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aBSTRACT

INTRODUCTION

Understanding the cognitive basis for schizophrenia 
has been challenging because it is characterized by a 
wide array of aberrations. One of the major difficulties 
in understanding the nature of deficits exhibited in 
schizophrenia emanates from the fact that sufficient 
research literature e.g., see[1] reflects that the deficits 
observed can be dissociable in terms of psychological 
and neural pathophysiology. Yet this pathophysiological 

dissociation does little in achieving an understanding 
of this disorder.[2] Nonetheless, it has been postulated 
that the wide-ranging pattern of cognitive aberrations 
in schizophrenia could potentially be narrowed down 
to a set of “core” deficits. The significant cross-task 
correlation[3] within the “context-sensitive” conditions 
of several cognitive tasks seem to support the theory 
that schizophrenia is characterized by “an impairment 
in using representations of context” to govern 
appropriate behavior.[4]

Disparate lines of evidence suggest that a primary 
function of the hippocampus is to bind previously 
experienced item and context information to construct 
detailed item-in-context memories.[5,6] Hippocampal 
formation and medial temporal lobe (MTL) see[7] 
have been proposed to be critically involved in the 
pathogenesis of schizophrenia.[7,8] Hippocampus 
figures prominently in meta-analyses of brain 

Hippocampal deficits are an established feature of schizophrenia and are complementary with recent evidences of marked 
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from the seminal works of O’Keefe and Nadel (1978) that led to the development of cognitive map theory of hippocampal 
function. In this review, we summarize emerging evidences and issues that indicate that “Cognitive mapping deficits” 
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abnormalities associated with schizophrenia[9-12] and 
pathophysiological theories of schizophrenia.[13-16] 
In this review, we focus our attention to the deficits 
in context representation with specific emphasis on 
egocentricity-allocentricity (which explains both 
visuospatial frame of reference[17,18] and social frame of 
reference),[19,20] their relation to the hippocampus and 
the resultant dysfunction that is manifested at several 
levels as features of schizophrenia.

Current models of visuospatial abilities (encompassing 
constructs like navigation, spatial learning and 
spatial memory) are explained by two perspectives 
of visual space: Allocentric (object or environment 
centered) reference and egocentric (self-centered or 
body-centered) reference. The visual space is thus 
delineated into egocentric and allocentric frames 
of references. Egocentrism is the ability to see the 
world from one’s own perspective and allocentrism 
is the capacity to experience the world from a non-
egocentric/environment or object-centered point of 
view. Observations from lesion studies and single 
unit recordings in animals and humans, as well as 
from functional imaging studies in humans e.g.,[21-25]  
have established the role of hippocampal and 
parahippocampal cortices in mediating allocentric 
abilities. Further, learning allocentric i.e., object – 
location associations has been particularly related 
to hippocampal function across species. [26-29] 
Hippocampal and parahippocampal activation occurs 
during the computation of spatial body positions, 
complex geometric scenes, or 3-dimensional (3D) 
navigation.[30,31] These evidences yield conclusive 
indications confirming the critical role for the 
hippocampus in cognitive mapping as discussed 
below.

The cognitive map theory was developed from 
the seminal works of O’Keefe and Nadel and 
was published in their book “Hippocampus as a 
cognitive map.” As per this postulate, “hippocampus 
represents the environments, locations within those 
environments and their contents and thus mediates 
spatial memory processes and flexible navigation.”[32] 
This model posits that, in humans, spatial maps are 
built in the right hippocampus whereas semantic maps 
are located in the left hippocampus. The former is 
responsible for encoding spatial relationships, while 
the latter provides semantic links and structure 
for comprehension and production of discourse. 
Evidences from the study of patients with amnesia 
support this theory.[33] Furthermore, one or both 
hippocampi integrate temporal information derived 
from the frontal lobes, this allows to timestamp each 
individual visit to a location and provides the basis 
for a spatio-temporal contextual or episodic memory 

system. Hippocampus also mediates “declarative 
memory”[34] and “flexible relational memory”[35] 
in humans and some animals. Most importantly, 
the cognitive map theory states that hippocampus 
specifically supports allocentric processing of space; 
while egocentric processing, the conceptual polar 
opposite of allocentric cognition, is supported by the 
parietal neocortex.[32] Conclusively, based on research 
evidences, the hippocampus has been hypothesized 
as essential to construction and storage of spatial 
information in the form of allocentric spatial cognitive 
maps;[36] declarative (explicit information) rather 
than procedural (implicit information) memory;[37] 
and disambiguation of the relations between stimuli 
that combine to form unique representations during 
the encoding and recall of information.[38-40] All 
of these hypotheses predict a spatial impairment 
after hippocampal damage.[41] This also implies 
that accurate mental representations are invariably 
dependent on adequate hippocampal function. In 
summary, this discussion implies hippocampal role 
in visual and spatial encoding, representation, recall, 
manipulation, memory and learning. In this article, 
attempting to expand on the original proposition 
of “The cognitive mapping theory” as proposed by 
O'Keefe and Nadel, we intend to summarize the 
observations to support the view that cognitive 
mapping deficits (hippocampal dysfunction and 
associated allocentric deficits) are among the critical 
contributors to schizophrenia disease process; more 
importantly, these deficits can be linked with certain 
important clinical manifestations of this disorder. To 
emphasize this, we have reviewed the contributions 
of the hippocampus and associated structures in this 
regard. Furthermore, we have illustrated the utility of 
allocentric and egocentric concepts (subsumed under 
the broader framework of our proposed cognitive 
mapping theory implicating hippocampal function) 
of understanding visuospatial and social frames 
of reference in explaining symptomatic expressions of 
schizophrenia by recent research findings.

COGNITIVE MAPPING DEFICITS 
IN SCHIZOPHRENIA

Studies that have evaluated egocentric/allocentric 
cognitive functions in schizophrenia are summarized 
in Table 1. Several paradigms are widely employed 
in the investigation of visuospatial representation 
(with specific focus on assessment of egocentricity-
a l locent r i c i ty )  among  both  pa t i ent s  w i th 
schizophrenia and normal controls [Table 1]. In the 
following sections, we have attempted to relate these 
observations with the clinical manifestations of the 
schizophrenia.
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Table 1: Studies that have evaluated egocentric/allocentric cognitive functions in schizophrenia*
Authors, year and article Methodology Results Conclusions
Landgraf S, Amado I, Purkhart 
R, Ries J, Olié JP, van der 
Meer E. (2011). Visuo-spatial 
cognition in schizophrenia: 
Confirmation of a preference 
for local information 
processing. Schizophrenia 
Research 127; 163-170

Participants: 24 stabilized 
schizophrenia patients and 25 
healthy, matched controls
Mental mirroring task. Task difficulty 
was manipulated while stimulus 
surface structures were maintained 
unchanged. Information processing 
was assessed by recording eye 
movements

SZ were slower than C in the 
easiest condition but they made 
more errors than C in the more 
difficult conditions. SZ did not 
adapt their average fixation 
duration to task demands resulting 
in longer fixation duration in 
the easiest condition and shorter 
fixation duration in the most 
difficult condition compared to C

SZ patients employ local information 
processing even when it is maladaptive 
for task demands. That is, patients do 
not adapt their fixation duration to task 
demands implicating (i) a preference for 
scanning local stimuli features and  
(ii) information processing inflexibility. 
These features need to be taken into 
account when evaluating visuo-spatial 
cognitive performance in schizophrenia

Landgraf S, Krebs MO, Olié 
JP, Committeri G, van der 
Meer E, Berthoz A, Amado I. 
(2010). Real world referencing 
and schizophrenia: Are we 
experiencing the same reality? 
Neuropsychologia 48;  
2922-2930

Participants: Schizophrenia patients, 
chronic=24 and normal controls=25
Virtual environment: Participants 
had to make a decision as to which 
of two trash cans was closest to 
themselves (viewer-centered, 
egocentric), to a ball (object-
centered, unstable allocentric), or to 
a palace (landmark-centered, stable 
allocentric). Reaction time, error 
rate, learning rate and local task 
switch cost

In patients: Egocentric reaction 
time preserved; increased RT 
in both allocentric referencing 
conditions (stable and unstable) 
and overall increased error rate. 
Switch cost was diminished in 
patients when changing from 
the egocentric to the landmark-
centered condition and elevated 
when changing from the landmark-
centered to the egocentric 
condition

In schizophrenia patients adoption of 
an egocentric perspective is preserved; 
adopting an allocentric point of view 
and switching between egocentric and 
landmark-centered perspectives are 
impaired
Perturbations in non-egocentric referencing 
and transferring efficiently between 
different referential systems might 
contribute to altered personal and social 
world comprehension in schizophrenia

Thakkar KN, Park S. (2010). 
Empathy, schizotypy and 
visuo-spatial transformations. 
Cogn Neuropsychiatry. 15(5): 
477-500

