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Abstract—We examined the effects of frontal lesions on the attentional processes surrounding the discrimination of target stimuli by
comparing patients with frontal excisions, patients with temporal excisions and controls on target-letter identification in rapid visual
streams. Subjects were asked to look at streams of 18-26 letters presented centrally at rates of 6, 8, or 10 letters/sec and to name the
two white target letters (T1 and T2) embedded among black letters in each stream. The two target letters were separated by either 0,
2, 4, or 6 black letters. Normals and temporals correctly reported T1 at all rates, they showed the expected T2 identification errors
peaking 300 msec after T1 at high rate and little T2 interference at lower rates. However, frontals showed T2 interference at the two
lower rates and were unable to identify T1 at high rate. The effects observed suggest that an inertia of target discrimination processes
contributes to the frontal attention deficits. Copyright © 1996 Elsevier Science Ltd.
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Introduction

Although it is widely accepted that the frontal lobes
play an important role in attentional functions [6, 8, 16],
the evidence concerning the nature of this role is rather
scarce. Clinical descriptions indicate that frontal lobe
lesions often produce concentration difficulties especially
in complex tasks involving multiple steps [8, 17], but they
can also show deficits in simple detection tasks which
require sustained attention [20]. Frontal patients can also
lead to problems in visual search often characterized as
inertia of gaze and haphazard exploration of scenes or
stimulus arrays [8,18]. In addition, their attentional
difficulties can also take the form of distractibility or
increased susceptibility to interference, although this
symptom is more clearly associated with orbitofrontal
lesions than with damage elsewhere in the frontal regions
(6, 16].

Despite the frequency of these deficits in several neuro-
logical and psychiatric populations and their importance
for complex behaviour, few studies have analysed the
frontal attentional deficits in terms of their underlying
operations. There is evidence that frontal lesions cause
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problems in relatively elementary attentional functions
such as those involved in the simple discrimination of
target stimuli from distractors. Indeed, in a task requiring
the search for occurrences of target symbols among dis-
tractors, frontals make more errors and are slowed more
than temporals or normals, especially when the target is
categorically defined [13]. This suggests that processes
involved in making simple categorical responses to stim-
uli are inefficient after frontal lesions. Because the dis-
crimination of target stimuli from distractors is a basic
attentional function, an analysis of this deficit may help
understand a number of frontal attentional problems
observed at the clinical level.

The present study was designed to explore the nature of
the frontal deficit in target discrimination. The inefficient
performance of frontals in target discrimination may
come from a variety of sources. One possibility is that
the processing limits which affect target discrimination in
normals are exacerbated in patients with frontal lesions.
Visual search involves a rapid sampling of the stimulus
array and categorization of successive stimuli as target
or non-target. There is evidence that this process of serial
categorization is limited in rate because of the inter-
ference produced by the discrimination of a target on the
processing of stimuli presented in close temporal prox-
imity [2,4, 5]. For example, the identification of a target
character in a stream of distractors can interfere with a
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second identification for several hundred milliseconds
and this interference does not occur if the first character
isignored [2, 3, 12, 15]. If the duration or size of the inter-
ference produced by target discrimination is larger after
a frontal lesion, this could produce decrements in accu-
racy or speed in visual search as well as contribute to
other attentional problems. The time course of the inter-
ference between simple categorical responses can be
examined using a rapid serial visual presentation (RSVP)
task. In one version of the RSVP task, a stream of charac-
ters is presented rapidly at fixation, with target stimuli
embedded at different positions among distractor stimuli.
An identification of the target characters is asked at the
end of the stimulus stream, providing an unspeeded accu-
racy measure. This task reproduces the major aspects of
a visual search task in the temporal domain while pro-
viding an external control of stimulus sampling rate. This
study examined the interference associated with target
identification in patients with frontal excisions, patients
with temporal excisions and normals. Subjects were
tested in an RSVP task in which they had to identify two
white target letters embedded in streams of black letters
presented in rapid succession and we examined the effects
of presentation rate and of the separation between the
two target letters.

Methods
Subjects

We compared the performance of eight patients with a
unilateral frontal excision (six right, two left; all men) to that
of eight patients with a unilateral temporal excision (four right,
four left; six men, two women) and of eight controls (six men,
two women) with no history of cerebral damage. Groups were
matched in age (mean: 38 years; range: 2655 years) and edu-
cation level (mean: 11 years; range: 6-18 years). The resections
were performed in adulthood to alleviate a drug-resistant epi-
lepsy and patients were tested between 1 and 12 years following
the surgical intervention. Informed consent to participate in the
study was obtained according to the rules of the institution.

