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Objective: Patterns of successive saccades and fixations (scan paths) that are made while viewing images are often spatially restricted
in schizophrenia, but the relation with cannabis-induced psychosis has not been examined. We used higher-order statistical methods to
examine spatiotemporal characteristics of scan paths to determine whether viewing behaviour was distinguishable on a continuum.
Methods: Patients with early acute first-episode paranoid schizophrenia (SCH; n = 11), cannabis-induced psychosis (CIP; n = 6) and un-
affected control subjects (n = 22) undertook a task requiring free viewing of facial, fractal and landscape images for 5 seconds while their
eye movements were recorded. Frequencies and distributions of saccades and fixations were calculated in relation to image regions ex-
amined during each trial. Results: Findings were independent of image category, indicating generalized scanning deficits. Compared
with control subjects, patients with SCH and CIP made fewer saccades and fewer fixations of longer duration. In turn, the spatial distribu-
tion of fixations in CIP patients was more clustered than in SCH and control subjects. The diversity of features fixated in subjects with
CIP was also lower than in SCH patients and control subjects. Conclusion: A continuous approach to characterizing scan path changes
in different phenotypes suggests that CIP shares some of the abnormalities of SCH but can be distinguished with measures that are sen-
sitive to cognitive strategies active or inhibited during visual exploration.

Obijectif : Les tracés de saccades et fixations successives (axes de balayage) effectués lorsqu’on visualise des images sont souvent lim-
ités dans I'espace dans la schizophrénie, mais on n’a pas étudié le lien avec la psychose provoquée par le cannabis. Nous avons utilisé
des méthodes statistiques d’ordre élevé pour examiner les caractéristiques spatiotemporelles des axes de balayage afin de déterminer s’il
est possible de distinguer un comportement de visualisation dans un continuum. Méthodes : Des patients atteints d’'une schizophrénie
paranoiaque constituant un premier épisode aigu précoce (SCH; n = 11), des sujets atteints d'une psychose provoquée par le cannabis
(PPC; n = 6) et des sujets témoins non affectés (n = 22) ont entrepris une tache les obligeant a regarder librement des images faciales,
fractales et panoramiques pendant cing secondes pendant que I'on enregistrait le mouvement de leurs yeux. On a calculé les fréquences
et les distributions des saccades et des fixations par rapport aux régions de I'image regardées au cours de chaque essai. Résultats : Les
résultats n’avaient aucun lien avec les catégories d'images, ce qui indique des déficits généralisés du balayage. Comparativement aux su-
jets témoins, les patients atteints de SCH et de PPC ont fait moins de saccades et moins de fixations de plus longue durée. En retour, la
distribution spatiale des fixations chez les patients atteints de PPC était plus regroupée que chez les sujets atteints de SCH et les sujets
témoins. La diversité des caractéristiques fixées chez les sujets atteints de PPC était aussi moins grande que chez les patients atteints de
SCH et chez les sujets témoins. Conclusion : Une approche continue de la caractérisation des changements des axes de balayage chez
différents phénotypes indique que la PPC présente quelques-unes des anomalies de la SCH, mais qu'il est possible de les distinguer au
moyen de méthodes de mesure sensibles aux stratégies cognitives actives ou inhibées au cours de I'exploration visuelle.
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Introduction

Schizophrenia (SCH) is a common form of major mental ill-
ness and normally presents early in adult life. Early signs of
SCH include different subtle neurological signs (e.g., eye
movement dysfunctions), and there is international consen-
sus that genetic and environmental factors interact to deter-
mine overall risk.! Some of the changes present in SCH,
such as enlarged ventricles, probably occur prenatally and
are neurodevelopmental in origin.” However, postnatal
stressors also operate to increase overall risk of illness. One
of the most important stressors is cannabis abuse; cannabis
is described as an important component causal factor®
in this early phase of illness. Its relation to psychotic symp-
toms and the occurrence of undiagnosed psychotic symp-
toms in the general population provoked several re-
searchers to rethink categorical classifications and to
propose a dimensional approach to diagnosis.* To test such
a continuum hypothesis, it is important to investigate
whether patients in the early phase of a schizophrenic disor-
der and of a cannabis-induced psychosis (CIP) can be differ-
entiated with potential trait markers that are commonly
associated with SCH (e.g., eye movement dysfunctions). Re-
cent research has focused on risk factors to improve early
detection and intervention® and to better understand the un-
derlying pathophysiology.

