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Abstract Impaired perceptual inference has been sug-

gested to be at the core of positive symptoms in schizo-

phrenia. Apparent motion (AM) is a visual illusion in

which perceptual inference gives rise to the experience of a

single object moving back and forth when two spatially

separated objects are flashed in alternation. Here, we

investigated the strength of AM perception in patients with

paranoid schizophrenia. Patients were less susceptible to

the illusion as indicated by a lower probability of motion

perception at the individual’s optimal presentation fre-

quency for AM. In addition, the probability of AM per-

ception was inversely related to delusional conviction in

the patient group. These results suggest that schizophrenia

may be associated with a reduced susceptibility to visual

phenomena that commonly rely on perceptual inference.

Keywords Paranoid schizophrenia � Apparent motion �
Visual illusion � Perceptual inference

Introduction

There is substantial agreement that our perception is

shaped by contextual information and stored patterns of

previous sensory experiences [1–6]. A failure in such a

perceptual inference mechanism has been suggested to be

at the core of positive symptoms in schizophrenia [7–9].

According to these theories, patients rely more on bottom-

up, stimulus-driven information rather than on top-down,

conceptually driven strategies [10, 11]. As a result, sensory

inputs that would otherwise be effortlessly interpreted by

the brain are pieced together without reference to an

expected model [12, 13]. While this altered mechanism

may promote creative interpretations that are driven by

data rather than theory, the attempt to cope with unusual

perceptual experiences resulting from such impaired per-

ceptual inference is thought to give rise to delusional

explanations.

A striking example of how top-down expectations

influence our perception is that of apparent motion (AM)

[14]. In AM, the problem posed by the rapid alternating

appearance and disappearance of two stationary stimuli

separated by some distance is normally interpreted by the

brain as one single moving object [15]. The subjective

perception of AM depends on the presentation frequency of

the stationary stimuli, with the percept changing from

sequential alternation to smooth movement (AM) and

finally to two simultaneous flickering dots as the alterna-

tion rate of the stimuli increases [16]. In the optimal fre-

quency range, the illusion of motion is thought to occur

through a top-down inferential process, which makes the
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sequential appearance of the two blinking dots appear as

smooth displacement.

It is the disparity between stimulus configuration and

perception that makes the AM phenomenon suitable to

investigations of perceptual inference accounts of delu-

sions. Here, we adopted the method of constant stimuli

[17], a method in which different levels of a certain

property of the stimulus are presented randomly, to assess

the individual’s optimal presentation frequency for AM

perception, and compared the strength of the illusion (i.e.,

the probability of reporting a motion percept at the optimal

presentation frequency) between groups. Our hypothesis

was that impaired perceptual inference in patients with

schizophrenia would be reflected by a reduced strength of

AM perception and that this impairment would be related

to the degree of delusional psychopathology. Because

altered perceptual inference has been proposed as a key

mechanism specifically for the formation of delusions [7],

we focused on the paranoid subtype of schizophrenia in the

present study.

Method

Participants

Thirty-four patients who fulfilled the International Classi-

fication of Disease (ICD-10, World Health Organization)

criteria for paranoid schizophrenia were recruited at the

Charité University Hospital, Campus Charité Mitte. Except

for three unmedicated patients, all were on stable doses of

atypical antipsychotic medication. The chlorpromazine-

equivalent doses of medications and clinical characteristics

of these patients are summarized in Table 1. Thirty-four

healthy subjects matched for age and gender served as

controls. The Structured Clinical Interview for DSM-IV

Axis I Disorders (SCID-I) was used to rule out current or

past psychiatric disorders in the control group. We used the

Positive and Negative Syndrome Scale (PANSS) [18] for

quantitative assessment of symptom severity in schizo-

phrenia patients. Furthermore, we obtained a measure of

delusional ideation in both groups using the Peters Delu-

sion Inventory (PDI) [19], a 21-item self-report question-

naire specifically designed to quantify delusional ideation.

Each item is answered with yes or no, and, if endorsed,

three subscales are rated: distress, preoccupation, and

conviction (subscale scores range from 1 to 5). A total

score is computed by summing all items. Higher scores

reflect greater delusion-proneness. The PDI provides a

more specific assessment of delusional experiences than

the PANSS (an instrument in which delusions are quanti-

fied in only one of the 7 items of the positive scale). Par-

ticipants also underwent the d2 test of attention [20] and

the Edinburgh handedness inventory to assess hand pref-

erence [21]. Except for six patients and three healthy

control subjects, all participants completed the German

vocabulary test to measure verbal IQ [22] (see Table 1).

All subjects had normal or corrected-to-normal vision.

Exclusion criteria for both groups were benzodiazepine

intake within 15 h before the experiment, illicit substance

Table 1 Sample characteristics

Patients Controls Test statistics with two-tailed p values

Age (years) 35 (11) 34.6 (12) t = 0.147, n.s.

