limited. The pattern of inattentiveness among patients showed minimal relationship to measures of injury
severity within this sample. (JINS, 2000,6, 1–11.)
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INTRODUCTION

Clinical literature consistently lists disorders of attention
among the most prevalent cognitive sequelae of traumatic
brain injury (TBI;Auerbach, 1986; Levin & Goldstein, 1989;
van Zomeren, 1981; van Zomeren & Brouwer, 1994; van
Zomeren et al., 1984; Whyte et al., 1998b). While clini-
cians and family members presumably base their reports of
patients’ attentional deficits on aspects of observable behav-
ior within the context of everyday tasks, most research on
attention in TBI has focused on controlled laboratory mea-
sures of information processing (e.g., Brouwer & van Wolffe-

laar, 1985; Cremona-Meteyard & Geffen, 1994; Ponsford
& Kinsella, 1992; Schmitter-Edgecombe et al., 1992; Shum
et al., 1994, van Zomeren, 1981; Whyte et al., 1995, 1997,
1998a). Thus, little is known about the overt attention-
related behaviors that presumably form the basis of the judg-
ments made by family members and clinicians. In order to
be able to understand the relationship between underlying
attentional processes measured in laboratory information pro-
cessing tasks, and clinically observable inattentiveness, it is
necessary to have measures for the latter that are compara-
bly quantitative to the former.

We have been interested in how the purported attentional
abnormalities common in TBI manifest themselves in nat-
uralistic settings. In order to study this, we developed a set
of standardized independent work tasks that participants per-
form in distracting environments. Within these tasks, we have
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definedoff-task behavioras episodes of looking up and away
from the task materials and0or engaging in unsolicited con-
versation with the research assistant. Our prior research has
shown that, indeed, individuals with TBI show signifi-
cantly more off-task behavior than controls, both in the pres-
ence of external distractions, and when left undisturbed
(Whyte et al., 1994, 1996). However, measures of “fidget-
ing” behavior, modeled after the restless behaviors seen in
attention deficit hyperactivity disorder (ADHD), did not dis-
tinguish the two populations (Whyte et al., 1996).

In our prior research, we used a very crude method of
coding off-task behavior. Videotaped records of behavior
were divided into 15-s epochs. Each epoch was then de-
fined as on-task (ifnooff-task behavior occurred within the
interval) or off-task (if off-task behavior occurredin any
part of the interval). This method of coding precluded any
real quantitative analysis of the frequency, duration, or tem-
poral arrangement of off-task behavior. Consequently, in the
research we report here, we have revised our method of analy-
sis to include a much more precise quantification of off-
task behavior. Using this quantitative method, we have
examined how such behavior is influenced by distracting
events, different task contexts, and repeated sessions.

METHODS

Research Participants

A pool of brain-injured patients and comparable controls
were tested as part of a larger program of attentional re-
search.All brain-injured participants had a recent closed head
injury sustained in a motor vehicle accident, fall, or inter-
personal conflict, and were tested during their initial epi-
sode of inpatient rehabilitation at the Drucker Brain Injury
Center at MossRehab. They were excluded if they had a prior
history of traumatic brain injury resulting in loss of con-
sciousness, prior central nervous system pathology, learn-
ing disability, attention deficit disorder, or major mental
illness, or were taking medication (other than carbamaze-
pine) known to affect cognitive function. Controls were re-

cruited from hospital staff and community advertising. Ex-
clusion criteria for controls were the same as for patients
with the additional requirement that they had never suf-
fered loss of consciousness from a traumatic brain injury.
From the larger pool of participants, data records were ran-
domly selected for 20 brain-injured individuals for the quan-
titative temporal coding described here. Records from 20
control participants were selected for comparison. The lat-
ter were chosen without regard to performance, but so as to
ensure comparability to the selected patients in terms of sex,
age, ethnicity, and years of education. Many of the partici-
pants described here also participated in other attentional
assessment tasks in the same laboratory, both before and
after these data were collected. Eleven patients and 14 con-
trols whose data are analyzed here were also included in a
previous publication on inattentive behavior that made use
of a much less quantitative coding system (Whyte et al.,
1996).

