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Background: Visual scanning and planning of actions are reported to be abnormal in patients with schizophrenia. Most studies that monitored eye movements in these patients were performed under free-viewing conditions and used 2-dimensional images. However, images
differ from the natural world in several ways, including task demands and the dimensionality of the display. Our study was designed to assess whether abnormalities in visual exploration in patients with schizophrenia generalize to active-viewing tasks in realistic conditions of
viewing and to examine whether disturbances in action sequencing in these patients are reflected in their visual scanning patterns while
executing natural tasks. Methods: We monitored visual scan paths in patients with schizophrenia and healthy controls. Participants performed several tasks in which they were asked to look at a realistic scene on a table (free-viewing) and perform 2 active-viewing tasks: a
familiar task (sandwich-making) and an unfamiliar task (model-building). The scenes contained both task-relevant and task-irrelevant objects. Results: We included 15 patients and 15 controls in our analysis. Patients exhibited abnormalities in the free-viewing condition.
Their patterns of exploration were similar to those of controls in the familiar task, but they showed scanning differences in the unfamiliar
task. Patients were also slower than controls to accomplish both tasks. Limitations: Patients with schizophrenia were taking antipsychotic
medications, so the presence of medication effects cannot be excluded. Conclusion: People with schizophrenia present a basic psychomotor slowing and seem to establish a less efficient planning strategy in the case of more complex and unfamiliar tasks.

Introduction
Eye movement disturbances in visual exploration have been
reported in patients with schizophrenia, and visual scan path
abnormalities have been proposed to serve as a trait marker
for the disorder.1,2 Benson and colleagues3 have even suggested
that simple eye movement tests, such as smooth pursuit, fixation stability or free-viewing tasks, can distinguish between
schizophrenia and the control condition in case–control studies.
Studies monitoring eye movements have found reduced visual
scan paths on photographs of faces1,4–8 and various other stimuli, such as complex scenes;9 geometric shapes;10 Rorschach
stimuli;11 and photographs of landscapes, fractals and meaningless patterns.12 In most of these studies, visual scanning was
examined under free-viewing conditions,4,12 and in some,1,5,7
participants were asked to determine the facial expression.
Moreover, these studies used 2-dimensional (2-D) images;
however, 2-D images differ from the natural world in several

