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Abstract
Objective—To investigate whether frontal
lobe damage in humans disrupts the natu-
ral tendency to preferentially attend to
novel visual events in the environment.
Methods—Nine patients with chronic inf-
arctions in the dorsolateral prefrontal cor-
tex (DLPFC) and 23 matched normal
controls participated in a study in which
subjects viewed repetitive background
stimuli, infrequent target stimuli, and
novel visual stimuli (for example, frag-
mented or “impossible” objects). Subjects
controlled viewing duration by a button
press that led to the onset of the next
stimulus. They also responded to targets by
pressing a foot pedal. The amount of time
spent looking at the diVerent kinds of
stimuli, and the target detection accuracy
and speed served as dependent variables.
Results—Overall, normal controls spent
significantly more time than frontal lobe
patients looking at novel stimuli. Analysis
of responses across blocks showed that ini-
tially frontal lobe patients behaved like
normal controls by directing more atten-
tion to novel than background stimuli.
However, they quickly began to distribute
their viewing time evenly between novel
and background stimuli, a pattern that was
strikingly diVerent from normal controls.
By contrast, there were no diVerences
between frontal lobe patients and normal
controls for viewing duration devoted to
background and target stimuli, target de-
tection accuracy, or reaction time to tar-
gets. Frontal lobe patients did not diVer
from normal controls in terms of age, edu-
cation, estimated IQ, or mood, but were
more apathetic as measured by self report
and informants’ judgments. Attenuated
responses to novel stimuli significantly
correlated with degree of apathy.
Conclusions—This study demonstrates
that DLPFC injury selectively impairs the
natural tendency to seek stimulation from
novel and unusual stimuli. These data pro-
vide the first quantitative behavioural
demonstration that the human frontal
lobes play a critical part in directing and
sustaining attention to novel events. The
impairment of novelty seeking behaviour
may contribute to the characteristic apathy
found in patients with frontal lobe injury.
(J Neurol Neurosurg Psychiatry 2000;68:18–24)
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Although animal studies have strongly sug-
gested that frontal lobe injury often leads to
diminished attention to novel events and
reduced exploratory behaviours,1–8 there has
been very limited research on this phenomenon
in humans.9–13 In the current study, the
duration of viewing time that a subject
voluntarily chose to devote to diVerent kinds of
stimuli was measured to quantify novelty seek-
ing behaviour.14–22 Our goal was to determine
whether damage to the frontal lobes reduces
the natural tendency to allocate more attention
to novel stimuli. Such disruption may contrib-
ute to the symptoms of apathy and disengage-
ment often noted in patients with frontal lobe
injury.23–27

Subjects and methods
SUBJECTS

Brain CT and MRI of patients discharged from
the Brigham and Women’s Hospital with a
diagnosis of stroke were reviewed. Patients
whose infarctions were located in the dorsola-
teral part of the frontal lobes (with no
extension into the parietal cortex) were re-
cruited. Patients with a history of previous
strokes, extensive white matter changes, alco-
hol misuse, or dementia were excluded. Eight
patients underwent research MRI, with three
dimensional reconstruction of images.28 One
patient had research CT because a pacemaker
made her ineligible for MRI.

Lesion localisation was based on the
Damasio template system.29 In patients who
were able to have MRI, infarct localisation was
confirmed by reviewing the three dimensional
images that were reconstructed from the MRI
data set28 after the boundaries of the lesion had
been traced on each slice. Six patients had right
frontal infarctions; two had left. One patient
had had small, bilateral frontal infarctions. The
infarctions in all patients were centred in the
dorsolateral prefrontal cortex. Mean duration
poststroke was 1.7 years (SD 0.8), fig 1.
Normal controls (n=23) were recruited
through advertisements in the Boston commu-
nity. Subjects were excluded if they had a
history of cerebrovascular disease, alcohol mis-
use, dementia, or a focal neurological examina-
tion. Informed consent was obtained from all
subjects.

