Anticipatory behaviour deficits in closed head injury
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SUMMARY Closed head injured patients demonstrated greater anticipatory behaviour deficit than
cerebral vascular accident patients on a shuttlebox-analog avoidance task, even though these two
groups did not differ on escape behaviour and on performance on the individual tests of the
Halstead-Reitan Battery and Wechsler scales. Neither clarification of instructions, additional trials,
nor enhancement of the warning cue appeared to improve the anticipatory behaviour deficit. It was
concluded that anticipatory behaviour deficit should be considered a relatively dense deficit that is
not identified by standard instruments. Clinical and practical implications are discussed.

Anticipatory behaviour deficits in humans following
brain injury long have been described in the clinical
and theoretical literature and recently have been studied empirically. Although the term anticipatory
behaviour deficit was not used, Luria' 2 described
patients with frontal lobe lesions as showing deficits
in planning and regulating behaviour in anticipation
of expected consequences. Denny-Brown3 noted
"inability to visualise consequences" as a central
deficit following leucotomy. Others, such as
Oppenheimer4 and Nautas have reported similar
observations, with Nauta directly referring to an
impairment of the "anticipatory selection process."
Homologous deficits have been found in prefrontally lesioned primates. Ablation of the prefrontal cortex, especially the orbital and medial portions, has been shown to interfere with avoidance
learning in primates.68 These findings are not attributable to reduced responsivity to aversive stimulation per se, since prefrontal primates become agitated in the presence of an aversive warning stimulus
and attempt to escape from an aversive noxious stimulus.9 10 Thus, although these subjects are able to
escape from aversive stimulation, they are unable to
avoid it.
A recent study quantified anticipatory behaviour
deficit and compared its prevalence in patients with
middle or posterior cerebral artery cerebrovascular
accident (CVA) and patients with closed head injury
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(CHI). Bleiburg, Freedman, Schueneman, Merbitz
and Swartz" operationalised anticipatory behaviour
deficit using an escape-avoidance task, with failure to
learn the avoidance response considered a reflection
of anticipatory behaviour deficit. The brain damaged
group, as a whole, showed impairment of avoidance
but not of escape learning when compared to normal
and non-neurological control subjects. When the
brain damaged group was separated into CVA and
CHI groups, the CHI group showed an avoidance
deficit relative to the CVA group, even though the
groups had equivalent degrees of cognitive
impairment as measured by Halstead Impairment
Indexes and showed no difference in escape learning.
The present study uses an entirely new sample of
subjects to address several methodological issues
raised by the Bleiberg, et al" study and to assess the
replicability of the original findings regarding disproportionate anticipatory behaviour deficit in CHI
as compared to CVA patients.
Observation and post-experiment debriefing of
experimental and control subjects in the original
study suggested that the instructions to subjects were
more ambiguous than perhaps was necessary. Ambiguous instructions are desirable in the anticipatory
behaviour deficit paradigm because the intent is to
assess the subject's ability to identify the potential for
avoidance responses, and instructions that are too
explicit with respect to requesting an avoidance
response would defeat the intent of the procedure.
The present study tested a more explicit set of
instructions, the goal being to make the instructions
as explicit as possible short of instructing the subject
what to do. Explicit instructions have the advantage
of reducing potential error variance in the results.
Another modification of procedure was made, also