Gender (m:f) 21:13 21:13 v2 = 0.000, n.s.

Verbal IQ score 99.3 (10.9) 104.9 (9.6) t = -2.050, p = 0.045

Education (years) 15.3 (4.3) 15.2 (3.6) t = 0.106, n.s.

Edinburgh handedness inventory (laterality index) 57.6 (58.1) 75.5 (47.87) t = -1.388, n.s.

d2-composite performance scores 139.8 (39.4) 179.9 (38.5) t = -4.152, p B 0.001

Peters delusion inventory (PDI)

Distress 22.5 (14) 10 (8) t = 4.493, p B 0.001

Preoccupation 21 (11.2) 10.6 (7.4) t = 4.461, p B 0.001

Conviction 23.7 (10.3) 14.1 (7.9) t = 4.249, p B 0.001

Total score 9.7 (3.8) 5.1 (2.6) t = 5.662, p B 0.001

Illness duration (years) 9.1 (6.6)

Chlorpromazine-equivalent (mg/day) 540.7 (440.7)

PANSS

Positive symptoms 18.1 (5.5)

Negative symptoms 21.5 (7.1)

General symptoms 35.7 (11.6)

Total score 75.3 (21.2)

Values are given as the mean (SD); n.s. non-significant
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use in the 3 days prior to the test, and neurological

comorbid diagnoses. All participants gave written informed

consent before participation in the study, which was

approved by an accredited Medical Ethics Review Com-

mittee (METC). Subjects received credit points or financial

compensation for their participation. Thirty-one patients

and thirty-one healthy subjects that took part in this

experiment also participated in a related study that we

reported in a separate paper [23].

Stimuli

The stimuli were generated using MATLAB software (ver-

sion 2009a, http://www.mathworks.com/) and Cogent2000

toolbox (http://www.vislab.ucl.ac.uk/cogent.php) and pre-

sented on a CRT computer monitor (1,024 9 768 resolution,

75-Hz refresh rate, gray background). A white fixation cross

(1.2 9 1.2 degrees of visual angle) was always displayed at

the center. The stimuli consisted of white squares

(2.35� 9 2.35�) flashed 7.72� to the right of the fixation cross

at two fixed positions with a vertical separation of 16.45�. The

squares alternated between the two positions at ten different

presentation frequencies. Each stimulus was presented for

333.3, 240.0, 186.7, 146.7, 106.7, 80.0, 66.7, 53.3, 40.0, or

26.7 ms, with an inter-stimulus interval (ISI) of the same

duration, resulting in a presentation frequency of 0.75, 1.04,

1.34, 1.7, 2.34, 3.12, 3.75, 4.69, 6.25, or 9.37 Hz, respec-

tively. Depending on the presentation frequency, these

stimuli yielded the perception of either sequential alternation

between the two stimulus locations, of a square moving up

and down (AM), or of two simultaneously flickering squares.

Procedure

Participants were seated in front of the screen in a darkened

room (48 cm viewing distance) and were asked to fixate

the fixation cross throughout the entire duration of the

experiment. Eye movements were recorded using a remote

video eye-tracking system to control for fixation (Cam-

bridge research System, 250-Hz sampling rate). At the

beginning of each trial, the fixation cross was displayed

alone for 0.2 s, and then AM stimuli were presented for

2.5 s. Subjects were asked to report whether they perceived

the square as moving smoothly back and forth (‘‘motion’’)

or not (‘‘sequential alternation’’ or ‘‘flicker’’) by pressing

specified keys on the keyboard. Each presentation fre-

quency was presented 20 times in a randomized order. The

probability of reporting a motion percept, that is, the pro-

portion of ‘‘motion’’ responses, was determined for each

presentation frequency. The optimal presentation fre-

quency was defined as the presentation frequency that

yielded the highest proportion of ‘‘motion’’ responses or, in

case of two or more frequencies yielding the maximum

probability of AM perception, as the average between these

frequencies. The strength of AM percept was defined as the

probability of reporting a motion percept at the individual

optimal presentation frequency. We calculated eye gaze

fixation rates as the percentage of time in which the par-

ticipant fixated his/her gaze within the region correspond-

ing to a circle of 2� radius on the center of the screen.

Statistics

Sample characteristics and gaze fixation rates were compared

by means of independent samples t-tests (for continuous

variables) and v2 test (for the categorical variable gender).

We used repeated-measures analyses of variance (ANOVA)

and independent samples t test to assess group differences in

AM perception. In the presence of group differences, we

performed additional correlation analyses on the variables

that differed significantly between groups (see ‘‘Results’’). As

these additional analyses were exploratory in nature, no

correction for multiple testing was applied. Where appro-

priate, degrees of freedom were corrected using Greenhouse-

Geisser estimates of sphericity. All analyses were conducted

using the software SPSS 17.0 (Statistical Package for Social

Sciences, http://www-01.ibm.com/software/analytics/spss/).