Frontal excisions were variable in extent but always included
dorsomedial structures (anterior cingulate gyrus, superior fron-
tal gyrus) and a variable amount of dorsolateral cortex anterior
to the precentral sulcus. Figure 1 shows the extent of the frontal
resections. Seven of the frontal patients showed a marked
reduction in seizure frequency after surgery (80% or more), two
were seizure free and all were on anticonvulsant medication.
Anterior temporal excisions involved resection of the anterior
portion of the temporal lobe (about 5 cm from the anterior tip
of the lobe), partial resection of the hippocampus, and sparing
of Heschl’s gyrus. All temporal patients showed a marked
reduction in seizure frequency (four were seizure free) and four
were still on anticonvulsant medication.

All patients underwent post-surgery neurological and neu-
ropsychological evaluation. None of the patients exhibited sen-
sory or motor impairment on clinical measures. All patients
had a WAIS IQ above 80 and all could demonstrate com-
prehension and retention of the instructions of the task. Neu-
ropsychological evaluation revealed no significant deficits in
language, episodic memory, or praxis. Frontals were more im-
paired than temporals on verbal fluency, sequential responses,

the Stroop task and speeded visual search, but were not sig-
nificantly more impaired than temporals on digitspan or short-
term recall of trigrams under interference {13, 14].

Tasks and procedure

Subjects were tested in a single session divided into four
blocks of trials separated by short pauses, including a practice
block of 20 trials and three experimental blocks of 60 trials, one
for each of the three presentation rates examined. The task was
controlled by a 486 computer running Neuroscan software. The
subject initiated a trial by pressing a button after fixating the
central portion of the screen. On each trial, a stream of 18-26
upper-case letters was presented in the centre of a computer
screen. All letters appeared black with the exception of the two
target letters (T1 and T2) that were white. The letters were
presented 60 cm in front of the subject, subtending a visual
angle of 1.5° and with a duration of 15 msec. The streams were
constructed from random letter sequences with the condition
of no repetitions. In each stream, T1 was preceded by 7-15
letters and followed by 10 letters. The position of T2 was varied
randomly so that either 0, 2, 4, or 6 distractors separated the
two targets. These four positions of T2 were respectively called
T1+1, T1+3, T1+5and T1+7.

The subject was instructed that the streams contained two
white letters and that he or she should name them after the end
of the stream. Instructions emphasized the precision of the
naming response and not its speed. Pilot work determined that
at low presentation rates none of the targets are misidentified,
whereas at moderate rates T2 errors are observed while T1 is
reported correctly and at high rates all targets are misidentified.
We chose to examine three presentation rates that would assure
observation of the first two stages in normals: 6, 8 and 10
letters/sec, which produced inter-stimulus delays of 0.167, 0.125
and 0.100 sec, respectively. The sequence of conditions was
fixed with the slowest rate tested first and the fastest rate last.

Results

Table 1 summarizes the performance of the three
groups in the identification of the first target (T1). At 6
and 8 letters/sec, subjects showed no difficulty identifying
T1, performance averaging between 93 and 99% correct.
At 10 letters/sec, frontals were unable to do the task,
making frequent T1 identification errors and reporting
frustration and this block was therefore not completed
in this group. T1 identification performance did not differ
significantly among the two other groups at the fastest
rate [F(1,14) = 2.9,ns]. At the two slower rates, Tl
identification accuracy was also similar among the three
groups [F(2,21) = 2.6,ns], and although it was affected
by presentation rate [F(1,21) = 12.5, P < 0.01], there
was no significant group x rate interaction [F(2,21) =
2.3,ns]. We investigated the relationship between
errors at T1 and the position of T2 when the number
of Tl errors permitted comparisons. T1 errors were
most frequent in trials in which T2 was at position
T1+1, the proportion of such errors varying between
38 and 80%. Errors consisting of naming the stimulus
following T1 only occurred when T2 was at position
T1+1 and represented between 0 and 70% of errors.
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Fig. 1. Extent of medial and lateral resection of the frontal excisions.

