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REACTION TIME CHARACTERISTICS AFTER MINOR HEAD INJURY:
EVIDENCE FOR SLOWING, VARIABILITY, AND ATTENTIONAL LAPSES
by
Bornie Jill Newman
Advisor: Professor Gad Hakerem

Reaction time (RT) speed, intra-individual variability and
lapses of attention were explored after minor head injury (MHI)
using two methodologies. A conventional discrete trial test and a
twelve minute contiruous RT were administered whereby subjects were
required to respond to a target stimulus when it appeared on the
canputer screen, ard ignore an irrelevant foil stimulus. Two
subgroups of MHI patients (labeled as dysfunctional and functional)
were identified based on differences in functional impairment post
injury (M = 2.5 years), and campared to a group of matched controls.
Time on task decrements as a function of fatigue and the effects of
varying inter-stimulus interval (ISI) were evaluated on the
continuous RT test (CRT).

R latency scores discriminated between dysfunctional and
functional MHI patients on both tests. Dysfunctional patients were
slower and more variable in speed than both functional patients and
controls. Performance differences between the two MHI subgroups
were consistent in direction with differences in rmumber and severity
of postconcussional symptams, emotional symptaoms, vocational status,
and attentional camplaints in every day life. Dysfunctional

iv



patients evidenced significantly more response omissions indicative
of lapses of attention on the CRT' than functional patients. The
presence of lapses of attention was pathognamonic to MHI supporting

the CRT as a potential screening test.
While all subjects demonstrated increased latency as a function

of fatique and decreases in ISI, dysfunctional patients demonstrated
progressively more lapses of attention as a function of time on task
(an interaction). The usefulness of the CRT as an assessment tool
was strengthened by the finding that a greater mumber of subjects in
all groups were correctly classified by CRT performance criteria
than by discrete trial performance criteria. The increase in RT
latency for the dysfunctional group could not be solely accounted
for by their increased intra-imdividual variability. Even their
fastest RT's were significantly slower than control and functional
subjects'. There were no differences between groups in false alarm
speed or error rate indicating that MHI subjects were no more
impulsive than control subjects, and were equally able to inhibit
responding to distracting information.
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Reaction time (RT) testing has gained considerable respect
over the past 50 years as a methodology capable of evaluating
reductions in response speed after moderate to severe head injury
(Conkey, 1938; Dencker & lLofving, 1958; Grorwall & Sampson, 1974;
Klensch, 1973; Miller, 1970; Norrman & Svahn, 1961; Ruesch, 1944b).
It is well established that severe head injury produces a
generalized mental slowing ;;ﬂ reduces central information
processing speed (Grorwall, 1987; Grarwall & Sampson, 1974; Van
Zameren, 1981). The traditional RT paradigms (e.g. simple, choice,
discrete trial) have not, however, always proven effective in
demonstrating impairment in milder head injured patients (Klensch,
1973; Van Zomeren & Deelman, 1976, 1978). The lack of sensitivity
of these traditional RT methodologies in detecting deficits in minor
head injury (MHI) months post injury may be the result of
insufficient task challenge. This possibility has led several
researchers to increase camplexity by increasing stimulus - response
choices or by introducing paradigms requiring divided or distributed
attention (Gentilini et al., 1985; Gentilini, Nichelli &
Schoenhuber, 1989; Lee Teng, 1990). These approaches have not been
consistently successful at demonstrating reductions in speed beyond
the first few months post MHI. One major criticism of these
paradigms is that they are too complex to permit an understanding of
the underlying processes which are impajred after MHI (Buchtel,

1987; Grorwall, 1987).



Variables such as fatigue effects, intra-individual
variability, and lapses of attention have rarely been explored after
MHI. Yet these phencmena are highly consistent with self reported
symptoms after MHI. Indeed, based on clinical camplaints, it would
appear that there is a deficit in processing when information is
presented in rapid sequence, and the task requires prolonged
maintenance of a high level of vigilance. Performance is often
adequate on information processing tasks which are not paced, and
where information is presented slowly over discrete trials.
Deficits in sustained attention would be most likely demonstrated
under test conditions which more closely approximate real life
demands. It is under such corditions that MHI patients experience
fatigue effects resulting in slowing, performance inconsistency,
imaccuracies, and lapses of attention. It is predicted that these
phenamena will be observable using RT paradigms requiring sustained
attention (Dencker and Lofving, 1958; uentilini et al, 1989;
MacFlynn, Montgamery, Fenton, & Rutherford, 1984; Van Zameren,
Brouwer, & Deelman, 1984).

Current research is focused on the development of sensitive
diagnostic measures intended to characterize the subtle attentional
deficits which often remain in MHI patients long after their injury
(current research at the Research and Training Center, New York
University (N.Y.U.) Medical Center, 1987 to present). However, few
methodologies exist to measure the effects of fatigue on continued
perfarmance, or the impact of intra-individual variability on RT
performance. Performance is usually within normal limits when the

usual brief structured tests, which minimize distraction ard



maximize focused attention (most conventional neuropsychological
tests), are employed (Prigatanc, 1986; Rosenthal, 1987).
Furthermore, performance is usually described in terms of total
mmber of errors or average speed, measures which tend to mask the
influence of intra-subject variability.

A recent clinical case clearly illustrates these problems. A
31 year old engineer who was evaluated after sustaining a MHI in an
assault could not focus his attention and complained that his "mind
went blank” while trying to concentrate. His attentional wandering
caused him to miss important elements of conversation and
information he had just read. He complained of great difficulty in
performing his job, not because of a lack of skill or knowledge, but
due to his periodic inattention and distractibility. This was
eliminated when he was allowed to control the rate of information
presented in his enviromment, and take rest hreaks between tasks.
Neuropsychologically, while krief focused attention (e.g. measured
by letter cancellation tests) was adequate, RT was extremely
variable, and the ability to maintain attention on contimuous
performance tasks was significantly impaired. Speed was reduced on
complex RT tests involving divided and split attention. However,
inspection of performance indicated that his primary deficit was in
sustained and focused attention (attentional lapses were comnon), a
problem evident only on continuous RT testing. This demonstrates
the importance of using tasks sufficiently simple s0 as to permit an
interpretation of the causes of failure.

This patient's complaints and performance deficits typify the

nature of attentional difficulties which are often observed in the



absence of other neuropsychological deficits. As a consequence of
variability and the ocourrence of problems only under certain
corditions, many patients experience a sense of unpredictability
about their performance at work and fear about their contimued job
success. Patient's camplaints that attentional and performance
problems appear unexpectedly at different times (and a lack of
awareness of the operation of these variables at any given time),
probably reflect the influence of the variables described above.

Too often, the standardized evaluation demonstrates average
intellectual functioning amd intact simple focused attention,
further contrihuting to the lack of validation of a deficit. A
methodological approach which requires a high level of continuous or
sustained attention is the experimenter paced contimuous reaction
time (CRT) task. It is a sensitive monitor of performance
variability, lapses of attention, and failure to maintain an
efficient level of performance speed and stability. The
experimenter paced form of the CRT has high ecological validity in
so far as it mimics real life situations where information
processing demands are high due to the temporal rate of presentation
of information which cannot be controlled by the subject. 1In this
approach, stimili are presented at pre-programmed intervals with no
warning signal and independent of the subject's response pattemn
(the conditions of a subject paced task). The subject must maintain
vigilance during a rather monotonous task of several mimutes during
which rapid and irreqularly spaced stimuli are presented ard rapid
response is required.
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Post head injury assesament with the experimenter paced CRT has
been surprisingly under utilized relative to its extensive use with
heterogenecus krain damaged patients. Attentional deficits and
impaired speed of respording after closed head injury have been
widely investigated using discrete trial reaction time paradigms.

In these RT studies, the stimilus to which the subject must respond
is usually preceded by a warning signal presented at randmmized or
constant foreperiod or preparatory intervals, and the latency score
is based on averaging over a number of tempcorally isolated trials.
This methadology maximizes subject readiness and minimizes
attentional wandering. When the subject is able to control the rate
of presentation of each stimilus (a feature of many discrete trial
tests), he/she can reqgulate its presentation to coincide with
maments when attention is maximal. With temporally isolated trials
he/she is allowed and often encouraged to rest between trials.

On a CRT, if MHI patients show RT's camparable to control
subjects on certain trials, then what has previously been
conceptualized as an impairment in level of functioning can instead
be conceptualized as an impairment in effecting a gonsistent level
of functioning. Conceptually, increases in RT latency for MHI
patients as campared to normal controls could be the result of a
general slowing of central nervous system processing, or a deficit
in regulating attention indicated by high variability throughout the
test. However, if the fastest reaction times of MHI patients were
as rapid as those produced by normal controls, then a capacity, even
if limited, for normal response speed would be indicated. This

would argue in favor of a deficit in the requlation of attention;



high variability could explain an inability to perform at a
consistently high level of quality especially when fatigued or under
stress or time pressure.

If on the other hand, the fastest RT's of MHI patients were
slower than normal controls, then a general slowing of response
speed could be described as the primary deficit after MHI, in spite
of elevations in variability. Response omissions on a CRT (a
failure to respornd to a relevant stimilus) can be an ocbjective
measure of lapses of attention indicating a hreakdown in focused
attention. Fatigue effects may interact with variability and RT
speed as a function of time on a task. An increase in standard
deviation and mean RT for MHI patients over time can be indicative
of a deficit in sustained attention. This would indicate a failure
to maintain an initial level of speed of response time associated
with a tendency to becane progressively more irregular with time on
a test after MHI.

REVIEN OF THE LITFRATURE ON REACTICN TIME AFTER BEAD INTURY

Reaction time has been used extensively in classical
experimental psychology for studying such constructs as attention,
spead of information processing, vigilance, and state of arousal at
the time of stimilus onset (Woodworth & Schlosberg, 1955). Indeed,
use of RT tasks has always been quite popular in clinical studies
due to its ability to demonstrate mental slowing and reliably
differentiate perfarmance between patient and non-patient groups
(peychotic vs. non-psychotic patients, Huston, Shakow, & Riggs,

1937; mentally retarded vs. non-retarded children, Berkson, 1960;



and brain damaged vs. non-brain damaged adults, Blackburn & Benton,
1955). In studies with severely head injured clients, RT has often
revealed deficits where other methods have failed, leading to the
convincing conclusion that head injury produces mental slowing and
reduces central processing spead (Conkey, 1938; Dencker & Lofvirg,
1958; Grorwall & Sampson, 1974; Klensch, 1973; Miller, 1970; Norrman
& Svahn, 1961; Ruesch, 1944b).

Most of the RT literature after HT has focused on differences
between simple and camplex l:‘_} tasks to assess differences between
graups of varying severity at different stages in the recovery
process (Klensch, 1973; Miller, 1970; Van Zameren & Deelman, 1976).
Camplexity in these studies has been defined variously as increases
in task length, number of response choices, and number of stimuli
(Miller, 1970, Van Zameren & Deelman, 1976, 1978). It is well
established that as a group, moderate to severely head injured
patients show significantly slower RT latencies than normal adults.
The differences between these two groups increase with task
caplexity and remain stable over time, post injury (Miller, 1970;
Van Zameren & Deelman, 1976, 1978). In contrast, milder head
injured patients often recover to perform as well as controls within
the first few months post injury on complex RT tasks (Grorwall &
Sampson, 1974; Klensch, 1973; MacFlynn et al., 1%84; Van Zameren &
Deelman, 1976, 1978). Indeed, Van 2ameren has attempted to explain
the absence of a disproportionate increase in RT with complexity on
the discrete trial RT task after minor head injury as evidence for a

deficit in a more fundamental stage of processing: that of response
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initiation or execution, rather than a deficit in a higher lewvel of
cognitive processing i.e. decision making, or S-R selection.

Susceptibility to response interference after head injury has
also been assessed with Go/ No-Go type RT paradigms. These
paradigme present distracting stimuli which must be ignored or not
responded to (Bruhn & Parsons, 1971). These paradigms have been
used in head trauma patients and normal controls to enhance between
group differences (Klensch, 1973, Van Zameren, 198l1). Van Zameren
(1981) fournd an interaction between group and task using a brief
four choice RT test with and without distraction. Head injured
patients displayed longer RT's than normal controls uder situations
involving distraction and response interference (Van Zomeren, 1981;
1984). This distraction effect, however, was attributed to severe

head injured patients in the first few months post injury only.

STUDIES WI'TH MINCR HEAD INJURY

Macflynn, Montgomery, Fenton, and Rutherford (1984) explored RT
within a minor head injury sample (subject selection and
neurclogical status undefined) on a ten mirute four choice RT with
constant inter-stimulus interval (ISI) delays. Mean RT latency was
campared as well as a variability caomputation consisting of a
camparison of Mean RT between the first and second half of the
session between control and MHI patients. The patient group was
tested 24 hours post injury, 6 weeks post injury, and a smaller
subgroup of the original sanmple was followed at 6 months post
injury. Using this test, mean RT was significantly slower for the

MHI group at 24 hours and 6 weeks anly. The coefficient of



variability differentiated between groups only at 24 hours post
injury. Based on the lack of difference between perfarmance in the
first and second halves of the test, fatigue was discounted as a
major contributing factor in the results. Patients did not differ
fraon controls in mumber of errors, or Mean RT of errors, however,
mmber correct and total number of responses were significantly
different at day one. The results of this study are consistent with
other studies using choice RT to compare MHI patients to controls.
Macflynn et al. (1984) concluded that MHI results in deficits which
are demonstrated early post injury and recover over a period of six
months to levels camparable to controls.

Recently, several well controlled studies by Gentilini,
Nichelli arnd Schoenhuber (1989) have focused on exploring the
evidence for a sustained versus divided attentional (DA) deficit
after MHI. MHI was defined strictly by a Glasgow Coma Score (GCS)
of 13-15, loss of consciousness less than 20 minutes, and negative
CT scan. Patients and matched controls were campared on a sinple
CRT. The sustained attention task involved the presentation of a
100 msec stimili (a square) presented laterally on the screen
followed by a warning signal triggered after each response (a
subject paced task where the interval between tone arnd stimulus was
varied fram .5 to 2.5 secs.). Two trial sets consisting of 25 test
stimili each were presented. One set required a right handed
response to a right sided stimilus, the next required a left handed
response to a left sided stimulus. A DA camponent entailed the
additional instruction to count backwards fram 100 by two's while

performing the RT test. In this way, subjects were required to
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divide attention between two concurrent tasks. Results supported
the hypothesis of a sustained attentional deficit. While patients
were slower than controls independent of task, and while both groups
were slower on the DA task, MHI and control subjects were equally
slower on the more complex DA task (a lack of interaction). These
findings of a lack of disproportionate increase between groupes in RT
with camplexity had previously been demonstrated by Blackburn and
Benton (1955), Bruhn and Parsons (1971), De Renzi and Faglioni
(1965), and Hicks and Birren (1970) in brain damaged adults. In
their study, Gentilini et al. (1989) concluded that MHI patients
have a generalized deficit in the area of sustained attention or
maintaining attention, a deficit which was still evident at three

months post MHI.

WITH THE EXPERIMENTER PACED CRT

The experimenter paced CRT has been used to measure aspects of
attention, especially variability and lapses of vigilance with
heterogenecus brain damaged populations. In their seminal study,
Benton and Blackburn (1957) investigated a failure to maintain an
initial level of response speed and stability with a CRT task in a
BD group camposed of mostly CVA patients. It was hypothesized that
the slower RT may not reflect diminished capacity per se: initial
RT s may be within normal limits with a lengthening of RT and an
increase in variability with time on task (Goldstein, 1942).
Results indicated that while mean RT latency did not increase due to
fatigue, there was a significant increase in mean intra-individual

SD in patients over controls as a function of trial block (an



1]
interaction) on the simple CRT. These results were described as a
progressive failure to maintain a consistent level of response
efficiency for lrain damaged patients. The methodology of comparing
mean RT across blocks of trials on a CRT is believed to be a valid
way to measure the effects of fatigue and time on task performance
decrements (Jeffcoate, Herbert, CQullen, Hastings & Walder, 1979).

Sanders and Hoogenboam (1970) found a significant increase in
mental blocks (Bills, 1931) defined as incidental long RT's or
lapses, as a function of time at work over a 30 minute period on a
CRT while mean RT across all 2 mimte work periods remained largely
constant.

Researchers using the experimenter paced CRT with hrain damaged
patients demonstrated the usefulness of a method for determining the
influence of frequent lapses of attention on average RT (Bruhn,
1970) . By camparing extreme RT scores (eqg., the mean of the 10
fastest RT's) between groups, these experimenters tried to determine
whether slowing was the major deficit, or whether slowing was due to
frequent periods of inattention. In the latter case, slowing would
be secondary to attentional lapses. In his 1970 experiment, Bruhn
demonstrated that the slower average RI' performance of a group of
centrencephalic epileptics was primarily due to frequent lapses of
vigilance or attention. For the fastest RT scores, the performance
of the epileptics were as rapid as controls indicating a capacity,
however limited, for normal central nervous system (CNS) processing.
This methodeology of calculating extreme scores to establish an
estimate of the fastest RT within an individual's distribution was
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used by Berkson & Baumeister (1967, 1972) in mentally retarded
individuals.

Bruhn and Parsons (1971) investigated the ability to maintain a
consistent level of attention and vigilance, and transient lapeses of
attention, on a four mirute discriminative (RT test with one
constant ISI value by looking at trial by trial variability. One of
the tasks chosen presented stimuli in relatively equal proportions
in a Go/ No-Go type paradigm: instructing the subject to respond to
only one of the stimuli while ignoring the other. Brain damaged
subjects were found to be more variable and slower than normal
control subjects, however, even the fastest RT's were slower than
controls (the slowed mean was not restricted to the slow erxd of the
distribution). Wwhile a specific time on task decrement was not
demonstrated for hrain damaged patients versus controls, further
inspection indicated that the control subjects significantly
improved RT performarxce over time., An inspection of intra-
individual variability over block indicated a significant decrease
in variability from early to late trial blocks for normal ocontrols
only.