Results

Sample characteristics

The groups did not differ significantly in gender, handed-

ness, and age (see Table 1). Patients had a slightly lower

mean verbal IQ than healthy control subjects, but did not

differ in years of education, indicating equivalent levels of

premorbid IQ. As expected, PDI scores were significantly

higher in the patient group, reflecting the high level of

delusional ideation in schizophrenia patients.

Gaze fixation

Fixation rates, i.e., the percentage of eye positions inside a

circle of 2� radius on the center of the screen, did not differ

between groups (patients: l = 84.4 %, SD = 28.3; con-

trols: 84.4 %, SD = 29.2; t = -0.002, n.s.).

AM perception

First, we tested whether AM perception differed between

groups across all presentation frequencies (see Fig. 1a). A two-

way ANOVA with the factors group and presentation fre-

quency revealed a main effect of frequency (F(9,594) =19.4,

p B 0.001, g2 = 0.227), but no main effect of group

(F(1,66) = 1.9, p = 0.176, g2 = 0.028) nor group x
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presentation frequency interaction (F(9,594) = 1.6, p = 0.19,

g2 = 0.024). Since inter-individual variability relating to

optimal presentation frequency for AM may hamper the sen-

sitivity of such an analysis, we subsequently analyzed the

strength of AM perception at each individual’s optimal pre-

sentation frequency. Importantly, the identification of the

optimal presentation frequency in each individual is indepen-

dent of the comparison of group means and does not impose

any systematic bias on the analysis. While healthy control

participants reported AM perception in the majority of trials at

their optimal presentation frequency, the corresponding pro-

portion of trials with reported AM perception was substantially

lower in patients with paranoid schizophrenia (t = -2.841

p = 0.006, two-tailed t test, see Fig. 1b). This indicates that the

illusion was less compelling in the patient group. Finally, we

examined the individual optimal presentation frequency for

AM perception. There was no significant difference in the

optimal presentation frequency for AM perception between

groups (patients: l = 2.88, SD = 1.75; controls: l = 3.6,

SD = 2.04; t = -1.572, p = 0.121). In other words, we did

not find any evidence for between-group differences in the

relationship between presentation frequency and susceptibility

to the AM illusion.

Correlational analyses

To explore the relationship between psychopathology and

AM perception, we tested for correlations of clinical

symptoms with the strength of the AM percept at each

individual’s optimal frequency in the patient group.

PANSS was used as a measure of general, positive, and

negative symptom severity, and PDI more specifically

assessed delusional ideation. There was no significant

correlation of PANSS subscores or total score, or of the

total PDI score with the strength of AM percept. Interest-

ingly, however, AM percept strength was negatively cor-

related with PDI conviction subscale (r = -0.382,

p = 0.028, see Fig. 1c), suggesting that the strength of the

illusion decreases as delusional belief conviction increases

in the patient group. To rule out unspecific effects of

intelligence, attention problems, and medication, we also

tested for correlations of the AM percept strength with the

WST-IQ score, the d2-test composite index, and chlor-

promazine-equivalents, respectively. No significant corre-

lations were found (all p [ 0.1).

Discussion

The aim of this study was to investigate perceptual infer-

ence in patients with paranoid schizophrenia. We assessed

patient’s susceptibility to AM, a visual illusion that is

thought to arise from the inferential nature of perception.

Our results reveal a reduced probability of AM perception

at the individual’s optimal presentation frequency in

patients with schizophrenia and reflect a weakened sus-

ceptibility to the illusion. In accordance with our hypoth-

esis, the strength of the AM percept was inversely related

to the PDI conviction score in the patient group, suggesting

that delusional belief conviction increases with poorer

perceptual inference.

Patients were less prone to integrate the rapid alternating

appearance and disappearance of two AM stimuli into the

percept of one single moving object. This is in line with

previous reports of misinterpretation of percepts in risk of

schizophrenia-spectrum disorders [24] and impaired per-

ceptual organization in schizophrenia [25–28]. Patients

have been shown to be less susceptible to forms of visual

contextual modulation, whereby the perception of a center

stimulus is influenced by the presence of a surround [27,

29, 30], as well as to the hollow-mask illusion, a phe-

nomenon in which the percept of an implausible inverted

face is replaced by that of a coherent visual object [10, 31].