ways, including task demands and the dimensionality of the
display. One of the objectives of our study was to assess
whether abnormalities in visual exploration in patients with
schizophrenia generalize to active-viewing tasks under realistic viewing conditions.
Numerous studies have documented various forms of disturbances of action production, such as poverty of action, disorganization behaviour, stereotyped and incoherent actions, in
patients with schizophrenia. Psychomotor slowing is considered an important clinical characteristic of schizophrenia, but
its exact nature remains unclear, as it involves multiple aspects, including goal selection, inhibition, planning, sequencing and execution. Several studies have provided evidence of
psychomotor slowing and planning deficits in patients with
schizophrenia. Jogems-Kosterman and colleagues13 reported
that patients with schizophrenia were slower than controls in
copying tasks. This slowing was found in initiation time (i.e.,
before starting an action) and in movement time (i.e., during
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the execution period). Moreover, increased figure complexity,
or decreased familiarity, lengthened the initiation time.
Grootens and colleagues14 demonstrated that psychomotor
planning deficits were already present in the early stages of
schizophrenia and involved deficient planning but intact motor action. In figure-copying tasks, patients with recent-onset
schizophrenia were substantially slower than controls in the
initiation of motor actions as soon as they encountered a minor
increase in complexity, such as unfamiliar figures or the planning of a motor sequence. Using a sequential pointing task,
Delevoye-Turrell and colleagues15 found that patients with
schizophrenia executed the sequences less fluently than controls, particularly when sequences of action were required, and
that the patients’ fluency deficit increased with sequence complexity. In a computerized version of the Tower of London
task, Pantelis and colleagues16 found that increased task complexity prolonged the duration of the execution period more
strongly in patients with schizophrenia than in controls. This
result suggests that patients need more time during the task
for further planning and monitoring of their movements.
Semkovska and colleagues17 and Stip and colleagues18 suggested that deficits in executive functions have a detrimental
impact on typical activities of daily living. With a standardized
behavioural scale of action sequences, these studies have assessed patients’ ability to perform daily activities, such as
choosing a menu, shopping and cooking. Patients with schizophrenia showed more planning, sequencing, repetition and
omission errors than controls. Despite many studies on action
planning deficits in patients with schizophrenia, their ability to
plan and to accomplish a sequence of actions has, to our
knowledge, not yet been studied using eye movement recording. Therefore, we sought to examine whether disturbances in
action sequencing in patients with schizophrenia are reflected
in their visual scanning patterns while executing well-learned
or less familiar natural actions.
We examined the pattern of eye movements in patients
with schizophrenia using the sandwich-making task,19 as its
pattern is well known in healthy observers. In studies on
food preparation, there are periods of search, particularly before the actual task begins. During these periods, objects are
located, and at least some of their positions are memorized,
but without any manipulative action. Then, more commonly,
both hands are engaged with the same object, and in a few
cases, the 2 hands have separate roles. Very few irrelevant
objects are fixated during the execution of the task in healthy
participants. The gaze moves from one task-relevant object to
the next, ignoring all other objects not involved in the task,
even when they are salient objects in the environment. The
authors19 concluded that, in real tasks, the eyes are driven
much more by top–down information from the script of the
activity, and very little by salient features, such as contrast.
They also observed that the fixations are precisely linked in
time to actions, such as placing or grasping an object. Gaze
moves to locations where information critical for manipulation is obtained, and fixation precedes action by a short interval, usually less than a second.19–21 Observers appear to use
gaze to select the specific information required for a point in
the task. This aspect of natural behaviour has been called a
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“just-in-time” strategy.22
Based on previous findings, especially reduced visual exploration, the fact that patients with schizophrenia exhibit
substantial difficulties with planning and organization of action, and that these patients show an exaggerated susceptibility to distraction,23 we expected that patients would explore
less, exhibit fewer fixations to the relevant objects and more
fixations to irrelevant objects than controls, and that the familiar task would be better accomplished than the unfamiliar
task.

Methods
Participants
We recruited medicated in- and outpatients fulfilling the
DSM–IV diagnostic criteria for schizophrenia24 and age- and
sex-matched healthy controls without a psychiatric diagnosis
(Axis I and II) and without a family history of mental illness
to participate in the experiment. Patients were recruited from
the Department of General Psychiatry in Lille University
Medical Center and from the Psychology Center in Béthune
(France). Controls were recruited among students and members of the medical staff. The inclusion criterion for all groups
was normal or corrected-to-normal vision (assessed by the
Snellen chart). Exclusion criteria were recent history of substance abuse, ocular disease, epilepsy and other neurologic
disorders, and failure to understand the instructions. We
rated schizophrenia symptoms using the Positive and Negative Syndrome Scale (PANSS).25 The study was approved by
the Ethics Committee of Lille University Hospital. All participants provided informed consent.

Stimuli
Different “familiar sandwich” scenes (Fig. 1A) were built containing 7 task-relevant objects required to make a butter and
jelly sandwich and pour a glass of water, as well as 7 taskirrelevant objects. All objects were laid out on a table. When
the participant was seated at the table, with all objects within
reach, the plate close to the observer subtended about 20° of
the visual angle and the butter and jelly subtended about 7°.

Fig. 1: Examples of the 2 scene layouts used. (A) The “familiar
sandwich” scene contained both task-relevant (bread, butter, jelly,
knife, plate, glass, water bottle) and irrelevant objects (fork, tool,
plug, tape measure, stapler, soda, spice jar). (B) The “unfamiliar
construction set” scene contained both task-relevant (model pieces,
screws, nuts) and irrelevant objects (2 other pieces from construction set that were not necessary, 2 different kinds of paperclips).
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All objects were located within a region covering 90°.
An “unfamiliar construction set” scene (Fig. 1B) was also
built containing a display model and several pieces from a
child’s construction set in 9 plastic containers on another
table. Three containers held the model pieces that had to be
manipulated; 2 contained screws and nuts, respectively; and
4 contained distractor pieces. All containers were within
reach of the participants.
The 2 scenes were occluded by a white board showing the
calibration points, which was removed once the calibration
was completed. Only 1 scene was visible at a time.