Eye movement dysfunctions have been consistently re-
ported in SCH and other neuropsychiatric disorders.® There
is now increasing evidence for direct links between eye
movement deficits and genetic markers from specific chro-
mosomal regions” and morphological changes® or both in
SCH. These abnormalities may be accompanied by deficits
in sensory gating and cognitive processing, as reflected in
abnormal event-related potentials.”” In addition, these
findings are closely intertwined with abnormal perfor-
mance on tests of executive and attentional function. The
relation between the clinical symptoms and severity in
SCH and these endophenotypic or trait markers is obvi-
ously complex.

Although oculomotor abnormalities have emerged as a
candidate marker of the SCH spectrum," error-prone smooth
pursuit and saccadic control have also been observed in
autism,” Parkinson’s disease,” dyslexia," affective disorders
and obsessive-compulsive disorders.” Such findings make it
unlikely that the measurement of a single attribute of oculo-
motor function will have diagnostic specificity. Thus, task
and measurement type have a role to play in the characteri-
zation and delineation of mental diseases."

Reports of abnormal eye movement patterns during vi-
sual exploration in SCH"*suggest there may actually be a
more global deficit involved in processing perceptual infor-
mation. Superficially, it may appear that there are similari-
ties with scanning in other psychiatric illness and organic
dementia. However, inspection behaviour in SCH appears
to have some unique properties. Using facial stimuli, the
spatial extent of successive saccades and fixations (scan
paths) in observers with SCH appear significantly restricted
and atypical (as if inhibited or linearly distributed), com-

pared with more extensive scanning in healthy observers."”
Inferences have therefore been made concerning illness-
specific avoidance of threatening or social cues® or deficits
in attention, working memory and executive function.”
Consequently, scan path assessment has become an attrac-
tive constituent of the psychophysiological test repertoire.
Experimentally, the protocol is cheap and easy to adminis-
ter, and interesting results have promoted abnormalities in
visual inspection as a putative trait marker of vulnerability
to SCH."®* The greatest body of data in support of this has
come from studies with pictures of facial expressions.”**
However, restricted scan paths are also manifest in re-
sponses to natural scenes and schematic patterns lacking so-
cial potency.”*¥ For this reason, the notion of a generalized,
global abnormality has emerged. This is important because
restricted scanning is typically associated with negative
symptoms of SCH* and may be secondary to the presenting
symptoms of anhedonia and flattened affect. Conversely,
patients with positive symptoms sometimes engage in less
inhibited and more extensive visual scanning,® although
eye movements are minimized when they are presented
with facial stimuli."”?*

To date, most reports on abnormal visual scan paths in
SCH concentrated on the analysis of basic parameters such as
the number of saccades, fixation duration or scan path
length, which all critically depend on the exact stimulus
shown”* and specific instructions (e.g., to remember certain
details of pictures) given to the subjects.” Whereas such
analyses have repeatedly shown abnormalities between
groups of patients and control subjects, the group identity of
individual subjects cannot be reliably estimated.” This is not
surprising if we accept the continuum hypothesis in psy-
chosis and uncertainties about the validity of currently used
diagnostic boundaries in the functional psychoses.” Cur-
rently, we do not know whether these techniques are appro-
priate for stratifying patients into different categories. Scan
paths are a complex measure containing both spatial and
temporal attributes. A more sensitive method has to be de-
vised to take information generated by scan path testing into
account and to address their specificity with the clinical phe-
notypes under investigation. Only at this point will the
power of these potentially highly informative measures
emerge.