Brain-injured participants were tested as soon as they were
cognitively and physically able to engage in the testing pro-
tocol and were free of excluded medications (time post-
injury: Mdn5 66.5 days; range5 27–222 days). Standard
measures of brain injury severity were not consistently avail-
able for patients, but Glasgow Coma Score (Teasdale & Jen-
nett, 1974) recorded within the first 24 hr and estimated time
until the patient first followed verbal commands were ab-
stracted from referral records where possible. Unfortu-
nately, in most instances it could not be determined whether
the recorded GCS represented the initial score, or the best
or worst score in the first 24 hr. All patients were out of
posttraumatic amnesia (PTA) at the time of testing, but their
durations of PTA were not consistently available. Disability
Rating Scale Scores (Rappaport et al., 1982) at the time of
testing were determined for all patients. Demographic char-
acteristics of the selected patients and controls and brain
injury severity indices for patients are summarized in Table 1.
Patients and controls were compared on nominal variables
(sex, ethnicity) using Fisher’s Exact Test, and on continu-
ous variables (age, years of education) using the Mann-
WhitneyU test. As shown in Table 1, the patient and control
groups were well balanced demographically.

Table 1. Participant characteristics

Characteristic
Patients
(N 5 20)

Controls
(N 5 20) p

Age (Mdn; range) 29; 17–55 28; 14–60 .63*
Sex (female0male) 5015 7013 .73**
Ethnicity (African American0Latino0White) 501014 801011 .51**
Years of education (Mdn; range) 12; 9–16 12.5; 8–16 .76*
GCS (Mdn; range; no. missing) 6; 3–14; 3 – –
Estimated time until commands were followed (Mdn days; range; no. missing) 14; 0–61; 2 – –
Disability Rating Scale score during testing (Mdn; range; no. missing) 5; 1–8; 0 – –

*Mann-WhitneyU test.
**Fisher’s exact test (the comparison of proportions of Whites and non-Whites).
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The research protocol was approved by the Institutional
Review Board of MossRehab. Informed consent was ob-
tained from each control participant and from patients or
their surrogates. Patients and controls were paid for each
testing session.

Procedure

All testing was conducted in a sound-damped laboratory ad-
jacent to the hospital. In this experiment, participants were
seated at a testing table, facing a video camera while they
performed three independent work tasks during a single ses-
sion. This set of three tasks was repeated in three separate
sessions conducted at the same time of day. Each session
was videotaped with a time code stamp that allowed later
coding of behavioral events to be precisely sequenced and
timed. Caffeinated beverages were prohibited beginning a
few days prior to the study, and cigarette consumption among
smokers was temporally controlled to avoid either nicotine
withdrawal or stimulation during testing, as described pre-
viously (Whyte et al., 1996).

The three tasks were always performed in the same or-
der. The participants were first asked to make a collage of
their choosing on a large white piece of paper, using a glue
stick and a bowl containing 320 squares and triangles of
various colors of construction paper. Next they were pre-
sented with a bowl in the center of the table containing 192
pieces of each of eight different items (e.g., pieces of pasta,
nails, etc.), surrounded by eight smaller bowls, each of which
had a single exemplar of a different item. They were asked
to sort the items into individual bowls using their preferred
hand. Finally, they were given a 500-piece jigsaw puzzle
and asked to assemble as much of it as possible in the time
allotted by referring to the photograph on the lid of the box.
These tasks were selected to include a range of structured
to unstructured activity, and to be able to be performed by
participants of varying ability levels. Each task was 12–
13 min long and was introduced with 1–2 min of verbal di-
rections from a research assistant (R.A.), who also terminated
each task after a total of 15 min (directions plus work time),
for a total session length of about 45 min.

Participants could see the video camera and knew that
the overall purpose of the larger testing protocol was to study
attention, but were not informed about what aspects of their
performance were being assessed in this particular experi-
ment. Participants were informed that they needed to work
on their own, but the need to be attentive was not specifi-
cally stressed. During each session the RA sat at a nearby
table apparently doing his or her own work. The RA per-
formed 12 naturalistic distracting behaviors, selected from
four different distractor classes, during each session. The
four classes of distractor were intended, potentially, to have
different impacts on the participants: (A) distractors that in-
volved the RA getting up from his0her chair and perform-
ing quiet tasks within the room (such as checking the
thermostat), which were approximately 30 s in length; (B)
distractors that involved brief, noisy behaviors performed

at the RA’s desk (such as dropping and retrieving a note-
book), which were approximately 15 s in length; (C) color-
ful and noisy video games played by the RA within the
participants’ view, and lasting approximately 60 s; and
(D) conversation distractors in which the RA dictated or tele-
phoned someone else, and which lasted approximately 60 s.
One member of each class of distractor occurred within each
task, in pseudorandom order (instances of the same distrac-
tor class were never presented as the last distractor in one
task and the first distractor in the next task). Their timing
was controlled by an audiotape to which the RA listened
through a small earphone. Participants were unaware that
the distractors were an intentional part of the protocol. A
different control tape, determined by a Latin-square design,
was used for each session. Each tape specified similar but
distinct distractors in different temporal locations. Distrac-
tors occupied slightly less than 20% of the working time
(i.e., non-direction-giving time) in each session.