Interestingly, Van Zameren et al. (1984), showed certain head
trauma patients to be more alert than controls on the second half of
vigilance tasks. This was explained in terms of the coping
hypothesis (head injured patients try to campensate for processing
deficits by experding more effort on tasks). Such a mechanism has
been evoked to explain the etiology of the postconcussional
syrndrame.
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In their 1973 experiment, Johnson, Parsons, Holloway, and Bruhn
measured RT latency as well as behavioral measures including errors
of omissions, commission, and impulsivity (defined as an early
response to a foil stimilus, or a false start) on a more camplex
CRT. This task was essentially identical to their 1971 experiment
except for including a reversal shift manipulation. Significantly
more errors of amission, commissions, and longer RT's for correct
respenses were noted for brain damaged patients over normal control

-t

subjects and alcoholics. A significant correlation between
impulsivity and errors of comission were seen for brain damaged
patients only.

Errors of camission or false alarms are considered indicative
of an inability to inhibit responses to distractor foils or
impulsivity (Sostek, Buchsbaum, & Rapoport, 1980). It has been
suggested that the same internal factars which lead to
distractibility also lead to performance inconsistency over time as
the two are highly correlated (Schulman, Kasper, & Throne, 1965).
On CRT tests, freedom from distraction requires the ability to
maintain attention on a desired set of stimuli over time and
ocounteract fatigue,

Bruhn and Parsons (1977) replicated their 1971 study using the
standard CRT with BD and epileptic patients using randomized 2-6 sec
inter-stimulus intervals (ISI's) on a longer 6 minute task.
Analysis using the difference between RT extremes (.90th - .10th
percentile) as a measure of intra-subject variability allowed the
best overall group discrimination, correctly identifying 84% of BD

and 94% of control subjects. These results support the use of CRT
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as a screening measure, and the use of intra-individual variability
as a sensitive dependent variable.

Varying ISI and time uncertainty on a CRT has been shown to
provide an estimate of the ability of the subject to execute and
initiate a response (Parsons & Bruhn, 1973). Van Zameren and
Deelman (1976), proposed a delay in the exmcution of the response (a
deficit in the “go-mechanism") as a potential cause of slowing on
both simple as well as choice RT and the lack of a camplexity effect
in MHI. By varying foreperiod or 1SI, the investigator can
selectively investigate the differential readiness of the subject to
initiate a response (Costa, 1962). In normal individuals, shorter
foarperiod durations have been seen to facilitate response initiation
using discrete trial paradigms. Using the CRT methodology, it has
been shown that ISI's are positively related to RT with the effect
of varying ISI's greater on BD patients (McDonald, 1964; Parsons &
Bruhn, 1973). In the latter study, a significant interaction
occurred between ISI value 2.5 and 4, amd trial blocks indicating a
failure in response initiation for the longer ISI as fatigue set in.
Moreover, the inherent nature of a variable RT task as opposed to a
constant ane has been seen to be more sensitive to deficits in
maintaining a constant level of responsiveness (Blackburn & Benton,

1957; Rodnick & Shakow, 1940; Zahn, Rosenthal, & Shakow, 1961).

DEPFENDENT VARTAHIES IN REACTTON TIME STUDIES
while both mean/ median and SD are usually camputed in post head
injury RT studies, ordinarily, the only measure of group response

has been the single measure of average speed. Traditionally, the
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increase in RT latency has been considered the primary deficit
indicative of a generalized slowing of mental processing. Median RT
latency has frequently been reported as the measure of central
terdency after haad injury since the RT distribution is often
skewed. The rationale for use of median RT is to arrive at a stable
measure when extreme scores or outliers are considered atypical or
invalid indicators of perfarmance. However, when specifically
exploring varjability and the impact of extreme scores on a hrain
injured patient's perfarmance, the mean is the best and most robust
measure of central tendency (P. Ramsey, personal communication,
1991). Nevertheless, limiting the characterization of response to
the mean (the cammon approach in reports of RT results with moderate
to severe head injured patients) may overlock important information
concerming the underlying central nervous system disturbance. A
measure of SD averaged acroes patients provides a measure of mean
intra-individual variability. Evidence of high variability can be
related to subtle fluctuations in neural processing or momentary
attentional lapses (Bruhn & Parsons, 1977). 'The relationship
between SD and subject variables can then be investigated

independent of the mean.

SMMARY
Most of the RT literature after HI describes results based on
the extensive use of the discrete trial RT task. This test has been
successful in demonstrating deficits in response speed after
moderate to severe head injury. The discrete trial RT, regardless

of level of camplexity, has not consistently shown itself to be a
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sensitive technique for measuring the often subtle attentional
deficits common after minor head injury. This methodology does not
lerd itself to the study of intra-subject variability, performance
declines as a function of fatigue, and lapses of attention which can
have a profound impact on performance clinically. The technique of
rapid paced, continuous RT recording, not allowing the subject to
rest between trials, is hypothesized to be a more likely situation
in which to demonstrate these effects. Under such testing
conditions, blocks of trials can be compared rather than the single
measure of central tendency.

To date, no study has demonstrated differential aspects of
performance stability over time on a task after MHI, either using
vigilance (Van Zomeran, 1981) or CRT tasks (Greber & Perret, 1985).
Lapses of attention have never been studied after MHI, and up to
now, are referred to as a clinical concept operationally defined as
response amissions or extremely lorng RT's.

It would be an important contribution to the understanding of
functional deficits after minor head injury to be able to
systematically evaluate breakdowns in CRT performance and relate
these to differences in functional status post injury. Attentional
lapses, and time on task decrements over trial blocks have never
been explored as independent phenamena to validate clinical
cbservations after MHI. The continuous experimenter paced RT task
ghares similarities with the contimuous performance task (CPT)
designed by Rosvold, Mirsky, Sarason, Bransome, and Beck (1956). It
allows error analysis on a task requiring a high level of continuous

or sustained attention over prolonged intervals of time. Results
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can also be compared to those abtained in vigilance studies
(Frankmann & Adams, 1962; Kupietz & Richardson, 1978) where the
attentiveness of the subject and his ability to detect changes in
stimilus events are measmed over periods of sustained ocbservation.
While the CRT does not involwve signal detection, it does meet the

other criteria.

EVIDERXCE KOR SUBGROUPING MHI PATTENTS

Recent studies with MHI patients have indicated great inter-
individual variability which is often masked using group statistics
(studies conducted with Kay, T., Ezrachi, 0., and Cavallo, M., 1985-
1987). A lack of consideration of these individual differences can
lead to misinterpretation of results. In one study, serial testing
of neurcpsychological change after one year post injury using group
statistical analysis revealed little improvement. Further
inspection of individuals' performance revealed a significant degree
of clinically significant change which was masked using large group
analysis. lLooking at subgroups of individuals, a considerable
amount of variability was noted, both in terme of direction of
change, and performance on specific tests within a functional
damain. Two major relevant conclusions can be drawn from studies
such as this one. One is that large group designs often mask
performance of clinically significant subgroups (either causing
overgeneralization of results based on a clinically impaired
subgroup, or obscuring effects, due to the cancelling out of
differences). Two, by looking at subgroups of MHI patients based on
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relevant functional differences, more meaningful conclusions can be
drawn about MHI patients' performance on cognitive tests.

Attempts to minimize between subject variability by equating
subjects on neurological severity (duration of loss of conscioushess
[LOC), post traumatic amnesia [PTA}, CT findings) have failed to
eliminate the high inter-individual RT variability post (HI. 1In
studies where measurable nervlogical differences were observed
between subjects within a group, the impact of this factor on RT was
statistically negligible. There were no significant differences in
RT between patients with PTA longer than 15 mimrtes and the rest of
the sample in MacFlynn et al.'s (1984) study with MHI patients
reported earlier.

It is believed that a sound methodological approach is the
identification of subgroupe of MHI patients based on functional
status in order to investigate the correlates of RT profiles
specifically between those subgraups as campared to hormal
imdividuals. Subgroups can be identified based the persistence of
postconcussional symptams, the degree of impairment in functioning
as a result of the head injury, and the patients' ability to return
to premorbid levels of functioning.

Recent incidence studies of postconcussional symptoms indicate
that for the majority of patients (approximately 60%),
postconcussional symptoms subside over a three month period post
injury (Mclean, Dickmen, Tempkin, Wyler, & Gale, 1984; Rutherford,
Merrett, & McDonald, 1977, Wrightson & Grorwall, 1981). While a

percentage of MHI individuals contimue to report symptoms after
three months post injury (between 20 and 50% reported by Rutherford
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et al, 1977, 1979; Wrightson & Grorwall, 1981), few studies have
established the base rate of postooncussional symptame in a non—head
injured population (Mclean et al., 1984). Rutherford et al. (1977,
1979) found that 8% of mild traumatic brain injured (MIBI) patients
contimiad to report attentional problems specifically. In
approximately 1/3 of MHI patients, subjective complaints persist
long after this time frame and lead to functional disability (Rimel,
Giordani, Barth, Boll, & Jane, 1981). Subgroupe which differ based
on the persistence of clustéx;s of postconcussional symptoms i.e.,
cognitive vs. saomatic complaints vs. no camplaints (see Levin et
al., 1987 review) may also differ on cbjective measures of
attention. Wwhile MacFlynn et al. (1984) considered the possibility
of differences between subgroups of MHI patients, his subgrouping
methodology (patients with symptams labeled as "organic" vs.
"naychological®) failed to reveal differences in RT performance.

Two subgroups of patients, labeled Functional and Dysfunction
have been clinically identified based on research at the N.Y.U.
Research and Training Center (1987 to present). Differences between
the graups focus on their functional status post injury, the ability
to return to premarbid vocational levels (work, school, hamemaking),
and the persistance of symptomatology resulting in impairment.

DEVELOPMENT OF RESEARCH THOENIQUES
An experimenter paced contimious reaction time test (the HIVE)
wvas developed to measure response speed and variability, fatigue
effects, and attentional wandering over time using a simple test

well within the grasp of minor head injured subjects. A goal in the
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development of the HIVE was to minimize those cognitive functions
(memory, oamplex visual perceptual discrimination, problem solving)
which often confound RT tests due to the fact that they may also be
impaired in individuals who have suffered fram MHI. The HIVE
includes an "ignore" paradigm to measure susceptibility to
interference in a GO/ NO-GO situation, and varying inter-stimulus
delays.

A discrete trial reaction time test: the reaction time test fram
the New York University Medical Center Orientation Remedial Module
(ORM}, was selected in order to campare performance between the two
methodological approaches: the CRT and a more traditional type
discrete trial RT paradigm. The ORM reaction time test was chosen
based on its wide use in previous research studies conducted at
N.Y.U. Medical Center with head injured patients and normal subjects

over the past 10 years.

STUDy

In this study, subgroups of minor head injured individuals
differing in degree of symptomatology and functional status will be
campared to normal individuals on the CRT and discrete trial RT
test. Differences between the subgroups will be assessed using
caprehensive interviews and checklists to measure emotional status
(the Beck Depression Interview and the Multiple Affect Adjective
Checklist, MAACL-R), degree of symptomatology, severity of
postconcussional symptams, return to work status, and the presence
and impact of attentiocnal symptams on daily functioning.
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The two RT methodologies will be compared to determine their
sensitivity in demonstrating deficits in speed and RT variability.
Use of the two methodologies will address the guestion of whether
MHI patients are in fact capable of responding within normal limits
under certain testing conditions (discrete trial RT) months after
their injury, while being unable to sustain or consistently maintain
an optimal level of functioning, demonstrated under other corditions
(the CRT). Use of the CRT will also allow far a more thorough
evaluation of intra~-individual variability after MHI, and its

pattermn over time.

functional status of the two MHI groups. Wwhile differences are
expected between dysfunctional paticiits ard control subjects, the

functional patients may ar may not differ significantly from control
subjects when the three groups are compared. A camparison between
results obtained using the combined MHI sarmple versus the two
subgroupe in analysis with controls subjects will address the
validity of subgrouping MHI patients based on functional status.



studied for their ability to discriminate between the two patients
groups. MHI subjects clinically labeled as dysfunctional are
expected to be slower and more variable in their CRT performance,
and to exhibit a greater level of symptomatology and degree of
emotional distress as measured by self report. The relationship
between relevant RT and non-RT variables will be explored through

selected correlational analysis. If between group differences fail

to emerge, MHI subgroupe will be collapsed for later analysis.

trial RT test. It is expected that a greater number of
dysfunctional MHI patients will be carrectly claseified as

Yimpaired" (true positives), and a greater number of normal controls
will be correctly classified as "normal” (true negatives) on the CRT
as campared to the ORM RT using optimal cutting scores as impairment
criteria based on means and SD for that particular test.

the discrete trial ORM task. It is expected that a greater
percentage of normal control subjects will be misclassified as
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"imhaired" (false positives), and that a greater mumber of
dysefunctional patients will be incarrectly classified as “normal®
(false negatives) an the ORM. Both Mean and 5D (the measure of
intra-subject variability) will be campared for their semsitivity in

correctly claseifying group membership between tests.

present experiment, stimuli (both targets and foils) are presented
with equal probability of cocurrence so that any increase in RT

speed elicited by foils should be a sensitive indicator of

impulsivity (Hyman, 1953). According to Hicks (1952), when stimuli
probability is held constant, RT should hold constant across
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stimili. Based on this model, both the mumber of false alarm errors
and their mean RT value over the parameters of this CRT should be a

valid measurement of impulsivity across groups.

blocks. The presence of response amissions are considered
indicative of lapses of attemtion.

nommal ocomtrols. This hypothesis will investigate whether MHI
patients are capable of normal response latencies (a finding which

is masked by high intra-individual variability) or whether there is
a generalized slowing across the entire distribution. A comparison
of optimal response speeds will be compared between groups.

The head injured subjects in this study were adults between the
ages of 17 and 55 who had sustained a minor traumatic head injury.
MHI was defined as a blow to the head or whiplash injury resulting
in no or brief loss of consciousness (less than 60 mimrtes), no
neurcesuwrgical intervention, and discharge directly home fram the
Emergency Room or acute care hospital within 48 hours post injury.
All patients in this study were at least three months post injury so
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as to ensure that a plateau of naurological recovery had been
reached.

The following demographic variables were documented: age, sex,
ethnicity, handedness, education, last grade completed, primary
language, previous school cunriculum, previous performance in school
and RI' hard used. The following neurclogical variables were
docaaumernted: etiology and location of head trauma, nature of injury,
presence and duration of loss of coneciousness, admission Glasgow
Oama Scaled score (GCS), time post injury, history of previous head
injury or cother central nervous system dysfunction, evidence of CT
scan, MRI and EBEG documented abnormalities, history of psychiatric
disturbance, history of learning disability, history of drug and
alocohol abuse, intoxication at time of injury, and involvement in
litigation.

Subjects were excluded from this study if they had a history of
chronic drug or alcchol abuse, peychosis, or prior NS dysfunction.
The majority of subjects in the dysfunctional group were self
referred, a common finding in MHI patients who contimue to
experience difficulties months after a neurclogically "normal"
injury, which has resulted in functional disability.

Control subjects consisted of nar-head injured adults matched
for age, sex, and education. Subjects were screened for a history
of head injury and other neurclogical or (NS dysfunction, drug and
alcohol abuse, prior peychiatric history or hospitalization, and
learning disability. The same demographic items described for MHI

subjects were evaluated in control subjects.
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Patients were classified as "functional" ar "dysfunctional", a
clinical categorization made at the time of the intake interview
when the patient was referred to the N.Y.U Research and Trainirng
Center. The categorization was necessary in arder to triage
patients into one of three ongoing clinical research projects. The
identification of a patient as dysfunctional was based on the
following profile: impairment in one or more areas of functioning
as a result of the head injury, inability to return to premorbid
levels of vocational functioning (work, school or hamemaking),
report of symptams which had impaired functioning and had led the
patient to seek help, and complaints of emotional distress. The
identification of a patient as functional was based on the following
profile: no impairment in functioning, retwrm to premorbid levels
of functioning, report of symptams which were subtle (if present at
all), and which did not interfere with the patients' ability to
function. To ensure an adequate number of patients in the
"functional" group, head trauma subjects invited into the Medical
Center for a routine one year post injury follow-up were screened
for inclusion in this study. These subjects were followed as part
of a larger study of discharge home fram the affiliated Bellevue
Energency Roam. They were evaluated as part of the research design
regardless of functional status, or the presence of persisting
symptoms.
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Tables 1 and 2 present the demographic and neurological data
for the Dysfunctional and Functional MHI subjects respectively.
Seventeen Dysfunctional (HT1) and eighteen Functional (HT2) patients
were assessed in this study. The three groups did not differ
significantly in age (HT1 mean = 37.3, HI2 mean = 36.0, Control mean
= 31.8, F(2,48) = .88, p = .4) ar education (HT1 grades campleted =
14.6 years, HI? grades campleted = 13.9 years, Control grades
campleted = 16.0 years, F(2,48) = .08, p = .09). Similarities were
noted for handedness: 16 (94%) and 14 (78%) right handed, primary
language spoken: English in 15 (88%) and 15 (83%) and Degree
attained in school: Cnllege degree or above for 8 (47%) and 7 (40%)
respectively between HT1 and HT2. The difference in handeiness
between the two groups was due to a greater mnumber of ambidextrous
subjects in HT2 (3 subjects) as campared to 1 subject in HT1. 94%
of subjects in both groups used their right hand for RT testing (all
ambidextrous subjects in HT2 were primarily right hand daminant).
All subjects were fluent in English. An imtriguing finding was the
notable difference in groupse based on sex as indicated in Table 1.
Dysfunctiocnal patients were composed of primarily women: 12 (71%)
female, 5 (29%) male, while functional patients showed the reverse
trend: 12 (67%) male, 6 (33%) female. An analysis of sex
differences between all three groups showed a significant difference
between only functional and control subjects in male to female

ratio.



Male
Female

Ethnicity
Caucasian
Black
Hispanic

Hardedness
Right
Left
Ambidextrous

Education
Master's Degree
Bachelor's Degree
Associates Degree
Same College
High School Diplama
Sane K-12 BEducation

last Grade Campleted
12

14
15
16
18
22

English Langquage
Primary
Secondary

Nature of Injury

Closed Head, no Fracture

Linear Fracture

whiplash, no blow to head

Pt
-0,

=N W N R

(RN FTRNY.