Here we describe a series of analytical refinements that
may be more powerful tools in stratifying patients with func-
tional psychoses. We then apply these to 2 groups of patients
for whom there is considerable controversy as to whether
they should be looked at as separate or related illnesses. On
the surface, CIP seems a separate entity from SCH de novo,
but several epidemiological studies suggest that most CIPs
occur in people genetically predisposed to SCH.* Similarities
in measures of scan path evolution in CIP and SCH would
suggest an overlap in their psychomotor behaviour; how-
ever, systematic phenotypic variation would advocate a di-
mensional interpretation of psychosis. In addition to facial
images, natural scenes and fractal patterns were used to ver-
ify whether any abnormal scanning of faces extended to
nonsocial materials in those patients.
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Methods
Participants

Before study entry, we obtained written informed consent
from all patients and control subjects in accordance with the
Ethical Committee of the University Hospitals of Geneva
(HUG) and the Declaration of Helsinki. Patients were re-
cruited from a specialized early psychosis unit of HUG and
were rated with the Structured Clinical Interview® (SCID-
patient version) to obtain diagnoses according to the Diagnos-
tic and statistical manual of mental disorders, fourth edition
(DSM-1V).* Psychopathology was assessed with the Scale for
Assessment of Positive Symptoms (SAPS) and the Scale for
Assessment of Negative Symptoms (SANS)¥* in parallel
with demographic data and clinical history. We selected 11
patients with early acute first-episode schizophrenic disorder
(DSM-IV: 295.3 paranoid type, 9 men). Six men with CIP
(DSM-1V: 292.11) and 22 control subjects (12 men) were also
recruited. First-episode SCH patients were treated with second-
generation antipsychotic drugs (risperidone, olanzapine,
amisulpride and clozapine). Dosages were at near-maximal
effective dose level” (i.e., between 2-3 mg/d for risperidone,
10-20 mg/d for olanzapine and 400 mg/d amisulpride).
Three SCH patients received clozapine at dosages between
100-200 mg/day. Three SCH patients had a combination of
clozapine (25-150 mg/d) with risperidone (0.5-4 mg/d) or
amisulpride (300 mg/d). Three CIP patients received olanza-
pine (10-20 mg/d), 1 received amisulpride (400 mg/d) and
2 received a combination of clozapine (25-150 mg/d) with ei-
ther risperidone (2 mg/d) or amisulpride (800 mg/d). At
least 3 of the SCH patients took cannabis before hospitaliza-
tion. All patients had received the same medication for
2 weeks before testing, and urinary toxicology screening was
negative for cannabis and other illegal drugs at the time of
testing. Patients were in the recovery phase of psychosis
(4 wk after commencement of acute phase) and were
matched for age (total sample 22.5 [standard deviation {SD}
3.4] yr) and education. Healthy volunteers were screened
with the DSM-III-R:* SCID-nonpatient” and were matched
for education but not for sex (22.8, SD 3.9 yr) to increase the
variability of eye movement measures in the unaffected
group. This heterogeneous group enhanced interindividual
variation and was intended to decrease the likelihood of sig-
nificant false negative differences between patients and con-
trol subjects.” Exclusion criteria for all groups were organic
brain disease and subnormal intelligence. We did not include
healthy volunteers with a history of psychiatric or neurologi-
cal illness or with psychiatric illness in first-degree relatives.
Control subjects were also free of any current medication and
had never been prescribed psychotropic medication.

Stimuli

We used 20 exemplars each from 3 stimulus categories. Facial
images (9 horizontal x 13 vertical® visual angle) of male and
female posers showing neutral expressions were presented in
grey scale with an elliptical mask to exclude external fea-

tures. Landscape and fractal patterns (25° x 16°) were shown
in colour. Images were presented centrally, surrounded by a
black border background to encourage eye movements to re-
main within the stimulus-relevant portion of the display.

Procedure

Stimuli were presented in pseudorandom order in counter-
balanced blocks of faces, landscapes and fractal patterns.
Participants were instructed to inspect the images in any
manner they chose. Calibrated (3 x 3 grid) 2-dimensional eye
movements were recorded at 250 Hz, using a head-mounted
infrared EyeLink I (SR Research Ltd., Osgoode Ont, 2001), at
a resolution of < 0.3°). Trial viewing time was 5 seconds, in-
terspersed with central refixations lasting > 2 seconds to
compensate for intrinsic direct current drift. Saccades were
computed as changes in eye position exceeding 30° per sec-
ond velocity and 8000° per second? acceleration. Fixations
were defined by a minimum threshold of 200 ms to ensure
compatibility with previous scan path research. Eye blinks
were automatically detected and excluded in EyeLink I soft-
ware. We acquired the data binocularly and conducted
analyses with the dominant eye, as determined by the hole-
in-the-card test.