Subjects completed the American version of
the National adult reading test30 31 and the
Raven coloured progressive matrices test32 to
determine an estimated IQ score. In normal
controls, the two test scores were averaged,
whereas in frontal lobe patients the higher of
the two test scores was used to try to obtain an
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accurate estimate of their premorbid intellec-
tual capacities. Subjects were also evaluated
neuropsychologically with the mini mental
state examination (MMSE),33 digit span
subtest from the WAIS-R,34 CERAD word list
recall and recognition test,35 Benton visual
retention test (BVRT),36 and the comprehen-
sion and naming subtests of the multilingual
aphasia examination (MAE).37 Subjects com-
pleted the apathy scale38 39 (a 14 item question-

naire that inquires about a subject’s level of
interest, motivation, and concern) and the
Zung depression scale40 (a 20 item survey
about the subject’s mood and aVective state).
Informants who knew the subjects well com-
pleted a personality and behavioural inventory
developed in our laboratory41 that included
four items evaluating the subject’s degree of
apathy by assessing his or her level of initiation,
participation, interest, and motivation.

Figure 1 Summary of patient information. Boundaries of the infarct are shown on representative Damasio29 templates.
Patients 1-8 are based on MRI. Patient 9 is based on CT. Lesion site=Hemisphere and Brodmann areas; R=right; L=left;
numbers in () indicate that the infarct is just touching the specified area; Dur=duration in months; HP=hemiparesis.
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EXPERIMENTAL PROCEDURES

Three hundred line drawings were presented at
the centre of a computer monitor. There were
six blocks of 50 stimuli each, with brief breaks
between each block. All stimuli subtended a
visual angle of about 2.75° along their longest
dimension. In each block, three categories of
visual stimuli were presented in random order:
(1) A repetitive background stimulus (a
triangle)—70% frequency, (2) target stimulus
(upside down triangle)—15% frequency, and
(3) novel stimuli, randomly drawn from a set of
unusual/unfamiliar line drawings (for example,
fragmented or “impossible” objects) shown
only one time each—15% frequency (fig 2).
Many of the novel stimuli came from the
collection of drawings that have been used by
Kosslyn et al42 and Kroll and Potter.43

Subjects were told that the study was investi-
gating how people look at diVerent kinds of line
drawings. They were informed that they would
be viewing a set of drawings and that they could

look at each picture for however long they
liked. They controlled the viewing duration by
a button press that triggered the onset of the
next stimulus. Subjects were explicitly told that
they would not be asked questions about the
pictures at the conclusion of the experiment.
They also were asked to respond to a
designated “target” stimulus by pressing a foot
pedal. We called the targets “sequence mark-
ers” and indicated that their main purpose was
to help the experimenters keep track of where
they were in the sequence of drawings pre-
sented. For the stroke patients, the responding
hand and foot used were ipsilateral to the lesion
site. For the normal controls and the patient
with bilateral lesions, the responding hand and
foot were randomly assigned.

Data were analysed using repeated measures
analysis of variance (ANOVA) (with Geisser-
Greenhouse corrections44 or Student’s t tests.
Data sets that were not normally distributed
were transformed (for example, inverse
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function) before statistical analyses. If assump-
tions for parametric analyses were violated,
Mann-Whitney U tests were employed. Correla-
tional analysis was accomplished using Spear-
man’s r. All p values reported are two tailed.

Results
SUBJECT CHARACTERISTICS

As shown in table 1, patients with frontal lobe
strokes and normal controls did not diVer

significantly in terms of age, education, esti-
mated IQ,30–32 or Zung depression scale scores.40

The mean Zung scores for both groups were
below the cut oV for clinically significant
depression. There were no group diVerences in
performance on MMSE,33 digit span,34 CERAD
word recall and recognition test,35 or the naming
subtest of the MAE.37 Frontal lobe patients per-
formed worse than normal controls on the
BVRT36 (p<0.02) and the comprehension
subtest of the MAE37 (p<0.002). Frontal lobe
patients exhibited increased apathy as measured
by self-report on the apathy scale38 39 (p<0.04)
and informant based judgments on the person-
ality and behavioural inventory41 (p<0.00005).
According to these measures, the apathy exhib-
ited by the frontal lobe patients was in the mild
range of severity.