with the intent of reducing error variance. The original study required all subjects to complete 48 trials
(40 avoidance opportunities and eight interspersed
escape-only trials). Subjects who rapidly learned to
avoid sometimes became bored with the procedure
and intentionally made errors to break the monotony.
To correct this, and to shorten the time required for
the procedure, a criterion of eight out of ten successful avoidances was established, with testing terminated when the criterion was achieved.
To examine the possibility that subjects who did
not acquire the avoidance response within 48 trials
might do so if given more opportunity, subjects in the
present study were given up to 96 trials to reach criterion. Moreover, to explore the hypothesis that the
saliency of the warning stimulus (conditioned stimulus, CS) might be a factor in anticipatory behaviour
deficit, a random half of the subjects who failed to
learn in the first 48 trials had the saliency of the CS
increased.
Shuttlebox avoidance conditioning was again used
as the paradigm to measure anticipatory behaviour.
This paradigm measures the acquisition of the active
avoidance response (going from one side to the other
when the signal (CS) comes on but before the noxious
stimulus (unconditioned stimulus, UCS) onset). In
addition, it allows for two more response measures.
By punishing intertrial responding (spontaneous
crossovers) with UCS presentation, a discriminant
passive avoidance component'2 is measured. And by
introducing pre-programmed trials on which the CS
and the UCS come on simultaneously, escape-only
behaviour is monitored.
Therefore, using this paradigm, two types of anticipatory behaviour can be measured: active avoidance
(excitatory) of the CS, and passive avoidance
(inhibitory) of the cue of no CS. Also, nonanticipatory (demand) behaviour can be measured by
looking at escape latencies on escape-only trials.
Method
Subjects
Experimental subjects consisted of patients referred for evaluation to the Neuropsychology Service of the Rehabilitation
Institute of Chicago who met the following criteria: inclusion criteria were that the patient had a documented brain
injury or lesion and had the ability to complete the HalsteadReitan Neuropsychological Test Battery. The exclusion criterion was a history of previous psychiatric illness or alcoholism. In the CHI group there were 15 males and six
females with a mean age of 33-3 (SD = 14-7), mean education of 12 16 years (SD = 3 33), and mean chronicity of
14-8 months (SD = 30 4). In the CVA group there were five
males and two females with a mean age of 40 7 (SD = 9-0),
mean education of 14-1 years (SD = 2 7), and mean chronicity of 8-6 months (SD = 11-0).
Although the CVA group is on average too young to con-
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stitute a representative sample of the entire stroke population, it is representative of the stroke patients referred for
neuropsychological testing in this setting. A relatively large
proportion of the older stroke inpatients at this facility are
either unable to tolerate testing or are not referred because
testing has been deemed unnecessary.
Subjects then were categorised by lesion type using data
obtained from their inpatient medical records (CT scans,
skull radiographs, EEC's, and neurological examinations
and histories). This resulted in three subgroups: (1) Closed
Head Injury (CHI), consisting of subjects with closed head
injury but no additional injuries such as depressed skull fracture or haematoma requiring surgical intervention (N = 21);
(2) Cerebral Vascular Accident (CVA), consisting of patients
with a single CVA restricted to the middle or posterior cerebral artery distribution of either hemisphere (N = 7); and
(3) Other (OTH), consisting of patients with multiple CVAs,
anoxia, multiple sclerosis, subarachnoid haemorrhage, and
anterior communicating artery aneurysm (N = 20).
Apparatus
A 30 cm wide by 15 cm deep by 12 cm thick horizontal
board formed the base of the human "shuttlebox." Affixed
to its rear was a vertical board of the same dimensions used
to hold two 24v yellow jeweled lamps which were mounted
3 cm from the top and either side.
The "shuttlebox" apparatus itself was a Plexiglas bar
29cm long by 0 7 cm wide pivoted at its centre by a bolt to
a steel bracket, allowing a maximum seesaw movement of
3-5 cm at the extremes. The bar was balanced by the levers of
two microswitches on either side of the fulcrum. The preferred hand was strapped down by means of elasticised
Velcro straps which were attached to each end to ensure that
the thumb and little finger stayed on the apparatus. The
other hand was assigned to a remote spot on the table.
The noxious stimulus was a white-noise tone of 87 db
delivered from a 15 cm speaker located in the ceiling directly
over the subject's head.
Subjects were seated at a table and observed through a
one-way mirror from an adjacent room where control and
recording equipment were housed.