Analytical refinements
Fixation clustering

A single measure of the spatial distribution or clustering of
fixations can be derived from eye gaze records. Voronoi tes-
sellations are computed for each trial, using fixation position
to spatially segment fixations with respect to the image. Cell
areas were divided by the mean cell size for that trial, and
these normalized values were then accumulated from all tri-
als to form a frequency distribution of normalized cell sizes.
The gamma probability function was chosen to fit the de-
rived cumulative distribution, so that skew was quantified
by a single free parameter alpha. A small value of alpha cor-
responds to a highly skewed distribution denoting fixations
that are clustered into localized regions of interest (i.e., re-
gions of high visual salience, indicating these saccades are
primarily driven by external factors). In terms of visual at-
tention, one might compare this with a visual feature search.
Higher alpha denotes less skewed, more dispersed
scanning,” probably driven by more internal factors. This
procedure can be separately applied to each observer group
and stimulus category.

Fixated image features

Restricted scanning results in the acquisition of a less diverse
assortment of image features than those accumulated with
widely distributed sampling. Therefore, some of the sources
of variation in scanning style can be represented in terms of
features acquired (or avoided) during free viewing. Principal
component factor analysis (PCA) can be used to describe
these sources, first within and then between groups. We used
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a formal procedure to quantify differences between participant
groups.® Fovea-sized grey-scale subimages (5°) were extracted
from stimuli at every fixation location for all trials, and data
vectors were formed by concatenating columns of pixel inten-
sities. Because participants will make a variable number of fix-
ations on any given trial, PCA was first used to extract eigen-
vectors capturing the variability of the input features for each
stimulus category and each participant separately. To identify
variation in each participant group, PCA was reapplied to
their respective participants” eigenvectors. Group-level eigen-
vectors capture the general pattern of viewing style in a group.
We then calculated the magnitude of between-group differ-
ences. Within each group, successive principal components
were geometrically orthogonal (90°). However, direct pairwise
comparison of raw angles between groups’ eigenvectors was
not meaningful,® so direct comparison of patients with control
subjects is not appropriate. Instead, we calculated the closest
subspace common to observers’ eigenspaces and quantified
differences with respect to those “average” orthogonal vectors.
Mathematical proof is given elsewhere.*

Results

Patterns in group level variability: classical scan path
analysis

Vision is an active process in which eye movements shift the
view several times each second to selected parts of the scene
to examine salient features (e.g., eyes or mouth of a face). Sac-
cades bring selected objects or features onto the fovea where,
during these fixations, information can be analyzed in detail.
Table 1 summarizes findings from frequency analyses using
multivariate analyses of variance (ANOVAs) that merely
confirmed dichotomous group differences of the type re-
ported in the literature.”" Patients’ fixations lasted longer
and were fewer in number in the viewing period, and control
subjects tended to make faster saccades than did patients.

Table 1: Post hoc comparison of scanning trends

Comparison of fixation distributions

A spatial model of fixations was derived with fixation dis-
tributions for each group of participants (SCH, CIP, control
subjects). Fixation locations were studied for each stimulus
category and for each group, using the gamma model. Irre-
spective of stimulus category, patients with psychosis tak-
ing medication exhibited greater fixation clustering and
more restricted scanning than did patients with paranoia
and control subjects (Table 2). Relative to control subjects,
CIP fixation clustering was more pronounced for land-
scapes and fractals than for faces. Additionally, fixations in
response to faces were highly clustered for all participants
and were partly determined by the smaller, centralized
stimulus, which has consequences for interpreting pub-
lished data.

Image features acquired during fixations

Figure 1 shows the common subspaces (reconstructed as
grey-scale images) used to compare our participant samples

Table 2: Fixation clustering

Stimulus category; o (+ estimated 95% Cl)

Observer

group Face Fractal Landscape
CIP 0.4093 0.5783 0.6482
(n=6) (0.3598-0.4588) (0.5342-0.6224) (0.5909-0.7055)
SCH 0.4125 0.5814 0.7257*
(n=12) (0.3831-0.4389) (0.5517-0.6111)

Control 0.4566 0.8844* 0.7965
subjects (0.4386-0.4746) (0.7726-0.8204)
(n=22)

Cl = confidence interval; CIP = cannabis-induced psychosis; SCH = schizophrenia.
*2 intervals could not be calculated by the maximum likelihood estimation procedure
used to derive alpha.