Participants: Schizotypy patients=32 
(16 women)
Visuospatial perspective-taking task 
and mental letter rotation task
RT and accuracy were analyzed in 
relation to dimensions of self-
reported empathy, indexed using 
the interpersonal reactivity index 
and schizotypy, as measured by the 
schizotypal personality questionnaire

Greater cognitive and affective 
empathy associated with 
reduced negative schizotypy; 
In men, greater cognitive 
empathy associated with reduced 
positive schizotypy; improved 
accuracy for imagined self–other 
transformations in the perspective-
taking task was associated with 
greater self-reported cognitive 
empathy in women and higher 
positive schizotypy across genders; 
faster mental letter rotation was 
associated with reduced cognitive 
empathy and increased negative 
schizotypy in women

The findings partially support the 
commonalities in visuospatial 
transformation ability, empathy and 
schizotypy and posit an interesting link 
between spatial manipulations of our 
internal representations and interactions 
with the physical world

Thakkar KN, Park S. (2010). 
Impaired passive maintenance 
and spared manipulation of 
internal representations in 
patients with schizophrenia. 
Schizophrenia Bulletin

Participants: Schizophrenia 
patients=520 and normal 
controls=519
Examining components of WM 
using a spatial DRT to measure 
maintenance processes and 2 mental 
rotation tasks (allocentric and 
egocentric) with no delay period 
or restriction on encoding time to 
measure manipulation processes

Consistent with previous findings, 
patients were impaired on the 
spatial DRT. However, patients 
performed equally well on the 
egocentric mental rotation task and 
were more accurate than controls 
on the allocentric mental rotation 
task as the required degree of 
rotation increased

These results indicated impaired 
maintenance and spared manipulation 
of representations in WM and suggest a 
pocket of cognitive function that might be 
enhanced in SZ

Girard TA, Christensen BK, 
Rizvi S. (2010). Visual-
spatial episodic memory in 
schizophrenia: a multiple 
systems framework. 
Neuropsychology Vol. 24, 
No. 3, 368-378

Participants: Schizophrenia 
patients=30, healthy controls=30
Using the bin task, a human analog 
of rodent maze tasks, everyday 
objects were hidden in visually 
identical bins. Following a 1 min 
filled delay, participants were asked 
to identify both the object hidden and 
bin used on the basis of its spatial 
location. Three dimensions of visual-
spatial memory were contrasted: 
(a) Memory for spatial locations 
versus memory for objects, (b) 
allocentric (viewpoint independent) 
versus egocentric (body-centered) 
spatial representations and (c) event 
(working) memory versus reference 
memory

Most pronounced was a 
differential deficit in memory for 
spatial locations under allocentric 
but not egocentric viewing 
conditions in the schizophrenia 
group relative to healthy controls. 
Similarly, schizophrenia-related 
spatial memory deficits were 
pronounced under demands for 
event memory but not reference 
memory

These results support a heuristic of 
preferential deficits in hippocampal-
mediated forms of memory in 
schizophrenia. Moreover, the task 
provides a useful paradigm for 
translational research and the pattern 
of deficits suggests that persons with 
schizophrenia may benefit from 
mnemonic approaches favoring 
egocentric representations and 
consistency when interacting with our 
visual– spatial world

(Continued)
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Table 1: (Continued)
Authors, year and article Methodology Results Conclusions
Straube B, Green A, Chatterjee 
A, Kircher T. (2010). 
Encoding social interactions: 
The neural correlates of true 
and false memories. Journal of 
Cognitive Neuroscience X:Y, 
pp. 1-19

Participants: 18 healthy males; 
during fMRI data acquisition, 
participants watched video clips 
of an actor speaking and gesturing 
directly toward them (egocentric 
context) or toward an unseen third 
person (allocentric context). After 
scanning, a recognition task gauged 
participants’ ability to recognize the 
sentences they had just seen and 
to recall the context in which the 
sentences had been spoken

No differences between the 
recognition of sentences spoken 
in egocentric and allocentric 
contexts. However, when 
participants were asked about 
the communication context 
(“Had the actor directly spoken 
to you”?), tended to believe 
falsely that the actor had 
directly spoken to them during 
allocentric conditions. Greater 
activity in the hippocampus 
was related to correct context 
memory, whereas the ventral 
ACC was activated for 
subsequent inaccurate context 
memory. For the interaction 
between encoding context and 
context memory, we observed 
increased activation for 
egocentric remembered items in 
the bilateral and medial frontal 
cortex, the BG and the left 
parietal and temporal lobe

Memories of social interactions are biased 
to be remembered egocentrically
Self-referential encoding processes 
reflected in increased frontal activation and 
decreased hippocampal activation might be 
the basis of correct item but false context 
memory of social interactions

Villatte M, Monestès 
JL, McHugh L, Freixa i 
Baqué E, Loas G. (2010). 
Adopting the perspective of 
another in belief attribution: 
Contribution of relational 
frame theory to the 
understanding of impairments 
in schizophrenia. J. Behav. 
Ther. and Exp. Psychiat. 41 
125-134

Participants: Non-clinical social 
anhedonia participants=30; 
schizophrenia patients=15
A task consisting of attributing a 
belief to another or to the self was 
employed

In comparison to two control 
groups, both experimental 
groups showed significant poorer 
performance when adopting the 
perspective of another

These results constitute important 
indications to target specific relational 
repertoires when attempting to remediate 
impairments in mental states attribution 
linked to schizophrenia

Folley BS, Astur R, 
Jagannathan K, Calhoun 
VD, Pearlson GD. (2010). 
Anomalous neural circuit 
function in schizophrenia 
during a VMWT. NeuroImage 
49 (2010) 3373-3384

Participants: Schizophrenia 
patients=34 and normal controls=28 
fMRI scanning during a block design 
VMWT using hidden and visible 
platform conditions. Independent 
components analysis was used to 
deconstruct neural contributions 
to hidden and visible platform 
conditions for patients and controls. 
We also examined performance 
variables, voxel-based morphometry 
and hippocampal subparcellation and 
regional bold variation

Patients exhibited impaired 
performance on the hidden and 
visible conditions of the task, 
related to negative symptom 
severity. While controls showed 
coupling between neural circuits, 
regional neuroanatomy and 
behavior, patients activated 
different task-related neural 
circuits, not associated with 
appropriate regional neuroanatomy. 
GLM analysis elucidated several 
comparable regions, with the 
exception of the hippocampus. 
Independent component analysis 
identified five neural circuits. 
Mesial temporal lobe regions, 
including the hippocampus, were 
consistently task-related across 
conditions and groups

Frontal, striatal and parietal circuits were 
recruited preferentially during the visible 
condition for patients, while frontal 
and temporal lobe regions were more 
saliently recruited by controls during 
the hidden platform condition. Gray 
matter concentrations and bold signal in 
hippocampal subregions were associated 
with task performance in controls but not 
patients
Inefficient allocentric learning and memory 
in patients may be related to an inability to 
recruit appropriate task-dependent neural 
circuits

Weniger G, Irle E. (2008). 
Allocentric memory impaired 
and egocentric memory intact 
as assessed by virtual reality 
in recent-onset schizophrenia. 
schizophrenia research 101 
(2008) 201-209

Participants: Schizophrenia 
patients=25 subjects with recent-
onset; normal controls=25
Two virtual reality tasks affording 
the navigation and learning of a 
virtual park (allocentric memory) 
and a virtual maze (egocentric 
memory)

Schizophrenia subjects-
significantly impaired in 
learning the virtual park 
(allocentric memory). However, 
schizophrenia subjects were 
as able as control subjects to 
learn the virtual maze. Stronger 
disorganized symptoms of 
schizophrenia subjects were 
significantly related to more 
errors on the virtual maze 
(egocentric memory)

Egocentric spatial learning adds to the 
many other implicit cognitive skills 
being largely preserved in schizophrenia. 
Possibly, the more global neural network 
supporting egocentric spatial learning 
is less affected than the declarative 
hippocampal memory system in early 
stages of schizophrenia and may offer 
opportunities for compensation in the 
presence of focal deficits
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Table 1: (Continued)
Authors, year and article Methodology Results Conclusions
Halari R, Mehrotra R, 
Sharma T, Ng V, Kumari 
V. (2006). Cognitive 
impairment but preservation 
of sexual dimorphism in 
cognitive abilities in chronic 
schizophrenia. Psychiatry 
Research 141, 129-139

Participants: Schizophrenia-Men 
(n=22) and women (n=21) and 
healthy controls men- (n=21) and 
women (n=21)
The cognitive battery comprising 
tests of spatial (mental rotation, 
computerized version of the Benton 
judgment of line orientation) and 
verbal abilities (phonological and 
semantic fluency)