Procedure
Subjects were seated in front of the shuttlebox and their
preferred hand was strapped to the apparatus. They were
instructed: "All I can tell you is that you are going to hear a
loud, unpleasant noise that sounds like radio static. There is
something you can do about it. Your job is to keep it off as
much as possible." (In the Bleiberg, et al study"1 this last
sentence was not included.) The experimenter then left the
room and initiated the computer-controlled programme.
Each subject was run until she/he reached a criterion of
eight avoidances out of a block of 10 consecutive possible
avoidances. A trial was initiated with the onset of the light
(CS) on the side to be shuttled from. If no response (shift to
the alternate side) occurred within 5 seconds, the 87 db white
noise (UCS) was presented. A response within 5 seconds of
CS onset precluded any noise and terminated the CS (avoidance). A response after 5 seconds terminated both CS and
UCS (escape). Within each block of five avoidance-possible
trials there was one additional trial (randomly distributed)
which was designated as an escape-only trial. On these trials
the light and noise came on simultaneously, and the subject
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Results
For the aggregate sample (including CHI, CVA, and
OTH patients), the mean number of trials to criterion
was 36-8, with a standard deviation (SD) of 32-3. The
mean number of spontaneous crossovers made during
these trials, adjusted for opportunities, was 0 29 (SD
= 0 27). Mean latency on escape-only trials was 1l4 s
(SD = 0-8). Of the 48 total number of subjects run, 12
failed to reach criterion within the initial set of 48
trials (40 avoidance plus eight escape-only trials). Of
these, 11 subjects still had not reached criterion within
the remaining set of 48 trials. Only one of the six subjects in the warning signal enhancement condition
(overhead lights out) learned within the second set of
trials.
For the sample broken down into CVA and CHI
groups, the data for mean number of trials to criterion, mean number of spontaneous crossovers
(adjusted for relative number of pre-criterion trials
run) and mean latencies on escape-only trials are
presented in table 1.
The CHI group required significantly more trials to
reach the avoidance criterion than did the CVA group
(t (26) = 3-69, p < 0-001). The CHI group also made
more spontaneous crossovers (adjusted) than did the
CVA group (t (26) = 1-69), but the difference fell just
short of the 0-05 level. Despite the relative superiority
of the CVA group on avoidance behaviour, there
were no significant differences between the two
groups in escape-only latencies.

Table 1 Mean responding on three response parameters for
Closed Head Injured (CHI) and Cerebrovascular Accident

(CVA)

groups

Trials to
criterion

CHI
CVA

42-1
141

Spont.
cross.

034
013

Escape
latencies
(seconds)

1-27
1-19

Freedman, Bleiberg, Freedland
In order to determine whether the differences in
avoidance performance were due to differences in
cognitive or psychomotor ability between the CHI
and CVA groups, performance on the individual tests
of the Halstead-Reitan Neuropsychological Test Battery was compared. As is seen in table 2, of the 13 test
variables, 11 showed no differences between groups.
Of the two significant differences, Performance IQ
and Tactual Performance Test-Memory, both were
higher in the CHI group. Thus, the CHI group had
equivalent or better cognitive and psychomotor ability compared to the CVA group, but performed worse
than the CVA group on the avoidance measures.
Mean age showed no significant difference between
groups.
The distribution of non-learners in the three groups
was CHI (8 out of 21), CVA (0 out of 7) and OTH (4
out of 20). If the avoidance scores of the eight nonlearners are removed from the CHI data, the remaining 13 subjects show a mean trials to criterion score of
18-9 which is not significantly different from the CVA
subjects' mean of 14 1 (t (18) = 145, n.s.).
Discussion
The present data replicate and extend the findings of
Bleiberg, et al." CHI patients showed significantly
greater anticipatory behaviour deficit than did CVA
patients. This was the case even though the CHI and
CVA patients had equivalent escape learning ability.
Moreover, the CHI group's performance on the
Wechsler scales and on the individual tests of the
Halstead-Reitan Battery was equivalent to or better
than the CVA group's performance, indicating that
the anticipatory behaviour deficit in the CHI group
was not simply a function of generalised cognitive
Table 2 Mean age and test scoresfor CVA and CHI groups
Variable
Full Scale IQ
Verbal IQ
Performance IQ
Weschsler Memory Quotient
Tactual Performance Test
Total Time (Minutes)
Memory
Location
Category Test (Errors)
Trailmaking Test
Part A (Seconds)
Part B (Seconds)
Seashore Rhythm Test
(Number Correct)
Speech Sounds Perception Test
(Errors)
Finger Tapping Speed
Age (yr)

*p

<

0 05.