Note: Although some differences are small, a consistent pattern of smaller
constellations of fixations is apparent: CIP > SCH > control.

Group; mean (and SD)

Control
subjects CIP SCH
Measurement (n=22) (n=6) (n=12) Scheffé
Fixation
Frequency 15.6 (2.2) 13.7 (4.2) 12.5 (4.0) C > SCH; p < 0.001
C>CIP; p=0.1*
Duration, ms 308.4 (54.3) 392.9 424.0 C < CIP; p=0.046
(175.6) (171.0) C < SCH; p<0.001
Saccade
Frequency 15.3 (2.3) 13.2 (4.1) 11.9 (3.8) C > CIP; p=0.059*
C > SCH; p < 0.001
Amplitude, degree 4.8 (1.3) 3.8 (1.1) 4.4 (2.1) C>CIP; p=0.11*
Peak velocity, degrees 226.0 (46.4) 194.6 (37.7) 217.8(51.2) C > CIP; p=0.069*

SD = standard deviation; CIP = cannabis-induced psychosis; SCH = schizophrenia.

*Results are significant at approximately 90% confidence interval.

Note: Data are collapsed across all stimulus types. Within the 5s viewing period, control subjects tended to make more fixations of
shorter duration than did SCH and CIP patients. Control subjects also made more saccades of a marginally higher velocity than the

sample of patients with delusion.
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in each stimulus category. Subjective interpretation of corre-
spondences with actual image features should be avoided at
this level of higher-order statistical abstraction. Monte-Carlo
simulation of random viewing behaviour of landscape im-
ages demonstrated that our observers’ scan paths were as-
sembled according to their respective cognitive or behav-
ioural strategies and that statistical divergence from the
subspace was not due to chance. Results were not signifi-
cantly altered when fixation samples were weighted by fixa-
tion duration. In line with the gamma model, analysis of vi-
sual features acquired during visual exploration revealed
that illness type was distributed continuously. Independent
of image category, CIP patients tended to “lock on to” partic-
ular image features, more so than SCH patients, and did not
deviate thereafter. Again, this effect seemed more pro-
nounced for landscapes and fractals than for faces. Unaf-
fected individuals actively acquired a more diverse sample
of image features than would be fixated during random
viewing.

Discussion

To test ideas of a dimensional approach for diagnosis in psy-
chosis,* we investigated whether patients in an early phase of
a schizophrenic disorder and of CIP would be different in
their eye movement psychophysiology when free-viewing
images. Earlier work has suggested that certain attributes of
eye movements made during visual exploration are “abnor-
mal” in patients in the SCH spectrum (e.g., few fixations of
longer duration during a fixed viewing period). However,
scan paths are also atypical in several other psychiatric ill-
nesses* and may vary with cannabis abuse or heavy smok-
ing, as seen in visual search,® pursuit performance* and sac-
cadic control.” We used higher-order statistics to capture the
sources of variation in viewing behaviour between our ob-
servers on a continuum, examining both the distribution of
fixations and image features selected or avoided during fixa-
tions. These analyses revealed idiosyncratic patterns of view-
ing strategies among people with CIP or SCH and unaffected

Dimension Accumulated divergence
1 2 3 4 5 6 7 8 9 10 ®C OCIP V¥vSCH ORand
8 L)
5 | ' 300
o
C 1.073 1.382 1.795 1.643 2.260 2433 2.552 3.260 3.440 3.908 20
CIP 1.430 1.856 2267 2.482 3.012 3.632 3.633 4.396 4.496 4715 100
SCH 1.205 1.628 1.995 2.247 2.804 2.928 3.240 3.464 3.631 4.625
0
5 10 15 20 25 30
5 - F
5
™y
w L
C 1.769 2.645 2.838 3.534 3.881 4.304 4.855 5.746 6.087 6.234
CIP 2.571 3.819 4.207 5.562 5.765 6.160 7.323 7.920 8.382 9.277
SCH 1.888 3.155 3.177 4.364 4.585 5.135 5.966 6.782 7.016 7.717
[0}
Q
o]
2
&
C 1.035 1.593 1.794 2.228 2.925 3.326 3.358 4.409 4.967 4974
CIP 1.806 2.830 3.326 3.869 5.074 5.632 6.003 7.232 8.555 8.687
SCH 1.613 1.961 2.491 2.806 3.784 4.455 4.564 5.872 6.441 6.725
Rand 1.007 1.513 1.760 2.203 3.218 3.218 3.616 4.845 5.162 5.303