A series of multivariate analyses 
showed that the patient group 
performed worse than controls on 
all the cognitive tasks. Cognitive 
sexual dimorphism on all spatial 
tasks favoring men and verbal tasks 
favoring women remained. Within 
the patient sample, correlational 
data demonstrated that earlier age 
at onset of illness related to poorer 
spatial performance

Normal sexual dimorphism is undisturbed 
on both spatial and verbal tasks by the 
schizophrenia disease process

Sorkin A, Weinshall D, 
Modai I, Peled A. (2006). 
Improving the accuracy of the 
diagnosis of schizophrenia by 
means of virtual reality. Am J 
Psychiatry; 163:512-520

Participants: Schizophrenic 
patients=39 and healthy controls=21
Computerized navigation virtual 
maze task used to study sensory 
integration within working memory. 
The simulated journey consisted 
of a series of rooms, each of which 
included three doors. Each door 
was characterized by three features 
(color, shape and sound) and a single 
combination of features – the door-
opening rule – was correct. Subjects 
had to learn the rule and use it. The 
participants were
Subject performance profile: Error 
scores, response time, navigation 
ability and strategy

A classification procedure based 
on the subjects’ performance 
profile correctly predicted 85% 
of the schizophrenic patients (and 
all of the comparison subjects). 
Several performance variables 
showed significant correlations 
with scores on a standard 
diagnostic measure (positive 
and negative syndrome scale), 
suggesting potential use of these 
measurements for the diagnosis 
of schizophrenia. On the other 
hand, the patients did not show 
unusual repetition of response 
despite stimulus cessation (called 
“perseveration” in classical 
studies of schizophrenia), which 
is a common symptom of the 
disease. This deficit appeared only 
when the subjects did not receive 
proper explanation of the task

The ability to study multimodal 
performance simultaneously by using 
virtual reality technology opens new 
possibilities for the diagnosis of 
schizophrenia with objective procedures

Hanlon FM, Weisend MP, 
Hamilton DA, Jones AP, 
Thoma RJ, Huang M, Martin 
K, Yeo RA, Miller GA, Cañive 
JM. (2006). Impairment on 
the hippocampal-dependent 
VMWT in schizophrenia. 
Schizophrenia Research 87; 
67-80

Participants: 44 male subjects; 
Schizophrenia patients=22; normal 
controls=22
Two versions of the VMWT: A 
hippocampal-dependent hidden-
platform version, relying on 
allocentric navigational abilities 
and a non-hippocampal-dependent 
visible-platform version, relying on 
cued-navigational abilities

Patients traveled further and took 
longer to find the hidden platform 
(the hippocampal dependent 
version that relies on allocentric 
navigational abilities) over training 
blocks and spent less time in the 
correct quadrant during a probe 
trial. There was no deficit in the 
visible-platform condition

These findings identify a behavioral 
impairment on a hippocampal-dependent 
task in schizophrenia and support using 
the MWT in testing animal models of 
schizophrenia

De Vignemont F, Zalla T, 
Posada A, Louvegnez A, 
Koenig O, Georgieff N, Franck 
N. (2006). Mental rotation in 
schizophrenia. Consciousness 
and Cognition 15; 295-309

Participants: Schizophrenia 
patients=13 (males=12; female=1) 
On antipsychotic medication; normal 
controls=13
Computerized administration of 
Birmingham Object Recognition 
Battery (6 tests)
Clinical interview: SAPS and SANS

In schizophrenic patients, reaction 
time varied as a function of the 
angular disparity of the stimuli. 
They were significantly slower and 
less accurate. Interestingly, patients 
suffering from hallucinations made 
significantly more errors than  
non-hallucinatory patients

These latter results in terms of deficit 
of the forward model. We emphasized 
the necessity to distinguish different 
levels of action, more or less impaired in 
schizophrenia

Langdon R, Coltheart M. 
(2001). Visual perspective-
taking and schizotypy: 
Evidence for a simulation-
based account of mentalizing 
in normal adults. Cognition 
82, 1-26

Participants: Normal controls=40; 
males-14; females=26 (psychology 
students, age 18-49 years)
Visual perspective tasks: Item 
questions (asking locations of array-
features) and appearance questions 
(asking how an array appears 
from another perspective) were 
presented with both viewer-rotation 
instructions (asking subjects to 
imagine moving themselves relative 
to an array) and array-rotation 
instructions (asking subjects to 
imagine rotating an array relative to 
their fixed viewpoint)
Schizotypal personality questionnaire

Evidence of disturbed visual 
perspective-taking in normal adults 
with higher score on schizotypy 
and who are known to be relatively 
poor mentalizers
High-schizotypal adults and low-
schizotypal adults did not differ in 
their ability to judge item questions
High-schizotypal adults performed 
more poorly than low-schizotypal 
adults in judging appearance 
questions under viewer-rotation 
instructions and performed better 
than low-schizotypal adults in 
judging appearance questions 
under array-rotation instructions

Poor mentalizing in normal adults is 
better understood as an impairment of 
perspective-taking (visual and/or cognitive)
Introducing the concept of allocentric 
simulation to explain the functional basis 
of this perspective-taking impairment

(Continued)
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Table 1: (Continued)
Authors, year and article Methodology Results Conclusions
Langdon R, Coltheart M, Ward 
PB, Catts SV. (2001). Visual 
and cognitive perspective-
taking impairments in 
schizophrenia: A failure 
of allocentric simulation? 
Cognitive Neuropsychiatry, 
6:4, 241-269

Participants: Schizophrenia 
patients-32 (2 inpatients and 30 
out-patients) and healthy controls-24 
mature-age psychology students
Visual perspective tasks: Item 
questions (asking locations of array-
features) and appearance questions 
(asking how an array appears 
from another perspective) were 
presented with both viewer-rotation 
instructions (asking subjects to 
imagine moving themselves relative 
to an array) and array-rotation 
instructions (asking subjects to 
imagine rotating an array relative to 
their fixed viewpoint)
Clinical interview: SAPS and SANS

This study tested that prediction by 
investigating visual perspective-
taking in patients and healthy 
controls, known to differ in 
mentalizing ability. Patients 
performed as well as controls 
on item questions (regardless 
of instruction) and appearance 
questions under array-rotation 
instructions, patients made more 
egocentric errors than controls 
judging appearance questions 
under viewer-rotation instructions

Evidences count against traditional theory-
of-mind accounts and suggest instead 
that poor mentalizing in schizophrenia 
is better understood as an impairment of 
perspective-taking

RT – Reaction time; DRT – Delayed response task; WM – Working memory; VMWT – Virtual Morris water task; GLM - General linear model;  
SAPS – Scale for assessment of positive symptoms; SANS – Scale for assessment of negative symptoms; ACC – Anterior cingulate cortex;  
BG – Basal ganglia; *Summaries of the abstracts of these research publications

Deficits in source monitoring and clinical 
symptomatology
One crucial cognitive deficit in schizophrenia patients 
could be their inability to monitor their own actions[42,43] 
and differentiating between imagination and  
reality.[44,45] Several studies report a general impairment 
of action monitoring in schizophrenia patients.[42,43,46,47] 
Evidences suggest that errors of source memory, free 
recall and recognition are positively correlated with 
positive symptoms and inversely correlated with 
negative symptoms reflecting emotional and social 
deficits.[48] Additional support towards this paradigm for 
understanding the pathogenetic basis for hallucinations 
in schizophrenia comes from literature on “source 
monitoring,” which refers to the ability to remember 
the origin of information.[49] Positive symptoms such 
as hallucinations may thus be interpreted as a deficit of 
self-monitoring associated with a kind of over-activity 
of mental imagery: Patients’ inner life is particularly 
intense and vivid and the patients are unable to 
realize that their mental images come from themselves 
rather from the external world.[50,51] This function is 
impaired in patients with schizophrenia and underlies 
several positive[52,53] and negative symptoms see.[48] It 
has been proposed that episodic memory and source 
monitoring are closely interlinked so much so that brain 
structures implicated in the former (for the encoding 
process, storage and retrieval of memory trace) are 
also associated with the latter[54] vouching for a central 
role of the hippocampus in the entire process. Further, 
source monitoring has been shown to be associated with 
hippocampal activation (in storage of source memory,[55] 
correct retrieval of source information[56] and external 
source monitoring i.e., identifying and remembering 
external sources-persons from whom information is 
acquired).[57]

The three-component model-the binding of the 
item and context model[58,59] – is in tune with these 
observations and this model postulates that different 
functions are performed by the sub-structures of the 
hippocampal system. The perirhinal cortex processes 
item information, the parahippocampal cortex processes 
context information and the hippocampus binds the 
item and the context. This has been partially supported 
by recent evidences. The perirhinal cortex is indeed 
related to the processing of status (i.e., familiar or 
novel) of item information and the hippocampus 
associated to the retrieval of the relationship between 
items and their sources. However, it is probable that 
the hippocampus plays roles in both the recognition 
processes.[57] Furthermore, recent evidences implicate 
sub-regions within MTL,[57] pre-frontal cortex (PFC) 
and posterior cortex in representing and/or processing 
source features see[60] for details. Taken together, these 
evidences indicate that source monitoring deficits are 
the outcome of a hippocampal dysfunction-binding 
failure between the item and its respective context. 
Further this deficit in source monitoring mediates 
positive and negative symptoms of schizophrenia.