Equipment
We monitored monocular (right) eye position using the
iViewX HED (SensoMotoric Instruments) eye tracker with a
scene camera. The video-based eye tracker is head-mounted
and uses infrared reflection to provide an eye-in-head signal
at a sampling rate of 50 Hz and an accuracy of about 1°. The
scene camera mounted on the head was positioned so that its
field of view was centred on the participant’s field of view.
Calibration was performed using a 5-point grid. Following
calibration, the eye tracker creates a cursor, indicating eye-inhead position, which is merged with the video from the scene
camera. The scene camera moves with the head, so the eye-inhead signal indicates the gaze point. The eye tracker thus provides a video recording of eye position from the participant’s
perspective, and the data analysis is based on the video, as
there is no separate numerical data stream. We analyzed the
video recordings on a frame-by-frame basis, recording the
time of initiation and termination of each eye and hand movement, the location of the fixations and the nature of the hand
actions. Saccades appeared in the large displacements of the
cursor between video frames. The beginning and end of each
saccade was identified and recorded using a video analysis
tool. Fixations are defined visually when the cursor stays
within a given location (less than a degree) defined by the
noise level of the tracker. Thus, fixations are defined jointly by
position and velocity. Blinks are detected by occlusion of the
pupil, and the cursor is occluded during the blink.

recalibration procedure occurred after each task. The entire
session lasted about 30 minutes.

Data analysis
We tested 2 experimental conditions: free versus active viewing and familiar versus unfamiliar task. We measured the
duration of individual fixations and the total gaze duration
on specific objects in instances where several successive fixations were made on the same object. Gaze duration on both
relevant and irrelevant objects was then determined. Eye
movement variables were submitted to analyses of variance
(ANOVAs) using the STATISTICA software from StatSoft
(version 7.1). We examined possible confounding effects of
medication, illness duration, positive and negative symptom
categories (indexed by PANSS), patient categories, sex and
handedness. For patients with schizophrenia, there were no
significant correlations between medication, illness duration
or symptom category on one hand and any of the scan path
variables on the other. We computed associations between
sex or handedness and scan path variables for both groups.
No statistically significant correlations emerged.

Results
Participants
Fifteen patients with schizophrenia and 15 age- and sexmatched healthy controls took part in the experiment. Participant demographic and clinical characteristics are summarized in Table 1.

Free versus active viewing
Fixation durations
The fixation duration refers to the mean duration across all
fixations. A 2 (group: patients/controls) × 2 (task: free/active
Table 1: Demographic and clinical characteristics of patients with
schizophrenia and healthy controls performing free-viewing and
active-viewing tasks

Procedure

Group; mean (SD)*

Participants started with a free-viewing task in which they
were asked to look at a realistic scene (“sandwich scene”) on
a table for 10 seconds. Then, participants performed 2 activeviewing tasks. The first was to make a butter and jelly sandwich and pour a glass of water (familiar task), and the second
was to assemble 4 wooden slats from a child’s construction
set using screws and nuts according to a display model (unfamiliar task). The order of tasks was randomized.
Before the experiments, the layout was occluded by a
white board showing the 5 calibration points, enabling the
participants to be calibrated on the plane of the working surface. The participant had to fixate the targets (coloured dots)
while his/her eye positions were recorded by the system.
Once the calibration was completed, the white board was removed, and the participant immediately started the task. A

Characteristic
Age, yr
Sex, no. male:female
Handedness, no. right:left
Antipsychotic medication, mg
chlorpromazine equivalent
Benzodiazepine medication,
mg diazepam equivalent
Illness duration, yr
PANSS score
Positive symptom
Negative symptom
General psychopathology
Total

Schizophrenia, n = 15

Control, n = 15

35.1 (7.1)
13:2
12:3
469.8 (186.8)

33.9 (8.7)
13:2
12:3
—

154.5 (40.9)

—

11.4 (8.2)

