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Chapter 1 c0001

INTRODUCTION

As the field of psychiatry is currently becoming more focused on the brain as the 
target organ for treatment, it is natural then to search for the neurobiologic factors 
that play a role in the pathologic features of mental illness and disorder. In schiz-
ophrenia, potential dysfunctions of the ‘social brain’ provide a tangible starting 
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point to explore the underlying neurobiology of deficits in social cognition. This 
line of inquiry is particularly pertinent due to the growing work on animal mod-
els of schizophrenia, as well as with the rise of social neuroscience as a discipline 
that utilizes neuroimaging and brain stimulation techniques to uncover the neural 
substrates of the cognitive processes underlying human social interaction.

The aim of this chapter is to present the current state of research in the 
neurobiology of social cognition in schizophrenia. As animal studies provide 
the initial steps that lead to human studies, we first focus on rodents as animal 
models of schizophrenia and social cognition. The translation of these find-
ings, as well as the neurobiologic evidence on social cognition in schizophre-
nia, is also summarized with current limitations and future suggestion in the 
following sections.

ANIMAL STUDIES ON BASIC SOCIAL COGNITION  
AND SOCIAL BEHAVIOR WITH SCHIZOPHRENIA MODELS

In order to understand the most fundamental neural underpinnings of social 
behavior in humans, many scientists have opted for animal models owing to 
the opportunity to explore and alter and measure the brain mechanisms and 
the resulting behavior. Furthermore, while sociocognitive tasks for humans 
are usually designed in experimental settings and involve large machinery 
or cables (e.g., magnetic resonance imaging (MRI) or electroencephalogra-
phy (EEG)), that is in non-natural circumstances, social behavior and basic 
social cognition assessed in animals reduces the effects of, or at least controls, 
laboratory influence. Lastly, neurotransmitter networks can be more easily 
explored in the brains of animals, while brain networks in low- and high-level 
social cognition are better investigated in humans.

A variety of animal models of schizophrenia, mostly in rodents, have been 
developed and have brought new insights into the neurobiologic underpinnings 
that lead to social dysfunction in this psychiatric disorder. One of the great-
est challenges in neuropsychiatric animal research is to reproduce and relate 
the clinical characteristics observed in humans to less complex animals. Given 
the heterogeneity of symptoms in schizophrenia, most animal models do not 
recreate the whole psychopathology of the disease, but instead, present certain 
aspects of the disorder (Brüne, 2009). Therefore, some models embody posi-
tive symptoms, while others try to characterize some of the negative symp-
toms, such as social isolation.

Interestingly, some of the behavioral abnormalities common to patients with 
schizophrenia also occur and can be assessed in rodents, and these are thus 
widely used to determine face and predictive validity of the psychiatric animal 
models. These behaviors can be examined by using sensorimotor gating experi-
ments and by measuring social withdrawal. Sensorimotor gating refers to the 
filtering of external information that is trivial or unnecessary, such as the back-
ground noise of a party. Deficits in sensorimotor gating lead to an overload of 
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sensory and cognitive processes that have been associated with impaired social 
behavior in patients with schizophrenia and in rodent models of schizophre-
nia (Duncan et al., 2004; Koh et al., 2007; Lijam et al., 1997). For instance, 
Wynn and colleagues showed that patients with schizophrenia who performed 
better in a sensorimotor gating test also performed better in a social percep-
tion task (Wynn et al., 2005). Thus, assessing the levels of sensorimotor gat-
ing is greatly informative in terms of social cognition and social behavior in 
both humans and animals. Sensorimotor gating impairments have been consist-
ently found in patients with schizophrenia as well as their first-degree relatives 
(Kumari et al., 2005), and even though these deficits are not disease-specific, 
it has been repeatedly demonstrated to be a key characteristic of this group of 
psychiatric disorders. Moreover, most of the literature on sensorimotor gating 
has been addressed in schizophrenia given the reliability to replicate the results 
in this disease and its relationship to social cognition. However, patients diag-
nosed with other disorders, such as obsessive-compulsive disorder (Ahmari 
et  al., 2012), Huntington disease (Swerdlow et  al., 1995), or bipolar patients 
with acute psychotic mania (Perry et al., 2001) have also been shown to exhibit 
deficits in sensorimotor gating, although all of these disorders present dysfunc-
tions in sensory, motor, and/or cognitive information processing (Geyer, 2006). 
The most widely used test to assess the levels of sensorimotor gating is through 
pre-pulse inhibition (PPI), which occurs when the startle reaction to a particu-
lar stimulus (usually auditory but also visual and tactile) is decreased by pre-
senting a weaker pre-stimulus before. Therefore, animals or people who do not 
display a decrease (or inhibition) of their startle reaction when a weak tone pre-
cedes a strong tone, as compared with when only a strong tone is presented, are 
considered to have reduced PPI, which is related to deficits in social cognition. 
The benefit of this test is that it can be measured in both humans and rodents 
and thus offers the possibility for translational approaches. In the case of social 
performance, several behavioral measures are used in rodents, such as mating 
behavior, nest building, and playful behavior. Hence, animal models that pre-
sent deficits in these behaviors may help us learn the underlying mechanisms 
responsible for the social cognitive deficits found in schizophrenia.