Videotape coding was performed by coders who were
trained to criterion on separate training videotapes. Coding
was done on a behavioral coding workstation (Observational
Coding System Tools, 1995), without specific knowledge
of the participants’ clinical histories or performance on other
attentional measures within the laboratory. Nevertheless, it
was often possible to tell that a participant was a patient
rather than a control. Coders viewed and listened to the vid-
eotapes to locate specific defined events. When a defined
event was seen, the coders used slow frame analysis back-
ward and forward to mark the beginning and end of the event
with respect to the time code stamp, accurate to 33.3 ms
(1 frame), thus allowing the onset time and duration of each
event to be analyzed. Four types of events were coded: off-
task behavior (eyes or head directed away from the task
materials, or conversation with the RA); the presence of 1
of the 12 distractors; time-out periods (intervals of direc-
tion giving or RA intervention—these were excluded from
data analysis); and extraneous motor (fidgeting) and extra-
neous vocal behavior (results not discussed here).1

Data Analysis

Interrater agreement was measured by Cohen’s Kappa in
terms of whether a relevant behavioral event occurred and
what type of event it was. The temporal discrepancy be-
tween raters for agreed-upon events was examined with
descriptive statistics. Factors influencing the frequency of
off-task events were analyzed through hierarchical log-
linear modeling, withpost-hoctesting conducted via the
Mann-Whitney U (for between-participants differences) or
Wilcoxon Signed Ranks (for within-participant differ-
ences) Tests. Influences on the duration of off-task events
similarly were analyzed with the Wilcoxon Signed Ranks
Test (for within-participant comparisons) or the Mann-

1Operational coding procedures for these events are available upon re-
quest from the authors.

Inattentive behavior 3

https://doi.org/10.1017/S1355617700611013 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617700611013


Whitney U Test (for between-participants comparisons). The
impact of injury severity on inattentive behavior was exam-
ined with Spearman rank-order correlations.

RESULTS

Interrater Reliability

Two coders independently coded approximately 20% of the
sessions for reliability purposes, but the data used for this
analysis were those from the first coder to review the tape.
Off-task and distraction events coded within 1 s and time-
out events coded within 3 s byboth raters were defined as
the same event after reviewing preliminary histograms of
the time discrepancies between raters. When two raters both
identified the same event within the above time windows,
they essentially never disagreed as to what type of event it
was (i.e., there was no confusion among event categories).
Rather, disagreements consisted almost exclusively of one
coder failing to code an event seen by another coder, or one
coder identifying several short events which another coder
identified as a single longer event. When tapes were re-
viewed for these disagreements, errors were determined to
be nearly always false negatives (i.e., one rater missed an
event that was present).

Cohen’s Kappas for each event type are shown in Table 2,
considering both subject groups together (interrater relia-
bility was not related to participant group). As can be noted,
mean and median Kappas were quite high, but there were
occasional very low agreement scores. Upon inspection of
these, it was clear that low Kappa values occurred when the
number of relevant events was very small and a disagree-
ment occurred; Kappa is extremely sensitive to disagree-
ment when the sample in one rating category is small
(Cicchetti & Feinstein, 1990). Also of note is the perfect
agreement regarding distractors. This is due to the fact that
the coders had access to the same audiotape cues that in-
structed the RA to perform the distractor, since the RA per-
forming the distracting behavior was generally not visible
on the videotape.

In addition, we were concerned that the probability of
missing an event might be related to event frequency, which
could introduce bias (assuming a higher off-task event fre-
quency among patients). To assess this, the number of events
seen byone or the other or bothcoders was assumed to

represent the “true” number of events (recognizing that even
this slightly underestimates true events on occasions when
both raters miss an event). The proportion of the events seen
by each coder was plotted against the true number of events
to assess the presence of systematic bias. Overall, it ap-
peared that each coder was likely to miss approximately 7%
of the total number of off-task events (where “total” is de-
fined as the events seen byeithercoder). The proportion of
missed events was graphed against the total number of events
in each session. Visual inspection did not suggest a system-
atic relationship, and a linear regression confirmed the fact
that there was no significant relationship for either patients
or controls.

