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Abstract—We investigated cognitive functions of attention and decision-making in 18 healthy subjects and
15 schizophrenia patients using an experimental design with consecutive presentation of two short visual
stimuli (double-step). In patients with schizophrenia, an increase in the number of errors and change in the
pattern of saccadic responses have been found: an increase of the number of two-saccade responses to each
stimulus and a decrease in the number of single-saccade responses to the second stimulus. In schizophrenia
patients, the latent period of the first of a pair of saccades has been shorter; and the latent period of single
saccade has been increased in comparison with healthy subjects. Opposite lateral differences in latent periods
of saccades in healthy subjects and schizophrenia patients have been found. Our results show the deficit of cognitive
oculomotor control and a decrease in prognostic processes of saccade programming in schizophrenia patients.
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Saccadic eye movements are used as a natural
model in the investigation of the effect of cognitive
functions on various behavioral processes. Deficit of
saccadic movements is a marker of a number of mental
disorders associated with cognitive impairment,
including schizophrenia [1—3].

Numerous data provide evidence of a close con-
nection between eye movements, attention and deci-
sion-making, and anatomic and functional overlap
between structures that control these processes at all
levels of the brain [4—7]. In psychophysiology, cogni-
tive functions of attention and decision-making are
considered to be individual steps in the programming
of a saccade, which takes place during the latent
period [8—9].

The connection between attention and decision-
making has been shown in many clinical studies. In
patients with lesions in the prefrontal cortex, difficul-
ties in the selection of response and behavioral strategy
are observed in addition to attention deficits; i.e., the
decision-making process is impaired [10, 11]. How-
ever, very few studies are focused on the decision-
making in schizophrenia patients [12, 13].

One of the approaches in the studies of decision-
making is the double-step experimental paradigm [ 14,
15]. In this paradigm, two short visual stimuli are pre-
sented; the subject has to make saccadic response to
them. Two types of responses are possible: two consec-

utive saccades in response to each stimulus and one
saccade in response to the second stimulus.

It is hypothesized that a single-saccade response to
the second stimulus occurs if the second stimulus is
presented before a decision to respond to the first
stimulus was made; the first saccade becomes “repro-
grammed” as a response to the second stimulus [15].
The double-step test allows evaluating the latent
period of a saccade that corresponds to the stage of
decision-making.

The aim of this study was to compare saccadic
responses in the double-step test in healthy subjects
and schizophrenia patients in order to use the results
as markers of the decision-making process in the anal-
ysis of local EEG potentials in the latent period of a
saccade.

METHODS

The study was carried out on 13 healthy volunteers
(8 men and 5 women at ages from 19 to 24 years) and
15 schizophrenia patients (men at an age from 19 to
26 years), right-handed and with normal or corrected
vision. All subjects gave their informed consent to par-
ticipate in the study. The protocol of the study was
approved by the bioethical committees of Moscow
State University and Mental Health Research Center
of the Russian Academy of Medical Sciences and met
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the ethical principles of the World Health Organiza-
tion (Helsinki Declaration) for human research.

The group of patients included subjects diagnosed
with juvenile episodic schizophrenia (F20 in ICD10)
with a disease duration no longer than five years from
the onset of initial symptoms. All patients received
individual medication therapy and were clinically sta-
ble. They were studied at the remission stage or during
the development of remission.

Horizontal eye movements were registered as a
bipolar electrooculogram (EOG). Non-polarizable
electrodes 10 mm in diameter were placed at the outer
border of the eye sockets. Electroencephalogram
(EEG) was registered from 24 cortical areas using the
10—20 system. A joint ear electrode was used as a ref-
erent. The sampling rate was 512 Hz; the signal was fil-
tered at 80 Hz; the time constant for EEG recording
was 1 s; for EOG, 0.5 s.

The subjects sat in a chair with a head support in a
dark chamber. Visual stimuli, white dots 0.2° in diam-
eter, were presented on a black screen 60 cm away from
the eyes of the subject. Five visual stimuli were used:
the central fixing stimulus (CFS) and four peripheral
visual stimuli (PVSs) placed 3° and 7° to the left and
right from the central stimulus on a horizontal line.