Animal studies have found that several factors, including neurodevelop-
ment (during and after pregnancy), brain lesions, genetic predisposition, and 
exposure to certain substances, induce abnormalities in PPI responses. For 
instance, neonatal rats exposed to epidermal growth factor (EGF), rats with 
lesions in the ventral and caudodorsal striatum (Kodsi and Swerdlow, 1995), 
rats treated with the adrenoreceptor agonist ciralozine (Carasso et al., 1998), 
and rats that are reared in isolation (Wilkinson et  al., 1994) present deficits 
in this test. Neonatal lesions to the ventral part of the hippocampus (Sams-
Dodd et al., 1997), basal amygdala (Decker et al., 1995; Wan and Swerdlow, 
1997), and prefrontal cortex (PFC) (Schneider and Koch, 2005) in rats causes 
social interaction abnormalities as well as other schizophrenia-related behavio-
ral malfunctions in juvenile and adults, as occurs in people with this disorder. 
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Studies have shown that respiratory or immune infection of a pregnant mouse 
induces PPI deficits and social withdrawal in the offspring once they reach 
adulthood (Bitanihirwe et al., 2010; Shi et al., 2003; Wolff and Bilkey, 2008). 
Finally, several genes suggested to be partly responsible for the etiology 
of schizophrenia in humans (e.g. DISC 1, Neuregulin 1, ErbB4, Dysbindin) 
have been manipulated in animal models and have been linked to social defi-
cits (Ehrlichman et al., 2009; Feng et al., 2008; Moy et al., 2009; O’Tuathaigh 
et al., 2007; Pletnikov et al., 2008). These studies emphasize the importance 
of environmental as well as genetic factors in the modulation of the PPI startle 
response and the ensuing induction of sociocognitive deficits in schizophrenia.

NEUROTRANSMITTERS AND RECEPTORS RELATED  
TO SOCIAL COGNITION

Compatible with lesion, genetic, and immunodevelopmental manipulations, 
numerous animal studies have demonstrated a dysfunction in distinct neuro-
transmitter networks to explain the social deficits in schizophrenia. Altering 
the dopaminergic system by exposing rodents to direct and indirect dopamine 
agonists such as apomorphine, D-amphetamine, and cocaine disrupts PPI, and 
this effect has been suggested to be driven by the dopamine D2-receptor fam-
ily. The atypical antipsychotics clozapine, quetiapine, and olanzapine reverse 
the apomorphine-induced PPI deficits in both animals and humans with schiz-
ophrenia, implying the involvement of similar dopamine-dependent mecha-
nisms for the induction of this dysfunction (Geyer and Moghaddam, 2001; 
Swerdlow and Geyer, 1998). Despite the evidence toward hyperactivity of 
the dopaminergic system, some authors have more recently suggested that the 
hyperdopaminergia is restricted to subcortical mesolimbic regions and mostly 
explains positive symptoms, while mesocortical projections to the PFC might 
indeed be characterized by dopamine hypofunction and may be related to the 
cognitive and negative symptomatology (Abi-Dargham and Moore, 2003; 
Kondiziella et al., 2007; Laruelle et al., 2003).

In addition to manipulation of the dopaminergic system, acute and chronic 
administration of the N-methyl-D-aspartate (NMDA) receptor noncompeti-
tive antagonist phencyclidine (PCP) in rats and mice induces PPI deficits and 
social withdrawal (Lee et al., 2005; Mansbach and Geyer, 1989; Qiao et al., 
2001; Sams-Dodd, 1995; Sams-Dodd, 1996). Some atypical antipsychotics, 
such as clozapine and olanzapine, but not typical ones, partially reverse the 
NMDA blocker-induced social disturbances (Qiao et  al., 2001; Sams-Dodd, 
1996). Other NMDA antagonists such as ketamine and MK-801 are also 
widely used in animal research to induce PPI deficits (Bast et al., 2000; Geyer 
and Moghaddam, 2001; Swerdlow et al., 1998). Interestingly, a mouse model 
where the NMDAR1 (NR1) has been knocked down (i.e., expressed in lower 
amounts) displays disturbances in both PPI and social behavior (Mohn et al., 
1999). This is supported by findings showing that NMDA receptors and intra-
cellular NMDA receptor-interacting proteins are dysregulated in patients with 
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schizophrenia (Gao et al., 2000; Kristiansen et al., 2007). Finally, the connec-
tion between the influence of dopamine and glutamate on sensorimotor gating 
can be explained because hypoactivity of the glutamate system increases mes-
olimbic and inhibits mesocortical dopamine release (Gururajan et al., 2010).