EXPERIMENTAL DATA

Overall viewing durations on background and
novel stimuli diVered across the groups (signifi-
cant group by stimulus type interaction,
p<0.009). Although normal controls spent
more time than frontal lobe patients looking at
novel stimuli (p<0.05), there were no group
diVerences in viewing duration on background
stimuli (p>0.6, fig 3).

Subjects varied in terms of the rate at which
they tended to move through the stimulus set.
Response times in stroke subjects may have
been aVected by altered speed of motor or cog-
nitive processing. To help control for these fac-
tors, we constructed a measure of proportion-
ality (viewing duration novels/viewing duration
backgrounds) for each subject. Compared with
frontal lobe patients, normal controls looked
significantly longer at the novel stimuli relative
to the background stimuli (frontal lobe pa-
tients: 1.37 (SEM 0.11) v normal controls:
2.68 (SEM 0.37), p<0.004).

The values (viewing duration novel/
background) derived for subjects inversely
correlated with their degree of apathy as assessed
by informants (Spearman’s r=−0.56, p<0.002)
and self report (Spearman’s r=−0.41, p<0.03).
By contrast, there was no correlation between
apathy scores and reaction time to targets, %
correct hits, or viewing duration on targets.

Analysis of the data across the six blocks
showed a significant stimulus type by block by
group interaction (p<0.008, fig 4). In block 1,

Figure 2 Repetitive background stimulus (70% frequency), target stimulus (15%
frequency), and two examples of the novel stimuli (15% frequency).

Table 1 Subject characteristics

Normal controls
(n=23) mean (SD)

Frontal lobe patients
(n=9) mean (SD) p

Age 68.3 (7.2) 61.2 (16.3) NS
Education (y) 16.1 (3.0) 15.4 (2.5) NS
Estimated IQ 121.5 (5.5) 116.4 (10.0) NS
Zung score (20–80) 30.8 (5.1) 37.0 (11.7) NS
Apathy scores

+ Self report scale (0–42) 5.9 (3.7) 11.3 (6.5) p<0.04
+ Informant based inventory (0–40) 6.1 (5.0) 17.0 (6.4) p<0.00005

For both Zung and apathy scales, higher numbers indicate more severe symptomatology.

Figure 3 Viewing duration on novel and background
stimuli (mean (SEM) in ms) for normal controls and
frontal lobe patients. There was a significant stimulus type
by group interaction (p<0.009). Normal controls spent
significantly more time than frontal lobe patients looking at
novel stimuli (p<0.05); however, the two groups did not
diVer in their viewing duration on background stimuli.
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there were no diVerences in response to back-
ground and novel stimuli between normal
controls and frontal lobe patients (p>0.9).
Both groups spent more time looking at novel
than background stimuli (main eVect of
stimulus type, p<0.00005; no stimulus type by
group interaction). Frontal lobe patients
exhibited a rapid decline in dwell time on
novel stimuli across blocks (p<0.0002), with
an almost 50% reduction between blocks 1
and 2 (p<0.02). In blocks 2–6, frontal lobe
patients did not look significantly longer at
novel than background stimuli (no main effect
of stimulus type; no block by stimulus type
interaction). By contrast, normal controls did
not show a decline in viewing time on novel
stimuli across blocks 1–6 (p>0.2) and contin-
ued to attend much longer to novel than back-
ground stimuli in blocks 2–6 (p<0.00005).
Both groups exhibited a similar pattern of
habituation across blocks in response to the
repetitive background stimuli (main eVect of
blocks, p<0.00005; no block by group interac-
tion.)