To focus the attention of the subjects on the exper-
iment, the self-initiation method was used: the sub-
jects initiated presentation of stimuli by a click on a
PC mouse button with their right hand (Fig. 1). A fix-
ation stimulus lasting for 800—1000 ms appeared in
the center of a monitor 100 ms after the click. The first
peripheral stimulus (PVS1) was presented simulta-
neously with the end of the fixation stimulus; its dura-
tion was 150 ms. In 90% of cases, the first stimulus
appeared 7° to the left or to the right from the fixation
stimulus.

The second peripheral stimulus (PVS2) lasted for
80—120 ms and appeared simultaneously with the end
of the first stimulus in the opposite hemifield 3° from
the CFS (the pulse-overshoot scheme). 600—700 ms
after the end of the second stimulus, it was presented
again for 500—700 ms; then, its brightness was two
times reduced (muting). The duration of the muting
was 600 ms.

The subjects were instructed to press the button of
the mouse with their right hand and look at the central
stimulus. When the consecutive peripheral stimuli
appeared, the subjects should move their gaze to them
as fast as possible (to perform saccades). After the
muting of the second stimuli, the subject was to release
the button of the mouse and look at the center of the
screen. If the subject did not release the button during
the period of muting or released it before muting, the
recordings were excluded from the analysis.

In order to reduce the monotony of the experi-
ment, in 10% of cases, the first stimulus was presented
3° to the left or right of the CFS, and the second stim-
ulus was presented 7° from the CFS in the contralat-
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Fig. 1. The experimental design of the double-step visual
stimuli presentation test. A hatched rectangle shows mut-
ing of the second stimulus after the repeated presentation
of the stimulus. CFS is for central fixation stimulus; PVS,
peripheral visual stimulus.

Saccades

eral hemifield. The responses to these stimuli were not
analyzed.

Each healthy subject was presented with 350 to
500 stimuli; patients were presented with 300 to 400
visual stimuli during a single experiment. The stimuli
appeared in sets of 50 stimuli. Behavioral parameters
of the response (the pattern and the number of mis-
takes) and the latent period of saccades were evalu-
ated.

A CONANm=1.5 integrated system was used to
manage the experimental data, collect, store, and ana-
lyze the results. The search of saccades and calculating
of their latent period were carried out automatically by
the original SACCADE SEARCH software. Saccades
with latent periods of 85 to 400 ms for the first of the
pair of saccades or a single saccade in response to the
second stimuli and 85 to 500 ms for the second saccade
were included in the analysis.

The statistical analysis of the results was carried out
using the STADIA 8.1 software. The relationship
between parameters was evaluated using the two-way
analysis of variance (ANOVA, saccade type x the
number of subjects). The studied factors included the
pattern (two saccades in response to both stimuli of a
single saccade in response to the second stimulus), lat-
erality (rightward or leftward saccade), and group
(healthy subjects or schizophrenia patients). The sig-
nificance of differences between mean values was cal-
culated using the nonparametric Wilcoxon test (W).
Significance of differences between frequencies was
evaluated using the Z test.

The analysis of sex-related effects on the latent
period in healthy subjects was carried out by compar-
ing the mean values of the latent period of saccades in
response to the first visual stimulus in men and
women. No statistically significant differences were
found (198.1 + 3.1 and 196.7 & 3.1 ms respectively, p >
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Fig. 2. Individual parameters of saccadic response pat-
terns: (a) in healthy volunteers S.U., Z.Sh., S.H., I.A., and
1.V,, and (b) in schizophrenia patients G.Z., S.H., V.B.,
N.D., and L.K. N is the number of saccades. White col-
umns show leftward saccades; hatched columns show
rightward saccades. Columns above the X-axis show the
number of two-saccade responses; under the X-axis, the
number of single-saccade responses to the second stimuli
in the contralateral hemifield.

0.05). Therefore, we could compare this group to the
group of patients.