29
71

76
12
12

12
29

18
29

35
18

29

88

12

82
12

28



Table 1 (Contirued)

Glasgow Qama Scaled Score
14
15

Ftiology of Trauma
Fall
MVA, passenger in car
MVA, pedestrian
Blow to head, assault
Blow to head, non assault

Location of Head Trauma
Frontal
Temporal
Parietal
Cccipital

buration of 1LOC
No LoC
Questionable
< 10 mirutes
> 20 mimutes < 60 mimites

Number of Prior Head Injuries
o
1
2+

Intoxication at Time of Injury

Alcchol Absent
Alcohol Present

Drugs Absent

Time Post Injury
< 1 Year
1-2 Years
2-3 Years
> 3 Years

Prior CT Scan Performed
CT Scan Alnormal

Prior MRI Performed
MRI Abnormal

frequency = Percent

H NN O \D =

oo O

N D =N

10
90

23
47
12
12

71
50
46
42

29

53
12

g8

100

12
53
12
24

77
15

65
27

29



Table 1 (Continued)

Frequency  Percent

Prior EBG Performed 6 35

EEG Abnormal 2 33
Lawsuit - Involved or Expect To Be 10 59
Psychiatric History

No History . 16 94

Single episode 4 1 6
Neurclogical History

No History 16 94

History Minor Head Injury 1 6
Previous School CQurriculum

Advanced 4 23

Reqular 13 77
Previous Performance

Mostly A's 5 29

Mostly B's 7 41

Mostly C's 4 24

Mostly D's 1 6

Hand Used (Reaction Time)
Right 16 94
left 1 6



Male
Female

Ethnicity
Caucasian
Black
Hispanic
Oriental
Other

Handedness
Right
left
Ambidextrous

BEducation
Master's Degree
Bachelor's Degree
Associates Degree
Same College
High School Diplama
Same K-12 Elucation

Last Grade Campleted

9

12
13
14
15
16
18

English Language

Primary
Secondary

w =W o

NWOh R WU,

=N b

67
33

44
16
28

78

17

28

33
16
11

22
22
11

27

83
17

31



Table 2 (Continued)

Nature of Injury

Closed Head, no Fracture 17 94
whiplash 1 6
Glasgow Coma Scaled Score
15 17 100
Etiology of Trauma
Fall 4 22
MVA, passernger in car 8 44
MVA, pedestrian 1 6
Blow to head, assault 1 6
Blow to head, non assault 4 22
Location of Head Trauma
Frontal 11 63
Temporal 2 12
Parietal 0 4]
Occipital 5 30
Duration of LOC
No Loc 11 61
Questionable 2 11
< 10 mimrtes 3 17
> 20 mirmrtes < 60 minutes 2 11
Number of Prior Minor Head Injuries
0 15 831
1 3 &
2+ 2 11
Intoxication at Time of Injury
Alocohol Absent 15 83
Alcohol Present 3 17
Drugs Absent 18 100
Time Post Injury
< 1 Year 0 0
1-2 Years 16 94
2-3 Years 0 0
> 3 Years 2 6
Prior CT Scan Performed 2 11

CT Scan Abnormal 0 0



Table 2 (Comtinued)

Prior MRI Performed 0
MRT Abnormal 0
Pricr EFG Performed 0
ERG Abncrmal 0

Lawsuit ~ Involved ar Expect To Be 6
Psychiatric History

No History 17

Single Episode 1
Neurological Histary

No History 15

History Minor Head Injury 3
Previous School Qurriculum

Advanced 4

Reqular 13

Same Special Education 1
Previous Performance

Mostly A's 8

Mostly B's 7

Mostly C's 2

Inconsistent, cannot

characterize 1

Hard Used (Reaction Time)
Right 17
Left 1

83
17

22
72

44
39
11

i3
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Both groups were essentially similar in the nature of their
injury. For HT1, 14 (82%) had sustained a closed head injury, 2 (12
%) had sustained a linear skull fracture and 1 (6%) had sustained a
whiplash injury only. For HT2, 17 (94%) sustained a closed head
injury, and the remaining subject sustained a whiplash injury. GCS
score on admission far all patients in both groups was between 13
and 15 (the definition of MHI). Being a passenger in a motor
vehicle accident (MVA) was the most cammon etiology of trauma for
both groups: 8 (47%) HT1, 8 (44%) HT2. The second most common
eticlogy was a fall: 4 (23%) HT1, 4 (22%) HIZ? and blow to the head,
non assault for HT2: 4 (22%). In keeping with the definition of
MHI, no subject had evidence of mass lesions or had required
neurosurgical intervention. Location of head trauma (area struck in
rnon—whiplash injuries) was most commonly the fromtal pole: 10 (71%)
HT1l, 11 (69%) HT2. Duration of loss of consciousness (LOC) for all
subjects was less than 60 mimrtes. Far HT1, 5 (29%) suffered no
1OC, 9 (53%) were unconscious for 10 minutes or less, and 2 (12%)
were unconscious for greater than 20 mirutes. For HT2, 11 (61%)
suffered no LOC, 3 (17%) were unconscious far 10 mirutes or less,
and 2 (11%) were unconscious for greater than 20 mirutes. It was
the first MHI: 16 (94%) HT1, 15 (83%) HT2 for the majority of
patients in both groups.

Based on the nature of the follow-up study which was used to
recruit HT2 patients, 16 (94%) were one to two years post injury.
Subjects in HT1 were seen at various time points beyond 6 months
post injury with the majority seen between one to two years post: 9
(53%). Most of the patients in both groups who urder went CT and/
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or MRI testing had normal scans: 2 (15%) and 3 (27%) of CT's ard
MRI's for HT1 were alnormal respectively. The nature of the
abnormality, when present, was almost always mild and atrophic in

nature. No subject in HT2 demonstrated abnormality.

OONTROL SUBTECTS

Table 3 presents the demographic data for the sixteen control
subjects assessed in this study. Ages ranged fram 17 to 58 (M =
31.8 years), with 12 (75%) females and 4 (25%) males. 14 (88%) of
the group were right handed and 15 (94%) spoke English as their
primary language. 10 (63%) of the group had obtained a college
degree or higher, with a mean of 16.1 years in school. None of the
control subjects had a history of neurological illness, 6 (38%) were
working full-time at the time of testing, 2 (12%) were working part-
time, 6 (38%) were full-time students, and 2 (12%) were retired. 15
(94%) of the control subjects used their right hand for reaction

time testing.

The following measures were used to further characterize the
mmber and severity of specific postconcussional symptoms and degree
of emotional distress in the two head injured subgroups:

1. Sections of the New York University Medical Center Head Inijury
Family Interview (HI-FI) (Kay, Cavallo, & Ezrachi, 1988). This
interview was used to gather infarmation about: a) the presence of
problems experienced in different areas of functioning (physical,

cognitive, behavioral, social) and their severity since the head



Table 3

Qontrol Group
Democxraphic Infoymation (N=16)
Age N 16
Maan 31.8
sD 13.6
Median 27.0
Range 17-58
Fregquency Percent
Sex
Male 4 25
Female 12 75
Ethnicity
Caucasian 13 81
Black 2 13
Cther 1l 6
Handedness
Right 14 as
Left 1 6
Ambidextrous 1 6
Grade in School
11 2 12
12 1 6
14 2 12
15 1 6
16 6 40
19 l 6
21 1 6
22 2 12
Primary language .
English 15 94
Other 1 6
Eucation
Doctoral Degree 3 19
Same Grad School 1 6
Bachelor's Deqgree 6 Kt ]
Same College 1 6



Table 3 (Contimued)

Frequency Percent

Education (cont.d)

High School Diplama 3 19

Same K-12 Bducation 2 12
Quriculum in School

Advanced Classes 5 31

Reqular Classes 11 69
Performance in School

Mostly A's 9 56

Mostly B's 2 13

Mostly C's 15 31
Psychiatric History

No History 15 94

Single Episode 1 6
Neurological History

No History 16 100
Employment Status

wWorking, Full-Time 6 38

wWorking, Part-Time 2 12

Student, Full-Time 6 38

Retired 2 12

Hand Used (Reaction Time)
Right 15 94
Left 1 6



38
injury, and b) current work, educational or hamemaking status,
level of responsibility (camparable vs. campramised), and presence
and type of problams experienced in the above categories (cognitive,
physical, behaviaral, social and emotional). A Problem Check-List
(PCL) was administered requiring the subject to rate him ar herself
in a rumber of problem areas cammon to TBI. Patients were required
to indicated whether they experienced (yes or no)} any ane of 34
postconcussive type symptoms, and if so, the degree to which the
endorsed symptam presented a problem in their daily functioning
(self-report rating made on a 7 point severity scale). A total
weighted severity score was summed across all endorsed items for
each subject fraom this checklist. Sections of the HI-FI are
included in Appendix A.

2. The degree of emotional distress and the impact of this variable
on RT perfarmance was measured by the Multiple Affect Adjective
checklist (MAACL~R) (Zuckerman & Lubin, 1985). This is a self-
administered adjective checklist inventory reflecting subjects’
affective status in five damains: Anxiety, Hostility, Depression,
Positive Affect and Sensation-seeking. This test is scored in terms
of the total mumber of adjectives checked for items associated with
each mood state. Presence and degree of pathological mood states
were determined on the basis of published ncrms. The MAACL-R was
alsc given to all normal controls who participated in this study.
The following instructions are given for the MAACL-R:

On this sheet you will find words which describe different kinds

of moods and feelings. Blacken in the circles beside the words

which describe how you generally feel. Same words may sound

alike, but we want you to check off all the wordg that describe
ymrfeelux;s Wark rapidly.
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3. The Beck Depression Interview (BDI) is a standardized 21 item
interview which measures the severity of depression based on the
endorsements of statements tapping vegetative and non-vegetative
aspects of depression (Beck, 1972; Beck & Beamesderfer, 1974; Beck,
Steer, & Garbin, 1978; Beck, Ward, Mendelson, Mock, & Erbaugh,
1961). Areas covered include sadness, pessimism, sense of failure,
dissatisfaction, guilt, self dislike, self harm, social withdrawal,
indecisiveness, self image changes, work difficulty, fatigue, and
anorexia. The depression score is the sum of the weighted responses
to all items. The following instructions are given for the BDI:

On this guestionnaire are groups of statements. Please read

each group of statements carefully. then pick out the one

statement in each group which best describes the way you have

been feeling over the PAST WEEX, INCUUIDING TODAY! Circle the

mmber beside the statement you picked. If several statements in

the group seem to apply equally well, circle each one. Be sure

to read all the statements in the group befare making your
choice.

The CRT was programmed in Quick Basic for use on IBM campatible
monochrame monitors. A timing routine was designed to self
calibrate and adjust before each trial run to allow for use across
different computers. For this study, all subjects were evaluated on

a Toshiba Laptop camputer with a gas plasma screen, model T3100e.

Experimental subjects were administered the two RT tests (the
HIVE and ORM), those interviews described above, and the Oognitive
ADL Checklist (described below) as part of a larger battery of

neurcpsychological tests aduinistered at New York University Medical
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Center, Research and Training Cemter. All Subjects signed informed
cansent befare participation in the particular research study. The
consent forms used for experimental and control subjects appear in
Appendix B. OControl subjects were tested on both camputerized
reaction time tests, the MAACI~R, arnd the Cognitive ADL Checklist.

This research had IRB approval.

HIVE OONTTNUOUS REACTION TIME

Subjects were seated directly in fronmt of the camputer, and the
following standard set of instructions were presented on the screen
before the task: "In a little while the session will begin and you
will hear three beeps to warn you that we are beginning., The figure
below (red cross presented) will appear in the center of the screen.
When you see this figure, you must press the space bar (the long
key) as quickly as possible. One other figure will appear at
different times. Do not respond to this."

Subjects were seated in front of the center of the screen. The
subject was instructed to place his/her index finger lightly on the
space bar. Instructions were read out loud to all subjects and the
location of the space bar was indicated. Eight practice trials were
presented at the onset of the task to ensure the subjects'
understanding of the instructions. There was an option to repeat
practice trials if necessary. The two symbols (cross and square
dough-mit) were randamly presented in the center of the screen with
a stimilus duration of 500 mesec. Stimili were separated by five
inter-stimulus intervals of 1.5, 2.0, 2.5, 3.0, and 3.5 secarxs.

The same randamized sequence of stimuli and timing intervals were
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presented to all subjects. There were a total of three muidred
trial presentations, 50 % of which ware targets, and 50 % foils,
over a 12 minute testing session. The target was a cross
approximately one inch in height and width, the foil was a aquare
dough-mut of equivalent dimensions. The stimili were red against a
black background screen on the laptop camputer. Contrast was
autamatically set for maximal visibility and resolution. Subjects
were tested under constant lighting conditions.

M RT TASK

The discrete trial RT was part of a software package known as
the ORM (Orientation Remedial Module) designed by E. Piasetsky and
J. Rattok (1981) for use at the N.Y.U Medical Center Head Trauma
Program. The varijable RT test records the speed of response to the
onset of a light stimulus. The following instructions were
presented on the screen before the task: "This program tests your
basic reactions. Each trial starts with a tone. This warns you to
be alert and watch the target circle on the screen. As soon as the
target turns red, press the space bar. After each trial, [examiner
will] press enter to reset and start a new trial. You will receive
three warm-ups before the test begins.” (If more warm—ups are
necessary, examiner presses the right arrow to redo). "Reminder,
each trial begins the sound of a warning tone, when the target turns
red, press the spacer as fast as you can" (press spacer to begin).

Initially the target circle was the same coloxr as the rest of
the screen (black). There were 3 warm-up trials and 12 test trials.

Subject's average RT was based on the 12 recorded trials. RT
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latency was displayed at the top of the screen. Impulsive responses
(those which preceded the target stimulus) were not scared and were
eliminated from data analysis. Trials on which impulsive
(unscorable responses) ocoured ware repeated so that all subjects
had 12 scorable RT latencies. In this condition, the interval
between the warning tone and light stimilus onset was varied
randomly between 2 to 5 seconds with 1 second intervals between.

~

COGNTTIVE ML CHECKLIST

The Cognitive ADL checklist was developed as an ancillary
measure of self reported attentional difficulties and their impact
on daily living. Designed for both patient and control subjects,
the checklist is a 15 item scale requiring the subject to answer
true or false to statements describing cammon attentional based
symptoms ard the extent (0 = none, 6 = severe) to which each
endorsed statement interferes with the subjects daily life
functioning. Two scores are derived fram this scale: total number
of statements endorsed, and mean interference score. This checklist
was presented to both normal and head injured subjects. A copy of

the Cognitive ADL checklist is presented in Appendix C.

The apparent differences between HI'lL and HT2 in CT/MRI results,
and length of LOC between groups, raised the question of whether

neurclogical variables indicative of severity of injury could



43
contrilute to between group differences on RT testing. To address
these concerns, a Mann-Whitney U test was performed on total Mean
HIVE RT latercy between subjects for LOC extremes (no 1OC vs.
greater than 20 mirmutes), and CT/ MRI normality vs. almormality.

Due to the emall within group sample size for these variables,
analysis was performed between individual subject groupings on these
variables irrespective of larger group membership. There were no
significant differences in RT performance based an LOC extremes tu =
30 < 52, p>.05. or CT/MRI normality and abnormality tu = 23 < 31,
p>.05.

While the groups did not differ with regard to age, reaction
time studies have often been criticized for not taking into
consideration the possibility of age related increases confournding
results. For this reason, a Mann-whitney U test was also performed
on total Mean HIVE RT between irdividuals who fell in the extremes
for age (25 years or yourger vs. 55 years or older). There were no
significant differences in Mean RT latencies between age groups tu =
20 < 33, p>.05.

Qurrent involvement or expectation of involvement in
litigation versus no litigation involvement was alsc compared for
its potential impact on RI' latency. Several MHI studies have
suggested that subjects who expect a lucrative legal settlement for
their injuries may either consciously or unconsciously perform more
pocrly on neurcpsychological tests (Binder, 1986; McKinlay, Brooks,
& Bond, 1983; Rutherford, 1989). Since a greater rumber of HT1
subjects (59%) were imvolved in litigation as compared to HT2

subjects (33%), this variable could have contributed to the slower
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perfarmance of the HT1 patients on RT tests. Based on this concern,
a Mann-whitney U test was performed between groups of individuals
irrespective of larger group membership who were versus were not
involved in litigation. Results were not significantly different

based on litigation motivation tu = 141 < 211, p>.05.

AFFECTIVE STAIUS
As expected based on group selection criteria, the two MHI

groups were significantly different based on the total BDI score
indicating a greater degree of depression for the HT1 subjects (M =
20.3) versus HT2 group (M = 8.1), F(1, 33) = 9.9, p<.01. Within the
HT1 group, 13 patients (76%) obtained a BDI score greater than 10.
Within the HT2 group, 14 patients (78%) obtained a BDI score below
10. Based on the normative data avajlable for the BDI (Beck, 1978),
HT1 subjects as a group could be categorized as moderately to
severely depressed, while HT2 subjects as a gqroup ocould be described
as normal.

As indicated in Table 4, between group trends were similarly
revealed on the scales of the MAACL-R. The mean T scores obtained
for the three groups, HT1, HT2 and Controls, on the major scales of
the MAACI-R were: Anxiety: M= 73.4, M = 57.3, M = 56.1,
Depression: M = 77.3, M = 57.5, M = 56.4, and Hostility: M = 73.7, M
= 53.2, M = 54,3, respectively. Dysfunctional MHI patients as a
group were significantly more amxious F(2,45) = 6.0, p<.01,
depressed F(2,45) = 4.8, p<.01, and hostile F(2,45) = 11.8, p<.01,
than both Controls and Functicnal MHI patients based on the MBACL-R.