—

19.1
21.2
37.7
78.0

—
—
—
—

*Unless otherwise indicated.
25
PANSS = Positive and Negative Syndrome Scale; SD = standard deviation.
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viewing) repeated-measures multivariate ANOVA showed a
significant main effect of group (F1,28 = 23.3, p < 0.001, ηp2 =
0.45) and task (F1,28 = 49.6, p < 0.001, ηp2 = 0.64) on the fixation
durations. There was also a significant interaction between
group and task (F1,28 = 10.8, p = 0.003, ηp2 = 0.28). Patients
exhibited longer fixation durations in the free-viewing condition (F1,28 = 56.5, p < 0.001, ηp2 = 0.67), but did not differ from
controls in the active-viewing condition (F1,28 = 1.8, p = 0.19,
ηp2 = 0.06; Fig. 2).
A contrast analysis for patients and controls showed that
both groups had longer fixation durations in the activeviewing condition (patients: free v. active viewing, F1,28 = 7.1,
p = 0.013, ηp2 = 0.20; controls, free v. active viewing, F1,28 =
53.2, p < 0.001, ηp2 = 0.66).

Patients and controls looked more at relevant objects in the
active-viewing condition (patients, relevant v. irrelevant objects, F1,28 = 77.4, p < 0.001, ηp2 = 0.73; controls, relevant v. irrelevant objects, F1,28 = 88.9, p < 0.001, ηp2 = 0.76).
Free- versus active-viewing conditions
Patients looked more at relevant objects and less at irrelevant
objects in the real task, as did controls (patients: relevant objects, free v. active viewing, F1,28 = 25.3, p < 0.001, ηp2 = 0.47;
irrelevant objects, free v. active viewing, F1,28 = 52.6, p < 0.001,
ηp2 = 0.65; controls: relevant objects, free v. active viewing,
F1,28 = 85.2, p < 0.001, ηp2 = 0.75; irrelevant objects, free v. active viewing, F1,28 = 12.4, p < 0.001, ηp2 = 0.29).

Familiar versus unfamiliar task
Gaze durations on relevant and irrelevant objects
A 2 (group: patients/controls) × 2 (task: free/active viewing)
× 2 (objects: relevant/irrelevant) repeated-measures multivariate ANOVA showed a significant main effect of group
(F1,28 = 13.8, p < 0.001, ηp2 = 0.33), task (F1,28 = 29.4, p < 0.001,
ηp2 = 0.51) and objects (F1,28 = 115.3, p < 0.001, ηp2 = 0.80) on
the gaze durations. There was no significant interaction between group, task and objects (F1,28 = 2.1, p = 0.15, ηp2 = 0.07),
but there was a significant interaction between group and
task (F1,28 = 14.1, p < 0.001, ηp2 = 0.34) and between task and
objects (F1,28 = 164.7, p < 0.001, ηp2 = 0.85; Fig. 3).
Free-viewing condition
Patients with schizophrenia exhibited longer gaze durations
than controls on objects in general in the free-viewing condition (relevant objects, F1,28 = 49.5, p < 0.001, ηp2 = 0.64; irrelevant objects, F1,28 = 15.4, p < 0.001, ηp2 = 0.35).
Patients and controls looked equally at relevant and irrelevant objects in the free-viewing condition (patients, relevant
v. irrelevant objects, F1,28 = 3.2, p = 0.08, ηp2 = 0.10; controls,
relevant v. irrelevant objects, F1,28 = 1.3, p = 0.26, ηp2 = 0.05).
Active-viewing condition
Patients did not differ from controls in the realistic task (relevant objects, F1,28 = 0.01, p = 0.91, ηp2 = 0.01; irrelevant objects, F1,28 = 2.8, p = 0.10, ηp2 = 0.10).
Patients
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*