When coders agreed on the presence of an off-task event,
their temporal agreement was compared. The median tem-
poral discrepancy (absolute value) between the coders was
70 ms for the onset of off-task events, 100 ms for the end of
off-task events, 230 ms for the onset of distractors, and
170 ms for the end of distractors.

Duration of Distractor Impact

We ultimately wished to examine the prevalence of off-task
behavior under the influence of distracting stimuli, and dur-
ing quiet times when no distractors were administered. This
raised two questions: (1) Is the increase in off-task behavior
induced by distractors constant throughout the distracting
interval? and (2) Does the disruptive impact of distractors
last beyond their termination? In order to define intervals of
time which were clearly baseline (undistracted) intervals, a
curve-fitting strategy was used. The probability of an off-
task event beginning during each second of the distractor
was calculated separately for patients and controls, col-
lapsing over participants, sessions, tasks, and different
instances of the same distractor class. For both groups, in-
spection of these data revealed a high probability of off-
task behavior at distractor onset, a declining probability
thereafter, and ultimately a constant low (baseline) proba-
bility of off-task behavior some time after distractor termi-
nation. In order to estimate thebehavioralduration of the
distractors, we deleted a 10-s section of the data that was
ambiguous (i.e., the portion where the declining tail of the
curve merged with the flat baseline). We then fit a logarith-
mic function to the left-hand portion of the data, and plot-
ted a horizontal line through the mean of the right-hand
portion of the data. The intersection of these two functions
was operationally defined as the end of the behavioral du-
ration of the distractor (see Figure 1). The logarithmic por-
tion of the function accounted for only a modest portion of
the variance, as shown in Table 3. This is because the de-
pendent variable, proportion of observations which were off-
task, occurred in only finite increments (only zero, 1, 2, etc.,
of the 20 participants observed in each task and session could
be off task). Similarly, the increasing variability in the right
hand portions of the graphs is only apparent. As the interval
of observation is lengthened, more and more intervals are
censored by the onset of another distractor (in a different

Table 2. Agreement regarding event occurrence*

Cohen’s Kappa

Statistic Off-task behavior Distractor Time-out

Mdn .88 1.0 1.0
M .84 1.0 .94
Range 0–1.0 1.0–1.0 .33–1.0

*Based on double coding of a sample of approximately 20% of sessions.
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distractor class), leaving fewer intervals in the denomina-
tor, thus increasing the size of the increments in proportion
caused by any individual off-task episode.

Although the logarithmic function captured a minority of
the variance, a plot of the regression residuals for both groups
and each distractor class revealed no systematic pattern and

A

B

C

D

Fig. 1. Figures 1A–D demonstrate the probability of an off-task event beginning each second after the onset of a
given type of distractor. Figure 1A corresponds to distractor class A (quiet motion), 1B to distractor class B (brief
noise), 1C to distractor class C (video game), and 1D to distractor class D (conversation). In each panel, the left hand
graph with filled circles represents patient data while the right-hand graph with open circles represents control data.
Data for each participant group were collapsed over sessions, tasks, and different instances of the distractor class, to
calculate the proportion of observations in which an off-task event began in each 1-s interval. The curved line repre-
sents a logarithmic curve fit to the left hand portion of the data. The horizontal line represents the mean proportion of
off-task events occurring in undistracted baseline time. Note that, while the absolute levels of off-task behavior differ
between patients and controls, the points of intersection between logarithmic and linear functions are strikingly comparable.
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slopes of these residuals were all nonsignificant. This sug-
gests that this method of defining behavioral duration, while
somewhat imprecise, was unbiased. Using this method, be-
havioral durations of the various distractor classes were
clearly different, while the durations for the two groups
within the same distractor class were quite similar (see
Table 3). The behavioral effect of all distractors lasted be-
yond their actual duration. The distractor class with the most
prolonged impact was Class C (computer games). Although
the games themselves lasted only 60 s, they had discernible
effects for more than 3 min in both groups.

Influences on the Frequency
of Off-Task Behavior

For the sake of uniformity, therefore, we defined undis-
tracted time as those periods of time from which all distrac-
tors plus the subsequent 125 s had been deleted (i.e., we
deleted thelongestobserved residual effects from all dis-
tractor classes). Preliminary analysis revealed that rates of
off-task behavior during baseline intervals were unrelated
to the specific type of distractor that preceded them; thus,
all nondistracted time within a given task and session was
viewed as a single baseline against which to compare dis-
tracted intervals.