Table 4

N Mean SD Median Range

MAACIR
Anxiety (T-Score) 17 57.3 18.8 49.0 42-112
Depression (T-Scare) 17 57.5 17.8 46.0 42-102
Hostility (T-Scare) 17 53.2 12.3  51.0 41-81
Positive Affect (T-Score) 17 46.7 9.2 50.0 23-58
Sensation Seeking (T-Score) 17 48.0 9.9 45.0 31-67
Dysphoria (T-Score) 17 57.7 17.9  49.0 42-102
Positive Affect/Sensation
Seeking (T-Scare) 17 47.4 8.6 48.0 28-61
Beck Depression Inventory
Total 18 8.1 10.7 5.0 0-45
Dysfunctjonal MHI Group
N Mean SD Median Range
MAACIR
Anxiety (T-Score) 17 73.4 14.0 63.0 48~95
Depression (T-Score) 17 77.3 26.2 75.0 45-115
Hostility (T-Score) 17 73.7 14.9 73.0 52-98
Positive Affect (T-Score) 17 27.7 14.3 30.0 7-50

Sensation Seeking (T-Score) 17 41.5 10.8 45.0 19-54
Dysphoria (T-Scare) 17 79.1 17.7 76.0 50-110

Positive Affect/Sensation
Seeking (T-Score) 17 28.3 13.7 27.0  2-48

Beck Degression Inventory
Total 17 20.3 12.2 20.0 4.0-44



Table 4 (Continued)

Affective Variables
Qontrol Group
N Yean
MAACL-R

Anxiety (T-Score) 16  56.1
Depression (T-Score) 16  56.4
Hostility (T-Score) 16  54.3
Positive Affect (T-Score) 16 44.2
Sensation Seeking (T-Score} 16  51.4
Dysphoria (T-Score) 16 56.8

Positive Affect/ Sensation
Seeking (T-Score) 16  45.5

S0 Medjan Range

12.8

18.8

12.4

11.6

11.1

14.8

11.3

53.0

45.0

50.0

45.0

49.0

49.5

45.0C

42-85

44-102

44-89

15-60

26-74

45-98

23-62
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INTERVIEWS

Table 5 presents the results abtained for the individual items
and total scares of the Cognitive ADL Checklist for the HT1, HT2 ard
Cortrol groupe respectively. Table 6 presents the summary data for
total mmber of items endorsed as true and the average severity
rating acroes the same three groupe. The total number of statements
endorsed as true differed significantly on the Cognitive ADL
checklist between groups indicating a greater mumber of attentional
problems present for the dysfunctional patients as a group: HT1 M =
12.4, HT2 M = 3.6, Control M = 4.0, F(2,48) = 41.9, p<.0l. One-way
analysis between groups on the individual items of the Cognitive ADL
checklist irdicated significance between the HT1 vs Control or HT1
versus HT2 on thirteen of the fifteen items. Those individual items
endorsed with no greater frequency for the head trauma patients
versus controls subjects were the following items: "I have
difficulty maintaining attention for extended pericds of time", and,
"In conversation, I often lose my train of thought".

An analysis of variance for mean average severity of endorsed
items was significantly different among the three groups.
Attentional symptams (regardless of their mumber) were perceived to
interfere with daily functioning to a moderate to severe degree (HT1
M= 3.9), on average, as campared to a mild to moderate degree for
HI2 M = 2.0, and Control M = 2.0, respectively, F(2,46} = 11.7,
p<.01. The finding that dysfunctional patients report a
significantly greater number of attentional symptams than either
functional or control subjects is not surprising, nor is the fact

that the impact these reported symptoms have on every day life



Table 5
Dysfunctional MHI Group (HIL)
Sognitive ADL Checklist
Endorse Dearee of
! " Interference
Total N N % M 5D

1. I get distracted easily. 17 15 88 4.1 1.4
2. T need to take fregquent breaks while

working on a task. 17 16 94 3.5 1.2
3. I have difficulty maintaining attention

for extended periods of time. 17 12 71 4.6 1.5
4. I get tired easily. 17 16 94 .9 .3
5. My mind often wanders off a task. 17 15 88 4.6 .9
6. When people speak to me quickly, I have

trouble following what they are saying. 17 16 94 4.1 1.4
7. When a lot goes on around me, I often

f"tune out". 17 13 77 3.9 1.6
8. When I read, I find that my mind often

wanders, and I have to go back and

reread what I missed. 17 16 94 4.2 1.3
9. I never know how well I'1l do on a

task because my performance is very

inconsistent. 17 13 77 3.8 1.6
10. No matter how hard I try, I sometimes

only understand bits and pieces of

information. 17 15 88 4.1 1.8
11. Often, I am unable to do a job well

bacause I am tired. 17 13 77 3.0 1.3
12. In conversation, I often lose my

train of thought. 17 10 62 4.6 1.5
13. I get bored easily. 17 13 77 3.8 1.0
14. T get tired when I am forced to

cncentrate, 17 15 B8 3.9 1.3
15. I often need to ask people to repeat

what they've said because my attention

has drifted. 17 i4 82 3.7 1.6
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Table 5 (Contimued)

Punctional MHI Group (HT2)
Oognitive ADL Checklist
;gzm Deqree of
d Interference
Total N N % M 8D
1. I get distracted easily. 18 5 28 3.6 .9
2. I need to take frequent hreaks while
working on a task. 18 1 6 1.0 0
3. I have difficulty maintaining attention
for extended periods of time. 18 7 3% 2.7 1.4
4. I get tired easily. 18 5 28 2.0 1.9
5. My mind often warders off a task. 18 5 28 2.8 1.5
6. When people speak to me quickly, 1 have
trouble following what they are saying. 18 4 22 1.5 .6
7. When a lot goes on around me, I often
“tune outh. 18 5 28 2.2 1.9
8. When I read, I find that my mind often
wanders, and I have to go back ard
reread what I missed. 18 10 56 1.9 1.4
9. I never know how well I'll do on a
task because my performance is very
inconsistent. 8 2 11 3.0 1.4
10. No matter how hard I try, I sometimes
only understand bits and pieces of
information. 18 1 6 3.0 0
11. Often, I am unable to do a job well
because I am tired. 8 1 6 1.0 0
12. In conversation, I often lose my
train of thought. 18 5 28 2.8 1.3
13. T get bored easily. 18 6 33 3.2 1.7
14. I get tired when I am forced to
concentrate. 18 4 22 1.5 1.3
15. I often need to ask pecple to repeat what
they've said because my attention
has drifted. 18 4 22 3.5 1.3

49



Table 5 (Continued)

Control Grogp
Cognitive ADL Checklist
Endorse Dearee of
hrue” Interference
Total N N % M SD

1. I get distracted easily. 16 10 62 2.2 1.8
2. I need to take frequent hreaks while

warking on a task, 16 2 12 2.5 2.1
3. I have difficulty maintaining attention

for extendad periods of time. 16 5 31 2.4 2.1
4. I get tired easily. 16 5 31 2.4 1.5
5. My mind often warnders off a task. 16 3 19 2.7 1.2
6. When people speak to me quickly, I have

trouble following what they are saying. 16 13 19 2.7 2.1
7. When a lot goes on around me, I often

"tune out". 16 5 31 1.8 2.0
8. When I read, I find that my mind often

wanders, and I have to go back and

reread what I missed. 16 6 37 2.8 1.8
9. I never know how well I'1ll do on a

task because my performance is very

inconsistent. 16 3 19 1.3 .6
10. No matter how hard I try, I sometimes

only understard bits and pieces of

information. 16 1 6 3.0 0
11. Often, I am unable to do a job well

bacause I am tired. 16 2 12 1.5 .7
12. In conversation, I often lose my

train of thought. 16 S 31 2.0 1.2
13. I get bored easily. 16 5 31 2.2 2.0
14. T get tired when I am forced to

concentrate. 16 4 25 2.0 2.2
15, I often need to ask peocple to repeat

what they've said because my attention

has drifted. 16 5 31 1.8 1.9
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Table &

N Mean SD Median Range

Cng ADL Total - Sum True 17 12.4 3.1 14.0 5.0~-15.0
Cog ADL Total - Average Severity 17 3.9 1.0 3.9 2.3-5.5
Punctional Group

N Mean SD Median PRange
Cog ADL Total - Sum True 18 3.6 1.3 2.5 0-11.0
Cog ADL Total - Average Severity 18 2.0 1.4 2.0 .0-5.0
Control Group
N Mean 5SD  Median Range
Cog ADL Total - Sum True 16 4.0 3.1 3.0 0-10

Cog ADL Total - Average Severity 16 2.0 1.5 2.0 0-6.0
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functioning is perceived to be significantly more disabling. It is
of interest, however, that despite the control subjects' endorsement
of fewer attentional symptams, when symptams do ooccur they are rated
as having a mild to moderate impact on functioning, even in the
absence of a head injury. In addition, the presence of a head
injury alone, as indicated for the functional patients, did not
necessarily increase the likelihood of suffering from more
attentional problems.

Total severity of endorsed problems on the PCL of the HI-F1I was
also significantly different between HT1 and HT2 patients, M =
121.8, and M = 16.5, F(1,33) = 70.9, p<.01, respectively. Within
the HT1 group, 15 patients (88%) attained a total severity score
greater than 55 on the PCL. Within the HT2 group, 17 patients (94%)
attained a total score below 55 on the PCL.. Dysfunctional patients,
as a group, were highly symptomatic, consistent with their
spontanecus camplaints during intake interview.

WORK_STAIUS

Table 7 presents work status measured at the time of testing
for the two groups of MHI patients. Consistent with initial
subgrouping criteria, the two groups were markedly different in the
degree to which their head injury had prevented their return to
employment, the level of responsibility they had returned to post
injury, and the frequency of problems reported in their current
position. 10/17 (59%) of HT1 subjects were unemployed due to head
injury related problems as campared to 1/18 (6%) of HT2 subjects.

For those unemployed HT1 subjects, the most common causes of
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Table 7

frequency  Percent

Working Qurrently

No, Not Due to Head Injury 2 12

No, Due to Cognitive Problems 5 29

No, Due to Physical Problams 2 12

No, Due to Soc/Emotional Problems 1l 6

No, Due to All of the Above 2 12

Yes, Compromised Position 4 23

Yes, Camparable Position i 6
Working - Comparable Position (N=1) Problems?

Yes, Cognitive Problems 1 6
Working - Compromised Position (N=4) Problems?

Yes, Cognitive Problems 2 12

Yes, Physical Problems 1 6

Yes, All of the Above 1 6
School Currently

No, Not Due to Head Injury 14 82

No, Due to Cognitive Problems 3 18
Hame-maker Qurrently

No, Not Due to head Injury 14 82

Yes, Campramised Position 2 12

Yes, Camparable Position 1 6
Hame—-maker Comparable Position (N=1) Problems?

Yes, Physical Problems 1 100
Hame—maker Compramised Position (N=2) Problems?

Yes, Cognitive Problems 1 50

Yes, All of the Above 1 50
WORK STATUS OODE

1 = Unemployed 10 59

2 = Compramised 5 29

3 = Comparable With Problems 2 12

4 = Camparable Without Problems 0 0



Table 7 (Continued)

FAnctional M Grap (HI2)
WRK SIXIUS
EFrequency

Working Qurrently

No, Not Due to Head Injury 1

No, Due to Behaviaral Problems 1

Yes, Compromised Position 1

Yes, Camparable Position 15
Working - Camparable Position (N=15) Problems?

No Problems 13

Yes, Physical Problems 1

Yes, Behavioral Problems 1
Working - Compramised Position (N=1) Problems?

Yes, Problems due to all the above 1
School Currently

No, Not Due to Head Injury 17

No, Due to Cognitive Problems 1
Hame-maker Qurrently

No, Not Due to head Injury 17

Yes, Comparable Position 1
Hame-maker Camparable Position (N=1) Problems?

No Problems 1
WCRK STAIUS QODE

1 = Unemployed 1

2 = Campromised 1

3 = Camparable With Problems 2

4 = Qamparable Without Problems 14

11
77
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inability to return to work were cognitive problems: 5 (29%), and
physical problems: 2 (12%). Of employed subjects in HT2, only 1
(6%) reported functioning in a coagpromised position as compared to 4
{23%) of the employed HT1 subjects. At the time of initial
referral, only 1 (6%) of HT1l subjects were functioning in comparable
positions (relative to premorbid levels) as campared to 15 (82%) of
HI2 subjects. These differences strengthen the argument for
subgrouping MHI patients based on functional status in spite of

their equivalent severity ani neuroclogical history.

REACTION TIME DATA QOLLECTION

HIVE RT latency for correct responses were generated as a
function of three trial blocks consisting of 50 target responses
each. RT latency was also scored for each of the five randomized
ISI values consisting of 30 target responses each. Reaction times
were measured with msec accuracy. Reaction times less than 100 msec
were deleted fram the camputation of means and SD's, but recorded
for review. Reaction time aocuracy (mumber of correct responses,
errors of amission, errors of caomission) were presented as a
function of trial block and ISI. An error of amission was scored
for each target missed, while a comnission error (false alarm) was
scored when a response was made to a non-target stimuli. Omissions
were defined as the absence of a response within the amount of time
provided between two successive stimuli. All erraors of omission by
definition exceed 1500 msec, which is the value of the smallest ISI.
Total accuracy and latency scores (mean and SD) were calculated for

correct responses per subject. Latency was scored for false alarm
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errcrse as a function of block and ISI. For the ORM, RT mean and SD

was calculated for the twelve response trials for each subject.

The first series of analyses with RT data explored the validity
of subgrouping MHI subjects based on functional status and the
potentially misleading effects of cambining the subgroups in between
group analysis. Comparisons were performed with summary RT measures
between the combined MHI group and controls, and between the three
groups to determine a) if differences were apparent, b) if
differences were consistent in direction with the above mentioned
affective and functional variables, and c) the esxtent to which the
combined analysis acaurately represented the standing of each group.
To answer these questions, analysis of variance and follow-up
camparisons (Scheffe) were performed for the total summary latency
and error scores for the HIVE and the ORM RT. Initial comparison
between the combined MHI group and controls on the HIVE revealed
that MHI patients were significantly slower (HT M = 422.4 msec,
Control M = 332.2 meec, F(1,49) = 6.2 p<.05) and more variable (HT
SD = 115.6 msec, Control SD = 55.6 msec, F(1,49) = 5.4,p<.05) in
reaction time than control subjects. Consistent with the
subgrouping hypothesis, further analysis between the three groupe
revealed that HT1 subjects were slower and more variable than both
HT2 subjects and controls, with no significant differences obtained
between HT2 subjects and controls: (HT1 M = 482.6 msec, HT2Z M =

365.6 msec, Control M = 332.2), F(2,48) = 8.5, p<.01; HT1 SD =
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157.9, HT2 SD = 75.6 Control SD = 55.6, F(2,48) = 7.9 p<.01 on the
HIVE Contimuous RT test. The HIVE results suggest that cambining
HT1 and HT2 subjects in analysis falsely represents the HI2 group as
impaired, due primarily to the performance of the dysfunctional
subgroup. In the case of the ORM RT test, significant differences
on the ORM SD were masked when camparing the combined MHI and
control subjects F(1,48) = 3.6, p>.05. Yet subgrouping analysis
revealed that HT1l subjects were both slower (HT1 M = 343.4, Control
M = 200.9), F(2,47) = 5.8, p<.0l; and more variable than both HT2
and controls subjects (HT1 SD = 81.0, HI2 SD =43.1, Control SD =
37.4), F(2,47) = 6.3, p<.01 on the ORM Variable RT test.

Overall, the lack of significant difference between functional
ard control subjects on RT variables suggests that the cambined
analysis is misleading. Dysfunctional MHI patients are
significantly more impaired in their RT speed and their ability to
maintain a consistent level of RT' speed than both functional MHI
patients and cantrol subjects. Subsequent analyses were based on

the three separate groups.

Exor Analyseg
There was a significant difference between HT1 and control

subjects on total number of correct responses, M = 141.5 versus M =
149.9 respectively, F(2,48) = 4.3, p<.02. This is indicative of a
greater mmber of amission errors in HTl. There was no significant
difference between HT2 subjects and control subjects in rumber of
correct response. Although total mumber of false alarms on the HIVE
were greater for HT1 subjects (M = 10.8) as campared to HT2 (M =
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7.6) and Control subjects (M = 7.1), these differences were not

significant F(2,48) = 1.2, p = .3.

The relationship between summary HIVE variables and degree of
dysfunction within the ocambined MHI group was explored using
correlational analyses (Spearman) between RT Mean, SD and PCL,
Cognitive ADL Checklist, arnd level of campromise in work status. As
anticipated, there was a significant relationship between Mean RT
and severity of postconcussional symptams (PCL): r = .43, p<.01 and
between mean RT and work status: p = .48, p<.0l1l. Patients with
slower RT scores were more symptomatic and in a more compramised
work position as compared to premorbid levels. There was no
significant relationship between Mean RT and mmber of symptams
reported, or severity on the Cognitive ADL Checklist: r = .22,
p>.05, r = .20, p>.05 respectively. SD RT was positively correlated
with PCL: r = .34, D<.05 as well as mumber of attentional symptams
reported on the Cognitive ADL Checklist: p = .31, p<.05.

Individuals who were more variable in RT latency camplained of a
greater mumber of attentional symptams and more severe
postconcussional camplaints. 'There was no relationship between SD
RT and work status, or severity on the Cognitive ADL Checklist: p =
.29, p>.05, r = .27, p>.05 respectively.

In order to determine whether depressed HT patients were slower
than non—-depressed patients, a Mamn-wWhitney U test was performed on
Mean HIVE RT latency between subjects diagnosed as depressed vs.
non-depressed regardless of subgroup membership. Using a T score
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greater than 60 an the MAACI~R Depression scale, 60% of HT1 amd 35 %
of HI2 subjects met the criteria for depression. The differences in
RT latency for depressed patients as campared to non—-depressed
patients were not significant tu = 125 < 179, p>.05. These results
indicate that depression per se is not responsible for an increase
in RT latency. The perfoarmance of depressed MHI patients was not
more impaired than the performance of non-depressed MHI patients.

The relationship between geverity of depression and RT was next
explored through correlational analyses between RT mean and SD and
BDI total score. There was a significant relationship between HIVE
SD ard BDI, 1 = .42, p<.01 within the combined MHI group. The
correlation between HIVE Mean and BDI was not significant, r = .32,
p=.06. Patients who were more severely depressed tended to more

variable in RT latency.

The second level of RT exploration concerned the sensitivity of
the HIVE versus the ORM RT in correctly classifying group
membership. Optimal cutting scores were chosen to maximally
separate the three groups. An impairment criterion of 1.5 SD above
the Control group's mean corresparded to the optimal cutting score
for both HIVE and O™, Mean and SD. Table 8 presents the percent
correctly classified in each group for the HIVE Mean and HIVE SD as
a function of normal control group RT scores. Table 9 presents the
percent correctly classified using ORM VRT Mean and SD.