RESULTS AND DISCUSSION

The analysis of the results showed a significant dif-
ference in the number of errors and the pattern of sac-
cadic responses (two saccades to each stimulus or one
saccade to the second stimulus) in healthy subjects and
schizophrenia patients.

Among healthy subjects, only three made practi-
cally no errors such as failure to respond. A significant
difference in number of errors was found between the
schizophrenia patients (30 = 10%) and healthy sub-
jects (17 £ 9%, W= 1394, 12), p = 0.005).

Two-saccade responses to the consecutive stimuli
were found in the schizophrenia patients more often
(72% and 48%, Z = 4.25, Z=4.25, p = 2.2 x 1079,
while healthy subjects responded with single saccades
to the second stimulus more often than the patients
(52% and 28%, Z= —3.47, p = 0.0005). In five schizo-
phrenia patients and two healthy subjects, two-sac-
cade responses to the consecutive stimuli prevailed;
and single saccades appeared in less than 5—10% of
cases. Individual patterns of the saccadic responses are
shown in Fig. 2.

ANOVA showed that the factors “pattern x group”
and “direction x group” affected the latent period of
saccadic responses.

SHULGOVSKIY et al.

In the case of two-saccade responses in schizo-
phrenia patients, the latent period of the first saccade
decreased by 55.2 + 7 ms for leftward saccades (F =
251.4(871),p = 2.8 x 1072") and by 72 + 9 ms for the
rightward saccades (F = 83.87 (602), p = 5.3 x 1071%)
in comparison with healthy subjects (Fig. 3a).

The latent period of single-saccadic responses to
the second stimulus increased in schizophrenia
patients in comparison with healthy subjects (by 129 +
6 ms for the leftward saccades, F = 219 (347),
p=28.78 x 1071%; and by 103 £ 5 ms for the rightward
saccades, F'=0.53 (301), p = 0.606) (Fig. 3b).

In seven healthy subjects, single saccades in
response to the second stimulus had an express latency
(from 85 to 130 ms) in 46% of cases; in the subject
V.D., all single saccades had an express latency
(114.5 £ 0.9 ms). In schizophrenia patients, single
saccades with express latency appeared less often (in
8% of cases in six patients, Z = 10.98, p = 0). The
patients K.Z. and N.D. were an exception, who had
express saccades in 67% of cases (latent period 120 =
1.4 ms). However, in schizophrenia patients, express
latency of the first saccade from a pair of saccades
appeared more often than in healthy subjects (36% of cases
and 9% of cases respectively, Z=6.73, p=1.7 x 10~'1),

The latent period of the response to the second
stimulus increased in comparison with the saccade to
the first stimulus in the case of two-saccade response
in both healthy subjects (F = 57.23 (545), p = 1.26 x
10-'¢ for the leftward saccades; F = 142.6 (675), p =
1.3 x 10~ for the rightward saccades) and schizophre-
nia patients (F = 508.9 (629), p = 3.19 x 102! for the
leftward saccades; F = 26.27 (620), p = 1.288 x 1013
for the rightward saccades). However, in schizophre-
nia patients, this increase was greater than in healthy
subjects (139 + 21 ms and 25 + 7 ms for the leftward
saccades, and 156 = 25 ms and 78 £ 9 ms for the right-
ward saccades, respectively) (Fig. 3c).

The latent periods of a two-saccade response to the
first stimulus and a single-saccadic response to the
second stimulus were different in healthy subjects and
schizophrenia patients: the latent period of a single
saccade in response to the second stimulus was shorter
by 49 £+ 8ms in healthy subjects, and longer by 151 +
5.8 ms in schizophrenia patients than the latent period
of the first saccade of a two-saccade response (F=12.2
(785), p=6.2x 107" and F= 219 (347), p = 8.78 x
10~19, respectively). However in two patients, single
saccades had an express latency in half of cases.