Fig. 1: Fixated feature subspaces. Dimensions of the subspace closest to all 3 participant groups’ principal component spaces are shown for
each stimulus category (minimum 86% of total variance). C = control subject, CIP = cannabis-induced psychosis, SCH = first-episode schizo-
phrenic disorder of paranoid type, Rand = random fixation simulation for landscape (L’scape) scenes. For simplicity, only the first 10 of 30 di-
mensions are shown, reconstructed as eigenimages. The minimum angular deviation (in degrees) between each direction and group is given
for each stimulus category and increases with higher dimensions, indicating greater divergence associated with diversity of features fixated.
Graph inserts titrate subspace dimension (abscissas) against accumulated angular divergence (ordinates). A clear pattern emerged irrespec-
tive of the stimulus category: CIP > SCH > control. Landscapes were chosen as a control because they are commonly experienced, contain
complex natural features and lack overt social relevance. Increasing separation (greater angular deviation) of random viewing from the land-
scape subspace with respect to control subjects indicates staring and unsystematic sampling of image content.
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individuals. CIP patients engaged in visual scanning in a
more limited range than did SCH patients and healthy ob-
servers; this was independent of the type of stimulus material
used. Because positive symptoms in CIP are generally short-
lived,® compared with SCH, they are unlikely to have been
an important factor in our findings.

Cannabis use has been found to be related to a schizotypal
personality dimension of proneness to psychosis in healthy
individuals.* Heavy users who go on to develop psychotic
symptoms distinct from the intoxication state (including vi-
sual hallucinations, expansive mood and ideation, clouded
sensoria® and depersonalization overlapping with SCH™)
may be vulnerable to long-term psychotic illness.” This sug-
gests that CIP symptoms are an important risk indicator. Al-
though the concept of “cannabis psychosis” has been dis-
puted,” our patient groups clearly inspected images in
different ways. Peripubertal-onset long-term cannabis users
show less effective, more conservative visual search strate-
gies and frequent reinspection of stimulus features,* suggest-
ing memory impairments and impoverished internally
driven visual information processing. Longer response times
and increased saccadic latencies for visually guided eye
movements are also produced by the administration of
cannabis in healthy individuals.”

The endogenous cannabinoid-1 (CB,) receptor, which is
reactive to cannabis use, depresses electrical neural activity,
particularly in the receptor-dense hippocampal and sub-
stantia nigra pars reticulata regions of the human brain.*
The cognitive consequences of altered signalling in these ar-
eas include impaired spatiotemporal processing and mem-
ory consolidation and intrusions,®* degraded integration of
attention and low-level spatial information for movement
and saccadic control.” The increased saccade latency and
fixation duration we observed in CIP and SCH patients may
be owing to retarded attentional shifts and saccadic pro-
gramming (“getting stuck”) and information processing
dysfunction, all of which are normally regulatory functions
of the frontal lobes. In SCH, there may be an increased den-
sity of CB, in the dorsolateral prefrontal cortex independent
of recent cannabis ingestion.”® Elevated dopamine release
triggered by cannabinoid metabolism in the frontal and
mid-brain produces psychotropic effects. Whether psychotic
states resembling SCH can persist after cessation of pro-
longed cannabis abuse requires further endorsement.**

High levels of the endocannabinoid anandamide in para-
noid-type SCH may represent the cannabinoid system’s re-
sponse to dopamine imbalance. Elevated anandaminergic
activity in SCH may adaptively enhance inhibition of
dopaminergic motor activity,® thus a desensitized canna-
binoid system caused by heavy cannabis use might pre-
cipitate psychosis through modulation of dopaminergic
transmission. Clearly, our CIP group exhibited viewing
behaviour in the direction of, and perhaps beyond, SCH
scan paths. Given the small numbers of patients reported
here, we would not expect large differences between CIP
and SCH groups, since CIP is found in people genetically
predisposed to SCH.***