As indicated in tables 8 and 9, a camparison between ORM arx

HIVE Mean revealed a greater mmber of HT1 patients correctly



Table 8
Groups Mean (msec) 8D (msec)

< 332 332-374 »>» 375 <55 56-73 >74
HT1 0% 29% 71% 6% 35% 65%
(N=17)
HT2 17% ~-61% 22% 22% 39% 28%
(N=18)
Controls 44% 56% 0% 50% 44% 6%
(N=16)
Table 9
Groups Mean (msec) SD (msec)

< 200 201-237 > 237 <37 38-64 >65
HT1 0% 38% 62% 31% 12% 56%
(N=17)
HT2 17% 39% 44% 56% 33% 11%
(N=18)
Controls S0% 44% 6% 63% 31% 6%

(N=16)

60
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classified as impaired (true positives) using the HIVE Mean (71%) as
compared to the ORM Mean (62%). None of the control subjects as
campared to 6% were incorrectly clasgified as impaired (false
positives) using the HIVE versus (RM Mean respectively. Based on
the graup RT value for total mean on both of these tests, the HI2
group perfarmed in the intermadiate range between the other two
groups. Using the same optimal cutting scores, a greater number of
HT2 patients were classified as performing within 1.5 SD above the
mean on the HIVE (61%) vs the ORM (39%).

For SD RT, a greater number of HT1 patients were correctly
classified as impaired using the HIVE SD (65%) versus ORM SD (56%).
While both tests were equally good (6%) at minimizing the incidence
of false positives among control subjects using the measure of
variability, a greater number of HT1 subjects were incarrectly
classified as "normal" (false negatives) on the ORM SD (31%) as
campared to only (6%) on the HIVE SD. These results indicate that
the CRT is better able to separate the groups and predict group
membership than the discrete trial ORM test. Within each test, the

mean is a better predictor of group membership than the SD.

BLOCK AND ISI EFFECTS

A three factorial double repeated measures Multivariate
Analysis of Variance (MANOVA) was performed using the two HIVE RT
dependent variables: (mean and SD) to investigate the Block by Group
by ISI effect. The use of such a statistic is warranted when two

dependent variables (DV) are believed to be correlated. The MANOVA
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consjders both V's similtanecusly. It allows for the detection of
main effects and interactions amongst the three factors, while
controlling type one exror rate. Table 10 presents the results of
this analysis. Using MANOVA, all main effects were significant as
well as a significant block by ISI interaction. To further explore
the basis for these results, separate three way univariate factorial
ANOVA's were perfarmed for each deperdent variable separately.

These resuits are presented in tables 11 and 12.

The significant group effect (collapsed across ISI and BLOCK)
ocaurred for both mean F(2,47) = B.0, p<.001, and 8D, F(2,47) =
9.0, p< .001. Post - hoc multiple comparisons were performed using
the Tukey - HSD procedure. HT1 was significantly different (p<.05)
fram both HT2 and controls on both mean and SD. Dysfunctional
patients had significantly slower and more variable RT's than both
functional patients and control subjects. There were no significant
differences between the functional and control subjects for mean or
SD RT.

The significant block effect (collapsed across group and ISI)
occurred for mean RT only, F(2,94) = 10.4, p<.001. Post - hoc
camparisons using Tukey - HSD revealed significant differences
between all three blocks. As indicated in figure 1, all subjects
were fastest n Block 1, became progressively slower on block 2, amd
were slowest on block 3. While mean RT increased over blocks, there
was no significant increase in variability (Figure 2). Wwhile there
was a trend towards a block by group interaction (the HT1 patients
showad the greatest decrement across blocks), this analysis failed

to reach significance F(4,94) = 2.1, p = .08. Based on these



Table 10

Multivariate ANOVA Summary Table
Source Value Hypoth. df Exrror df F p
Group 39578 4 90 4.452 . 002
Grauap x Block .12593 8 184 1.448 .179
Block .30948 4 184 7.118 .000
Block x ISI . 10352 16 748 2.420 .001
Is1 .21321 8 372 4.957 . 000
Group x ISI .0712 16 372 .827 . 654
Group x Block x ISI .0710 32 748 .830 .736
Table 11 g

Univarjate ANOVA Summary Table ~ Mean RT
Source ss af MS F P
Group within cells 9303805.66 47 197953.31
Group 3155346.65 2 1577673.3 7.97 .001
Block within cells 438993.71 94 4670.15
Block 96951.75 2 48475.87 10.38 .000
Group x Block 39766.10 4 9941.52 2.13 .083
ISI within cells 291086.01 188 1548.33
1S81 41743.56 4 10435.89 6.74 .000
Group x ISI 8450.13 8 1056.27 .68 .707
Block x ISI within cells 1107384.73 376 2945.17
Block x ISI 33422.113 8 4177.77 1.42 .187
Group x Block x ISI 30623.61 16 1913.98 .65 .842
Table 12

a -

Source 8S dar MS F P
Group within cells 2712194.16 47 57706.26
Group 1034414.55 2 517207.28 8.96 .,001
Block within cells 295463.81 94 3143.23
Block 1354.03 2 677.02 22 . 807
Graup x Block 9027.30 4 2256.83 .72 .582
ISI within cells 488659.31 188 2599.25%
ISI 9396.33 4 2349.08 .90 .463
Group x ISI 31223.01 8 3902.88 1.50 . 159
Block x ISI within cells 2016482.40 376 5362.99
Block x ISI 56433.67 8 7054.21 1.32 .234
Group x Block x ISI 41755.90 16 1913.98 .49 .953



CoOUul «wWOIO® -0

Reaction Time Mean

"] Control {(N=16)
() Functional (N=18)

550 [\ Dysfunctional {N=17)
A
500 o -
o - o o
A
450
400
I 0
Y S T o
350 h——— o
B _ o )
-
300 -
250 - L N N
1 : 3
Block

Figure 1.

9



OOW3 «<wOIOM®=~pr~

Reaction Time SD
Block by Group

{'] Control (N=16)
(O Functional {N=18)

200 - /\ Dystunctional {N=i7)
B
ﬁ-ﬁ"ffr—f
150 3 —— B
100 -
= R _
| — .
B _ : £l
50 - SR 3 B
0 o __ e T - -1
1 2 3

Block
Figure 2.

59



66
univariate results, the HT1 patients could be categorized as
consistently inconsistent over time.

Univariate factorial follow-up analysis on the significant main
effect for ISI, revealed a significant effect for mean RT only,
F(4,188) = 6.7, p<.001. Post - hoc camparisons using Tukey — HSD
revealed significant differences between IST 1 and 3, 1 and 4, and
land 5; 2 ard 3, 2 and 4, and 2 and 5. Irrespective of group
membership, all subjects' mean RT's were slowest an the shortest ISI
values (1.5 ard 2 sec), and fastest on the longest ISI values.
Results for mean RT latency for ISI by group is presented in Figure
3. The interaction was not significant. There was also no
significant ISI effect for SD displayed in Figure 4.

While MANOVA revealed a significant block by ISI interaction,
this effect was neither seen for RT Mean nor RT SD alone, as
indicated in the univariate follow-up ANOVA's presented in tables 11
and 12. These results suggest that the interaction is only detected
when the two dependent variables are entered inmto analyses
similtanecusly, due to their high correlation. The lack of
differences on follow-up analysis negate the further exploration of
this finding.

ANALYSIS: FALSE ALARMS MEAN

Initial analysis with total rumber of false alarm errors
between the MHI subgroups and control subjects revealed no
significant difference in error rate between groups. Additional
analysis was performed for false alarm mean latency for block
(figure 5) and ISI (figure 6) between groups. As indicated in
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Tables 13 and 14, the two way ANOVA for block by group, and ISI by
group failed to reach significance. There were no differences
between groups in false alarm speed.
Follow—up correlational analysis revealed no significant
relationship within the HT1 group or cambined MHI groups between
mmber of false alarms and response amissions: ¢ = .03, p».9; r =

.20, p>.2 respectively.

BSIR ANALYSIS: (MISSIONS

Initial analysis revealed a significant difference between
groups for total mumber of correct responses indicating a greater
tendency towards lapses of attention in the dysfunctional group. In
order to determine whether attentional lapses were susceptible to
time on task increases or fatigue, a two - way analysis of variance
for groups by block was performed. As indicated in figure 7, there
was a significant group by block interaction, F(4,96) = 2.7, p< .05.
Inspection of error rate within the dysfunctional group (figure 9)
revealed a progressive increase in amission errors across blocks:
nmumber of correct response M = 48.2, M = 47.3, M = 45.9,
respectively for block one, two and three. Of the four patients who
demonstrated errors of amission within block one, all had an equal
or greater mmber of amissions in block three. Of the 13 patients
who did not show errors of omission in block one, 6 did show
amission errars by block three. For block three, mean mumber of
correct responses was significantly different between HT1 and both
other groups: HT1 M =45.9, HT2 M = 49.6, Control M = 49.9, F(2,48) =

4.0, p =.02. This finding demonstrates that dysfunctional patients
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Table 13
Source SS af MS F P
Group within cells 3163855.41 27 117179.83
Group 409302.98 2 204651.49 1.7% .194
Block within cells 269209.17 54 4985.36
Block 12684.61 2 6342.30 1.27 .288
Group X Block 12196.04 4 3059.01 .61 .656
Table 14

False Alarm ANOVA Summary Table

1SI X Growp

Source 85 art MS F p
Group within cells 4569772.76 13 351520.98
Group 973918.17 2 486959.08 1.39 .285
ISI within celis 714435.33 52 13739.14
ISI 25123.56 4 6280.89 .46 767

Group x ISI 62826.94 8 8856.60 .64 737
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are sensitive to fatigue effects, which are manifested as errors of
anission.

Susceptibility to variations in inter-stimilus interval was
analyzed to determine if differences in error rate between groups
were evenly distributed between the shortest and longest ISI values.
A group by ISI ANOVA revealed only a group main effect as discussed
earlier. As indicated in figure 8, the lack of increase in lapses
of attention across ISI, and absence of an interaction, suggests
that wandering of attention” is not related to deficits in response
initiation.

The relationship between errors of amission and additional
performance variables was examined in a series of correlational
analysis. The number of errors of omission within the HT1 group
were significantly positively related to RT latency and variability:
Ir = .65, p<.001 with Mean; r = .80, p<.001 with SD. The greater the
munber of errors of omission, the slower and more variable the
latency of correct responses. For the canbined MHI group, lapses of
attention were significantly correlated with severity of
postooncussional symptams as measured by the PCL: = .31, p<.05.

There was no relationship between the mumber of errors of
amission and degree of depression (BDI), age, duration of LOC, total
mimber of HIVE false alarms or camplaints on the Cognitive ADL
Checklist within the HT1 group or the cambined MHI group.
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EXTREME RT DIFFERENCES

An analysis of the fastest RT's was performed to answer the
question of whether MHI patients were capable of responding with
"normal” RT latencies. In order to compare the fastest RT's fram
among correct responses (rather than impulsive responses), the RT
value corresponding to the 10th percentile was chosen for each
subject. The 10th percentile RT value is unlikely to be due to
impulsive responses (based on the observed false alarm error rate of
5 = 7 percent for the control and HT1 group respectively). Group
mean 10th percentile values were campared in an analysis of
variance. The results of this analysis indicated that the fastest
reaction time latercies produced by HT1 patients were significantly
slower than that of control subjects HT1 M = 323.4, HT2 M = 285.2,
Control M = 266.0, F(2,47) = 6.5, p<.01. There were no significant
differences between the fastest RT's of HT1 and HT2 subjects, or
between HTZ and controls. These findings are consistent with those
results obtained by Bruhn and Parsons (1971) after brain damage,
indicating a failure to demonstrate a capacity for normal
information processing. While dysfunctional patients are indeed
more variable than control subjects, their demonstrated slowing in
speed of reaction time cannot be solely accounted for by increases

in response variability.

While actual RT Mean and SD RT appeared consistently greater
for the HI2 subjects as compared to controls, this impression could

not be validated using the conventional between group analyses.
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There was a possibility that a difference between the functional and
control groupe was masked by the greater error variance of the HIl
group. In order to determine if a small but significant difference
in HIVE latency could be detected between HT2 and control subjects,
a follow-up ANOVA was performed between these two groups without the
HT1 group. Results of ANOVA was significant for HIVE total Mean
(HT2 M = 365.6, Control M = 332.2 F(1,32)= 6.1, p<.05 and HIVE total
SD (HT2 M = 75.6, Control M = 332.2 F(1,32)= 4.9, p<.05. This final
analysis revealed that as a group, functional patients exhibit a
small magnitude of impairment which is detectable in a direct

camparison with normal control subjects.
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Effects of Subgrouping

Objective links were established in this study between the
subjective complainmts by post MHI patients of persisting symptams
associated with functional disability, ard RT variables. MHI
patients jdentified as dysfunctional based on clinical interview
were significantly slower, more variable, and more susceptible to
attentional lapses on a CRT than patients identified as functional.
These differences were consistent in direction with the severity of
persisting postconcussional camplaints, failure to return to pre-
injury vocational levels, attentional camplaints in every day life,
and degree of emotional distress. Experimental and subjective
differences between these subgroups were demonstrated long after
neurological recovery had presumably plateaued (average time post
injury was 2.5 years for ocaombined MHI group). Moreover, these
subgroups did not differ on any newrological indices of severity or
relevant demographic variables. These findings are underscored
given the prevalence of camplaints of attentional deficits in this
population, and the lack of sensitivity of many conventional
assessment techniques in validating such deficits.

The fact that RT testing discriminated between patients
differing in the frequency and severity of persisting
postconcussional symptoms, and ability to retwrm to premorbid
vocational levels argues in favor of subgrouping MHI patients based
on these camplaints. Failure to consider the relationship between
functional status and objective test performance may explain same of
the conflicting reports in the literature on the persistance of
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cognitive deficits in this population. A mumber of studies have
failed to reveal differences between MHI patients and control
subject using large group designs which cbacure perfarmance of a
clinically impaired subgroup. Categorizing subjects based on
functional status in this study served as a valid methodological
approach for understanding RT functioning after MHI. In the case of
the CRT, cambined analyses between all MHI subjects and comtrol
subjects falsely overstated impairment for the functional group on
the HIVE mean and SD due to the performance of the impaired
dysfunctional subgroup, Separate analysis between the
dysfunctional, functional amd control groups did not reveal a
difference in performance between the functional and control
subjects. Using the discrete trial RT test, combined analysis
served to cancel out between group differences on the (/M SD. The
more subtle difference between functional and control subjects on
HIVE latency was anly revealed in a separate exploratory analysis.

The precise nature of the camplex inter-relationship between
persisting symptamatology, reduced work status, and test performance
is Qifficult to untangle. In this study, increases in RT latency
were significantly related to severity of postoconcussional symptoms
and reductions in work status. Deficits in the ability to maintain
a consistent level of speed (intra- individual variability) were
related to severity of symptams, depression, and the mumber of
attentional symptoms reported on the Cognitive ADL checklist.
Grormall and Wrightson, 1974, proposed that deficits in speed of
information processing as measured by the Paced Auditory Serial
Addition Test (PASAT), were an important factor in the genesis of
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the postconcussional syndrame. A reduced rate of information
processing could put patients at risk for associated symptamatology
(e.g., fatique ami haadache when attempting to concentrate) which in
turn result in stress and frustration when patients attempt to
return to premcrbid levels of functioning. It is clinically well
established that the persistence of undiagnosed neuropsychological
problems long after MHI can lead to failure, frustratjon, depression
ard reduced self esteem. Indeed, all of the patiemts in the
dysfunctional group appeared to exhibit this pattern when finally
evaluated long after their injury. 1In this study patients with
significant postconcussional symptoms were moderately to severely
depressed based on self report interview.

It is well established clinically, that the presence of
depression in MHI patients can exacerbate the appearance of
neurcpsychological deficits. This is particularly true on tests
involving speed of information processing, and attention. It is not
uncommon to find improvement in selective tests involving these
functions when depression resolves. At the same time, same
depressed patients perform within normal limits on
neurcpsychological tests regardless of their depression. In this
study, the presence or absence of depression was not a factor in RT
performance. Depressed patients were not more impaired in RT than
non-depressed patients. On the other hand, severity of depression
was significantly related to RT variability. These findings suggest
that the higher incidence of depression among dysfuctional patients
is not directly responsible for their poor RT performance. Within
this group, however, impaired RT performance coexists with a profile
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of greater functional impairment, more severe postooncussive
ocamplaints, and more severe depression.

Other critical psychological, personality and envirormental
variables, often interact to determine how a given individual will
respord to the persistance of symptams and to alterations in ability
to function. While the impact of these variables were beyord the
scope of this investigation, factors such as involvement in
litigation (a frequently suspected motivating factar in the
contimiation or magnification of functional camplaints), length of
loss of consciousness, CT or MRI documented alnormalities, and age
had no significant effect on RT speed.

It is interesting to note that the two head injured groups
differed in male to female ratio. The majarity of dysfunctional
subjects were wanen (71%) while the majority of functional subjects
were men (67%). It is possible that these differences may be
explained by differences in subject selection for this study.
Subjects in the dysfunctional group were largely self referred while
those in the functional graup were invited in for evaluation. Wamen
may be more likely to seek outside help for their dysfunction than

men post MHI.

Effect of Trial Block and ISI_
Both time on task, which determined fatigue level, and length

of ISI had a significant effect on performance speed. However,
these effects were equivalent acrovss groups. On the CRT, all
subjects showed a similar increase in RT latency over time due to
fatigue. wWhile there was a trend toward a group by block
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interaction (a greater increase in response latency over time for
HT1 subjects), this was not significant. Under these testing
corditions, the dysfunctional grogp was not especially more
vulnerable to fatigue effects. The lack of a main effect for SD
failed to suppcrt the hypotheses predicting an increase in intra-
individual variability as a function of time on task or increases in
ISI length. Subjects' RT latencies, regardless of group membership,
did not become progressively more variable over time, nor did
subjects demonstrate greater attentional wandering with longer ISI
delays. These findings demonstrate that MHI patients are
consistently more variable on a CRT test. The overall increase in
intra-individual variability for dysfunctional patients reflects a
generalized failure to maintain a consistent level of RT speed.