ANOVA showed the significance of the factors
“laterality” x “group” in both healthy subjects and
schizophrenia patients. However, the lateral differ-
ences in the latent period of saccadic responses were
opposite in healthy subjects and patients. In most
healthy subjects, the latent period of leftward saccades
was shorter than of the rightward saccades by 16.4 +
2.4 ms for the first saccade of the two-saccade
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response (F = 15.47 (1296), p = 3.6 x 107'%) and by
13.8 * 3.0 ms for a single-saccade response to the sec-
ond stimulus (F = 12.2 (785), p = 6.2 x 1071%) regard-
less the type of a saccade. In schizophrenia patients,
the latent period of the first saccade of a two-saccade
response to the right decreased by 15.2 £ 2.4 ms (F' =
219 (347), p = 8.78 x 1071%); and the latent period of a
single saccade to the right decreased by 23.8 £ 9 ms
(F=17.2 (145), p = 5.4 x 1077) in comparison with
leftward saccades.

Therefore, this study showed significant differences
in behavioral saccadic responses and their latent peri-
ods between healthy subjects and schizophrenia
patients.

An increase in the number of incorrect saccades in
schizophrenia patients in comparison with healthy
volunteers was previously shown under various exper-
imental conditions and was considered to be a marker
of schizophrenia [16]. The putative cause of this
increase in the number of errors was the frontal cortex
dysfunction in schizophrenia patients, which is well
described in clinical, electrophysiological, and func-
tional magnetic resonance studies [17, 18].

In our study, we found an increase in the number of
two-saccade responses to both stimuli and a decrease
in the number of single-saccadic responses to the sec-
ond stimulus in schizophrenia patients; at the same
time, the latent period of the first saccade of the two-
saccade response decreased in comparison with
healthy subjects.

Previously a decrease in the latent period of the
saccadic response to visual stimuli was found in
schizophrenia patients in comparison with healthy
subjects. Several hypotheses of the mechanism of this
phenomenon were proposed including the impair-
ment of sensory filtration [19], a decrease in the time
of sensory processing [20], intensification of attention
disengagement and deterioration of attention engage-
ment [21], and the impairment of voluntary endoge-
nous attention due to a decrease in the top—down con-
trol from the dorsolateral frontal cortex and weakening
of its hippocampal projections [22].

We suggest that the programming of the first sac-
cade of the two in the double-step paradigm can be
more rapid in schizophrenia patients. The decision-
making phase ends before the presentation of the sec-
ond stimulus, which is necessary for the two-saccade
response according to the hypothesis of Becker and
Jurgens [15].

An increase in the latent period of the first saccade
of the two in comparison with the first saccade was
found in both schizophrenia patients and healthy sub-
jects. This increase was more prominent in patients
than in healthy subjects. We suppose that this phe-
nomenon occurred due to a number of reasons.

First, there is a hypothesis that the programming of
the second saccade in the double-step paradigm
includes the remapping of its retinal vector depending
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Fig. 3. Diagrams of the latent period (LP) distribution
(whisker boxes) of the (a) two-saccade response to the first
stimulus, (b) single-saccade response to the second stimu-
lus, and (c) two-saccade response to the second stimulus.
(1) Leftward saccades in healthy subjects; (2) leftward sac-
cades in schizophrenia patients; (3) rightward saccades in
healthy subjects; (4) rightward saccades in schizophrenia
patients. LP values of all subjects were averaged. Vertical
rectangles show standard deviation values. Horizontal
mark in the center of a rectangle indicates the mean value.

on the information about the sight position, which is
received from the oculomotor structures as an efferent
copy of the motor command of the first saccade (cor-
ollary discharge) [23]. The impairment of reafferent
feedback in the motor system was found in schizo-
phrenia patients [24]. This impairment could also take
place in the oculomotor system and slow down the
programming of the second saccade.
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In addition, in the modification of the double-step
paradigm used in our study, execution of the second
saccade required reorientation of attention from one
visual hemifield to the other, which is difficult for
schizophrenia patients [25]. The mechanism of this
phenomenon is believed to be related to the reduction of
the monoaminergic terminals involved in the control of
selective attention and activation in schizophrenia [26].