In terms of responses to target stimuli, there
were no significant group diVerences in reac-
tion time, % correct hits, number of false
alarms, viewing duration on target stimuli, or
the ratio of viewing duration on target stimuli/
viewing duration on background stimuli (table
2). Both frontal lobe patients and normal con-
trols spent more time viewing target than back-
ground stimuli (p<0.00005; no stimulus type
by group interaction). This pattern was main-
tained throughout all blocks (no main eVect of
blocks). For both groups, the viewing duration
on targets diminished across blocks
(p<0.00005) and the reaction time in response
to targets got faster across blocks (p<0.00005).
However, the eVect was similar for both groups

(no block by group interactions). Also, the %
hits on targets did not diVer across blocks for
either group.

To what extent did the size of the lesion play
a part in the outcome? Some patients had rela-
tively circumscribed lesions within the dorsola-
teral prefrontal cortex, whereas others had
large lesions that involved much more of the
frontal lobes. We compared the three patients
with the largest lesions (patients 1, 2, 3) with
the three patients who had the smallest ones
(patients 7, 8, 9). Given the small sample size,
non-parametric statistics were employed. The
ratio of the viewing duration novels/viewing
duration backgrounds was almost identical for
the two subgroups (small lesion group: 1.30
(SEM 0.16), large lesion group: 1.22 (SEM
0.10), p>0.4). There were also no group diVer-
ences in degree of apathy. However, the
patients with larger lesions exhibited a greater
disruption of activities of daily living45

(p<0.05). In addition, the two patients in our
sample with left sided infarctions (patients 1, 9)
were compared with two patients with right
sided infarctions of similar size and distribution
(patients 3, 4). The ratio of viewing duration
novels/viewing duration backgrounds, and de-
gree of apathy and depression were very similar
between the left and right sided groups, with no
statistical diVerences noted.

Conclusion
Animal studies have shown that damage to the
frontal cortex impairs orienting responses to
novel stimuli.1–8 Lesioned animals do not tend
to exhibit physiological and behavioural re-
sponses that diVerentiate novel from repetitive
stimuli.1–6 Moreover, frontal lobe damage in
animals disrupts a range of exploratory activi-
ties and blunts their innate novelty seeking
behaviour.5 8 25 27 In humans, it is commonly
seen that injury to the frontal lobes, especially
when large and bilateral, can lead to disengage-
ment and apathy.23–25 27 46 Few studies have
examined the potential cognitive substrate of
this phenomenon.

Our study shows that damage to the human
frontal lobes disrupts the preferential allocation
of attention to novel stimuli as measured by the

Table 2 Responses to target stimuli

Normal controls mean
(SD)

Frontal lobe patients
mean (SD) p

Reaction time (ms) 1342 (684) 1338 (547) NS
% Hits 0.97 (0.05) 0.93 (0.13) NS
False alarms 0.45 (0.45) 2.3 (5.9) NS
Viewing duration (ms) 2612 (1040) 2897 (1354) NS

Viewing duration targets

Viewing duration backgrounds
2.2 (0.6) 2.3 (0.9) NS

Figure 4 Viewing duration across blocks on novel and background stimuli (mean (SEM) in ms) for normal controls and
frontal lobe patients. There was a significant stimulus by block by group interaction (p<0.008). Unlike normal controls,
frontal lobe patients demonstrate a rapid decline in viewing duration on novel stimuli across blocks.
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duration of voluntary viewing times. Com-
pared with normal controls, frontal lobe
patients spent less time looking at novel relative
to background stimuli. This eVect cannot be
attributed to diVerences in age, education, pre-
morbid IQ, or depression. Several other expla-
nations for the reduced viewing time of frontal
lobe patients on novel stimuli need to be
considered, including: (1) a diVerent interpret-
ation than normal controls of the purpose of
the study; (2) an inability to identify novel
stimuli; (3) a non-specific reduction of atten-
tional capacity; and (4) a selective disruption of
attention to novel events.

Despite task instructions, normal controls
may have “anticipated” a subsequent test of
their memory and thus looked at novel items
longer to encode them better. A failure of fron-
tal lobe patients to generate such an anticipa-
tory response could have led them to look at
novel stimuli for shorter durations than normal
controls. However, this explanation seems
inadequate. All subjects were “debriefed”
immediately after participation in the experi-
ment and none of the normal controls
indicated that they examined the novel stimuli
longer out of a concern for the possibility of
being tested subsequently on them. More
importantly, this explanation cannot account
for the fact that frontal lobe patients initially
display a clear preference for the novel figures.
This finding also strongly suggests that frontal
lobe patients are able to identify stimuli that are
novel as well as control subjects.