The hypothesis that increases in ISI would reveal deficits in
response initiation (slowing) in MHI patients was not demonstrated.
In contrast, all subjects became faster with increases in ISI value.
On the HIVE, it appeared that readiness to respond peaked on delays
greater than 2 secs. for all subjects regardless of group
membership. This finding varies from reports in the literature
suggesting a positive relationship between ISI and RT in brain
injury (McDonald, 1964; Parsons & Bruhn, 1973). 'The fact that
response initiation or execution was facilitated with increases in
ISI on this task may be a function of differences in experimental
tasks, subject selection and population differences (use of
heterogenous brain damage patients vs. MHI patients) in the other
studies.
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For example, Costa (1962) used a constant RT task and presented
three preparatory intervals (interval between warning tone and light
stimilus) in consecutive counterbalanced trials. In Parsons and Bruhn's
(1973) experiment in which a block by ISI interaction was seen far
brain damaged patients, ISI valuas were not randomized, and the two
levels of ISI (2.5 amd 4 sec) were presented in counterbalanced
order in a constant paradigm across the two blocks. Czuder and
Rourke (1970) fourd RT latency to be directly related to length of
preparatory interval (PI) only on a constant discrete trial paradigm
in normals but not brain damaged acdults, however, time on task and
fatique effects were a major oconfound on the constant RT (longer PI
delays were presented later in the session). Using a variable RT
test, the same authors showed that both groups performed
significantly more slowly on the 2 sec v8 4, 6 ard 8 sec PI. Some
studies have suggested that a bimodal distribution may emerge with
increases in RT using PI's beyond 4 secs. (Rodnick & Shakow, 1940).
While it is possible that increasing the range of ISI interval
beyond the 3.5 sec highest value of the anrrent task would have
increased RT latencies specifically for the MHI group (an
interaction), such a trend was not evident during pilot studies with
values of 5 and 6 sec. In this study, varying ISI value failed to

reveal a selective deficit in response initiation after MHI.

Results of the present study provide evidence for a general
slowing of RT latency as the primary deficit for dysfunctional MHI
patients. Based on results fram the MANOVA, dysfunctional MHI
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subjects were slower in speed of processing than both functional and
non-head injured subjects across all trial blocks and ISI's. While
these patients' RT latencies were more variable, intra-individual
variability was likely a secondary characteristic of perfarmance
since unlike mean, it was insensitive to fatigue effects or varying
ISI delays. Within the HIVE, mean RT was more accurate than intra-
idividual SD in its ability to correctly classify group membership
(decreasing false negatives among HT1 patients and false positives
among control subjects). The hypothesis that MHI patients can
respond as gquickly as normal controls, a finding which is masked by
their high RT variability, was not supported. This conclusion is
based on the fact that the fastest RT scores of the normal control
subjects were significantly faster than those of the dysfunctional
patients using the optimal response calculation on the CRT. Wwhile
dysfunctional patients were indeed more variable than functional and
non-head injured adults, the above result suggests that variability
was not solely responsible for the slower RT. Rather, there appears
to be a shift in the range of RI''s for dysfunctional patients
suggestive of a generalized slowing for the entire RT distribution.
It is possible that the significant difference between the fastest
RT scores between groups ocould have been due to the conservative
criteria selected to define the fastest RT from the distribution
(10th percentile value). The value was chosen based on the false
alarm error rate far the three groups. While the presence of false
alarms are believed to be reflective of impulsivity (Sostek,
Buchsbaum, & Rapoport, 1980), the rationale for the optimal response

calculation as proposed by Bruhn (1970), Bruhn and Parson, (1971),
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and Berkson and Baumeister (1967,1972) is that of the fastest true
speed of RT after impulsive responses (false starts) are eliminated.
For this purpose, it is believed that the 10th percentile value is a
valid indicator of the fastest "twrue" RT's of each group.

While both mean and SD RT were highly correlated in this
study, there were interesting differences in how each of these
variables correlated with non-RT measures. As indicated earlier,
only variability was related to depression and mumber of symptoms
experienced on the Cognitive ADL Checklist. The relationship
between variability (not speed) with subjective reports of
depression may have same bearing on the clinical manifestation of
these problems. Inconsistent performance may have a more
distressing effect than a consistent slowing across all tasks or
activities. Depression may be intensified by a lack of
predictability ar control over ones ability to perform at an optimal
level. The relationship between variability and the attentional
checklist specifically is consistent with the initial objective of
this interview. The checklist was developed as an assessment tool
designed to reflect the subjects' perception of the functional
impact of their performance variability on activities of dajly
living. The relationship between mean RT (but not variability) and
ultimate work status post injury suggests that slowing has a more
objective consequence than variability. Indeed, in many pressured
work settings, inability to finish tasks quickly and in a timely
manner would be expected to have a more obvious and disruptive
effect on efficiency and productivity than variability, which

appears to have a more subjective consequence.
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A camparison between the two RT methodologies used in this
study supports the designation of the CRT as a more powerful
screening tool than the discrete trial methodology among MHI
patients. The HIVE provided a higher degree of accuracy in
discriminating between patients with and without functional
camplaints and normal controls. The diagnostic sensitivity of the

CRT was greater when a single cutting score was used: the percentage

-

.~

of individuals in each group correctly classified was 71 %, 78 §%,
100 %, for the HT1, HT2 and Control subjects respectively using the
HIVE Mean.

In support of the hypotheses: the HIVE Mean correctly
classified a greater number of dysfunctional patients as impaired
(true positives) and fewer normal controls as impaired (false
positives) than the ORM Mean. A camparison of mean and SD within
test revealed that the HIVE Mean was superior to the HIVE SD in both
of these elements: there was a greater rate of false positives among
normal controls, and fewer true positives among dysfunctional
patients using HIVE SD. Overall, there were more misclassifications
using the ORM as campared to the HIVE, and more misclassifications
using SD as compared to Mean.

It should be noted that even the more sensitive test in this
study failed to achieve greater than a 71% accuracy rate in
classifying dysfunctional patients using the optimal impairment
cutting score set for the respective test., There was a considerable
degree of overlap between the RT means of subjects in the functional

group and those in the dysfunctional group. Furthermore, overlap
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(albeit small) was evident between the RT mean of the fastest
dysfunctional patients, and the RT mean of the slowest normal
control subjects.

Despite the limitations noted in classifying subjects based on
RT mean, this study has demonstrated that the CRT can serve as a
clinical diagnostic and assessment tool for patients post
MHI. Especially for patients who have become functionally disabled
long after a neurologically trivial head injury, it provides the
long overdue validation of camplaints of problems with sustained
attention, rapid information processing, and "maintaining a focus".
The value of the CRT probably does not lie in its ability to
demonstrate slowing of RT per se, since mumerous tests of varying
levels of complexity (including the discrete trial RT in this study)
have been able to do this. Rather, it is the ability of the CRT to
assess the neglected concepts of intra-individual variability,
lapses of attention, and fatigue effects, variables with clinical
relevance and functicnal impact, that make it a valuable instrument.
Further research during the early states of recovery will determine

whether this test can identify those at risk for later dysfunction.

lapses of Attention
One highly significant finding was the presence of response
omissions seen on the CRT for the dysfunctional group which became
progressively greater in number as a function of fatigue. Response
anissions were extremely rare among control subjects suggesting its
presence to be pathognomonic to MHI. The increased frequency of
response omissions supports the hypothesis that dysfunctional



89
patients possess a greater tendency towards lapses of attention than
comrol subjects.

lapses of attention, as measured in the present study, may be
similar to the phenamenon described on vigilance tasks (Buchtell,
1987) where there is a tendency to drift away fram the task at hand
as the subject experiences drowsiness, ar begins thinking of more
interesting activities. It can be hypothesized that after MHI, an
inability to actively suppress the tendency to drift may result in
missing the relevant stimuli as well as slowing of RT'. Eventually,
fatigue sets in at which point the patient loses the ability to
regulate focused attention and inhibit distracting stimili or
thoughts. In normal individuals, the tendency to drift is
suppressed to a greater degree. If wandering does cocur, it does
not occur to the degree necessary to create the missing of relevant
information. On the HIVE, at least 1500 msecs would have to pass
without a response for a stimilus to be counted as an amission (the
shortest ISI value). Apparently, for normal subjects, any wandering
that does occur is quickly redirected back to the task within that
time limit, Therefore a second problem may be occurring for HT1
patients., That is the inability to redirect attention aor refocus
attention before such lapses became dysfunctional. This hypothesis
may explain the lack of group by block interaction for RT latency
and variability, and the significant interaction for response
omissions, in spite of their high intercarrelation. Intra-
individual variability (reflective of attentional wandering) did not

vary as a function of fatigue for any subject. What was different
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was the inability of HT1 patients to refocus such attentional
wardering onoe their threshold was exoseded.

The point at which discontrol ocours appears to differ between
subjects as well. It is proposed that all individuals have a
threshold for eugppressing the tendency to drift. This threshold is
reduced in HT1 patients, and within this graugp, there is
oconsiderable variability of this threshold. As indicated by the
results of this study, those patients who experienced attentional
lapses early on (within the first four minutes of the CRT) continued
to experience them in greater rumbers for the duration of the test.
The patients who did not experience attentional lapses early in the
task managed to control their ocourrence until the last trial block,
at which point they too experienced lapses. It is hypothesized that
subjects with a higher threehold for fatigue are able to maintain RT
efficiency over a longer period of time until their threshold is
exceaded. At that time, they too lose the ability to sustain or
regqulate attention.

Evidence from EBG and EP research may provide a second
explanation for this phenomenon. EBG studies in normal sleep
deprived adults have linked behavicral evidence of missed signals on
vigilance or signal detection tasks to increases in theta and
decreases in alpha activity (Groll, 1966; O'Hanlon & Beatty, 1977;
Schacter, 1977; Williams, Granada, Jones, Lubin, & Armington, 1962).
Van Zameren, Brouwer, and Deelman (1984) reported a relationship
between drowsiness on EBG ard amissions on an auditory vigilance
task in normals but pot severely head injured subjects. while

signal detection was reduced in the severely head injured patients,
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EEG was relatively stable and alert throughout the vigilance task.
Van Zameren and Brouwer (1985) found that shart episodes of lowered
alertness using EBG and vigilance testing were no more oammon in
concassed than in control subjects. Some research has accumilated
to suggest that desynchronization of EBS as well as the contingent
negative variation (ONV) waveform, (a negative shift in EBG
following a warning stimilus and preparation to resporxdd) may be
quantified during angoing RT, or information procesesing tasks in
head injured (Qurry, 1981) and normal subjects (Loring & Sheer,
1984). Abberations in ONV parameters (amplitude and latency) may be
related to degree of impairment in alertness, attention and response
readiness (Papanicolaocu, 1987) however the NV is limited to
situations where a warning stimilus precedes the target.
Additionally, enhancement and attenuation of N1 amplitude has been
observed depending on whether a stimilus is attended to or ignored
(Naatanen, 1982; Papanicolaou, 1987). While lapses of attention
have been linked to EBG alnmormalities, these studies have primarily
used epileptic patients with evidence of ENG spikes, slow waves and
generalized paroxyzms of high amplitude (Bruhn, 1970; Hicks &
Birren, 1970; Kooi & Hovey, 1957). It would be desirable to
similtanecusly record CRT and EEG in the future in order to provide
objective evidence for phenomena such as lapses of attention amd

intra-individual variability after MHI.

In this study, MHI patients were not more vulnerable to fatigue

effects than normal control subjects in terms of the degree of
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increase in RT latency over time between groups. This lack of an
interaction for block by group in terms of RT speed, and the
occanrence of a block by group interaction for response omissions is
difficult to explain. A deficit in sustained attention would be
expected to effect both speed and accuracy equally. In this study,
response amissions, speed and variability were highly correlated in
MHI patients. The few studies which have specifically investigated
sustained attention in HI adults (Brouwer & Van Wolffelaar, 1985;
Dencker & Lofving, 1958; Bwing, McCarthy, Grawall, & Wrightson,
1980) have shown that while patients on the average make more errors
ard are slower than controls, they do not differ from conmtrols in
the amount of deterioration over time in either variable. In all
cases, however, severity of injury was considerably greater than in
the present study. Ruthermore, results obtained using signal
detection experiments and the CPT (Brouwer & Van Wolffelaar, 1985;
Greber & Perret, 1985; Rosvold et al., 1956) may not yield
comparable results. These tasks can be considerably more difficult
than that used in the current experiment, in terms of length of time
(30 mins. in the Brouwer & Van Wolfelaar study) or level of
cognitive processing required (the CPT). Interestingly, using the
signal detection task, Brouwer ard Van Wolfelaar (1985) found
individuals who did display the expected time on task decline with
fatique, again inmdicating the danger in forming conclusions based on
group statistics. The trend towards a block by group interaction
for speed suggests that individuals within the HT1 group may be
showing the hypothesized fatigue effect.
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Exor Analysis: Falge Alaime

There was a non significant trend in the dysfunctional group
towards a greater number of false alarms. The freguency and number
of false alarms did not differ significantly between groups. The
terndency to respand to non-target stimili on a CRT of this length
would appear to be a normal ocourrence, nomrspecific to MHI. The
fact that the effects of distraction or response interference was
equivalemt between groups suggests that MHI patients and controls
are equally able to inhibit rrespcnse to distractor foils. Number of
false alarms was not related to either the mumber of attentional
lapses, nor to intra-individual variability either for the cambined
or dysfunctional groups. This result fails to support the
contention that both distractibility and variability are due to the
same internal factors (Schulman et al., 1965).

Hyman (1953) had suggested that the increase in RT speed
elicited by foils was indicative of impulsivity. In this study,
false alarm latencies appear consistently faster than correct
response latencies across block and ISI within each group. The
decrease in RT latency for false alarm errors over correct responses
suggests that they are impulsive errors. Previous research had
indicated that the ability to inhibit impulsive responses to non
relevant stimili was impaired after moderate to severe head injury
(Sostek, Buchsbaum, & Rapopart, 1980). Impulsivity and
distractibility are noted to be particularly cammon in traumatic
brain injured patients with frontal dysfunction. In this study,
group differences in impulsivity (speed of fast responses to non
targets) were not significant. The impulsive responses of MHI
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patients were as fast as that of controls subjects. This also would
suggest that under certain conditions, MHI patients are capable of
"fast" responses which do not differ from the average RT latency of
normal adults. The results fram the current study suggest that
distractibility and impulsivity are no more common after MHI than in
a normal population.

Qualitative findings
An interesting clinical issue is the consideration of subjects'

perception of the test and their opinion of their performance. Upon
completing the CRT, all subjects, when asked how they thought they
did, commented on the mumber of "mistakes" they made, referring to
how many times they responded accidentally to the wrong symbol.
Never did a subject report on aspects of spead or missing the cross
(the target symbol). In the dysfunctional group, where errors of
anission were more oomnon, the failure to report such errors, even
when probed, suggested that they were unaware of the occourrence of
lapses of attention. Data from the attentional checklist provides
further evidence to support this hypothesis. while all
dysfunctional subjects endorsed a wide array of statements about the
impact of attentional problems on their daily functioning on the
Cognitive ADL Checklist, the only two items which were not
significantly differemt in terms of fregquency of interference in ADL
between groups were: " I have difficulty maintaining attention for
extended pericds of time, and, "In conversation, I often lose my
train of thought". Compared to the frequency of the other endorsed
items by the dysfunctional group (ranging fram 71 to 94%), the
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latter item was endorsed samewhat less freguently (62%) by
dysfunctional subjects and more frequently (31%) by conmtrol
subjects. Together, these findings raise a number of interesting
speculations. Given the ococurrence of attentional lapses, and their
increase as a function of time on the task, lack of awareness of
such a deficit, if true, ocould potentially make attentional lapses
that much more debilitating.

Intuitively, lack of awareness of what is not attended to
appears plausible. It suggests that while valuable bits of mament
to mament information may be lost to the subject, he/she is not
aware of the loss specifically. Based on subjective camplaints and
symptam reports, the subject appears to only be aware of the
consequences of lost infarmation. The consequences of attentional
lapses would be predicted to interfere significantly with retun-to-
work success especially at higher job levels, social interaction and
higher level cognitive functioning. Lack of knowledge about the
underlying deficit could lead to confusion, frustration and
ultimately avoidance of situations likely to elicit it. If this
scenario were true, it would serve to exacerbate, if not directly
contribute to, the degree of dysfunction experienced by this
subgroup. Indeed, lapses of attention were significantly correlated
with degree and severity of postconcussional complaints among MHI
patients,

Speculations on Neuropathology
Evidence in this study of two head injured subgroups differing
in both functional profiles and RT parameters raises interesting
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questions concerning possible differences in the extent to which
there is an underlying organic basis to these behaviaral deficits.
The term Mild Traumatic Brain Injury (MIBI) has recently been
proposed to label those chronically impaired MHI patients with
persisting camplaints, impajrment in functioning, and functional
disability. Since this group may have sustained actual damage to
the krain (hence the words brain injury), the term MIBI better
characterizes their disorder. It is impossible to verify the
precise nature of this damage since conventional neuroradioclogical
techniques (MRI, CT) are limited in their diagnostic sensitivity.
Nevertheless, the presence of attentional lapses and increased RT
speed in the HT1 group strongly suggest the likelihood of an organic
basis for their functional disability. It is clear, however, that
same individuals within the Functional group were depressed (35%),
compramised in work status (6%), or experiencing problems in their
post-morbid work status (11%). Within the HT2 group, 22% were
classified as impaired on the HIVE, as compared to 0% of controls.
While it is highly likely that all HT1 patients warrant the label
MIBI, it is alsoc possible that a mumber of HI2 subjects have
sustained similar damage. This possibility is strengthened given
the overlap in RT distributions between the two head injured groups
in mean RT, and the fact that separate analysis between control and
functional patients indicated a small magnitude of impairment.
Within the latter group, this may be explained by the performance of
a few functional patients who appear similar to dysfunctional
patients in RT performance. Further research into the

nearopathological basis for deficits in attention after MHI may
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prove RT testing to be a sensitive indicatar of underlying brain
dysfunction.