Delusions and hallucinations
Perception[61] and memory[62] are substantially 
constructive and our perception and recollections 
are strongly influenced by our prior experiences and 
expectancies. Our memories are subject to experience-
dependent biases[63] and are highly mutable by  
nature.[64,65] This can be explained by the discrepancy-
attribution hypothesis.[66,67] Both true and false 
familiarities are experienced when a comparison 
between expectations and outcomes within a processing 
episode elicits a surprise or prediction error. This 
motivates the person to seek an explanation, attributing 
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the surprise to some plausible source in the current 
environment or to similar features in the past.[68] This 
kind of processing errors seems to involve aberrant 
perceptions (representation of context and/or content 
of one’s environment) and/or attributions (meta-
representations) mediated by declarative memory 
system (semantic and episodic). These processes 
seem to explain reality alteration underlying positive 
symptoms of schizophrenia, such as hallucinations 
and delusions, which involve gross alterations in the 
experience of reality. It is also conceived that the drive 
to explain away odd experiences, in schizophrenia 
and related conditions, can result in delusion  
formation.[69,70] This then sculpts and vitiates future 
experiences and attributions.[71-73] Recent studies 
have demonstrated an association between illusory 
memories, perceptual aberrations and odd beliefs.[68] 
Structural abnormality in hippocampus (reduction in 
the dentate gyrus) has been reported to increase the 
prevalence of illusory pattern completion and reduce 
discrimination between present and past events as 
stored in memory.[16] Evidences indicate inappropriate 
engagement of the right PFC (pre-frontal cortex) in 
mediating false memory formation, odd perceptions and 
unusual beliefs by signaling inappropriate mismatches 
between expectancy and experience which engage new 
learning.[74] Such interactions among neural networks 
leads to the formation of novel associations, which 
may have adaptive advantages,[75,76] but in its extreme 
form, hyperactivity of such associations ultimately 
leads to psychotic symptoms.[68] Furthermore, role 
of the hippocampus in new learning and real time 
association formations hippocampal damage results in 
the inability to recall recent events; for models see;[77] 
the hippocampus as a possible mediator of accessing 
previously stored rigid scene information to permit 
its flexible engagement[78] and construction of mental 
images[79] lends it a more central role in mediating 
aberrant associations, which manifest as positive 
symptoms of delusions and hallucinations.

Deficits in context processing
The processing of stimuli in a spatiotemporal context 
is dependent on the hippocampus. The hippocampus 
is implicated in conjunctive coding of stimulus 
features.[80,81] This includes conjunctions between 
object identity and position[82-84] and temporal 
conjunctions.[85,86] Context processing deficits in 
schizophrenia are manifested as severe context 
insensitivity, associated with impairments in choosing 
subordinate over dominant responses based on context 
cues, high false alarm rates in object recognition and 
deficient retrieval of context information in source 
monitoring.[87] These deficits could be resulting from 
reduced connectivity in parahippocampal regions, 
leading to the formation of abnormal episodic 

representations, with poor binding of the object 
and spatial features and a predominance of object 
information, at the expense of spatial information. 
This bias causes the object cues to tend to override the 
context cues, which place only weak constraints on MTL 
processing. In addition, the poorly integrated entorhinal 
representations result in reduced retrieval during use 
of the paradigms that strongly draw on links between 
the different aspects of an episode, for instance source 
monitoring and free recall.[87,88] Further the reduced 
entorhinohippocampal connectivity leads to increased 
representational overlap in the system. This implies that 
some patterns are not stored in a distinctive episodic 
representation and cannot be retrieved at all. On the 
other hand, increased overlap enhances formation of 
so-called spurious attractors: Strong patterns-connected 
to many inputs and outputs. Such patterns may get 
inappropriately activated; especially in paradigms that 
enhance formation of overlapping representations 
through the presentation of similar stimuli (e.g., source 
monitoring).[87] It has been suggested that context 
processing and episodic memory share same underlying 
binding deficit.[87] Space and time allow us to determine 
“when and where” of our recent memories and are thus 
crucial to episodic memory formation. Recent study 
suggests hippocampal activation in both spatial and 
temporal order processing, at least in the context of 
navigation while parahippocampal and PFC, play largely 
distinct roles in spatial and temporal order processing, 
respectively.[89] Taken together, these evidences support 
the role of hippocampal system in binding deficits that 
lead to faulty context processing and construing of 
false memories or aberrant episodic memory snippets; 
signifying a deficiency probably explainable by cognitive 
mapping theory of hippocampal function.

Impairments of social cognition: False memory, 
empathy and theory of mind
Human relationships are contingent on the memories 
of social interactions. Nonverbal cues (such as gesture, 
body orientation and eye gaze) are essential in social 
situations: They allow an individual to recognize 
that he or she is being directly addressed e.g.,[90] and 
consequently define the egocentric or allocentric 
context in which communication occurs. The ability to 
recall if a past conversation occurred in an egocentric 
or allocentric context is undoubtedly important for 
maintaining interpersonal relationships and information 
about the neural processes responsible for encoding the 
context of a social communication are inadequate. Past 
research indicates that left inferior frontal, posterior 
temporal, premotor and hippocampal brain regions are 
involved in creating memories of speech and gesture 
communication.[91] False recognition is a phenomenon 
whereby people sometimes believe they recognize things 
that they have never actually encountered, for example, 
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confusing a stranger with an old acquaintance. This 
often occurs in everyday situations. It has been reported 
that memories of social interactions are egocentrically 
biased. Further at the neural level, activations of specific 
cortical and hippocampal regions during encoding have 
been reflective of accurate and inaccurate recollections 
of social contextual information. Activity in the right 
hippocampus was associated with successful encoding of 
speech, gesture and their social context. This supports 
the hippocampal theories of relational associative 
memories.[92] Though these findings come from studies 
on healthy participants and specific studies probing 
false recognition or false contextual memories of social 
interactions have not been reported for schizophrenia 
patients; yet it is quite conceivable that pronounced 
allocentric deficits[93] together with hippocampal 
abnormalities could be contributing to the outstanding 
deficits in encoding social contexts and forming false 
memories of social interactions among schizophrenia 
patients.

A major aspect of “Empathy” involves adopting 
psychological perspective of another person and is 
related to the ability of taking another person’s visuo-
spatial perspective. Some studies have reported the 
role of visuospatial abilities in cognitive and affective 
empathy in schizotypy and schizophrenia patients.[94,95]  
Lower self-reported cognitive, but not affective, 
empathy has been reported in individuals diagnosed 
with schizophrenia[95] and impaired theory of mind 
has been extensively documented in patients with 
schizophrenia see[96] for review. These deficits co-
occur in schizophrenia and are mediated through 
shared neural pathways; as in, there is evidence for 
parietal cortex and the temporoparietal junction 
being involved in both empathy and visuospatial 
processing.[97-99] Many studies have reported both 
reduced empathy[95,96,100,101] and subtle differences in 
spatial attention[102-106] and visuospatial transformation 
ability[107,108] in schizophrenia patients and among 
those found high in schizophrenia-like traits. These 
findings thus indicate that visuospatial representational 
deficits (in all probability involving hippocampal 
dysfunction) interfere with social representation and 
social perspective taking that are subsumed under 
empathy.

Theory of mind refers to the ability to attribute 
mental states like beliefs, intents, desires, knowledge, 
pretension, etc., to self and to others.[109] According to 
Langdon et al.[93] and Langdon and Coltheart[112], “theory 
of mind” impairments in mental states attribution in 
schizophrenia spectrum disorders are due to inefficient 
abilities to reconstruct another first-person experience 
(allocentric simulation). A study done by Langdon 
et al.[93,112] found that ability to take another person’s 

perspective is impaired in schizophrenia patients. In 
relational frame theory terms, the ability to respond 
in accordance with the deictic frame of I-YOU would 
be impaired when additional relational responding is 
necessitated by the inclusion of the IF-THEN frame 
(i.e., “If I were you then I would believe that”). Several 
studies have demonstrated that schizophrenia patients 
perform less accurate than controls when required to 
reverse the frame of I-YOU (attribution of belief to 
another) and/or to respond in accordance with the 
frame of logical note (attribution of a false-belief).[110] 
These growing literature on mental states attribution in 
schizophrenia shows that patients with schizophrenia 
present a deficit in attributing false-belief.[96,111] It also 
supports the idea that these patients have an important 
disability of adopting another’s point of view.[93] It 
has been shown that hippocampus mediates errors in 
construction of mental images[79] and may thus reflect 
inefficient abilities to reconstruct another first-person 
experience (allocentric simulation) underlying deficits 
of false-belief attribution.