Antipsychotic medication was similar for people with SCH

and with CIP. Blink rates tended to be slightly elevated in
psychosis, but patients treated with risperidone showed no
extrapyramidal symptoms (e.g., dystonia or Parkinsonism).
Although clozapine and olanzapine have been associated
with improvements in social functioning and affective symp-
toms, this was not evidenced by more normal patterns of eye
movements when inspecting faces or other images. At low
and moderate doses (50400 mg/d), amisulpride is effective
against negative symptoms of SCH, and in a control study,
300 mg daily consumed by healthy volunteers did not affect
eye movements.®

Saccade amplitude was within the normal range of 2°-15°
in each group. For classical fixation analysis, patients made
significantly fewer fixations than control subjects; fixation
duration was also longer in patients. Measures of saccade
amplitude, peak velocity and fixation distributions for people
with CIP were both lower and more different from control
subjects than for subjects with SCH; it appears that saccade
execution is somehow affected in CIP. The tendency of peo-
ple with CIP and with SCH to minimize the frequency and
amplitude of saccades may reflect attempts to suppress
smearing of the percept between successive fixations,” a pro-
nounced and inflexible cognitive style, or attempts to mini-
mize sensorial stimulation. Our findings also indicate that
there may be a conceptual relation between the distribution
of fixations (gamma model) and the perceptual content of
preferred image features that attract those fixations (hierar-
chical PCA model). In both the CIP and SCH groups, re-
stricted scanning was not limited to facial images but ex-
tended to and was more evident for natural (landscapes) and
synthetic scenes (fractals); this supports the idea of subtly dif-
ferent but generalized cognitive impairments in gaze and in-
formation processing.” Therefore, it makes sense to ascertain
the extent to which networks implicated in abnormal oculo-
motor and higher cognitive functions overlap with the neural
substrates of social cognition.®

A significant problem confronting understanding of the
scan path phenotype of SCH concerns its measurement and
analysis. Violations of the homogeneity of variance assump-
tion in between-group ANOVAs could arise from several
sources, including overreliance on small facial stimuli in the
absence of other socially relevant and everyday scenes and
presence of natural boundaries and associated variability in
the SCH spectrum of illnesses, as defined by scan path vari-
ables (compare sensitivity and specificity). Further, without
large-scale sampling, frequentist analyses are also vulnera-
ble to arbitrary selection of priors (e.g., o = 0.05) for signifi-
cance testing that will affect power analyses. Deriving a
suitable alternative basis for comparing patients and control
subjects along a single continuum is not trivial. This type
of dimensionality reduction problem is common in mathe-
matical psychology when dealing with large numbers of
parameters, and it can be applied in psychophysiological
psychiatry.

Oculomotor dysfunction has long been recognized as a
common problem in SCH."* In future experiments, it seems
reasonable to test for associations between smooth pursuit
and saccadic control® and fixation stability””” in relation to
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atypical scan paths. From a physiological perspective, deficits
in the former domains can produce atypical patterns in the
latter without appealing to explanations due to cognitive or
perceptual dissonance. Research reports containing both ocu-
lomotor and scan path data from the same patients are there-
fore required to distinguish abnormal eye movements due to
attentional or information processing deficits. This would im-
prove our understanding of the effects of cannabis intake on
scan path formation. Given that a cognitive element seems to
have played a role in fixation behaviour in this study (as re-
flected in the consistent group difference findings from the
PCA), a similar comparison with patients with bipolar and
other disorders is appropriate.

The scan path dimensions illustrated in this paper demon-
strated a neurocognitive deficit in visual exploration with in-
creasing defect from control subjects to SCH to CIP. Signifi-
cantly, both gamma and PCA models placed participants on
univariate continua. Classical scan path analysis was only
able to provide a general description of oculomotor engage-
ment with the stimuli, whereas spatial analysis revealed that
these results were due to fixations distributed along a clus-
tered axis through extensive scanning (low through high).
PCA suggested that image fixations were selected with par-
ticular features of the stimuli or that inferior motor execution
of eye movements may be more strongly associated with CIP
than with SCH. The degree of absence of normal exploratory
fixations suggests that a more accurate estimation of scan
path mutability is possible. Thus an understanding of both
dimensional and prototypical trait-like behaviour can assist
enormously in characterizing the quantitative trait locus of
the elected phenotype(s) at heightened risk for schizophrenia
and related illnesses.
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