Because distractors varied in length, we defined dis-
tracted time as the first 15 s of each distractor, which was
the shortest distractor length, thus allowing us to compare
the potency of different distractors during standardized ini-
tial 15-s observation intervals. Consequently, our compari-
son of behavior during distracted and nondistracted time was
actually a comparison of the first 15 s of all distractor events
(about 27% of all distracted time) with all portions of the
session that were clearly at baseline (about 19% of all non-
distracted time).

Hierarchical log-linear modeling of the influences on off-
task behavior was conducted as follows. The number of off-
task events thatbeganduring each 15 s distractor interval
was counted. The number of off-task events that began dur-
ing each undistracted interval was also counted, but then
prorated into the number of events that would have oc-
curred in a 15-s interval of undistracted time. (Although the
first 15 s of distracted time were used for this analysis,all

undistracted time in the same session and task were used
for comparison. Thus, the number of off-task events occur-
ring in the undistracted time had to be adjusted to a rate per
15-s interval). After examining simple tabulations of the
number of off-task events, three levels of off-task behavior
were defined: zero (an event rate of 0015 s of observation);
1 (greater than zero but less than 2 events015 s); 2 (2 or
greater events015 s). A log-linear model was constructed
using the factors Group (patientvs. control); Session (first,
second, or third); Task (collage, sorting, puzzle); and Dis-
tractor Type (Class A, B, C, D, or undistracted baseline from
a given session and task). Backward elimination (begin-
ning with a saturated model) was performed to fit the most
parsimonious model using likelihood ratio chi-square tests
to determine the inclusion or removal of specific effects.

Descriptive statistics relevant to the effects of the differ-
ent independent variables were also calculated. First, the
number of off-task events originating in each distractor or
baseline nondistractor interval was counted and the length
of the interval of observation (15 s for the distractor inter-
vals and variable lengths for the nondistractor intervals) was
identified. A rate of off-task behavior was then calculated
(events0min), by adding up all of the events in the relevant
intervals and dividing by all of the observation time in those
same intervals. Off-task event rates are shown separately
for the two groups, as they are affected by the three inde-
pendent variables, demonstrating that patients’ off-task be-
havior is consistently greater than controls’ in all conditions
(see Figure 2).

The most parsimonious log-linear model [G2~156! 5
170.5,p 5 .202] included significant effects of each factor
of interest on the frequency of off-task behavior among study
subjects. As expected, patients exhibited more off-task be-
havior (M 5 1.07 events0min) than controls [.40 events0
min; G2~6! 5 113.6,p , .001]. There was also a significant
main effect of session [G2~8! 5 23.73,p 5 .0025], with re-
ductions of off-task behavior over time, particularly be-
tween the first and second sessions (.83, .68, and .65 events0
min respectively for Sessions 1–3). The influence of task
was also highly significant [G2~4! 5 36.82,p 5 ,.0001],
with greatest off-task rates during the collage task (.86
events0min) and similar rates during the sorting (.70 events0
min) and puzzle tasks (.68 events0min).

Finally, as expected, distractor type (including nondis-
tracted time) significantly influenced the rate of off-task be-
havior [G2~8! 5 158.68,p , .001]. When average rates of
off-task behavior for the four distractor classes were com-
pared with the rate during undistracted time, the difference
was highly significant in both subject groups (Wilcoxon
signed ranks test,z-score approximations 3.59 and 3.88 for
controls and patients respectively,p , .001 for each group).
The impact of distraction, as measured by a difference be-
tween these two rates, was significantly different between
groups. Patients’ rate of off-task behavior increased by a
median of 1.48 events0min with distraction, whereas con-
trols’ rate increased only by .44 events0min [U~20,20! 5
110.5,p 5 .015]. However, this comparison is confounded

Table 3. Duration of distractor impact

Point of
intersection

(behavioral duration)

r2 for
logarithmic

function

Distractor
class

Actual
distractor
duration
Time (s)

Patients
Time (s)

Controls
Time (s)

Patients
r2

Controls
r2

A 30 56 65 .44 .22
B 15 30 31 .43 .08
C 60 185 182 .23 .33
D 60 65 68 .26 .11
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by floor effects in that 8 controls and 3 patients had no off-
task episodes in the absence of distraction across the three
sessions. Therefore, we eliminated these participants and

calculated difference scores for those remaining, reflecting
their frequency of off-task behavior with distractors present
minus their frequency with distractors absent. The median
impact of distractors by this measure was 1.5 episodes0min
for patients and .6 episodes for controls [U~12,17! 5 70,
p 5 .16]. The lowest rates of off-task behavior occurred
during undistracted intervals (.29 events0min), while rates
during distraction ranged from 1.20 to 1.85 events0min, de-
pending on the nature of the distraction. The highest rates
of off-task behavior were seen during the visually compel-
ling and noisy computer game distractions (Class C).