Some studies have reported disturbed visuo-spatial 
perspective taking in normal adults with high scores 
on self-reported measures of schizotypy.[112] Since 
schizotypy refers to the personality traits that are 
related to symptoms of schizophrenia and imply a latent 
liability for the disorder,[94] such results are insightful. 
Those high on schizotypy are poor mentalizers, hence it 
is highly suggestive that poor mentalizing among normal 
adults may be better conceived as an impairment of 
perspective taking (visual and/or cognitive).[112]

Disorganizat ion symptoms and excessive 
egocentricity processing in schizophrenia
Differential symptom picture of schizophrenia is 
associated with varying visuo-spatial performance 
profile among patients. Schizophrenia subjects with 
stronger disorganization symptoms have been found 
to perform poorly on egocentric processing tasks 
than their counterparts with lesser disorganization 
symptom.[94,113] Thakkar and Park[94] reported that 
greater accuracy on the perspective-taking task in the 
condition that required a self–other transformation 
was associated with increased positive syndrome 
schizotypy, suggesting that those individuals who tend 
to have anomalous cognitive and perceptual experiences 
are better at inhibiting their own perspective. 
Enhanced egocentric manipulations may be just as 
problematic as an inability to imagine another person’s 
viewpoint and either way lead to reduced empathic 
understanding. This data when taken together with 
evidences supporting allocentric deficit hypothesis of 
schizophrenia[93] indicate that-in general, schizophrenia 
patients demonstrate allocentric deficits; but those 
with pronounced cognitive and perceptual processing 



Bose, et al.: Cognitive mapping deficits in schizophrenia: A critical overview

Indian Journal of Psychological Medicine | Jan - Mar 2014 | Vol 36 | Issue 1	 17

deficits are further impaired on mental representation. 
They may demonstrate lesser deficits on allocentric 
perspective taking task, but their corresponding poorer 
performance on cognitive empathy indicates more 
deteriorated mental representations of complex (like 
social) environments.

SYNTHESIZING THE COGNITIVE 
MAPPING DEFICITS IN SCHIZOPHRENIA

Several studies have reported that allocentric processing 
is impaired, but egocentric processing is preserved 
among schizophrenia patients.[113,114] Allocentric 
simulation hypothesis posits that pathological 
referencing in schizophrenia results from the difficulty 
in adopting a world-centered – inter-subjective –
reference frame. In reiterating this hypothesis, 
experimental data has shown intact reaction time 
(RT) and learning rate during egocentric referencing 
among patients with schizophrenia. Interestingly, this 
study further reported “a certain improvement in RT 
associated with task progression in the stable allocentric 
(landmark-centered) condition in patients; though 
the correlation between RT and set did not reach 
statistical significance.”[114] This partially preserved 
stable allocentric (landmark-centered) task related RT 
improvement in patients could reflect the possibility 
that the egocentric and stable allocentric (landmark-
centered) conditions reinforce structural representations 
of a stable body position or a stable environment 
respectively and are thus relatively preserved. The RT 
during unstable allocentric (object-centered) referencing 
that depends on the transient intrinsic nature of the 
object the ball always changes its position in the task 
used by[114] thus shows no improvement over time. This 
evidence seems to support the notion that “task-specific 
mechanisms prominently contribute to visuospatial 
cognitive dysfunctions in schizophrenia.”[115] Further 
another recent study demonstrated that the posterior 
superior parietal cortex/precuneus play an important 
role in allocentric representation while the hippocampus 
and interactions between the hippocampus and these 
parietal areas, are important for flexible utilization of 
these representations[78] implicating a more central role 
of the hippocampus in mediating allocentric processing. 
However it should be noted that parietal neocortex has 
been implicated in egocentric processing. Egocentric 
and allocentric process have been found to demonstrate 
an enormous amount of overlap of underlying neural 
circuits.[116-119]

In their translational study, Girard et al.[121] examined 
allocentric and egocentric memory for spatial locations 
and recent event memory (EM) and reference memory 
(RM) among schizophrenia patients using the Virtual 

water morris task employed in animal models (rats). 
RM refers to information that is important and 
invariant across several problems, like general task 
rules and procedures, whereas recent EM refers to 
a flexible and dynamic memory for context-specific 
information unique to trials within task problems like in 
delayed-(non) matching tasks. Schizophrenia patients 
demonstrated pronounced allocentric memory deficits 
for spatial location and RM; and egocentric memory 
for spatial location and recent EM were relatively 
preserved. These findings were consistent with previous 
research studies.[113] Somewhat weaker but consistent 
differences reported between EM versus RM deficit 
in schizophrenia patients are that cognitive mapping 
theories of hippocampal function may be more relevant 
than EM-RM distinctions among humans.[120] The 
associative memory deficit in schizophrenia is also 
consistent with hippocampus mediated impairment. 
These findings bridge the gaps between animal models 
and human studies and also establish hippocampal 
dysfunction as central deficit of this pattern.[121]

In their study with a very large sample size, Thakkar 
and Park (2010)[94] reported impaired maintenance 
and spared manipulation of representations in working 
memory (WM). They found that mental manipulation 
of visual stimuli was spared in sample of patients and 
they observed a well-replicated impairment in passive 
maintenance of the location of stimuli. Further they 
reported that patients were more accurate than controls 
on the allocentric mental rotation at the largest degree 
of rotation, which placed the greatest demand on 
mental manipulation. The counterintuitive nature 
of this finding can be explained on several grounds. 
One potential reason behind this discrepancy is that 
tasks that purport to index WM manipulation ability 
do not isolate the component processes of WM.[94] 
Maintenance and manipulation are two interdependent 
but dissociable components of WM and thus it is 
possible to have one relatively preserved while the 
other is impaired as reported in these findings. The 
observation made here is novel and demands further 
investigation. This also suggests that a pocket of 
cognitive function might be enhanced in schizophrenia 
patients. Another possibility behind these observations 
could be-brain’s compensatory mechanisms. Since the 
WM maintenance is impaired, the WM manipulation 
component could have been over exercised in everyday 
tasks and as a result of repeated usage, this feature 
could have led to a strengthened information processing 
pathway. As a result WM manipulation becomes 
enhanced among such patients. This finding favors our 
previously visited position on “a need for examining 
the task specific mechanisms that seem to make a 
prominent contribution to visuo-spatial cognitive 
dysfunction in schizophrenia.”[115]



Bose, et al.: Cognitive mapping deficits in schizophrenia: A critical overview

18	 Indian Journal of Psychological Medicine | Jan - Mar 2014 | Vol 36 | Issue 1

Several studies propose alternate explanation to 
these observed allocentric deficits. They propose 
that allocentric deficits might be the result of 
excessive egocentric referencing or inability inhibit 
one’s own perspective; this proposition is in tandem 
with the disruption in visuo-spatial information 
processing and perception observed in patients 
with schizophrenia.[94,114,122-125] Recently allocentric 
processing deficits have been given more central concern. 
In these studies, it was demonstrated that perspective-
taking difficulty (as reflected by performance deficits 
on theory of mind tasks with “indirect instructions”) 
impairs insight in schizophrenia. Further Lysaker 
et al.[127] showed that reduced ability to organize and 
interpret ambiguous stimuli, to differentiate between 
self and other’s perspectives and to formulate logical 
accounts of behavior and social exchange predicted 
poorer awareness of psychiatric symptoms among 
schizophrenia patients. They further suggested that 
replication of these results would indicate that in order 
to achieve awareness of their condition; patients with 
schizophrenia may need assistance with making sense 
of their environment and organizing their experience 
of the illness. These observations imply that, non-
egocentric referencing, as a higher order cognitive 
function, is associated with decentration, functionality 
and disease outcome[126,127] and plays a crucial role in 
manifestation of schizophrenia.

Some useful evidence in this regard comes from 
“visuospatial perspective switch tasks.” Schizophrenia 
patients demonstrate increased switch cost when 
switching from egocentric referencing to allocentric 
referencing but not vice-versa.[114] This finding is 
supported by research showing that switching towards a 
dominant (in case of schizophrenia patients’-egocentric) 
response requires greater effort than switching towards 
a less dominant (in case of schizophrenia patients’-
allocentric) response.[128] The problem that patients 
with schizophrenia face is-undoing the inhibition for 
stimulus-response relation when switching egocentric to 
allocentric as the former is dominant in their case.[114]  
These findings suggest allocentric deficits as a stable 
feature of schizophrenia and give plausible explanations 
underneath these deficits.

