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Abstract  Binocular depth inversion represents an illu- 
sion of visual perception. Such an inversion does not oc- 
cur in all cases, especially when objects with a higher de- 
gree of familiarity (e.g. photographs of faces) are dis- 
played. Cognitive factors are assumed to override the 
binocular disparity cues of stereopsis. We tested the hy- 
pothesis that during psychotic and similar states the hu- 
man CNS is unable to correct the implausible perceptual 
hypothesis. Measurements of binocular depth inversion in 
perception of 3D objects were performed in schizophrenic 
patients (n = 13), in patients with alcohol withdrawal (n = 
10), in sleep-deprived medical staff (n = 10) and in 
healthy volunteers (n = 41). The binocular depth inversion 
scores were highly elevated in the patient group and in the 
sleep-deprivated medical staff in comparison with healthy 
volunteers, The data demonstrate that impairment of 
binocular depth inversion reflects a common final path- 
way, characterized by an impairment of adaptive systems 
regulating perception. 
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Introduction 

Symptoms of schizophrenia include hallucinations, delu- 
sions, thought disorder and negative symptoms. Broad- 
bent [1] proposed a model of information processing in 
perception, according to which the data-transmission sys- 
tem has a limited capacity for the amount of information 
which can be transmitted. He hypothesized the existence 
of a "filter", which selects the information flow from the 
sensory input to the "limited capacity channel (p-sys- 
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tern)". This structure is relevant in "focused" or "selec- 
tive" attention [3, 13]. These authors suggested that schiz- 
ophrenic patients suffer from an information overload due 
to a breakdown of selective attention, in which "con- 
sciousness is flooded with an undifferentiated mass of in- 
coming sensory data". One problem in the proposed model 
is that filtering does not yield a simple explanation of hal- 
lucinations, because filter functions regulate sensory in- 
puts only and give no hint as to the mechanisms of en- 
dogenous productions which are experienced during hal- 
lucinations. It is possible that schizophrenic patients are 
aware not only of the externally raised sensory data, but 
also of their internal productions of conceptualizations 
and fantasies. 

According to the current view, perception is not a sin- 
gular process; rather, it is assumed to result from interac- 
tion between different subsystems. Two components of 
the sensory system have to be considered, one "bottom- 
up" component, and an additional "top-down" compo- 
nent, a conceptualization system which describes the 
strategies as to how the bottom-up data sets have to be in- 
terpreted. The results of such interactions between these 
two components are sometimes ambiguous. Alternative 
interpretations may be possible and thus may lead to in- 
ternal conflicts. One possibility is that a decision is exe- 
cuted by the activity of a third component, an "adaptive 
processor". This assumed third component has to perform 
decisions in ambiguous situations. The neurobiological 
realization of such an adaptive control process may be 
performed by a set of association loops between the con- 
ceptualization system and cortical structures. This leads to 
an adjustment of possible contents of perception to actual 
contexts, as well as to memory data regarding experiences 
which were already acquired in the past by the system. 

The complex interaction taking place during the per- 
ceptual process described above leads to the "three-com- 
ponent hypothesis" of the organization of the perceptual 
process: Firstly, the sensory input (i.e. bottom-up compo- 
nent); secondly, the conceptualization (i.e. top-down com- 
ponent); and thirdly, the adaptive component. The "adap- 
tive processors" appear to play a role in the interactionaI 



organization o f  the CNS. They may be functionally re- 
lated to the acquisition o f  new "reality fictions" in the ter- 
minology of  constructivism, e.g. o f  Watzlawick [19], and 
an impairment of  such adaptive systems may be plausible 
explanation for the disintegrative and reality-impairing 
properties of  psychotic disorders [5]. 

The interaction between the three above-ment ioned 
components  is assumed to be responsible for a biologi- 
cally significant and senseful internal representation of  
the external world during perception. The question arises 
as to which "equil ibrium" is disturbed during psychosis  
between these three components  [4, 5]. 

The human visual system has several sources o f  infor- 
mation for recovering 3D shape f rom 2D images. Various 
perceptual cues for 3D shape are used by humans, such as 
binocular vision, intraocular rivalry, motion parallax, tex- 
ture gradients, contour lines and lighting direction. 
Wheatstone [21] first identified a source of  information 
used by human vision to obtain a 3D shape, the binocular  
disparity. It relies on the horizontal retinal disparity be- 
tween the images o f  an object projected on the two reti- 
nas. 

The understanding of  different cues had led to a con- 
siderable corpus of  knowledge  about how individual cues 
signal 3D shape. More recently, the interest has turned to 
the interactions between different cues. The question of  
how different cues may  actually be used in a consistent 
way, when the human visual system is inspecting 3D ob- 
jects, in which multiple cues are available, is still an unan- 
swered question. 