In addition, there was a significant interaction between
Group3 Session [G2~4! 5 9.89,p , .05], with greater and
more abrupt reduction in off-task behavior in controls than
in patients. As seen from the main effect of session, and the
interaction of Session3 Group, controls appeared to be-
come more attentive with each session, while patients did
not. We examined this issue in greater detail to determine
whether changes in off-task behavior occurred during the
intervals containing distraction, the undistracted intervals,
or both. This was done by comparing the rates of off-task
behavior in Session 1versusSession 3 separately for dis-
tracted and undistracted intervals, using the Wilcoxon signed
ranks test. This revealed that patients showed little improve-
ment either in the distracted (M 5 2.23 events0min in Ses-
sion 1versus2.06 events0min in Session 3) or undistracted
conditions (.54vs. .51 events0min). In contrast, controls
showed about a 50% reduction in off-task behavior across
sessions for the distracted intervals (1.29vs. .65 events0
min) and the undistracted intervals (.18versus.07 events0
min). The reduction of impact of distractors across sessions
was significantly greater than the reduction of off-task be-
havior seen in their absence for controls (z-score approxi-
mation 5 2.92, p 5 .004) but not for patients (z-score
approximation5 .14, p5 .89). Despite the apparently greater
decline in distractor impact across sessions among controls,
a direct comparison of this rate of decline of distractor im-
pact (rate of off-task behavior with distractors present: Ses-
sion 12 Session 3) in the two groups did not reach statistical
significance [U~20,19! 5 244.5,p 5 .12]. The discrepancy
between the significant Group3 Session interaction in the
log-linear model and a nonsignificant trend in the same di-
rection in the above analysis is most likely accounted for by
the greater multivariate control allowed by the log-linear
model.

Influences on the Duration
of Off-Task Behavior

Because of the large number of intervals in which no off-
task behavior occurred, a simple model of the duration of
off-task behavior was redundant with the frequency analy-
sis—the duration contrast done this way being essentially a
contrast between zero and nonzero durations. Therefore, we
chose to analyze influences on the duration of off-task be-
havior when it occurred(i.e., excluding all intervals with

A

B

C

Fig. 2. The frequency of off-task behavior is displayed for patients
(filled bars) and controls (open bars) across sessions (Figure 2A),
tasks (Figure 2B), and type of distractor (Figure 2C). Note that
in all of these graphs, off-task behavior among patients is more
prevalent than among controls for the same independent variable.
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no off-task behavior). Unfortunately, this produced too many
cells with missing data to allow us to conduct an analysis
parallel to that used for frequency data. Instead, we simply
compared mean durations of off-task behavior, using the Wil-
coxon signed ranks test for within-participant comparisons
and the Mann-WhitneyU test for between-group compari-
sons, for each of the above factors, collapsing across all other
factors. For example, when comparing the durations for pa-
tientsversuscontrols, data were collapsed across session,
task, and distractor type, precluding any examination of in-
teractions among factors.

When collapsed over sessions, tasks, and distractor types,
patients exhibited longer off-task behaviors than controls
[U~20,18!, p 5 .014]. Two controls exhibited no off-task
behavior in the sampled intervals. Of the remaining partici-
pants, the mean duration of each off-task event was 1.84 s
for patients and 1.36 s for controls. The duration of off-task
behaviors did not vary by session for either group (Wilcox-
on signed ranks test: .18, p , .45). Tasks had differing
effects: patients and controls both exhibited the longest du-
rations of off-task behavior during Task 1, but controls’ du-
ration was significantly shorter in Task 2 (Wilcoxon Signed
Ranks Test (exact form):p , .02), whereas patients’ dura-
tion was significantly shorter in Task 3 (z approximation5
1.97,p , .05; see Figure 3).

Off-task events were of approximately the same duration
in each group whether they occurred during distraction or
during undistracted time (Wilcoxon signed ranks test,z-score
approximation5 .21 for patients, .36 for controls;p values
.83, .72 respectively). However, among patients, the spe-
cific distractors differed in their effects on the duration of
off-task behavior. Distractor C (video games) produced

longer off-task behaviors than any other distractor class
except nondistraction (.031, p , .001 for comparisons of
distractor C with A, B, and D;p 5 .227 for comparison of
distractor C with nondistraction). In contrast, the durations
of off-task events among controls were not significantly in-
fluenced by the specific type of distractor used or by ab-
sence of distraction (.37, p , .08; see Figure 4).