CVA

CHI

80 3
83-3
78.3
87-7

89-7
91 6

20-9
50
19
52 3

18 8
6-8*
24
50 7

88.0*
97 5

64-6
2319

48-5
1419

22 9

24-1

17.3

10-2
42-9

28-7
40 7

33*3
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only could escape. A spontaneous crossover, that is,
responding during the intertrial interval, resulted in UCS
presentation which was terminated by returning to the original side. The intertrial interval was 5 seconds.
If the subject failed to reach criterion before 40 avoidance
trials were run, she or he received up to an additional 40
more trials (plus eight escape-only trials) to reach criterion.
A randomly assigned half of these subjects had the overhead
light turned off during these additional trials, making the CS
more salient. The only illumination other than CS onset was
a 40W desk lamp resting on the floor behind the subject,
providing dim ambient lighting. All subjects were forewarned of the possibility that the light conditions might be
altered during the experiment.

impairment. CHI patients thus showed disproportionate anticipatory behaviour deficit in
relation to escape ability and to cognitive ability in
comparison to CVA patients.
The present investigation modified the methodology of the Bleiberg, et al study" by providing
subjects with more explicit instructions to avoid the
aversive stimulus, and by shortening the experimental
procedure through the use of a trials-to-criterion
cutoff. The use of instructions which established a
clear expectation that avoidance responses were the
desired behaviour did not alter the magnitude of
anticipatory behaviour deficit in CHI patients. Consequently, this dispels the possibility that the anticipatory behaviour deficit demonstrated in the prior
study might have been due to the inability of certain
patients to discern the response demands of the situation.
Another alternative hypothesis explored in the current study was that anticipatory behaviour deficit is a
manifestation of slow learning rather than a specific
anticipatory deficit. Since 11 out of 12 subjects who
did not reach criterion in the initial 48 trials had not
learned after an additional 48 opportunities, this
hypothesis can be rejected. Also, the failure to find
improved performance from non-learning subjects
who received enhanced CS presentations (overhead
lights turned off) suggests that the anticipatory behaviour deficit phenomenon is not attributable to lack of
cue saliency. Anticipatory behaviour deficit thus
appears to be a relatively dense deficit. It is a robust
phenomenon that is not affected by changes in the
way it is measured. Most subjects either are "fast
learners" or "non-learners," with few subjects being
"slow learners."
The distribution of non-learners, with most in the
CHI diagnostic category, some in the OTH but none
in CVA, indicates that anticipatory behaviour deficit
is a more probable but not an exclusive debility of
closed head injured patients. None of the measures
used in this study identified the non-learning subjects
as distinct from other subjects.
Given the replicability of the anticipatory behaviour deficit phenomenon and the development of an
efficient and brief (4-7 min) procedure to measure it,
the question arises as to the practical or clinical implications of anticipatory behaviour deficit: what does
the presence or absence of anticipatory behaviour
deficit imply regarding a patient's functioning and
adequacy? A "face validity" approach to the question
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is all that is possible with the present data. These
results may suggest that patients with anticipatory
behaviour deficit will show deficits in situations
requiring that current behaviour be regulated on the
basis of expected future consequences, and that in
CHI patients this deficit will be disproportionately
severe in comparison to neuropsychological test performance on the Halstead-Reitan Battery and the
Wechsler scales. External validation studies are
needed to assess the accuracy of this face validity
interpretation and to examine the relation between
anticipatory behaviour deficit and behavioural outcome in closed head injured patients.
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