We found a decrease in the number of single sac-
cades in schizophrenia patients and a significant
increase in their latent period in comparison with
healthy subjects. In healthy subjects, single saccades
often had express latency, and their latent period was
shorter in comparison with the first saccade. In
patients, on the contrary, a significant increase in the
latent period was found in comparison with the first
saccade in a two-saccade response.

In 1979, Becker and Jurgens found that some
healthy subjects respond with single saccades to the
second stimulus in the double-step test [15]. They sug-
gested that these subjects used a strategy of minimiza-
tion of muscle effort by responding only to the second
stimulus. The strategy of minimization of muscle
effort requires activation of prediction processes
related to the motor attention and the preliminary
selection of the motor program from the memory dur-
ing the pre-stimulus period. The interconnected
regions of the prefrontal cortex, hippocampus, and
basal ganglia are the substrate of these processes. Their
dysfunction is found in schizophrenia patients [27].
Our results showed that this strategy appeared less
often in schizophrenia patients, which could indicate
the impairment of prediction processes in these
patients.

Interesting results were obtained after the analysis
of lateral differences in the latent period of saccades in
healthy subjects and healthy volunteers. In healthy
subjects, all types of saccades were characterized by a
decrease in the latent period of left saccades in com-
parison with right saccades. This lateralization was
found in other experimental paradigms: anti-saccadic,
cost—benefit, and memory-guided saccade paradigms
[28]. These paradigms are characterized by an increase
in spatial attention regulated by the right hemisphere
[29, 30].

Our results provide evidence of an increase in spa-
tial attention in the double-step paradigm in healthy
subjects.

The opposite lateralization of the latent period val-
ues were found in schizophrenia patients: the latent
periods of both the first and the second saccades were
shorter for the rightward saccades than for the leftward
saccades. This could reflect the deficit of spatial atten-
tion in schizophrenia patients. The disengagement of
attention at the right visual hemifield necessary for the
generation of the leftward saccade is known to be dis-
rupted in schizophrenia patients. This phenomenon is
considered to be one of the markers of schizophrenia
[25, 31].
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Another interesting finding was made: express sac-
cades appeared more frequently in healthy subjects in
the case of single-saccade responses to the second
stimulus, and in the schizophrenia patients in the case
of the first saccade of the two. In psychophysiology,
express saccades are considered to be markers of the
attention involvement in the programming of a sac-
cade [8]. The mechanism of express saccades is under
discussion. According to one of the hypotheses, they
have the subcortical origin with the leading role of the
superior colliculus and the involvement of the occipi-
tal cortex [9]. Another hypothesis suggests that this
phenomenon has the cortical and is related to the pre-
diction processes [32] depending on the frontal cortex,
which has direct projections to the brainstem saccadic
generator bypassing the superior colliculus.

Our results lead to conclusion that express saccades
have different origins in schizophrenia patients and
healthy subjects in the double-step paradigm. In
schizophrenia patients, express latency of the saccadic
response to the first stimulus may reflect the activation
of automatic attention involving the superior collicu-
lus. It may depend on the impairment of sensory filtra-
tion [19].

In healthy subjects, express latency of the single-
saccade response to the second stimulus may be
related to the effect of the anticipation during the
motor preparation in a pre-stimulus period. The
brain substrate of this process is the prefrontal cor-
tex [10, 17].

CONCLUSIONS

Experiments with presenting visual stimuli in the
double-step test have shown differences in the
response pattern, number of errors, and distribution of
the latent period values in healthy subjects and schizo-
phrenia patients.

The results of this study provide evidence of the
impairment of the relationship between attention and
decision-making and disruption of prediction in the
saccade programming in schizophrenia patients. Fur-
ther analysis of EEG parameters and topography
related to stimulus presentation or the beginning of
saccadic response in the latent period of the saccade
and during the pre-stimulus period would provide
additional information about neurophysiological
mechanisms of cognitive control of the saccade pro-
gramming in healthy subjects and schizophrenia
patients.
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