In summary, recent evidences are expanding the scope of 
the cognitive mapping theory of hippocampal function. 
In their seminal work, O'Keefe and Nadel proposed 
role of hippocampus in encoding spatial relationship 
(right hippocampi), semantic maps (left hippocampi), 
integration of temporal information from frontal lobe 
and allocentric processing. We examined how emerging 
evidences point towards a broader role of hippocampus 
by indicating its role in source monitoring, false 
memories resulting for aberrant perception and 

attribution, contextual binding and social cognition 
(empathy and meta-representative abilities like Theory 
of mind). Furthermore, allocentric processing deficits 
have been found central to information processing in 
schizophrenia. Recent evidences indicate that circuitry 
for allocentric processing is not limited to hippocampal 
system. Both egocentric and allocentric processing share 
a remarkable overlap of neural circuitry e.g., regions of 
parietal lobe have been implicated in both egocentric[33] 
and allocentric processing).[78] Thus, these evidences 
merit a closer scrutiny and further investigations for 
concrete conclusions are drawn.

CRITIQUE ON COGNITIVE MAPPING 
THEORY FOR SCHIZOPHRENIA 
PATHOGENESIS

The critical limitation arise from the fact that current 
evidences indicate complementary roles of allocentric 
and egocentric representations of space depending on 
the number of locations/landmarks to be remembered 
and the size and familiarity of the environment.[129] 
Further egocentric and allocentric referencing have 
been found to closely interrelate on the behavioral 
and neuronal level. We have discussed evidences from 
studies of spatial WM in favor of our position, but WM 
being a constructive and compartmentalized concept, 
is yet to be studied in terms of its components to yield 
definitive conclusions. Further, discrepancies in RT 
while performing visuospatial perspective oriented 
tasks have raised some concerns about the nature of 
allocentric and egocentric processing (in relation to task 
complexity). We review these findings and discuss the 
challenge they posit to our proposition.

The egocentric and allocentric referencing are not 
entirely independent of each other. On the neural level, 
they share a fronto-parietal network with an overlap 
of up to 88%.[116-119] Egocentric tasks recruit posterior 
parietal and frontal premotor areas. In addition to 
these regions, allocentric processing also activates 
occipito-temporal and retrosplenial cortices. A study by 
Committeri et al.[116] contrasted cortical activity during 
viewer-centered, object-centered and landmark-centered 
referencing with a non-spatial condition. Egocentric 
referencing (viewer-centered) activated the dorsal 
stream and frontal areas. The unstable (object-centered) 
and stable (landmark-centered) allocentric conditions 
were associated with ventrolateral and medial occipito-
temporal activation, respectively. Interestingly, the 
parahippocampal gyri were bilaterally activated 
exclusively in the landmark-centered condition, where 
subjects had to consider the surrounding’s geometrical 
structure as a spatial reference. In fact, parahippocampal 
activity has been associated with contextual retrieval 
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of extra-personal global structures from memory.[130,131] 
Further, the “two-system models” propose that transient 
“ego” and more sustained “allo” representations are 
processed in parallel, with preferential use of one 
system likely depending on self-motion, environmental 
structure and experience-dependent factors.[131] In 
addition, the multiple memory systems studied are 
relative versus mutually exclusive and may compete 
or support each other.[129,132,133] This data presents 
allocentric and egocentric processing as non-exclusive 
and dependent phenomena and complicates our claim 
of one being impaired and other preserved in patients 
with schizophrenia.

Finally, most of the current research has successfully 
explained positive symptoms of schizophrenia through 
deficits of source monitoring, meta-representation 
and context binding. Research evidences exploring the 
role of hippocampal pathology and allocentric deficits 
in relation to negative symptoms are too limited to 
indicate a conclusion.

SOME DIRECTIONS FOR FUTURE 
RESEARCH

There are some emerging issues that should be taken into 
consideration while interpreting current literature and 
these may play a crucial part in directing future research. 
One of them could be effects of medication. Studies 
on treatment naïve and treated patients are required 
to guide emerging findings and address discrepancies. 
Antipsychotics are expected to interfere with visuomotor 
learning; however the study by Weniger and Irle found no 
relationship between antipsychotic dosage and allocentric 
or egocentric task performance. Further clinical studies 
have shown that among schizophrenia patients, atypical 
antipsychotics have favorable effects on cognitive and 
motor functions.[134,135] Some studies have reported a 
protective effect of olanzapine on implicit but not explicit 
visual learning in schizophrenia subjects.[136,137] This could 
possibly give psychopharmacological explanation behind 
preserved egocentric abilities in schizophrenia patients. 
However, such findings, in absence of longitudinal studies 
reflecting on visuospatial abilities at different stages of the 
schizophrenia disease process, may at best be speculative 
and demand further investigation. Furthermore, in future, 
studies should also show whether preserved egocentric 
memory in recent-onset schizophrenia is a feature of the 
disease or rather reflects the beneficial properties of some 
or all atypical antipsychotic drugs.[113]

CONCLUSIONS

In this review, we have summarized studies supporting 
a consistent pattern of mapping deficits among 

patients with schizophrenia. These observations 
support the view that deficits in mental representations 
and mental constructions that are vital for cognitive 
mapping are among the critically impaired functions 
in schizophrenia. Visuospatial processing deficits 
and hippocampal abnormalities are robust and could 
possibly be a trait-marker for this disorder. A cognitive 
mapping viewpoint, drawn from these premises, can 
explain a wide range of deficits characterizing the 
schizophrenia disease process. Positive symptoms 
such as delusion, illusion and hallucinations in 
particular along with higher cognitive processes of 
empathy, false-belief attribution and other forms 
of meta-representation can be all explained by a 
single principle. Such theoretical unity facilitates 
comprehensive framework for conceptualizing the 
diversity of deficits expressed in schizophrenia disease 
process. In this light, unsurprisingly, research on 
visuospatial processing, meta-representation abilities 
and similar cognitive mapping constructs are catching 
momentum.

Although presented as intriguing, a lot remains to be 
desired from current research paradigms. Longitudinal 
studies with large sample size (to allow statistical 
rigor), differentiating between medicated and treatment 
naïve participants with positive and negative symptom 
picture over different phases would allow more 
clarity. Further, studies testing for allocentric deficits’ 
specificity to schizophrenia are inadequate. Future 
researches need to focus on relatives of patients with 
schizophrenia and prodromal individuals; this will 
help determine if visuospatial impairments may serve 
as phenomenological markers for the disease. Future 
studies should also explore further possibilities of 
recruiting virtual reality paradigms in investigating 
allocentric and egocentric processing as they seem 
promising in providing-translational comparisons 
with animal models, 3D first person environment for 
simulating real-life like experimental contexts and are 
well tolerated by patients. Though research findings 
are not yet adequate in establishing schizophrenia as 
a disorder of cognitive mapping, this proposition may 
prove to be a comprehensive framework on further 
deliberation and deserves disciplined attention.
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Supplementary Table 1: Experimental paradigms of investigating mental representation
Task name and the study Description of task Administration
Pattern recognition task
Landgraf et al. (2011)

Each item consisted of one pair of the same chess-board-like pattern. The 
two patterns could be in a specific mirroring relation resulting in four 
difficulty levels: Identical, vertically mirrored, horizontally mirrored and 
diagonally mirrored. Participants completed four blocks with 12 pattern 
pairs each. At the beginning of each block, participants were given the 
condition to be recognized in the block. The first block was always the 
identity condition. The three other block conditions were randomized 
between participants. There were six targets and six distracters in each 
block, whose order was pseudo-randomized. Targets were pattern pairs 
that showed the instructed block condition. If recognized, participants 
had to press the left mouse button. Distracters were pattern pairs that 
did not show the instructed block condition (only one of the three other 
relations was possible). For distracters, participants had to press the right 
mouse button. Because six different patterns were used, each pattern was 
shown twice in each block – once as a target and once as a distracter. 
Each trial in a block consisted of four phases. A fixation cross was 
presented for 1000 ms. Then the pattern pair was presented. Concurrently 
with the response (time limit 15 s), the pattern pair disappeared and was 
instantaneously followed by a mask for 2000 ms. The mask consisted 
of two neutral patterns with the same luminance as the test patterns. A 
smiley figure appeared indicating to continue with the next trial on a 
self-paced basis

Participants were instructed to answer 
as fast and as accurately as possible. 
Completion of the task took about 
10 min

Letter rotation task
Thakkar and Park, 2010

The experiment consisted of 320 total trials, divided into four blocks, which 
consisted of four repetitions of each stimulus type in a randomized order. Trials 
in which the subject did not respond within the 10 s time-out period were 
excluded from further analysis
One of five letters (B, K, F, R, or G) was presented in either mirror 
or normal orientation at one of eight different angular orientations, 
ranging from 22.5° to 337.5° clockwise, from the upright position, in 
45° steps. Participants were asked to indicate whether the letter was 
presented in normal or mirror orientation by pressing a key labeled “N” 
or “M” with their left or right index finger. Response key mappings were 
counterbalanced across participants so that for half of the subjects normal 
orientation was indicated with the left index finger and mirror orientation 
was indicated with the right index finger; for the other half of the subjects, 
response key mappings were reversed. Stimulus presentation and response 
collection were controlled by Matlab (Brainard, 1997)