Gaze duration, ms
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Performance task durations
Total task duration: A 2 (group: patients/controls) × 2 (task:
familiar/unfamiliar) repeated-measures multivariate
ANOVA showed a significant main effect of group (F1,28 =
44.1, p < 0.001, ηp2 = 0.61) and task (F1,28 = 51.4, p < 0.001,
ηp2 = 0.65) on the task durations. There was a significant
interaction between group and task (F1,28 = 19.9, p < 0.001,
ηp2 = 0.42). For accomplishing the familiar task, patients
needed on average 1.54 minutes, whereas controls needed
1.19 minutes (F1,28 = 22.1, p < 0.001, ηp2 = 0.44). In the unfamiliar task, these values were 3.20 minutes for patients and
1.57 minutes for controls (F1,28 = 33.3, p < 0.001, ηp2 = 0.54).
Patients took longer in the unfamiliar than the familiar task
(F1,28 = 67.7, p < 0.001, ηp2 = 0.71), but there was no significant
difference between the 2 tasks among controls (F1,28 = 3.7,
p = 0.07, ηp2 = 0.12).
Pretask duration: We examined visual scanning after the
scene was initially exposed by removing the calibration display and before the first reaching movements, which indicated that participants had begun the task. This period was
called “pretask.” A 2 (group) × 2 (task) repeated-measures
multivariate ANOVA showed a significant main effect of
group (F1,28 = 88.4, p < 0.001, ηp2 = 0.76) and task (F1,28 = 24.5,
p < 0.001, ηp2 = 0.47) on the pretask durations. There was a
significant interaction between group and task (F1,28 = 5.2,
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Fig. 2: Mean fixation durations for patients and controls in the
sandwich-making task as a function of viewing condition (free v. active viewing). *p < 0.001.
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Fig. 3: Gaze durations for patients and controls in the sandwich-making task as a function of viewing condition (free v. active viewing).
*p < 0.001. IO = irrelevant objects, RO = relevant objects.
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p = 0.030, ηp2 = 0.16). Relative to controls, the pretask was
significantly longer in patients both in the familiar task (F1,28 =
22.0, p < 0.001, ηp2 = 0.44) and in the unfamiliar task (F1,28 =
47.6, p < 0.001, ηp2 = 0.63), and the pretask duration was even
longer in the more complex unfamiliar task (F 1,28 = 26.1,
p < 0.001, ηp2 = 0.48). Patients needed on average 4.9 seconds
(compared with 3.1 s in the control group) to make the first
move in the familiar task. In the unfamiliar task, these values
were 7.6 seconds for patients and 4.0 seconds for controls.
Patients were slower than controls in the pretask.

controls: relevant objects, pretask v. working, F1,28 = 12.1,
p = 0.002, ηp2 = 0.30) and less at irrelevant objects (patients:
irrelevant objects, pretask v. working, F1,28 = 5.9, p = 0.021,
ηp2 = 0.18; controls: irrelevant objects, pretask v. working,
F1,28 = 4.4, p = 0.045, ηp2 = 0.14).
Unfamiliar task (model-building)
Patients presented the same scanning pattern as controls in
the pretask period of the unfamiliar task. The 2 groups
looked at relevant and irrelevant objects equally in this period. There was no significant difference between the groups
in the pretask (all F < 1, all p > 0.05)).
In the working period, patients had longer gaze durations
on relevant objects and on irrelevant objects than controls
(relevant objects, F1,28 = 9.9 p = 0.004, ηp2 = 0.26; irrelevant objects, F1,28 = 96.9, p < 0.001, ηp2 = 0.78).
Moreover, patients and controls looked more at relevant
objects when they accomplished the task (patients: relevant
objects, pretask v. working, F1,28 = 94.6, p < 0.001, ηp2 = 0.77;
controls: relevant objects, pretask v. working, F1,28 = 35.7,
p < 0.001, ηp2 = 0.56), but there was 1 difference between the
2 groups on irrelevant objects. When they accomplished the
task, patients looked more at irrelevant objects (pretask v.
working, F1,28 = 39.4, p < 0.001, ηp2 = 0.58), whereas controls
looked less at irrelevant objects during this same period (pretask v. working, F1,28 = 5.5, p = 0.026, ηp2 = 0.16).
A separate ANOVA revealed that patients had to look
more at the display model than controls to accomplish the
task correctly (F1,28 = 17.6, p < 0.001, ηp2 = 0.39; Fig. 4).