In 1852 Wheatstone [22] reported that when the dis- 
parity of  objects is reversed by interchanging the view of  
the left and right eye ("pseudoscopy") ,  apparent depth is 
also reversed. When  pictures are placed in a stereoscope 
so that an impression of  depth is given, such depth is in- 
verted when the two pictures are reversed from left to 
right and vice versa. 

In 1981 Yellot [24] demonstrated that stereoscopic vi- 
sual experience is the result of  a process in which the 
brain tests hypotheses about the 3D shape o f  objects 
against the evidence provided from their retinal represen- 
tations. 

Binocular  depth inversion does not occur  under all 
conditions with hol low 3D objects. Especially when pho- 
tographs of  faces are displayed, such inversion does not 
occur. They show either essential normal  depth or lack of  
all depth when they are viewed pseudoscopically. 

For  many years it has been generally assuemd that cog- 
nitive influences counteract the perception of  the improb- 
able shapes and depth relations produced by pseudoscopy 
of  natural objects. The resistance to reversal o f  depth has 
been attributed to famililarity with the shape o f  objects 
and the presence o f  monocular  depth cues. 

Only Van den Enden and Spekreijse [17] assumed that 
cognit ion is not a relevant factor in the resistance to depth 
inversion when the left- and right-eye views are inter- 
changed. They  postulate that texture disparity is the main 
factor in resistance to the reversal o f  depth. Visual illu- 
sions have already been used in investigations on psy- 
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chopathology and abnormalities in schizophrenic patients. 
In this study only natural images were used. The most  ob- 
vious uncertainty which arises f rom the use of  synthetic 
images is the possibility that these images lack some of  
the cues exploited by human observers when inspecting 
natural scenes. 

The current hypothesis was that the "equilibrium" be- 
tween the three above-ment ioned perceptual components  
may be disturbed during psychosis  and propsychotic  
states, resulting in an impairment o f  binocular depth in- 
version. 

Method 

This hypothesis was tested on schizophrenic patients during alco- 
hol withdrwal and on sleep-deprived medical staff using a model 
which has been described previously [6]. 

Thirteen schizophrenic patients (aged 21-52 years; 8 females 
and 5 males) and 20 healthy volunteers (aged 20-48 years; 13 fe- 
males and 7 males) as a control group participated in the study. 
The control group was recruited from hospital medical staff or sub- 
jects who responded to a local newspaper advertisement. Subjects 
were asked about intake of psychopharmacological medication and 
their history of psychiatric problems, and were excluded from the 
study if there was a positive response. The patients had received a 
diagnosis of schizophrenia according to DSM-IV and ICD-10 cri- 
teria. Mean scores on the Brief Psychiatric Rating Scale (BPRS) 
were 39. The schizophrenic patients had consecutively admitted 
been to the psychiatric unit at Medical School, Hannover, and had 
vivid productive symptoms (auditory hallucinations, acute delu- 
sions, e.g. depersonalization and derealization experience, etc.) ac- 
cording to the Positive and Negative Syndrome Scale (PANSS). 

In addition, 10 patients with alcohol withdrawal (aged 31-48 
years; 4 females and 6 males) and 11 healthy volunteers (aged 22- 
35 years; 7 females and 4 males) participated in the study, com- 
pleting the same experimental procedure. The healthy volunteers 
were without any psychopharmacological treatment and without 
any psychiatric history. The patients were tested with the CIWA- 
Ar scale [16]. This is a ten-item scale for clinical quantification of 
the severity of the alcohol withdrawal syndrome. Only patients 
with a low score (< 10), and without auditory, visual and tactile 
hallucinations were included in the study. The patients with a con- 
current withdrawal from other drugs, e.g. benzodiazepines, or a 
history of psychotic disorders were excluded. When starting the in- 
vestigation the patients were not receiving pharmacological treat- 
ment. 

Additionally, sleep-deprived medical staff (aged 23-48 years; 
2 males and 8 females) and 10 healthy volunteers (aged 23-36 
years; 2 males and 8 females) took part in the study. Both groups 
were without any pharmacological treatment. Exclusion criteria in- 
cluded past or present psychiatric illness, concomitant use of drugs 
or alcohol, greater caffeine consumption than one cup of coffee or 
tea per night and naps during the night. 

The medical staff were instructed to take a normal night of 
sleep before the study and not to sleep during the day before the 
period of sleep deprivation. The experiment started at 20:00 be- 
fore the medical staff commenced work. The next moruing at 6 : 
30, after 1 night without sleep, a second experiment was per- 
formed. One week later a third experiment was completed. 