A generalised inability of frontal lobe pa-
tients to sustain attention to the content of
stimuli could lead to rhythmically advancing
the display without consideration of the figures
being viewed. Several findings argue against
this hypothesis. Frontal lobe patients were able
to sustain attention to target stimuli through-
out the task. Like normal controls, their accu-
racy in response to targets was maintained and
their reaction time improved across blocks.
Furthermore, frontal lobe patients did not dis-
tribute their viewing times evenly across all
stimulus types, but spent significantly more
time looking at targets.

Damage to the frontal lobes seems to lead to
a selective inability to sustain interest in
novelty. The overall viewing duration and
habituation of response to background stimuli
across blocks did not diVer between frontal
lobe patients and normal controls. Also, frontal
lobe patients and normal controls had a very
similar pattern of responses to target stimuli
(reaction times and viewing durations) overall
and across blocks. Taken together these
findings make it implausible that the decreased
viewing time allocated to novel stimuli exhib-
ited by frontal lobe patients is explained by a
non-specific impairment of attentional capac-
ity or arousal over the course of the experi-
ment. Rather, the disruption of attention seen
in patients with frontal lobe injury is relatively
specific to stimuli that are novel.

The infarcts in all of the patients involved the
dorsolateral prefrontal cortex (Brodmann areas
9, 44, 45, 46, or 47). Patients who had small
strokes in this region exhibited as severe a dis-

ruption of novelty seeking behaviour as pa-
tients with lesions involving much wider areas.
This finding suggests that the dorsolateral pre-
frontal cortex may make a particularly impor-
tant contribution to responses to novelty, as has
been shown in primate studies.25

Apathy, as defined by diminished goal
directed behaviour related to reduced motiva-
tion, initiative, and curiosity,47 is a common
outcome of frontal lobe damage.23–26 46 Consist-
ent with the literature, the frontal lobe patients
in this study were more apathetic than normal
controls (as measured by self report and
informants). It is likely that many factors con-
tribute to the development of apathy. The fail-
ure to devote appropriate attentional resources
to novel events may undermine a critical early
step in more complex aspects of exploratory
behaviour. Marin et al48 found that the degree
of apathy in neurological patients correlated
with reduced levels of spontaneous exploratory
and novelty seeking behaviour in an experi-
mental setting that was measured according to
specific research criteria. In the current study,
the strong correlation between apathy and
quantitatively assessed reduction in novelty
seeking behaviour strengthens the contention
that the two phenomena are related.

The underlying physiology that supports the
role of the frontal lobes in attention to novel
events remains to be determined. Knight and
colleagues11 49–52 have shown that patients with
damage to the dorsolateral prefrontal cortex
exhibit a substantially reduced “novelty” P3
wave, a frontally distributed electrophysiologi-
cal marker of orienting responses to novel
events.11 22 53–55 We have shown that in normal
subjects, the amplitude of the novelty P3 in
frontal regions strongly predicts the duration of
subsequent viewing directed to novel stimuli.22

The frontally generated P3 may reflect the
activity of a process that dynamically links
attentional resources to novel events. Further
work is needed to define the specific contribu-
tions of the frontal lobes to novelty seeking
behaviour. For example, although several brain
regions, including the hippocampus, facilitate
orienting to novelty,51 52 56 57 the dorsolateral
prefrontal cortex may be critical in sustaining
interest in novelty over time. The approach
reported here will allow researchers to pursue
such hypotheses experimentally. This initial
study provides the first quantitative behav-
ioural demonstration that the human frontal
lobes play an important part in directing and
sustaining attention to novel events. Injury to
frontal regions markedly disrupts these ex-
ploratory activities, which likely contributes to
the apathy noted clinically.
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