Severity Correlates of Inattentive Behavior

Spearman rank-order correlations were used to examine the
relationship between measures of off-task behavior (fre-
quency and duration) and injury severity (GCS score, esti-
mated time until commands were first followed, and current
DRS score). Spearman correlations between measures of in-
jury severity and off-task behavior were modest although
the sample size for these calculations was somewhat small,
due to unavailability of severity measures for some partici-
pants. Current disability scores (by DRS) were associated
with duration of off-task events during both distracted and
nondistracted intervals (r 5 .51, .64 respectively;ps5 .02,
.006). In contrast, there was no significant association be-
tween disability level and frequency of off-task behavior
either with or without distraction (r 5 .07, .24 respec-
tively; ps5 .79, .31). None of the relationships with other
severity measures approached significance.

Fig. 3. In Figure 3, the duration of individual off-task episodes is
displayed for patients (filled bars) and controls (open bars), across
the three tasks, revealing that durations are longer for patients than
controls overall, but that the two groups are differently affected by
variations in the task.

Fig. 4. The mean duration of individual off-task episodes among
patients (filled bars) and controls (open bars) is shown for each of
the distractor types, demonstrating that, for patients, off-task du-
rations induced by the video game are longer than those associ-
ated with other distractors, and comparable in length to spontaneous
off-task behavior. Although controls also appear to show distractor-
related differences in duration of off-task behavior, none of these
differences were significant.
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DISCUSSION

In this research, we report a quantitative method of assess-
ing inattentiveness, as manifested in clinically observable
off-task behavior. This method allows measurement of the
precise number of episodes of off-task behavior during pe-
riods of environmental distraction and undistracted time, as
well as the duration of each such episode, with good inter-
rater reliability. The results obtained with this method con-
firm our previous findings that patients exhibit significantly
more frequent off-task behavior than controls, not only in
the presence of specific environmental distractors, but also
during undistracted time. This more sensitive method, how-
ever, has revealed some additional effects. Whereas task had
no clear impact on off-task behavior in our previous re-
search, this analysis revealed significant task effects in both
groups, with the greatest degree of inattentiveness seen in
the least structured task: the collage. Controls and patients,
however, responded differently to repeated testing. Con-
trols appeared to become more attentive with repeated ses-
sions while this pattern was not seen among patients, at least
within the three-session format that we used.

Clearly TBI results in an increase in off-task behavior
overall, and even in the absence of distraction. Whether TBI
also produces a specific susceptibility to environmental dis-
traction remains ambiguous. The difference between rates
of off-task behavior with distractors present and absent was
larger for patients than for controls. However, since the rate
of off-task behavior with distractors absent was zero for al-
most half the controls, the difference between distracted and
undistracted rates may have been reduced by this floor ef-
fect in controls, leading to an exaggeratedly large measure
of the impact of distractors in patients. When we eliminated
participants who failed to show off-task behavior in the ab-
sence of distraction, there continued to be a larger impact of
distractors on patients, but this difference was not significant.

The duration of episodes of off-task behavior was longer,
on average, for patients than for controls. In principle, this
could reflect a reduction in task goal maintenance among
patients such that, once off-task, they have less drive to re-
turn promptly to the goal at hand. On the other hand, it could
merely reflect the frequently replicated finding that patients
with TBI exhibit slowed performance in a wide range of
behaviors (van Zomeren, 1981), in this instance including
the simple act of looking up from a task and then down again.
The latter explanation appears more plausible, since the ab-
solute difference between groups in duration of off-task be-
haviors was relatively small (i.e., patients did not remain
off-task for prolonged intervals as they might if they had
lost track of the task goals) and current disability level cor-
related with off-task duration but not frequency. The fact
that off-task duration tended to be longer when the episodes
were spontaneous than when they were provoked by dis-
traction also supports the slowing explanation. When par-
ticipants are off-task due to distraction, a persisting task goal
may lead them to return promptly to task, whereas when
they are spontaneously off-task, this may indicate a weaker

task goal state. The fact that distractor Class C (video games)
produced particularly long off-task episodes in patients may
be related to its particularly compelling nature to patients—
the noise and motion may have continued to summon their
attention in ways that other ongoing distractors did not.