Ten healthy volunteers served as controls, experiencing a sim- 
ilar experimental procedure, but without any sleep deprivation and 
without any work at night. They had normal sleep of approxi- 
mately 9 h during the study and did not consume caffeine, alcohol 
or any medications. 

The following technique was used: different stereoscopic slides 
were displayed in random order by a device with two slide-projec- 
tors using cross-oriented linearly polarized light, and glasses with 
con'esponding filters for the patients and the healthy volunteers. 
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Before starting the investigation, stereopsis was tested using the 
TNO test for stereoscopic vision (Lameris, Utrecht) and had to 
amount to at least 60 s of arc in each object. Pseudoscopy was in- 
duced by exchanging the slides in the slide projectors from right to o o 
left, and vice versa. Every slide set was displayed for 30 s. As a 
control paradigm to exclude response bias effects, slide sets were 
displayed either reversed from left to right, and vice versa, or not E 
reversed in random order. Only slides with different natural ira- "6 
ages were used (e.g. faces, houses, flowers). All subjects under- 
went a physical examination before starting the investigation and 
gave their informed consent prior to their inclusion in the study. o Patients and volunteers described their visual experience during o 
pseudoscopic projection by the following procedure: Score 1 was ~- 
constituted from the data from four slides of objects exhibiting a .o 
high degree of familiarity (e.g. house, teddy mask, garden chair, 
human face). A description of three criteria within every slide was c> 
given which characterized binocular depth perception of special 
parts of the object (i.e. description of depth perception of, for ex- 
ample, nose, eyes, cheeks, roof, etc.). A maximal score of two 
points was reached on every slide if the three criteria were fulfilled 
within 30 s. 

A similar procedure was used to constitute score 2 (i.e. brush- 
wood, flowers), in which semantically less relevant objects with a 
lower degree of familiarity were visualized. In score 1 a maximum 
of 8 points (100%), and in score 2 a maximum of 4 points (100%), 
could be attained. 

Results 

The results  concern ing  the schizophrenic  pat ients  are 
shown in Fig.  1. Score  1 (pictures with a high degree  of  fa- 
mi l ia r i ty)  was h igh ly  e leva ted  in p roduc t ive  pat ients  
(68.7%) in compar i son  with hea l thy  volunteers  (8.7%), 
and the di f ference was s tat is t ical ly h igh ly  s ignif icant  (P < 
0.001; Mann-Whi tney  test, two-tailed).  In score 2 (pictures 
wi th  a lower  degree  o f  famil iar i ty)  the results  were  analo-  
gous,  but  the dif ferences  were  less p ronounced  (P < 0.05). 

The results  referr ing to the pat ients  wi th  an a lcohol  
wi thdrawal  are shown in Fig.  2. The  average  scores  o f  the 
pat ients  with a lcohol  wi thdrawal  were  h ighly  e leva ted  in 
compar i son  with  heal thy volunteers  (P < 0.05; Mann-  
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Fig. 2 Inversion score in patients with a mild alcohol withdrawal 
and normal controls (scores 1 and 2) 
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Fig.3 Inversion score in sleep-deprived medical staff and normal 
controls (scores 1 and 2) 
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Fig. 1 Inversion score in schizophrenic patients and normal con- 
trols, presenting pictures with a high degree of familiarity (score 1) 
and with a lower degree of familiartiy (score 2) 

Whi tne y  test, two-ta i led) .  W h e n  visual  informat ion  was 
d i sp layed  to the correct  eye,  there were no s ignif icant  dif-  
ferences be tween  the score of  the pat ients  and the con- 
trols.  These  results  ref lect  the reduced  b inocular  depth  in- 
vers ion  of  pat ients  with a lcohol  wi thdrawal .  

The  results  of  the s leep-depr ived  med ica l  staff  are 
shown in Fig.  3. There  were  no s ignif icant  di f ferences  be- 
tween the medica l  staff  and hea l thy  volunteers  before  
s leep depr ivat ion .  Af te r  the first n ight  wi thout  sleep, the 
average  score of  the medica l  staff  was h ighly  e levated in 
compar i son  with  other  heal thy volunteers  (P < 0.05, 
M a n n - W h i t n e y  Test, two-tai led) .  Af te r  rest ing 7 days  the 
di f ferences  be tween  the med ica l  staff  and heal thy volun-  
teers were  d imin i shed  and no s tat is t ical ly s ignif icant  dif- 
ferences  be tween  the two groups remained.  



Discussion 

Visual illusions have already been used in investigations 
into psychopathology and abnormalities of perception in 
schizophrenic patients. The advantage of testing binocular 
depth inversion is that it allows for an evaluation of the 
function of an adaptive ,,correcting" system, which is de- 
pendent in its activity on the semantic properties of the vi- 
sualized objects. These inversion-inducing properties of 
3D complex accustomed objects have to be further inves- 
tigated using quantitative methods, and such a research 
program has been started [4]. The results strongly support 
the view that endogenous productive psychoses are due to 
a disorganization in the interaction between generation of 
perceptual hypotheses, the sensory data and their plausi- 
bility control. 