Gaze durations on relevant and irrelevant objects
To examine visual exploration on the objects, we determined
2 time periods for the 2 tasks: the pretask (i.e., period before
the first reaching movement) and the “working” period (i.e.,
period during which participants accomplished the task).
A 2 (group: patients/controls) × 2 (task: familiar/
unfamiliar) × 2 (period: pretask/working) × 2 (objects:
relevant/irrelevant) repeated-measures multivariate ANOVA
showed a significant main effect of group (F 1,28 = 17.9,
p < 0.001, ηp2 = 0.39), task (F1,28 = 11.9, p = 0.002, ηp2 = 0.30),
period (F1,28 = 110.2, p < 0.001, ηp2 = 0.80) and objects (F1,28 =
244.4, p < 0.001, ηp2 = 0.90) on the gaze durations. Moreover,
there was a significant interaction between group, task and
period (F1,28 = 6.0, p = 0.021, ηp2 = 0.18; Fig. 4).
Familiar task (sandwich-making)
There was only 1 difference between the groups. Patients exhibited longer gaze durations than controls on irrelevant objects in the pretask period of the familiar task (F1,28 = 8.9,
p = 0.006, ηp2 = 0.24).
In the 2 periods, both groups had longer gaze durations on
relevant objects (patients: pretask, relevant v. irrelevant objects, F1,28 = 10.4 p = 0.004, ηp2 = 0.27; working, relevant v. irrelevant objects, F1,28 = 107.8, p < 0.001, ηp2 = 0.79; controls:
pretask, relevant v. irrelevant objects, F1,28 = 16.9, p < 0.001,
ηp2 = 0.38; working, relevant v. irrelevant objects, F1,28 = 119.4,
p < 0.001, ηp2 = 0.81).
Moreover, when patients and controls accomplished the
task, they looked more at relevant objects (patients: relevant
objects, pretask v. working, F1,28 = 13.6, p < 0.001, ηp2 = 0.33;
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Number of errors
If the participant used an irrelevant object, an error was
recorded. The 2 groups did not make any mistakes in the familiar task, but patients made significantly more mistakes
than controls in the unfamiliar task (patients, mean 3.3 errors;
controls, mean 0.5 errors; F1,28 = 27.4, p < 0.001, ηp2 = 0.49).
“Look-ahead” fixations
During the execution of natural tasks, study participants
sometimes fixate objects that are not yet manipulated but will
be grasped a few seconds later. Such early looks are known
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as “look-ahead fixations.”26 They are identified as a lookahead if the participant looks back to the original object before subsequently returning (within 3 s) to manipulate the
target of the look-ahead. They are not artifacts of “lookbacks,” as participants do not look back at objects once they
have finished with them, even if these objects remain in full
view. Look-ahead fixations occur on average 3 seconds before the reach, and their frequency is influenced by task sequence, suggesting that they are purposeful and are thought
to reflect planning of the next action.27
A 2 (group: patients/controls) × 2 (task: familiar/unfamiliar)
repeated-measures multivariate ANOVA showed a significant
main effect of group (F1,28 = 6.9, p = 0.013, ηp2 = 0.20) and task
(F1,28 = 12.1, p = 0.002, ηp2 = 0.30) on the percentage of lookahead fixations. There was also a significant interaction
between group and task (F1,28 = 4.4, p = 0.044, ηp2 = 0.14).
Patients exhibited fewer look-aheads in the unfamiliar task
(F1,28 = 16.1, p < 0.001, ηp2 = 0.37), but did not differ from controls in the familiar task (F1,28 = 0.03, p = 0.87, ηp2 = 0.01). In
the unfamiliar task, patients’ look-aheads accounted for
15.1% of the fixations compared with 21.2% in the control
group. In the familiar task, these values were 22.7% for patients and 23.0% for controls.
A contrast analysis for patients and controls showed that patients made fewer look-ahead fixations in the unfamiliar task
(F1,28 = 15.6, p < 0.001, ηp2 = 0.36), whereas there was no significant difference between the 2 tasks for controls (F1,28 = 0.9,
p = 0.34, ηp2 = 0.03).