This analysis has also revealed some similarities be-
tween groups. First, we have documented the robust impact
of our distraction methodology on both groups. Moreover,
specific environmental distractors tend to produce increased
rates of off-task behavior in both groups when they first ap-
pear, and the probability of off-task behavior begins to de-
cline even during a single distracting event. Nevertheless,
the disruptive influence of such environmental events con-
tinues for some time even after the events, themselves, have
ended. The behavioral duration of the specific distractor
classes appeared to be quite similar for patients and con-
trols. However, this conclusion is based on a curve fitting
method that, while unbiased, accounted for a minority of
the variance. Thus, the curve fitting approach we used had
limited power to detect small differences in behavioral
duration between groups. The fact that the estimated behav-
ioral durations of different distractor classes differed strik-
ingly, while the durations for the two groups appeared similar,
leads us to suspect that the similarities between groups in
distractor effects may be real.

This research is subject to a number of potential limita-
tions. First, defining the location of attention in relation to
the direction of eye gaze is admittedly very crude. It is clearly
possible for an individual to be attending to a task while
their eyes are directed elsewhere, if they are engaged in rel-
evant thought, or, conversely, to be physically oriented to-
ward the task while thinking about an irrelevant topic.
However, the pattern of results conforms to what one might
predict on an attentional basis (e.g., worse performance for
patients than controls, for distracted than undistracted time,
etc.), lending support to the validity of the method. Further-
more, all observational approaches to assessing attention
necessarily relate to overt behavior, and it is presumably
behaviors such as those that were coded that contribute to
clinicians’ opinions about the distractibility of individual
patients.

Secondly, although we have attempted to study inatten-
tiveness in a naturalistic setting, it must be acknowledged
that task performance in a testing room with an obviously
visible video camera is hardly analogous to the environ-
ments where our study participants would normally be per-
forming. This is a necessary compromise, however, because
one can only define off-task behavior in relation to an in-
tended target of attention, and in fully naturalistic settings,
such targets are ambiguous or multiple, whereas in our task,
the target was clearly specified (a table-top task).

Finally, the lack of relationship between performance and
most measures of neurologic injury severity is somewhat
surprising. This may reflect the imprecision in our mea-
sures of these neurologic variables as well as the varied
intervals between injury and testing. GCS scores were ab-
stracted retrospectively from acute care charts, and are not
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necessarily best or worst scores within a defined interval of
time. Moreover, those with worse initial GCS scores were
tested later, relative to their injury date, since they had to
experience enough recovery to understand and perform the
task. This variation in testing interval, therefore, may have
diluted any initial severity effects. The fact thatcurrentse-
verity level (as measured by the DRS score) did correlate
with duration of off-task behaviors, supports this hypoth-
esis. In addition, the patient-participants were recruited from
an inpatient rehabilitation program that admits predomi-
nantly severely injured patients. It is likely that inclusion of
a broader range of injury severity might have demonstrated
a stronger relationship with performance.

In some ways it is the similarity between patients and
controls that is the most surprising result of this research.
Although patients had significantly greater rates of off-
task behavior at baseline, many of the variables that influ-
enced off-task behavior did so in comparable ways for
patients and controls. That is, the influences of different
tasks and distractor types were quite comparable across the
two groups. Even the behavioral duration of the distractor
classes was comparable. Indeed, the only interaction be-
tween group and another independent variable was with
session, suggesting that inattentiveness improved more dra-
matically for controls than for patients with repeated task
performance. If these similarities are confirmed by further
research, they would suggest that, while environmental
modifications may be helpful in promoting attentiveness
in people in general, they have no special relevance for
individuals with TBI. Rather, it will be important to learn
more about the intrinsic factors that limit the ability of in-
dividuals with TBI to maintain an internally directed focus
of attention. The possibility that some participants display
a heightened sensitivity to environmental distractions can-
not be ruled out, and may be revealed in larger studies and
those that have the power to examine neurologically dis-
tinct subgroups.

We have developed a quantitative method of measuring
off-task behavior during independent work tasks performed
in a distracting environment. This method allows for more
precise measurement of the frequency and duration of off-
task behavior, and how it relates to specific environmental
distractors. Using this method, we have characterized the
time course of off-task behavior induced by environmental
distractors. We have also shown that such off-task behav-
iors are more common among patients with TBI than among
controls, more common in the presence of distractors than
in their absence, and are affected by the nature of the task
being performed. We have also found preliminary evidence
that the disruptive impact of environmental distractors ap-
pears to wane more rapidly for controls with repeated pre-
sentation than for patients with TBI. In the future, we hope
to examine the relationship between inattentiveness de-
fined behaviorally, as reported here, and information pro-
cessing measures of attention. In addition, we hope to use
this method to examine treatments intended to improve at-
tentional function following TBI.
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