Table 1. Mean percentage of correct identifications of the first
target in the three groups for the three presentation rates. Stan-
dard deviations are in parentheses

Condition Normals Temporals Frontals
6 letters/sec 99.6 99.2 97.7
(1.2) (1.3) (3.6)
8 letters/sec 99.0 95.6 92.5
(1.5) (6.6) (6.8)
10 letters/sec 92.9 85.8 -
(5.5) (10.5)

However, comparisons of groups or rates were not poss-
ible on the types of errors made.

Figure 2 shows the ability of the three groups to ident-
ify the second target letter in trials in which the first
target letter was correctly identified. At 10 letters/sec the
performance of normals and temporals was very similar
showing a large T2 interference with a peak when T2
was at position T1+3. T1 performance was used as a
comparison to determine whether significant T2 inter-
ference was present at each position, using unidirectional
i-tests. At the fastest rate both normals and temporals
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Fig. 2. Percentage of correct identifications of the second target
(T2) in relation to its position after the first target (T1) in the
three groups and at the three presentation rates.

showed a significant T2 interference at position T1+3
{all {7) > 3.85,all P < 0.005]. Normals also showed a
smaller but significant interference at position T1+1
[t(7) =2.2,P <0.05] and T1+45 [«(7) =3.3.P < 0.01].
No significant interference was observed at position
T1+7 at the fastest rate [all #(7) < 1.8, ns].

At 8 letters/sec, normals and temporals showed no
significant T2 interference at any position [all
1(7) < 1.8, ns]. Frontals, on the other hand, showed a
significant T2 interference for positions TI+1
[t(7) = 3.5, P < 0.005] and T1+3 [¢((7) = 2.9, P< 0.01].
At 6 letters/sec, normals still showed no significant T2

interference [all #7) < 1.0, ns], while temporals showed a
small interference when T2 was at position T1+1
[¢(7) = 3.1, P < 0.01]. Frontals showed a generally smal-
ler interference at 6 than at 8 letters/sec, but the inter-
ference was still significant for positions T1 4+ 1 and T1+3
[all £7) > 2.6,all P < 0.02].

At the two lower rates, T2 performance was also exam-
ined in terms of group and rate differences using analyses
of variance (ANOVAs) at each position. When T2 was
at position T1+1, groups were significantly different
[F(2,21) =7.1, P < 0.004], due to differences between
frontals and the two other groups [F(1,21)> 4.5,
P < 0.05]. However, there was no significant effect
of rate [F(1,21) = 2.6,ns] nor any group X rate inter-
actions [F(2,21) = 0.67,ns]. When T2 was presented
at position TI1+3, groups were also significantly
different [F(2,21) = 6.3, P < 0.007] and again because
of differences between frontals and other groups
[F(1,21) > 4.8, P < 0.05]. The rate effect was also sig-
nificant [F(1,21) = 10.5, P < 0.004], but not the inter-
action [F(2,21)=2.7,ns]. Ceiling effects prevented
meaningful analyses at the other two positions. We also
examined the type of errors made in the identification of
T2 when the number of errors permitted such an analysis.
The proportion of errors on which the letter following
T2 was reported instead of T2 varied between 16 and
80%.

The effects obtained were examined in relation to the
side and size of the frontal lesion. Although the sample
did not permit quantitative correlations, neither the side
nor the extent of excision was systematically associated
with the size of the interference effects.

Discussion

The results indicate that the performance of patients
with frontal lesions was more subject to interference in
this target discrimination task than that of temporals and
normals. More specifically, frontals showed a significant
interference by a first identification on a second identi-
fication at lower presentation rates than temporals and
normals. Also, unlike normals and temporals, frontals
showed problems identifying the first target at the highest
rate.

In normals and temporals, we observed a prolonged
interference on T2 identification at the highest rate. This
effect replicates previous reports using a similar task with
two targets embedded among distractors [3, 12]. In our
task, this interference on T2 disappears when the pres-
entation rate is lowered from 10 to § letters/sec. This
suggests that distractors are involved in the appearance
of the effect, since the only difference between the two
conditions is the proximity of successive stimuli. Recent
evidence suggests that distractors in general and the dis-
tractor immediately following T1 in particular play an
important role in the appearance of the post-target inter-
ference by affecting the discriminability of T1 [3,12].
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In frontals, the large T2 interference at 8 letters/sec
indicates that target discrimination processes can gen-
erate interference at a lower presentation rate in this
group. This suggests that the proximity of distractors has
a more deleterious effect on frontals than on other
groups, a form of susceptibility to interference. The sus-
ceptibility could be due to a number of underlying mech-
anisms. For example, target discrimination processes
may have a slower onset in frontals, making them more
susceptible to the interference of the distractor that
immediately follows the target. Alternatively, the general
pace of stimuli in a stream may have a slowing effect
on discrimination processes, and this slowing could be
exacerbated in frontals. Future studies will need to clarify
the mechanism involved in this deficit.