Discussion
Much of the work on fixation patterns in scenes has been performed using 2-D images. However, images differ from the
natural world in several ways, including the nature of the
task demands, the dimensionality of the display, and the familiarity and the complexity of the tasks. In natural behaviour, fixation patterns are highly task-dependent.19,21,26,28–31 Each
task has a characteristic and flexible pattern of eye movements that accompanies it, and this pattern is similar among
individuals. To investigate the role of these factors in gaze
patterns, we monitored eye movements in patients with
schizophrenia and healthy participants under a free-viewing
condition versus an active-viewing condition with realistic
scenes as stimuli and in a familiar task (sandwich-making)
versus an unfamiliar task (model-building) condition.
Consistent with previous eye movement studies using images as stimuli,12 our results show that patients with schizophrenia exhibited abnormalities in the free-viewing condition
with longer fixation durations and fewer fixations than controls. Patients did not differ from controls in the active-viewing
condition in which both groups looked more at relevant objects to accomplish the action, ignoring the distractors. This result can be related to studies on attentional control and cognitive flexibility in patients with schizophrenia.23 Patients are
able to normalize their patterns of exploration when they are
actively involved in more demanding tasks.32,33
The second part of our work was designed to study the
planning deficits in eye movement patterns in patients with
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schizophrenia. Thus, we have monitored eye movements in
both patients and controls under 2 realistic active-viewing
conditions (familiar/unfamiliar). Our results show that patients were slower than controls in both tasks. Patients were
also significantly slower than controls in the initiation of motor actions (pretask) in both tasks, and the pretask duration
was even longer in the more complex unfamiliar task. These
results are consistent with those of previous studies showing
a general psychomotor slowing in patients with schizophrenia.13 Longer initiation times for more complex tasks suggest
increased difficulties in preplanning the entire sequence before its initiation; however, when the task was more difficult,
patients in our study did not seem to use more initiation
time to memorize and plan the required actions. Similarly,
using “grip” actions, Delevoye-Turrell and colleagues34 have
shown that patients with schizophrenia are characterized by
an abnormal allocation profile: more attention was allocated
for execution than for planning. In our study, patients performed relatively worse in the unfamiliar task (i.e., patients
made more mistakes than controls in copying the display
model).
Problems in the planning of movements in patients with
schizophrenia could result from the effects of the complexity
and unfamiliarity that are greater in people with schizophrenia. These observations are consistent with those in studies
demonstrating that complexity increased planning deficits.13,14,16 A study using the Tower of London task16 mentioned
the possibility that patients with schizophrenia may not plan
the required sequence of actions fully in advance; this hypothesis was supported by their finding that these patients
needed more moves to complete the trials and produced
fewer perfect solutions.
In our study, patients presented patterns of exploration
quite similar to those of controls in the familiar task, but
showed scanning differences in the unfamiliar task. One explanation could be that the sandwich task is a well-learned
task — a familiar daily activity involving less demanding cognitive resources. In the unfamiliar task, patients looked more
at distractors. It is known that patients with schizophrenia are
more sensitive to distraction than healthy controls.23,35 In our
study, it might be that a salient feature in the object (e.g.,
colour, contrast edges) automatically captured the patients’
attention and that they found it difficult to disengage their attention from that feature. Moreover, studies using the antisaccade paradigm have demonstrated that patients show difficulty inhibiting a reflexive saccade.36 However, our results
showed that patients also looked more at task-relevant objects
than controls in the execution period. Furthermore, patients
made fewer “look-ahead” fixations in the unfamiliar task.
This suggests that people with schizophrenia tend to plan
their actions less in advance in the case of more complex, unfamiliar tasks. Hayhoe and colleagues19 and Land and colleagues21 have observed that about one-third of reaching and
grasping movements were preceded a few seconds earlier by
a fixation on the object. In a similar construction task, Mennie
and colleagues27 reported a 20% rate of look-aheads, a value
similar to that found in our study. Thus, patients seem to establish a less efficient planning strategy than controls.
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It has recently been reported that a patient with action disorganization syndrome resulting from lesions in the frontal
cortex produced fewer anticipatory fixations than healthy
participants in a tea-making task.37 Failure to complete behavioural routines is attributed to degradation of a stored action
schema.38 For example, if patients have a degraded stored action schema, their eye movements may be less constrained by
the task and more likely to be driven by salient objects in the
environment.
Land and colleagues21 have challenged the idea that everyday tasks are automatic in the sense that they normally require no online monitoring or feedback from “higher-level”
control systems, such as the Supervisory Attentional System
(SAS) of the Norman and Shallice39 control-of-action model.
When the action is novel or complex, the SAS is required for
selection of a desired response sequence. It is thus involved
particularly in tasks demanding initiation, planning, mental
set-shifting, strategy allocation, monitoring and inhibition.
Consequently, impairment in this system would be expected
to result in the inability to formulate a goal, to plan and to
choose between alternative sequences of behaviour to reach a
particular goal. The results obtained with the Tower of London task strongly suggest that the SAS planning function is
impaired in patients with schizophrenia.40 Our patients’ results in the unfamiliar task could be plausibly understood as
a failure at the level of the SAS.
Our results are also in line with those of a study showing a
motor-planning deficit (i.e., pointing to a target) when the
planning involved an internal representation of a stimulus
sequence.15 Hayhoe and colleagues41 provided evidence of the
existence of sophisticated internal models of the structure of
the environment. Cohen and Servan-Schreiber42 have suggested that a disturbance in the internal representation of
contextual information might provide a common explanation
for deficits in several attention-related tasks in patients with
schizophrenia. In our study, this is suggested by the fact that
patients needed to look more at the display model than controls did to accomplish the unfamiliar task. Patients had difficulty maintaining a mental representation of the task to perform. Our unfamiliar task probably involved higher working
memory requirements, and our results could be explained by
working memory deficit. Lee and Park43 have suggested that
working memory deficits in patients with schizophrenia are
robust and independent of study modality.
Furthermore, Cohen and Servan-Schreiber42 suggest that
this behavioural deficit may be explained by a specific biological disturbance (i.e., a reduction in the effects of dopamine [DA] in the prefrontal cortex). Evidence implicates DA
dysregulation related to prefrontal dysfunction in patients
with schizophrenia.44,45 It is also well known that Parkinson
disease is associated with a progressive dysfunction of the
dopaminergic neurotransmission in the basal ganglia. 46
Deficits in executive functions have been documented in this
disease;47 patients have been shown to be impaired in the
Wisconsin Card Sorting Test,48 the Tower of London test49 and
the Stroop test,50 thus suggesting planning deficits. They also
exhibit visual scanning deficits, such as longer fixation times
on faces.51 Therefore, DA level in the prefrontal cortex might