Attempts have been made to relate reductions in speed and
impairments in attention after moderate to severe head injury to
specific pathophysiological mechanisms. Several of these mechaniams
can also be hypothesized to explain similar deficits after MHI.
Impairments in the ability to focus, sustain, ar direct attention
can result fram damage anyvhere alang a tripartite neurocanatomical
division formed by cortical and subcortical structures comprising
the frontal-diencephalic/ limbic and reticular system (Stuss &
Benson, 1984). While the precise site of pathology responsible for
disrupted attention is rarely known after head injury, the
contribution of each of these neurcanatamical divisions to
attentional kreakdowns has been specified in other populations
(Benson & Geschwind, 1975; Stuss & Benson, 1984). The vulnerability
of this gystem to damage based on the shear-strain model has been
well described for severe head trauma where damage is diffuse and
widespread (Adams, Mitchell, Graham, & Doyle, 1977; Jane et al.,
1982; Strich, 1961, 1969, 1970, 1976), and where deficits in
arcusal/ alertness persist long after emergence from coma.

Unfortunately, the neurcpathological mechanism/s of minor head
injury are less clearly understood. This is primarily due to the
fact that such patients do not crdinarily die from a minor head
injury and are not examined histologically. Nevertheless, there is
sane evidence (see Jane et al., 1982; Nevin, 1967; Oppenheimer,
1968) that the same acceleration/deceleration forces which result in
shear strain and associated microsoopic tearing and stretching in
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various ascerding and descending white matter tracts may be involved
in minor head injuries. Histological evidence of myelin
destruction, microglial clusters, and axonal retraction balls has
been described after trivial injuries (minimal loss of consciousness
and excellent newrological recovery) in patients who died of other
causes (Oppenheimer, 1968), and in animals (Jane et al., 1982;
Parsans & Guthrie, 1981). The extent of these changes are less
severe amd less extensive than those seen after moderate and severe
head injuries (Gennarelli et al., 1982).

The contention that a primary mechanism of minor head injury
may be the acceleration model is supported by the fact that
approximately 80% of minor head injuries result from MVA's, sports
injuries, or falls making the above model of rotational forces
especially relevant (Boll & Barth, 1983). In the two groups in this
study, 59% versus 50% of HT1 and HI2 patients respectively were
involved in MVA's. Histologically, the greatest damage ooCurs
within the brain stem and frontal- reticular system (Nevin, 1967;
Povlishock et al., 1979). This could account for the subtle
alterations in level of consciousness, and attentional dysfunction
seen after minor head injury (Jane et al., 1982).

A secornd line of evidence regarding primary site of
neuropathology following minor head injury supports the contention
that areas of maximm vulnerability for comtusions and microecopic
hemorrhagic changes are the frontal and temporal lobes. This is
likely due to the location of bony protrusions (the arbital bone and
sphenoid wing) by these areas, increasing the likelihood of injury

following either coup or contrecoup foroces. 71% of HT1 and 69% of
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HT2 patients received a blow to the frontal area while 50% and 12%
of esach graup received a blow to the temporal area. Demage can
ococarr even when the blow is of insufficiemt severity to cause
contusions or skull fracture (Voris, 1974). Recent MRI studies
(Levin et al., 1987) have revealed lesions concentrated in the
frontal and temporal areas involving both gray and white matter on
T2 weighted images in MHI subjects with normal CT scan.

Given the shear strain model, the notion of long term
attentional deficits and théir relationship to underlying pathology
after MHI is likely. Hebhb (1949) spoke of how attentional processes
ocould be disrupted by interference of the sequential firing of cell
assemblies. Given the vulnerability of frontal structures and
systems to head injury, and its role in regulating attentional
functioning, there is further evidence for a core deficit in
attention after MHI (Stuss & Benson, 1986). Perhaps all MHI
subjects sustain varying degrees of pathology. Ultimately, better
measurement of both the neurcpathological conseguences of MHI, as
well as non-injury specific risk factors, will provide a fuller
understanding of the resulting differences in functional status and

ocognitive sequelae,

Ruture Directions
Future research involving the use of the CRT in a predictive
study may serve to identify patients early after MHI who are at risk
for later dysfunction and poor cutcome. The results of this study
suggest that this technique, and the measures it provides, may serve

as a more sensitive measure of functioning than traditional RT
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measures early post injury. A closer investigation of the
relationship between RT and non-RT variables could allow for a more
camplete understanding of why same individuals are more at risk than
others for developing dysfunction. Such a study could include
organic and non=arganic (e.g., psychological, persaonality and
envirommental) determinants of impairment.

Based on the highly significant finding of lapses of attention,
a tharough exploration is warranted into the correlates of this
phenamencn, its impact in everyday life functioning and on higher
cognitive functioning. Links between attentional lapses and EBG/EP
anamalies should he assessed similtanecusly during CRT performance.
Such a study would allow for an understanding of the physiological,
functional and neurcpsychological correlates of this phenamenon.
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-Raaﬂtsrrmcmbiradamlysis(}ﬂ‘lmd conf irmed

HT2) hypothesized to be misleading given
differences in funtional status between

subgroups.

- HT1 group hypothesized to be slower and conf irmed
more variable than HI2 and controls.

- Hrlgroup hypotheaizedto be slcnar, more conf irmed
variable, more symptamatic, more compromised
in work status, and more depressed.

- itivi : nod £ Jict]

- CRT hypothesized to be better at correctly conf irmed
classifying groups than discrete trial RT.

characteristics of CRT

1. Effects of varving ISI:
- Positive relationship hypothesized between
ISI delay and RT latency for MHI patients as

Group Effect confirmed
ISI Effect - mean RT only negative relationship
Interaction not confirmed

Effects of trial Block:

- Positive relationship hypothesized between
trial block and RT latency (fatigue effect)
for MHI patients as campared to controls.

Group Effect oconfirmed
Block Effect - mean RT only conf irmed
Interaction not confirmed
3. Error analysis: False alamms:
~ MHI patients hypothesized to exhibit more not confirmed
false alarms.

- MHI patlents hypothesized to extﬁ.blt more
response auissions.
Group Effect confirmed
Group by Block Interaction conf irmed
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diftmhypoﬂmized betxnm astest not confirmed
RI''s of MHI patients vs. controls.
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APPENDIX A

HIFI SY]I Version 1.2

Version 1.2

SECTION 1
BROBLEMS AND CHANGES

(1) I'd 1tke to ask you some questions about how you're doing now.
After a head injury, there can be changes that are mild or severas,
Thinking of the way you're feeling right now, what changes do you
notice about yourself that may be different from the way you were
before your injury? What are the biggest differences?

(2) Do you have any significant ghysical problems?

(3) How about your hshavior? Do you think you act in ways that are
different from the way you were bafore your injury?

(4) Do you notice anything different about your thinking? Are any
mental activities more difficult than before your injury?
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(5) How about sgcially? Do you notice any changes 1in the way you
relate to other people? Is anything different from before the

injury?

(6 Of the problems you have just mentioned, which do you find most
troublesome? Which cause you the greatest difficulty?

{7} How do you handle these problems when they come up?

(8} On a scale of 1 to 10, how well do you feel you understand the
changes that have happened, and can make sanss of these problems
and differences? Qne (1) would be not understanding the changes at
all and 10 would be understanding the changes quite well,

(9) On a scale of 1 to 10, how wall do you feel you are able to gppe
with what has happened to you, and the changes you notice about
yourself? (One (1) would be totally unable to cope and L0 would be
coping extremely wall.
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SECTION 2
EMPLOYMENT STATUS

Wers you working before the accident? Yeos No

If yes, were you working full-time or part-time?
- Full=time — Part-time

What were your responsibilities?

Please check the statement below which best applies to your current
situation.

Have not worked at all since the last interview (since discharge).
GO TO SECTION 3A, PAGE 8

Have worked since the last interview (since discharge), but am not
working now, GO TO SECTION 38, PAGE 9

Am working now, GO TO SECTION 3C, PAGE 13

——
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SECTION 3A. EQR THOSE WHO HAVE NOT WORKED AT ALL SINCE THE LAST INTERVIEW
(SINCE DISCHARGE),

(1) Have you tried to find a job? Yes No

(2} 1f yes, what happensd when you tried?

{3) If no, why did you decide not to look for a job?

L

(4) Do you feal that problems resulting from your head {njury are
preventing you from going back to work?

Yos No IF NO, GO TO QUESTION (6)

(5} If yes, what problems?

(6) Does 1t bother you that you are not working?
— Not at al —_ Bothers me a little — Bothers me a lot

(7) How are you supporting yourself?

(8) Since you have not been working. how are you spending your time?

GO TO SECTION 4, PAGE 18
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SECTION 3B. EQR THOSE WHO HAVE WORKED SINCE THE LAST INTERVIEW (SINCE

(1

(2)

(3)

(4)

(5)

QISCHARGE) . BUT ARE NOT WORKING NOW.

For each job you've had, indicate the kind of job it was ({.e.,
what position you held).

Job 1

Job 2

Job 3

For sach job you've had, how many hours a week you worked, and how
tong you held the job.

Job l: Hours per week: How Tong held:

Job 2: Hours per week: How Tong held:

Job 3: Hours per week: tow Tong held:

Were any of these jobs the same job that you had before your
tnjury?

Yes No IF NO, GO TO QUESTION (5)

If yes, which one(s)?

For sach job, what were your rasponsibilfties on the job?

Job 1

Job 2

Job 3




{6)

(7}

(8)

(9)

For each job, how did the responsibilities compare to the job you
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had before injury? (Are they different in any wayl)

Job 1

Job 2

Job 3

What kind of difficulties, 1f any, did you encounter on the job(s)?

Job 1

Job 2

Job 3

Did you exparience any of the following on your job{(s}?

Getting tired quicker:

Being treated differently by
employer:

Being treated differently by
CO=WOrkers:

Not being able to do your job
as well:

Dfficulty keeping organized:

Difficulty remembering things:

D1fficulty concentrating:

Working slower:

Harder tc learn new things:

Other :

For each job, indicate why you left.

Job 1

Yos

Yes

Yes

Yes
Yes
Yos
Yeos
Yos
Yes
Yes

FELEET

RRRNNR

Somewhat
Somewhat
Somewhat

Somewhat
Somewhat
Somewhat
Somawhat
Somewhat
Somewhat
Somawhat

RERNAR

No
No
No

No
No
Mo
No
No
No
No

Job 2

Job 3

10



(10)

(11

(12)

(13)

(14)

(1%}

(16}

(17)

{(18)

(19}

(20)
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How are you supporting yourself?

Are you currently seeking employment?
Yeos No IF YES, GO TO QUESTION (13)

If not, for what reason?

GO TO QUESTION (17)

If yes, what kind of job are you looking for?

What difficulties, 1f any, are you having in finding a job?

I1s anyone helping you Jook for a job?

Yes No IF NO, GO TO QUESTION (17)

If yes, who?

Has your hgad {niury caused you any difficulties in resuming work?

If yes, what kind of difficulties?

Yes No IF NO, GO TO SECTION 4, PAGE 18

How d0 you deal with these difficulties?

Since you have not been working, how have you besn spending your

time?

GO TO SECTION 4, PAGE 18
11



12

110

HIFI SVI Version 1.2



111

HIFI SYI Version 1.2

SECTION 3C. EQR THOSE WHO ARE WORKING NOW

(1)
(2)
(3

(4)

(5

{6)

(7

8)

(9}
(10

(11)

(12)

(13)

What s your job?

How long have you been at this job?

Are you working full-time or part-time? If part-time, how many
hours a week?

Is this the same job you held before your 1njury?

Yes No

What are your responsibilities on the job?

Do these responsibilities differ from those you ha&d before your
injury?

Yeos No IF NO, GO TO QUESTION (8)

If yes, how are they different?

Is your salary comparable to what it was before your {njury?

Yes No

Are you sarning: More Less — Same

Is this a problem for you?

Yeos No IF NO, GO TO QUESTION (12)

If yes, in what way?

D1d you have any difficulties finding smployment?
Yeos No IF NO, GO TO QUESTION (16)

If yes, what were the problems you had?

13



(14)

(15)
{(16)

(17)

(18)

(19)

(20)

(21)

112

HIFI S¥I Version 1.2

Was anyone helping you with these problems?

Yos No IF NC, GO TO QUESTION (16)

If yes, whot

What kind of difficultfes, if any, are you encountering on your
current job?

D1g you experience any of the following on your job?

Getting tired quicker: - Yes ___ Somewhat ___
Being treated differently by

employer: — Yos ___ Somewhat ___
Being treated differently by

CO=workars: — Yes ___ Somewhat ___
Not being able to do your job

as wall:; — Yes __ Somewhat ___
Difficulty keeping organized: — Yeos ____ Somewhat ___
Difficulty remembering things: - Yos ___ Somewhat ___
Difficulty concentrating: - Yes ___ Somewhat ___
Working slower: — Yes ___ Somewhat _ _
Harder to learn new things: — Yes ___ Somewhat ___
Other — Yes ___ Somewhat __

No

No

No

No
No
No
No
No
No
No

Did your employer make spscial arrangements for your return to work

(e.g.. gradually increasing hours; reducing workload)?

Yes No IF NO., GO TO QUESTION (20}

If yes, what arrangemants?

Has your hgad iniury caused you any difficulties in resuming work?

Yeos No IF NO, GO TO QUESTION (23)

If yes, what kind of difficulties?

14



(22}

(23}

(24)

(25)

(26)

2mn

(28)

(29)
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How do you deal with these difficulties?

How satisfied are you with your current job?

Very Satisfied
Moderately Satisfied
Moderately Dissatisfied
VYery Dissatisfied

If you're not very satisfied., why?

Have you had any other jobs since the Tast interview (since
discharge)?

Yes No IF NO, GO TO SECTION 4, PAGE 14

If yes, for each job you've had {ndicate the kind of job 1t was
{1.e., what position you held).

Job 3

For each fab, indicate how many hours per week you worked, and how
long you held the job.

Job l: Hours per week;: How long held:
Job 2: Hours per week: How long held:
Job 3: Hours per week: How long held:

Were any of these jobs the same job that you had before your
injury?

Yes No IF NO, GO TO QUESTION (30)

If yes, which one(s)?

15



(30}

G

(32)

(33)
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For each job, what were your responsibilities on the job?

Job 1

Job 2

Job 3

For sach job, how did the responsibilities compare to the job you
had before injury? {(Are they different in any way?)

Job 1

Job 2

Job 3

What kind of difficulties, 1f any, did you encounter on the job(s)?

Job 1

Job 2

Job 3

For each job, Indfcate why you left,

Job 1

Job 2

Jeb 3

GO TO SECTION 4, PAGE 18

16
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SECTION 4
HOMEMAKER STATUS

(1) DBeafore the accident, was "homemak ing™ your primary responsibility?

Yes No IF NO, GO TO SECTIOM £, PAGE 20

(2) Since the accident, have you made any attempt to resume any of your
homemak ing responsibilities?

Yes No IF YES, GO TO QUESTION (S}

(3) If no, why not?

(4) Who has taken over these responsibilities?

GO TO SECTION 5, PAGE 20

(5) How much gifficulty have you had resuming your homemaksr
responsibilities?
None

A great deal Some

(6} Which homemaking activities have you found the easiest to resume?

{(7) Which homemaking activities have you found the most difficult to
resume?

18
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(8) How successful have you been in resuming the following activities?

Use the codes below to rate each of the activities.

1 = Resumed with no difficulties

2 = Resumed with minor difficulties

3 = Resumed with major difficulties

4 = Unable to resume at all

Q0 = Does not apply. never engaged in

e Housecleaning (e.g., laundry, vacuuming, washing dishes)
Meal planning and preparation

—~—w. Household business (e.g., errands, paying bills, shopping)

—_Child care: Physical care {e.g., feeding, dressing)

- Child care: Home supervision (e.g., discipiine, playing)
Child care: Coordinating activities (e.g., school,
socialization)

{9) wWhat has made 1t difficult for you to resume these activities?
(10) Is anyone helping you with these responsibilities? __ Yes ___ No

If yes, who?

GO TO SECTION 5, PAGE 20
Additional Comments:

19
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SECTION S
ERQUCATIONAL STATUS

Pre-Accident Academic Attainment:

Coctoral Degres Some College
Technical Certificate
High School Diploma
Some K-12 educatfion
No academic sducation

—— Master's Degres

Some Graduate School
Bachelor's Degree

Assoc fate of Arts Degrese

Wers you in school at the tims of the accident? __ Yes — No

re

If yes, full-time or part-tims? — Full=Time — Part-Time

What type of program?

(1

()
{3)

(4)

(5)

(6)

Since the last interview {discharge) have you attended school?

Yes No IF NC, GO TO QUESTION (15)

If yes, full=-time or part-time?

Describe what courses you have baen taking (what program you have
been 1in}.

If you were in schoc) before your injury, was the coursework/
program the same?

Yes No IF YES, GO TO QUESTION (6)

If not, what are the differences?

What kind of difficulties, {f any have you encountered in school
since your injury?

20
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{8)

{9

am

(11)

(12)

Have you encountered any of the following in

injury?

Difficulty learning new things
Di1fficulty understanding new
concepts or 1deas
Difficulty remembering what
you've heard in class

Difficulty kesping organized

Difficulty organizing your
thoughts

Difficulty remembering what
you've read

Difficulty concentrating

Difficulty reading for long
pariods

Getting tired quicker

Being treated differently by
teachers

Being treated differently by
cther students

Working slower

Getting lower grades

Other

Yeos
Yeas

Yeas
Yes

Yes

Yes
Yas

Yes
Yes

Yes

Yes
Yos
Yes
Yeos
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school since your

N ||

P

Have any special arrangements been made for you
having more time for tests; bringing tape recorder to class)?

Yas No

If yes, what arrangements?

Somevhat
Somewhat

Somewhat
Somewhat

Somewhat

Somewhat
Somewhat

Somewhat
Somawhat

Somewhat

Somewhat
Somewhat
Somewhat
Somewhat

No
NoO

No
No

No
No

No
No

No

No
NG
No
No

in school (e.g..

IF NO, GO TO QUESTION (10)

Has your head injury caused you any difficulties in school?

Yes No IF NO,

If yes, what kind of difficulties?

GO TO QUESTION (13)

How do you deal with these difficulties?

21
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{13} Are you still taking coursas?
Yeas No IF YES, GO TO SECTION 6, PAGE 23

{14} If no, why did you stop?