In neuropsychology, frontal lesions have already been
associated with susceptibility to interference. This con-
cept has often been used to explain a wide variety of
problems associated with frontal lesions whether in every-
day behaviour, in complex problem solving, or in
memory tasks [6,8, 16]. However, there are multiple
differences between the identification failures observed
here and other situations in which patients either orient
to irrelevant stimuli or confuse multiple presentations of
stimuli. More work will be needed to characterize the
different types of susceptibility to interference better. The
problem shown by frontals in T2 identification in the
RSVP task appears to be a special kind of susceptibility
to interference which affects the efficiency of target dis-
crimination and exacerbates the normal limits in the
capacity to shift from one discrimination to another. The
net effect is an increased attentional inertia, i.e. atten-
tional engagement on one target interferes with engage-
ment on a following target for a significant interval at
rates which do not affect temporals and normals.

The increased susceptibility to post-target interference
in frontals can give rise to a number of problems in visual
attention. Many tasks require the exploration of a visual
scene either to search for a specific stimulus or to mem-
orize some aspect of the scene. In this situation, the stimu-
lus stream is self-generated through saccades or covert
sampling of portions of the scene. At certain rates, this
search activity could produce sequential interference
effects which would lead to categorization errors. Ano-
ther possible consequence is that subjects could adapt-
ively slow down the rate at which they sample the scene
to reduce the frequency of misidentifications. These prob-
lems could underlie some of the reported effects of frontal
lesions on visual search such as inertia of gaze or hap-
hazard exploration [8, 17, 18]. Increased susceptibility to
post-target interference can also account for the frequent
errors produced by frontals in speeded target search [13].

In addition to being relevant to frontal deficits in atten-
tion tasks, the attentional inertia of frontals in rapid
stimulus streams may be linked to a number of shifting
problems associated with frontal lesions. For example,
frontal lesions can produce problems in shifting response
set in categorization or choice tasks, although such defi-

cits are not always specific to frontal lesions [1,9, 11, 19].
An excessive attentional inertia could also be analogous
to the response inertia which has been evoked to explain
the sequential response deficits observed in frontal
lesions. Luria, for example, has suggested that a patho-
logical inertia of motor responses could explain the high
frequency of perseverative and other errors in complex
or sequential tasks [8]. Excessive inertia can also be linked
to suggestions that frontal damage may affect release
from proactive interference in memory tasks [10]. Future
studies will need to examine the relationship between the
different types of inertia in frontals. If they have common
causes, it may facilitate progress in understanding the
role of inertia as a fundamental characteristic of frontal
cognitive deficits. Also, it may be interesting to investigate
whether other types of frontal inertia problems are linked
to an increased susceptibility to interference.

In the RSVP task, frontals also showed an important
disruption in the identification of the first target at 10
letters/sec that is not present in normals and temporals.
Although the rates used here did not permit quantitative
evaluation of this disruption, previous studies indicate
that, in normals, T1 disruption can be significant at rates
higher that 12 letters/sec [7]. Whether the same mech-
anisms are responsible for the interference affecting T
and that which affects T2 at lower rate is not yet clear.
However, there is evidence that T1 interference is also
related to the presence of distractors and that it is not
stimply due to a sensory masking phenomenon since it
varies with the type of categorization performed [7]. The
T1 interference observed in frontals is an additional sign
of increased susceptibility to interference. This form of
susceptibility appears to produce a failure of attentional
engagement on T1 due to the overall pace of stimuli. If
it is generalizable, this phenomenon may help quantify
the capacity for attentional engagement under inter-
ference.

In summary, the performance of frontals in the RSVP
task used here suggests that some of their attentional
problems may have their roots in an increased sus-
ceptibility to interference, one effect of which is to exacer-
bate the inertia of target discrimination. The data also
suggest that a systematic investigation of the different
types of inertia and of the different types of susceptibility
to interference in frontal patients may help to understand
the underlying mechanisms of their cognitive problems.
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