Malenka et al. [12] and Frith and Done [7] found that 
schizophrenic patients failed to make rapid error correc- 
tions when immediate visual feedback about their re- 
sponses was not available. The suggestions of Malenka 
[12] Frith and Done [7] and Huxley [11], are in line with 
our concept insofar as it is assumed that internal correct- 
ing and adaptive systems are deficient or in imbalance in 
relation to the generation of concepts during a psychotic 
status [7, 8]. 

Endogenous schizophrenic disorders preferentially are 
characterized by auditory, and only rarely by visual, hal- 
lucinations, whereas the assumed adaptive correcting sys- 
tem, demonstrated in our results, refers to the visual sys- 
tem. A possible explanation is that in productive psy- 
chosis a great number of different adaptive systems may 
simultaneously be impaired by the disease process. 

Alcohol withdrawal as well as prolonged sleep depri- 
vation can precipitate psychotic symptomatology [ 10, 20]. 
Also, the data from the patients with alcohol withdrawal, 
after sleep deprivation, and cannabis intake [6], show a re- 
markable impairment of binocular depth inversion. 

Thus, the binocular-depth-inversion test could possibly 
be a relatively sensitive test of psychotogenic compounds 
and of the psychotropic activity of psychedelic drugs as 
well as of the presence of an organic psychotic state. From 
this viewpoint the binocular depth inversion is expected to 
represent not a diagnostic test of the disorder "schizophre- 
nia", but to monitor a final pathway which is character- 
ized by an impairment of systems regulating perception. 

A possible interpretation of the system deficiency in 
this final pathway is an imbalance between overactive 
conceptualizing and relatively insufficient adaptive sys- 
tems. The vulnerability of the system is assumed to be a 
consequence of this latent imbalance, which manifests 
when a challenging experience induces an increase in the 
activity of the conceptualizing system. The impairment of 
binocular depth inversion seems to reflect a common final 
pathway of "psychosis" and does not reflect pathogenetic 
features. The advantage of testing binocular depth inver- 
sion is that it allows to monitor a final pathway, which is 
characterized by an impairment of sensual adaptive sys- 
tems regulating perception control. 
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Perception is not a singular process. It is assumed to 
result from the interaction of different subsystems. Two 
main components have to be taken into account, the bot- 
tom-up component and a top-down component. However, 
the visual system cannot be characterized generally by 
simple dichotomies such as bottom-up vs top down. It ap- 
pears that different mechanisms are available to this sys- 
tem [181. 

The concept of the present paper is at odds with the 
"filter-deficiency" model of Chapman and Chapman [3], 
based on Broadbent's [1] explanation of selective atten- 
tion by a filtered information flow through a channel with 
limited capacity. Such a neurochemical "filter model" has 
been proposed by Carlsson [2]. According to this model 
dopamine-modulated cortico-thalamo-cortical feedback 
loops are impaired in schizophrenic patients. He assumes 
that the cortico-striato-thalamic loop represents a "thala- 
mic filter" which is controlled by dopaminergic pathway, 
and that an increased dopaminergic tone would increase 
the information load on the cerebral cortex and cause 
arousal. Therefore, an antidopaminergic drug would in- 
crease the filter function, and thus improve selective at- 
tention in psychotic patients. 

However, as already mentioned, such a model could 
explain productive symptoms of the perceptual system 
only if an additional filter defect would also relate to a 
control of internal conceptualizations. The model, pre- 
sented herein, attributes the basic disturbance to an insuf- 
ficiency of an adaptive system. 

The question is: In which way may such a system be 
realized. The hippocampus seems to control the process- 
ing of sensory input consolidation, storage, retrieval and 
regulation with motivational influences into complex cor- 
tical functions during the development of an acquired be- 
haviour [9, 15]. Hippocampal structures play an important 
part in generation of predictions about plausible sensory 
inputs from the outer world and in comparing these pre- 
dictions with actual inputs. The system functions as a 
"comparator" [9]. Additionally, the hippocampal struc- 
tures are proposed to act as a high-capacity-memory 
buffer. 

Mumford [14] assumed that thalamocortical feedback 
loops are associated with conceptualizing and hippocam- 
pal structures are important concerning control of sen- 
sow-input plausibility. Investigations of patients who suf- 
fer from acute temporal-lobe lesions with such binocular 
depth inversion illusion experiments have just been 
started and seem to be supportive of our concept. Due to 
the small database, no definitive conclusions can be 
reached presently. 
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