GO TO SECTION 6, PAGE 23

(15) If no, (if you have not attended school since last interview), did
you want to?

Yeos No IF NO, GO TO QUESTION (17)

(16) If you wanted to attend school and didn't, why didn't you?

{17) Do you fesl that your head injury would prevent you from attending
school?

Yeos No IF NO, GO TO SECTION 6, PAGE 23

(18) If yes, in what way?

22
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SECTION €
EROBLEM CHECKLIST

This form is tc be fi1led out by the head-injured
person.

On the Teft you will find a 1ist of symptoms often
eancountered by a person after a head injury. Next to
each item, you are asked to indicate whether this 1s
something you expsrience. If you answer yes, then you
will be asked to indicate how much of a problem this
presents in your dafly functioning. Circle one of the
numbers from 1 (no problem} to 7 (severe problem), The
higher the number you circle, the more of a problem 1t
is for you.

Please complete all items.



Symptam

1.

2.

90

10.

11.

Yisual problems;
difficulty seeing

Poor balance

. Doing things slowly

. Headaches

Fatiguing quickly;
getting tired easily

Officuity remembering the
right word {(word-finding)

. Expressing self in a wordy,

roundabout way
Difficulty speaking
smoothly, easily and
clearly (dysarthria)
Being easfily distractible

Poor concentration for
extended periods of time

Being forgetful; difficulty
remembering things

HIFI SYiI Yersion 1,2

Do you experfence...?

e we ar ot

T TR T TR T I )

T TR T TR T

S we m8 s k7 FF &% B4 SE EY 4T ma

o e e e e -

P T T I T T

me 44 W4 WA IR mE #% %1 42 wWE

IF YES,
How much of a problem
does this present In
your dafly functioning?

1 2 4 5 7
No Moderate Severe
Problem Problem Problem
1 2 4 5 7 H
1 Z 4 5 7 H
1 2 4 5 7 :
I 2 4 5 1 :
3
1 2 4 5 7 z
1 2 4 5 7
1 2 4 5 7 :
1 2 4 5 7 :
1 2 4 5 7 :
1 2 4 5 7 H
i 2 4 5 7 :
:

PA



- -

12.

13.

14,

15.

16.

k7.
18,
19.
20.

21,

22.

Difficulty planning and
organizing things

Difficulty setting
realtistic goals

Difficulty following through

or finishing things

Apathy. lack of interest
in things

Lack of tnitiative, don't
start things up

Irritability
Impatience
Restlessness
Temper outbursts

Mood swings, quick
emot ional shifts

Difficulty bringing
emotions under control
once expressed

Do you experience...?

an we me wmEn WA E R ke #¥ ws

[ T T T TR

HIFI S¥1 Yersion 1.2

IF YES,

How much of a problem
does this present 1n
your daily functioning?

Yes Mo 1 2 3 4 5 6 7
No Moderate Saevere
Problem Problem Problem
- — L L L T
Y N P | 2 3 4 S 6 7 :
Y N I | Z 3 4 5 6 7 s
Y N :1 2 3 4 5 6 1 i
¥ N FE | 2 3 4 5 o6 7 i
Y N t 1 2 3 4 5 6 1 o
Y N 1 2 3 4 5 6 7 H
3 :
Y N ;1 2 3 4 5 6 7 1
Y N : 1 2 3 4 5 6 1
Y N :1 2 3 4 5 6 T
: !
Y N : 1 2 3 4 5 6 7 z
Y N 1 2 3 4 S5 6 1
____________________ S — i
25

1A



HIFI SYI VYersion 1.2

Do you experience,..?

IF YES.
How much of a problem
does this present In
your dafly functioning?

Yes Mo 4 5 6 7
No Moderate Severe

Symptom Problem Problem Problem
;’;j‘l‘netting into arguments t ----------------- T h o T

with others : Y N : 4 5 6 7 :
24. Being physically violent Y N 4 S b6 7
25. Getting bored easily . Y N . 4 5 6 7 f
26. Complaining about things : Y N 4 9 6 7
27. Dependency on others cY N : 45 6 1
28. Meeding supervision Y N 4 5 6 7
29. Anxfety/tension Y N 4 5 6 71
30. Depression Y N 4 5 6 7 :
31. Loneliness Y N 4 S 6 7 :
32. Low sexual drive Y N 4 S5 6 7 ‘
33. High sexual drive Y N 4 S5 6 7
34. Changed personality 1 Y N ; 4 S5 6 7 ;

26
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APPENDIX B

Norma) Juntrols Dissertvation -

©  NEW YORK UNIVERSITY MEDICAL CENTER

A DIVBEE LATVBTIHY (N [ DUDIK 1erwee

30 SIRET AVENUL “PW YORK. N Y 1P
CABLE ADORESS: NTUMEDIC

INFORMED CONSENT TO PARTICIPATE 1N RESEARCH

You are being asked 16 voiunteer to be & subject in a ressarch study. This form s desgnad to provide you with intormation
about this study which vou shouid know and 1o answar any of your quasnons.

PROIECT Leonard Dillsr, Ph.J. (for dizsertation of Bonmie Newman, M.A.)
DIRECTOR:

THE EFFECTS OF INTRASUBJECT VARIABILITY ON CONTINUOUS REACTION

TIME SERFORMANCE FOLIOWING MINOR HEAD INJURY

TITLE OF RESEARCH STUDY:

O This research studyv inCludes procadures that may changs tha treatment you would otherwrie recetve. Wa hope the
knowiedge guned wil be of benetit 1o you,

10 This research studv includes procedures which may not give vou immediate banerin. it is hoped the knowiedge gainea
wiil be ot banaerit 1o others in the future.

C This research study 14 planned 1o salect vour treatmant by chance. it 1s not known if the treatment you will recetva will
be ot banefit 10 you.

THE PURPOSE OF THE RESEARCH IS:

To learn mors abour how normal adults perform on tests designed To asssurs cognitive
functioning aftsr ;nor head injury.

DONATION OF 3LOCD: __Nome cc  (wquivaient 1o ouncasl,
Frequency of witharawai: . The potential nsks of donanng blood. none of which
are jikely 10 occur, may inciuae pain, Drusing, funnng or 4 small iniecon at the puncture ute.

THE FOLLOWING PROCEDURES WILL BE INVOLVED: (IF LIMITED TO DONATION OF BLOOD. LEAVE BLANK.

You will be given two computerized tests designed to measurs attention, and how
quickly you can respond to pictures on the scresn. You will also be inverviewed
about whether or not you experience any cognitive problewms in vour daily life.
The entire procedurs will take less than an hour to compiets ard there is no risk
or discomfort o vou.

PAGE Y OF 2 Y WE e W



COMEENT TO PARTICIPATE IN REMEARCH (CONTINUED)

THE POTENTIAL RISKS OR DISCOMFORTS TO YOU ARE:  (IF LIMITED TO DONATION OF BLOOD, LEAVE BLANKI

Nome

e ——

THE POTENTIAL BENEPITS TG YOU OR OTHERS ARE:

To improve diagnostic procsdures developesd for brain injured patients and to
develop a normative base for such procsdures.

CENERAL COMDITIONS: Shouid you Coment to pernapem In thn resesrch. your Kientrty will be ket configenual. You may
change yaur "nd &t any tme. Retusal to pemapsie will nor harm vour relstionsiip with the facuity ana atending saf

e e ey P e ———————— rr——— —

126

AGREMENT TO PARTICIPATE

| have resd (he ADOYS CRECHOLGON Of The rESSErch MUCY ARG PENGrS. COMGIIDNG (OF I wis read 1O ma by

Anviiung b ded NOL UADEMNLING Wil SERLNAED LD e By . B Wry QUiSieOy | had ware swered

By | CRrtdy tABIL | T/ B ROt IOPCHE 0Nl SIMLCIDRINY 1 ANOINET MEMMAICH PIDWCT

# this vna. 300 have GRCUISD The WROHCRIONS OF KICH SCLWVIEY math The DAOWICT THECIONA). 1n CORMMMTILGN OF L UNOSFTEAMGNG, | VOIXInly

MTES 10 DATICDIE W0 LA reReNEh 411 T MYUMC T Badevue Howoua! T Coldwawer Mospnsl D Other

Mame of Supect Age (O unaer W
WHEN THE SUSICT IS AN ADULT

Sagnature ot Parnoper or Legsl Reprasenisive Dwie Print Mamve of Legsi Reapresentacrve

7
SIS OF IFPRMAgING Date Henstury Of Wienas Date
WHEN THE SUSNCT IS A OWLD

S | heve solicsied the ssent ot the chikd. [ | have At 30icies aaar 1ar tThe roliowing remanil:

Shpnanare of IFRIgIMOT
| BErew wih U MAANET 1N wikCh MSSY wid LOCIng And e Dy My chid 9 | sgree 10 have My chhild DAMPC0NE 1 The MUOY.

11

0

ARhough my child gid not or Cowid NOt Prve hasbar aent | agTeS 1o NV My Child DIFICIOME In THE Stuly.

:

Sograture of Parents) Date Prirt Narrwr OF Lagai Represtriatrve

Segrmture of Child » Sgnature ot Wires Daie
for childegn Datween the ages of 11 and 17, thevr sgnaure i genersilv reaured tn aOMON 10 that Of the DAFENT Of KT FTOIEMNLNIE.

PAGE 2 OF 2
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¥ . NEW YORK UNIVERSITY MEDICAL CENTER

WY i the Db Larvete

150 FIRST AVENUL, NEW YORE. MY 100%
CABLE ADDEESS. HYUSALINC

INFORMED CONSENT TO PARTICIPATE IN RESEARCH

You ate besng asked 10 voluntesr 1o be a subject in & resasrch study. This form is designed to pravwde you with intormanon
about this study which you thould know and (o answer any of your questions.

PROIECT

DIRECTOR: Leonard Diller, Ph.D. pepr, Rensb. Medicine o, ... 163-6161

TITLE OF RESEARCH STUDY: R15:. Cognitive Breakdowns Under Conditions of Divided Atrenmtion

After Minor Head Injury: Test Development and P300's

YOUR PARTICIPATION WILL INVOLVE THIS AMOUNT OF TIME: 4 hours

30

WE EXPECT TO ENLIST THIS NUMBER OF VOLUNTEERS:

D This research study includes procedures that may change tha tresiment you wouid atherwise receive. We hope the
knowledge ganed wiil be of benein 10 you,

m This research study includes procedures which may not give you immediate benatits, It 5 hoped the knowiedge
gained will be of benetit 10 others in the future.

3 Thes research srudv is planned to selecl yout treatment by Chance, itis notknown if the irestment you will recerve wiil
be ot benetit to you.

,I

THE PURPOSE OF THE RESEARCH 1S,

To bstter understand the problems thatr occur when attention is paid to two different
things at the same -1me.

THE FOLLOWING PROCEDURES WILL BE INVOLVED:

memoTY, and duilckness will be given., In iddition, an Evoked Potrential Measure will

be obtained. “Cvoxed Potential' 13 a procedure That Measures Sraln siectrical
lctivity by placing four small surface electrodes on your scalp while vou are resting
quietly.

Psychological <ests fconsisting of paper and pencil and comouterized tests) of attentioni

|
|
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CONSENT TO PARTICIFATE IN RESEARCH (CONTINUED)

128

THE POTENTIAL RISKS OR DISCOMFORTS TO YOU ARE:

There are no risks of discomfort involved during psvchological testing or during
the evoked potential procedure,

THE POTENTIAL BENEFITS TO YOU OR TO OTHERS ARE:

While there are probabiy no direct benefits to vou. others will benefit from the
results of this study as the findings are incorporated into rehabilitation
programs,

IF YOU DO NOT PARTICIPATE iN THE RESEARCH, YOU MAY RECEIVE THE FOLLOWING
ALTERNATIVE TREATMENT:

You may withdraw from the study at any time without losing any of the rehsbilitation
services you have been, or will be receiving.

LINNPER
PACE 2 OF }
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@ | NEW YORK UNIVERSITY MEDICAL CENTER

' © A phvate univeristy in (he public serecr

30 FUlET AVINUL Wi YORKE MY WO
CASLI ADDRIN) syuUMIDIC

INFORMED CONSENT TO PARTICIPATE IN RESEARCH

You sre being asked 1o volunieer 1o be s subject in & resesrchstudy. This form s designed to provide you with information
about this study which you should know and 1o answer any of your questions.

PROJECT

DIRECTOR: Leonard Diller. Ph.D.

TITLE OF RESEARCH STUDY: Identification and Treatment of Non-hospitalized Patients with

Minor Head Injury (Control Groyp 1
e

[ This research study includes procedures that may change the trasiment you would otherwite receive. We hope the
knowledge gained will be of benefit 1o you.

X This research siudy includes procedures which may not give you immediate benefits. Itis hoped the knowledge gained
will be of benefit to others in the future.

O Thus research study is planned 1o seiect your treatment by chance Itis nat known if the reatment you will recerve will
he of benefit 10 you |

THE PURPOSE OF THE RESEARCH 1§ 7
To determine the course of recovery, incidence of long term disability, early risk 1'
factors, and effectiveness of a system of early intervention, for patients suffering

minor head injury (concussion), seen in the ER, but not admitted to the hospital. ;
DONATION OF 81O0D cc. {equivalent 1o ounces). ;
Frequency of withdrawal: . The potentiat nshs of donating blood. nane ai which

are likely 10 occur, may include pain, bruising, fainting or a small inlecuon at the punciure site. i

THE FOLLOWING PROCEDURES WILL BE INVOLYED: (IF LIMITED TO DONATION OFf BLOOD, LEAVE BLANK.} |

You will be interviewed about how you are fesling, the extent to which you have resumed
normal activities, and any problems that may remain since your injury. You will be given
s battery of tests which measure attention, concentration, memory, and how quickly you can
do things. The entire procedure will take sbout twe hours, and there is no risk or
discomfort for you.

i
f

PACI V1 OF 7 My Ll7 v bn



CONSENT TO PARTICIPATE IN RESEARCH (CONTINUND)

" THE POTENTIAL RISKS OR DISCOMIORTS 10 YOU ARE: {If LIMITED TO DONATION OF BLOOD, LEAVE BLANK)

THE POTENTIAL BENEFITS TO YOU OR OTHERS ARE:

What we learn from this study will help us identify who is at risk for lang term

problems after minor hesd injury, ensbling us to provide them vith tle nesded services
as quickly as possible.

GENERAL CONDITIONS: Should you comen! 10 participsta in this resarch, your identity will be kept conlidential. You may
change your mind a1 any time. Redusal to participate will not harm your relanionhip with the faculty and attending satf.

— — ————

—— T T Ty

—— s smmte

AGREEMENT TO PARTICIPATE
| have rand the Jheve decTiplion of 1he tevesch siudy and geners! Conduion (or 1 wes resd 1o M by: ]
Anything | did nol understand wat seplasned 16 me by . ol atwy resations | hast were answered
by - D curtity (hat | am / B A (circhi O] BAPTCIPONNG in amother rensbrch propec
ot this tieg, and have discuicad the imphication ol such sC1vity with the progec o (). I camiderstion ol tis undersarding, | velunniy
agree ro parncipere i this research ast: 0 NYUMEC O Badievue Mownsl O Galdwaer Hampital O Other
Name of Suby Ageifiundes 18)
WHEN THE SUBIICT IS AN ADIAT
’
Sigasture of Faricipam o Lgsl Represemarve Desa Prine Name of Laga! Reprovencesrs
4 ;
Segnature of Invesigator Date Sigransre of Witre Oms
WHEIN THE SUBNCT & A OWMLD

D 1 iy solicied the susern of the childh D | hiva nod soliciun asant igr the lollowing

Sigrowrs ol Wempigater
T 1 agree with tha mennet in which ssent win soliched and given by sy child and | agroe w have vy child participacs in che sy,
D Akhaugh vy child did Aa( of cowid Apt give his/her saant | egree 1 have sy child participess in she Wy,

/
Signamure of Perenifs) [« 4 Prion Nama of Logal Represencative

Signature of Child Dase fignaiure of Wi Dave
Fos Childtan Batwern the sges of 13 pnd 17, thaw pgnsiwie w panersily requarsd 1 siainion W Thix of the paren & logsl rapresmaLve,

FAGt20F2 T Y R S
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APPENDIX C

QOGNITIVE ADL (CHBECKLIST

CIRC.E TRIE OR FALSE FOR EIACH OF THE FULLOWING STATEMENTS. IF TROE, INDICATE TBE
[EGREF T0 WHICH IT INTERFERES WITH YOUR DAILY LIFE.

DEGREE OF INTERFERENCE:

1, I get distracted esasily. True False g 1 2 3 4 5 §

2. I need to take frequent bHreaks Trus Paise 0 1 2 3 4 5 b
whale working on a task.

3. I have difficuity maintaining Trom False 0 1 2 3 4 5 &
attantion for extended periods
of wime.

4. I get tired easily. Troa Paise 9 1 2 3 4 5 &

5. My mind orften wandars orff Trus Paise o 1 2 23 4 5 5§
a cask.

6. When pecnle speak o me quuckly, Trom Falow 2 1 2 3 4 5 4
I have wovuble Zollowing what
they are saying.

7. Whan a lot mes on around me, Trom Faise 0 1 2 3 4+ 5 o
I oftan "tune cut”.

8. Whan I read, I Zind thar my mind True False ¢ 1 2 3 & 5 5
Ortan wancars, and I have to g©
back ana reread what I missed.

2. I never kxow how wall I'll do on Troe Falss g 1 2 3 4 5 6
a tAgk because my parformancs Ls
VALY inconsistent.

10. No mattexr how hard I tzy, I Tros PFalse 0 1 2 3 4 5 &
sawtmes only undarstand bits and
pisces of information.

11. Often, I am unable =0 d© a Trus False 0 1 2 3 4 S5 &
job well because - am tired.

12. In corvmrsation I oftsn lose my Troe PFaise ¢ 1 2 3 4 5 &
train of thought.

13. I get bored sasily. True PFalse 2 1 2 3 4 S5 &

14. I get tired when I am forved Tros Fajse 0 1 2 3 4 5 ¢&
to concentrate.

15. I often need O ask pecpie to True Faise o0 1 2 3 4 S5 &

reDeat Jhat thev'-re said because
my actencion nas drifted.
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