Stimuli extended 6° of visual angle 
horizontally and vertically and were 
presented in the center of the computer 
screen until a response was made or after 
a 10 s time-out period. A black fixation 
cross was presented during the 1000 ms 
inter-trial interval before the next trial 
could begin

(Continued)
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Supplementary Table 1: (Continued)
Task name and the study Description of task Administration
A block fMRI design 
VMWT composed of visible 
and hidden conditions
Folley et al. (2010)

Subjects viewed a screen from the perspective of being placed in a pool of water 
within a surrounding room. Subjects maneuvered around the environment using a 
joystick until they found the platform. In hidden condition, furniture and objects were 
at fixed locations along the walls. In visible condition, a cylindrical wall masked 
these cues. In both, four equidistantly spaced yellow balls hovered over the water 
surface as reference points to possible platform locations, with one being placed in 
the center of each of the four quadrants. The platform lay beneath one of these. In 
visible condition, the platform could be easily seen between one ball and the water 
surface and the platform was in the same location during each trial. In hidden, the 
platform was “hidden” beneath the surface of the water at the same ball location 
throughout the experiment. The platform was located identically in the hidden and 
visible trials, however in visible there was a brick wall raised between the pool and 
the distal cues so that subjects were unaware that the locations were the same across 
trial types. For each trial, subjects began from a pseudo-randomly determined North, 
South, East or West location, navigating the pool using a joystick. On successfully 
finding the platform, “congratulations!” appeared on the screen. Each condition 
used a fixed time length, so that successful attempts resulted in additional platform 
searching trials until the subject ran out of time. During unsuccessful attempts, time 
spent during that condition would end and the subject would be advanced to the next 
condition according to the block design timing. Subjects completed two runs (7 min 
13 s each) of six visible (31 s each) and five hidden (38 s each) conditions. A 3 s 
“hidden” or “visible” instruction screen preceded each condition and appeared on the 
bottom of trial screens

Before fMRI testing, subjects practiced 
16 hidden, 1 probe (where subjects 
navigated to a proposed platform when 
it was actually extracted from the pool) 
and 4 visible trials. Subjects who could 
not successfully complete the task 
following these trials were not permitted 
to continue with the fMRI task. Data 
from the practice trials, including the 
probe trials, were not collected and are 
unavailable for analysis

The bin task
Girard, Rizvi and 
Christensen; 2010
The perspective taking task/
person rotation task
Thakkar and Park, 2010

This task comprises nine visually identical bins (10 cm height, 9 cm diameter) 
with detachable lids affixed in a circular formation (19 cm apart along the arc) on 
a large, square, black board (6,400 cm2). The board covered the top of a table that 
was surrounded by four identical chairs, one on each side, in a room with various 
environmental features (i.e., artwork, computers, desks, shelves, etc.)
Test sheets for the cancellation task presented participants with an array (17 
rows and 15 columns) of 11 randomly ordered geometric shapes (e.g., triangle, 
half-moon); each shape served once as a target to be crossed out across 
repetitions of this task
A photograph of an individual with his or her arms out to the side faced either 
toward or away from the participant and was presented in one of six different 
angular orientations, ranging from 67.5° to 292.5° clockwise, from the upright 
position, in 45° steps . There were four possible stimulus figures, two women and 
two men. Either the right or the left hand was marked by a red circle. Participants 
were asked to imagine themselves in the position of the figure on the screen and 
indicate whether the circled hand would be their right or left hand by pressing a 
key labeled “L” and “R” with the left and right index finger, respectively. Subjects 
were instructed to respond as quickly and accurately as possible. A left judgment 
was indicated by pressing a key with the index finger of their left hand and a right 
judgment was indicated by pressing a key with the index finger of their right hand. 
Stimulus presentation and response collection were controlled by Matlab (Brainard, 
1997)

The positions of the object figures were 
counterbalanced across the nine pages
Stimuli extended 12° of visual angle 
horizontally and vertically and were 
presented in the center of the computer 
screen until a response was made or after 
a 10 s time-out period. A black fixation 
cross was presented during the 1000 ms 
inter-trial interval before the next trial 
could begin. The experiment consisted of 
384 total trials, divided into four blocks, 
which consisted of eight repetitions 
of each stimulus type in a randomized 
order. Trials in which the subject did not 
respond within the 10 s time-out period 
were excluded from further analysis

False-belief attribution task
Villatte et al. (2010)

The experiment consisted of one block of 48 true-false trials that were divided in 
four categories, according to two types of attribution (self and other) crossed with 
two types of belief (true and false). Thus, among trials of self-attribution, there were 
twelve trials for true-beliefs and twelve trials for false-beliefs. There was the same 
ratio of true- and false-beliefs for trials of attribution to other and there were an equal 
number of true and false statements. Three objects sets appeared in the statements: A 
Smarties box and pencils; a farina box and cacao; a cacao box and farina
Instructions: “You will see appear on the screen the first part of a statement. Once 
you have read the first part, you must press the key “enter” in order for the end of the 
statement to appear. Then your job will be to press 1 if the whole statement is true 
and 2 if it is false. In the different statements that you will read, “You” refers always 
to you and “I” to anyone else who would be talking to you”
Both accuracy rates and response times were recorded (with longer response latencies 
predicted to reflect poorer performance). Response latencies were recorded as follows: 
Once the participant had read the first part of the statement (example: “If I put the 
pencils in the Smarties box and you are here, you would think the Smarties box 
contains”), s/he had to press the key “enter.” Then, the end of the statement and the 
two allowable responses appeared on screen (example: “Pencils” true/false). Response 
latencies were recorded between the participant pressing “enter” after having read the 
first part of the statement and his/her response by pressing one of the two activated 
keys (response latencies that exceeded two SD’s above the mean were removed from 
the statistical analyses

An E-Prime (version 1.1) program was 
compiled in order to present the task to 
the participants on a personal computer 
with a 660 MHz processor, a 15 inch 
color monitor and a numeric pad. All 
trials in the program were presented 
in French (black letters, font 26). All 
trials were presented randomly and no 
feedback was given after the participant’s 
response. In this task, it is important 
for the participant to understand that 
“You” and “I” represent the perspective 
of the participant and the perspective 
of anyone who would be talking to the 
participant, respectively. To ensure that all 
participants responded in the same way, 
after the session, each of the participants 
was asked if “I” corresponded to him/her 
or to anyone else (and the same question 
for “You”). Anyone who did not respond 
correctly to these two questions was 
excluded from the analyses

(Continued)
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Supplementary Table 1: (Continued)
Task name and the study Description of task Administration
Virtual park and virtual maze
Weniger and Irle, 2006

The environments were three-dimensional, fully colored and textured and 
presented a first-person view. Subjects controlled their movements with a 
joystick. There were two virtual reality tasks (virtual park, virtual maze) each 
replicated five times. The order of the tasks was alternated between subjects
The virtual park environment comprised 9 points of two-way intersection and 11 
cul-de-sacs. Each cul-de-sac contained a pot, but only one pot contained money. 
Subjects were instructed to find the shortest way to the pot with money in it. 
Landmarks (house, garden, car, tree, lake, river, bridge, playground, mountain, 
etc.) were spread throughout the environment, allowing subjects to learn routes 
based solely on these landmarks
The virtual maze environment comprised 6 points of two-way intersection 
and 7 cul-de-sacs containing pots, from which one contained money. The 
maze consisted of brick walls, a similarly colored floor and a blue sky. All 
intersections appeared identical when approached from different directions. 
As the maze did not include any landmarks, egocentric navigation strategies 
were necessary to solve the task. In each trial of the virtual park and the virtual 
maze, subjects started at the same location and then had to find the target that 
remained in the same location across trials

In a semi-darkened room, participants 
sat 60 cm in front of a 19 in. Computer 
screen. Stimuli were presented 
via the software Presentation 9.10 
(Neurobehavioral Systems Inc.). Task 
order was: Reference changing, working 
memory span, spatial incompatibility 
task. Reference changing task 
(Committeri et al., 2004): Participants 
were familiarized with the task by a 25 s 
video depicting the virtual environment, 
verbal explanations by the experimenter 
and a short practice session

Spatial incompatibility task
Davidson et al., 2006

Two cartoon images (red heart, red flower) were presented either on the left 
or right side of the computer screen. Response buttons were the same as in the 
working memory span task. Seeing a red heart, participants had to push the 
button that was on the same side as the heart. Seeing a red flower, they had 
to push the button opposite to the flower. Hearts and flowers were presented 
pseudo-randomly