play a critical role in cognitive processes in patients with
schizophrenia.

Limitations
Although in our study antipsychotic dosage equivalents did
not appear to be correlated to various eye movement variables, we cannot exclude an effect of medication. Kojima and
colleagues52 have reported that neither the number of fixations nor scan path length were correlated with the chlorpromazine equivalent dosage in 50 patients with chronic schizophrenia, and this was confirmed by Matsushima and
colleagues,53 Streit and colleagues7 and Loughland and colleagues,5 who found no relation between dysfunctional scan
paths and medication in patients with schizophrenia,
whereas Williams and colleagues54 reported that patients
treated with risperidone showed greater attention to salient
features, and Reilly and colleagues55 showed that pharmacological treatment might have an effect on eye movement control in saccadic tasks.
Another possible limitation is that we used only 1 trial per
condition. Thus, measures of reliability come from average
performance over fixations within a task and similarity
among participants, as indicated by the standard error measures. However, the magnitude of the reported effects indicates that this is not a major concern.

Conclusion
Overall, patients with schizophrenia seem to present deficient planning but intact motor action in more complex, unfamiliar tasks, which could make higher demands on cognitive
processing than the well-learned task. There is some evidence
in favour of abnormal connectivity between brain areas in
patients with schizophrenia. A future area of research could
be to explore whether abnormal connectivity between frontal
and parietal regions is associated with problems in the sequencing of planned motor actions.
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