While these previous findings are in line with our current

data in that they show a reduced susceptibility of schizo-

phrenia patients to perceptual illusions, investigations of

the Müller-Lyer illusion, another example of context-

induced misperception, have yielded mixed results. Some

Fig. 1 a Group psychometric curves: % AM perception as a function of presentation frequency, b AM percept strength (%) in each group, c correlation

between PDI conviction score and AM percept strength (%) in the patient group. Error bars indicate ±1 SEM, the asterisk indicate p \ 0.01
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studies showed decreased susceptibility to this illusion [32–

34], whereas others found either no alteration or even

increased susceptibility [32, 35], possibly due to the het-

erogeneity of patient samples included in these studies

[36]. Overall, our findings extend previous evidence for

altered contextual modulation and object processing in

schizophrenia. Together, the evidence suggests a reduced

ability to apply top-down processing in order to interpret

sensory stimuli and may imply a general alteration of

perceptual inference in schizophrenia.

Consistent with an early investigation of AM perception

in patients with paranoid schizophrenia [37], we did not

find a difference in the optimal frequency range for AM

perception between groups. The lack of group difference in

the optimal stimulation parameters for the illusion places

our finding of weaker AM perception in paranoid schizo-

phrenia at the level of perceptual judgment. That patients

were less likely to perceive AM stimuli as moving supports

the argument that delusions are related to an increased

confidence in actual perceptual inputs and a weakening of

top-down inference (for a review of Bayesian concepts of

psychosis, see Corlett et al. [38]). The correlation between

the strength of the illusion and the conviction score of the

PDI scale that we found in the patient group corroborates

this interpretation. Using an objective target detection task,

we have recently demonstrated that patients with paranoid

schizophrenia are able to predict the spatiotemporal posi-

tion of visual events along the illusory AM trace [23]. In

light of this previous finding, patients’ reduced subjective

AM perception indicates a failure to integrate top-down

predictions into a compelling motion percept.

Nevertheless, early investigations of AM perception in

schizophrenia reported a lower threshold for the breakdown

of AM (i.e., the presentation frequency at which subjects

stop perceiving motion) in patients with acute, chronic, and

undifferentiated schizophrenia [37, 39, 40]. These reports

point to a different stimulation frequency range for AM

perception in other schizophrenia subtypes. Taking into

account the changes in the diagnostic criteria that have

taken place since the aforementioned studies, it would be

interesting to investigate the frequency range as well as the

strength of this illusion in other schizophrenia subtypes.

One shortcoming of this study is that the majority of

patients were medicated at the time of testing. Saucer et al.

[41] have shown that antipsychotic treatment raises the

threshold for AM breakdown. Hence, medication may have

masked group differences in the optimal presentation fre-

quency for AM perception in our study. Although we

cannot rule out the possibility that drug treatment con-

tributed to the observed decrease in patients’ susceptibility

to AM, the results of the study by Saucer et al. (1959)

suggest that an effect of medication would have improved

AM perception in the patient group. Thus, if anything, we

would expect group differences between unmedicated

patients and controls to be larger than those observed in

this study. Furthermore, since we found no correlation

between maximum AM percept and chlorpromazine-

equivalent doses in our sample, it is unlikely that medi-

cation could underlie our results. People with schizophre-

nia have been shown to be more resistant to a visual

illusion triggered by an attentional cue [42]. While we do

not directly address whether deficient motion perception in

the patient group reflects a more general stimulus classifi-

cation/target detection deficit [43], our attention measure

(d2 test scores) infers that the reduced strength of AM

perception in patients cannot be easily attributed to general

attention deficits. No correlation was observed between

attention scores and a patients’ probability of reporting a

motion percept at their individual optimal presentation

frequency.

Although we cannot make any strong conclusions

regarding neural mechanisms on the basis of our behavioral

findings, it seems likely that patients’ decreased suscepti-

bility to AM results either from a dysfunction in early visual

inputs or in the recurrent processing between the human

motion complex (hMT/V5) and the primary visual cortex

(V1), the two visual areas that have been implicated in AM

perception [44–46]. In fact, motion-processing deficits in

schizophrenia [47–50] have previously been related to

suboptimal neural processing of motion signals [51]. Not-

withstanding, it has been demonstrated that conscious per-

ception is associated with an increase in activity not only at

the sensory level, but also within the fronto-parietal net-

work [52]. Of interest, Lencer et. al. have recently reported

altered transfer of visual motion information to parietal

association cortex in untreated patients suffering their first-

episode psychosis [53]. Therefore, one could also speculate

that reduced subjective AM perception in patients with

paranoid schizophrenia might result from inefficient inter-

actions between fronto-parietal regions and lower-order

visual areas. This account would be in agreement with

previous reports of widespread cortical deficit [54], abnor-

mal integration of functional brain networks [55–64], and

decreased influence from the fronto-parietal areas on visual

perception in patients with schizophrenia [65–68].

Conclusion

In conclusion, our data indicate that patients with paranoid

schizophrenia are less susceptible to AM and that the

probability of perceiving the illusion decreases with

increasing delusional belief conviction. These results sug-

gest that schizophrenia may be associated with a reduced

susceptibility to visual phenomena that commonly rely on

perceptual inference.
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