After a short familiarization phase, 33 
test items were presented. Participants 
had to respond as quickly and as 
accurately as possible. The task lasted 
3 min

Working memory task
Davidson et al., 2006

Participants had to press one of two keyboard buttons (‘1’=left button; ‘0’=right 
button) in response to images presented on the screen
In the first condition, participants had to memorize two abstract images. These 
two images were pseudo-randomly presented in two experimental blocks with 20 
image presentations each. Participants had to press the right button when seeing 
one image and the left button when seeing the other image
In the second condition, participants had to memorize six abstract images; three 
for the right and three for the left button. Again, two blocks were presented. 
Each block consisted of 24 pseudorandom image presentations with each of 
the six images appearing 4 times. Participants had to respond as quickly and as 
accurately as possible. The task lasted 5 min

Mental rotation task
De Vignemont et al. (2006)

The stimuli were presented on a Macintosh Powerbook G3 computer. Their size 
was approximately 7 cm on the computer screen and they were drawn in grey 
levels on a white background. The subjects were seated 50 cm from the screen. 
Response time and errors were recorded by the computer. There were three 
conditions, with three types of stimuli: Hands, gloves and letters/numbers
Hands: The hand stimuli were adapted from those developed by Parsons 
(1994). They consisted of drawings of a left and a right hand viewed from four 
perspectives, two in 2D (palm, back) and two in 3D (fist, grasp). Subjects had to 
decide whether the stimulus displayed on the screen was a right or a left hand. 
They were asked to respond as fast and accurately as possible, by pressing a key 
labeled “left” or “right” on the computer keyboard with the left and right index, 
respectively.
Gloves: The glove stimuli were obtained by subtly altering the hand stimuli. 
The instruction was to imagine that one puts one’s own hand in the glove and to 
decide whether it was a right or a left hand. As in the hand condition, subjects 
were asked to respond as fast and accurately as possible by pressing a key 
labeled “left” or “right” on the computer keyboard with the left and right index, 
respectively
Letters/numbers: The stimuli consisted of capital letters (F or R) and Arabic digits 
(5 or 7) written in Times New Roman. They were presented either in mirror or in 
normal orientation. Subjects were instructed to determine whether the stimulus 
that appeared on the screen was written in a normal way or in mirror. They were 
asked to respond as fast and accurately as possible by pressing a key labeled 
“mirror” or “normal” on the computer keyboard with the left and right index finger, 
respectively. For each condition, the drawing was presented in eight different 
angular orientations, ranging from 0 to 315 clockwise, from the normal upright, 
in 45 steps, which resulted in a total number of 64 stimuli. Each of the 64 stimuli 
repeated three times for a total of 192 trials. The 192 trials were organized in six 
blocks of 32 trials, with an equal number of stimuli of each type and orientation
Blocks were constructed with the constraint that a left or a right hand/gloves 
(and a mirror or a normal letter/number) never appeared more than twice in a 
row and that the same orientation never appeared twice in a row

Four practice trials were given at the 
beginning with stimulus orientations 
that have never been used. In the 
training session feedback was given. The 
subject was then given the possibility 
of verifying her/his production and 
querying for further information. 
The examiner accurately verified that 
the subjects would understand and 
maintain the instructions in the course 
of the experiment by recalling them the 
instructions and by asking them to repeat 
them. Each trial began with a fixation 
point that lasted for 1000 ms. Then the 
screen turned white for 100 ms and the 
stimulus appeared and remained on 
the screen until the subject’s response. 
Then the screen turned white again for 
approximately 1000 ms and the fixation 
point appeared again to announce the 
next trial. No feedback was given to the 
subjects. Subjects were instructed to 
make no movement when processing the 
stimuli. All the subjects carried out the 
three conditions in a random order, at 
three different times

(Continued)
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Supplementary Table 1: (Continued)
Task name and the study Description of task Administration
VMWT (escaping water 
flush)
Hanlon et al. (2006)

Task procedures were those of Hamilton et al. (2003). Subjects were tested 
on two versions of the task. In both versions, navigation to a goal (platform) 
was measured with a computerized (virtual) version of the MWT. The subject 
navigates in a virtual environment consisting of a room with a square floor-
plan and a circular pool in the center. All four walls of the room are identical in 
appearance except for a different landmark flush with the wall to use as spatial 
cues (four landmarks in total). The landmarks are placed off-center vertically 
by a fixed amount and placed off-center horizontally so that a subject could 
not find the platform by taking a straight trajectory from any starting location 
toward a landmark. The field of view is 48°, which allows participants to 
view one or two cues simultaneously on the display. The surface of the pool 
consists of an opaque, blue pattern that is patterned (tiled) through anti-aliasing 
of the original images to reduce (if not eliminate) any grid-like pattern that 
could be detected by the subject. The pool contains a square platform, 1.75% 
of the pool area. For analysis the pool’s area was divided into four quadrants. 
In the first version of this task the subject was to learn to virtually swim to 
the hidden platform to escape from the water. The subjects escaped from the 
water as quickly as they could by finding the hidden platform that was under 
the surface of the water. The hidden location was in a fixed position over trials. 
Each participant received 24 training trials in six blocks of four trials, with 
each of four different starting locations occurring six times. Starting positions 
were chosen according to a pseudorandom sequence. If the platform was found 
within 60 s, the subject remained on the platform for 5 s, during which time 
they could rotate and view the environment but could not leave the platform. 
The display was then removed and a 2 s inter-trial interval followed

The VMWT was run on an IBM-
compatible computer with a 17” color 
monitor. Arrow keys on the keyboard 
were used to navigate through the virtual 
environment. Subjects were able to 
navigate forward, but not backward and 
to turn left and right using the keyboard 
arrow keys (up, left and right). Also, 
forward movement in the pool was 
accompanied by the sound of moving 
water. The subject’s position in the 
pool was collected in x, y coordinates 
recorded by the computer every 100 
ms. Auditory feedback was controlled 
by the computer and was presented via 
speakers. When the platform location 
was discovered, a bell sounded and a 
verbal message saying the platform 
has been found appeared on the screen. 
When the duration of the trial exceeded 
60 s without the platform location being 
found, an aversive tone sounded, the 
platform became visible and a verbal 
message saying the platform is visible 
appeared on the screen

Visual perspective taking 
task
Langdon et al. (2001)

Examples and practice items preceded each set of experimental items. Four 
versions of the task were prepared to counterbalance for order of presentation 
of the two instructions (array-rotation and viewer-rotation) and, within each 
instruction type, order of presentation of item and appearance questions. All 
subjects saw questions with simple instructions first. To ensure that all subjects 
understood the two main instructions, subjects were encouraged to rotate the 
stand when shown the array-rotation examples and to get up and to move 
around the table when shown the viewer-rotation examples. Each subject saw a 
total of 24 questions with simple instructions, 48 questions with array-rotation 
instructions and 48 questions with viewer-rotation instructions. There were 
equal numbers of questions requiring yes and no decisions. The following 
instructions were given to the participants
Item question with simple instructions: “Look at the blocks as they appear 
directly in front of you. Is the color in the front on your right, green?”
Appearance question with simple instructions: “Look at the blocks as they 
appear directly in front of you. Do the blocks look like this?”3
Item questions with array-rotation instructions: “Imagine turning the stand so 
that the single dot is directly in front of you. Would the color in the front on 
your right be green?
Appearance question with array-rotation instructions: “Imagine turning the 
stand so that the single dot is directly in front of you. Would the blocks look 
like this?”
Item question with viewer-rotation instructions: “Imagine moving to sit in the 
chair with the single dot. Would the color in the front on your right be green?”
Appearance question with viewer-rotation instructions: “Imagine moving to sit 
in the chair with the single dot. Would the blocks look like this?”

Subjects sat in front of a small table on 
which stood a square flat white stand. 
Beyond the table was a desk with a 
computer monitor displaying questions. 
Four colored blocks (red, green, yellow 
and blue) were arranged on the stand in 
a square layout. The stand was mounted 
on a turning platform (not visible to 
subjects) that allowed the stand to be 
rotated when explaining array rotation 
instructions. Prior to that, subjects were 
unaware that the stand could rotate. 
During array-rotation instructions, three 
small lever arms (normally concealed) 
were extended to label the three sides 
of the stand (one dot at 908, two dots 
at 1808 and three dots at 2708). During 
viewer-rotation instructions, the lever 
arms were hidden and three chairs (with 
similar labels) were placed around the 
table. During simple instructions, the 
lever arms were hidden and there were 
no chairs around the table. Subjects 
responded to all questions (see following 
examples) using a yes/no response 
pad. The computer recorded errors and 
latencies

fMRI – Functional magnetic resonance imaging; VMWT – Virtual Morris water task