Other neurotransmitters, such as gamma-aminobutyric acid (GABA), ace-
tylcholine, and serotonin (5-HT), have been suggested to influence social 
cognition in schizophrenia. Both GABA and acetylcholine have been repeat-
edly reported to be necessary for adequate PPI responses (Bosch and Schmid, 
2008; Fendt et  al., 2001; Schreiber et  al., 2002; Yeomans et  al., 2010) and 
studies in patients with schizophrenia have revealed abnormalities in these 
neurotransmitter networks (Beasley et al., 2002; Benes et al., 1992; Leonard, 
2002; Raedler, 2003). Moreover, dopaminergic neurons from the brain-
stem seem to be connected to cortical glutamatergic neurons via GABAergic 
interneurons, bringing the three neurotransmitter networks together (Sesack 
et al., 2003). In the case of serotonin, it has been shown that this neurotrans-
mitter plays a role in emotion recognition and social cognition (Canli and 
Lesch, 2007), and serotonin receptor abnormalities have also been reported 
in the brains of patients with schizophrenia (Sumiyoshi et al., 1996). Finally, 
other neuromodulators such as oxytocin and adenosine have been proposed 
to be implicated in the negative symptoms of schizophrenia by affecting the 
dopaminergic and glutamatergic networks (Boison et al., 2012).

In conclusion, animal studies give insights into the possible biochemical, 
anatomical, and genetic disturbances that can give rise to schizophrenia-like 
behavioral abnormalities. It seems that a combination of environmental fac-
tors (prenatal infections, immunoneurodevelopmental abnormalities, genetic 
predisposition) and neurotransmitter network aberrations (including dopa-
minergic, glutamatergic, serotonergic, cholinergic, and GABAergic) are at 
least partly responsible for the social cognitive deficits apparent in patients 
with schizophrenia. Furthermore, brain lesion studies suggest that abnormali-
ties in certain areas, such as the ventral hippocampus, the amygdala, and the 
PFC, might account for these social disturbances as well. Given the complex-
ity of schizophrenia and the social brain, it is challenging to assign specific 
neurotransmitter disturbances to precise deficits in social cognition. However, 
it is reasonable to suggest that, because these neurotransmitter networks are 
involved in processing basic social cognition in rodents, they will certainly 
have an effect in higher-order sociocognitive processing in patients with schiz-
ophrenia, as described in the following sections.

SOCIAL COGNITION IN SCHIZOPHRENIA:  
NEUROIMAGING RESEARCH

Investigating the brain at the level of neurotransmitters and cellular processes 
is clearly crucial in understanding the neurobiologic foundations of patholo-
gies of social cognitive deficits in schizophrenia. Complementary to this, the 
study of brain structure and function at the systems level, by looking at how 
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neural populations work together in localized brain regions and in networks 
across these regions, provides a conceptual bridge to understanding behavioral 
features of the illness. Using neuroimaging methods such as structural/functional 
magnetic resonance imaging (fMRI) and EEG, research in the social neuro-
science of schizophrenia seeks to find malfunctions of the social brain, and 
link this to the pathology and impaired behaviors associated with deficits in 
social cognition. The outcome of past neuroimaging studies looking at func-
tional activity in schizophrenia have generally found a reduced activation of 
frontal areas, also referred to as a hypofrontality (Glahn et al., 2005), and an 
increased activation in cortical midline structures (CMS) such as the anterior 
cingulate cortex (ACC) (Minzenberg et al., 2009). Another core outcome has 
revealed abnormal functional connectivity across multiple brain regions and 
networks (Friston, 1999; Schmitt et  al., 2011). Structural MRI studies have 
also consistently found decreased gray matter volumes in left frontal areas and 
limbic and paralimbic areas, including the thalamus (Ellison-Wright et  al., 
2008; Fornito et al., 2009; Glahn et al., 2008). A meta-analysis of voxel-based 
morphometry (VBM) studies has identified white matter reductions in bilateral 
frontal cortices and bilateral internal capsules (Di et al., 2009). It is understood 
that these diffuse functional and structural abnormalities seen across multi-
ple brain regions in schizophrenia also include some areas recruited for social 
cognition. An increasing number of studies have been emerging to uncover 
more specific abnormalities in the social brain in schizophrenia, which will 
now be discussed in more detail in the forthcoming sections.

Neuroimaging of Emotion Processing

At the lower levels of social cognition, the processing and understanding of 
others’ emotional states is crucial for interpreting others’ behaviors in a 
social interaction. It is likely that the ability to understand others’ emotions 
is also, at least partly, dependent on having awareness and understanding of 
one’s own emotions (Mayer and Salovey, 1995; Ochsner et al., 2004). In the 
case of schizophrenia, this therefore presents a serious problem, as negative 
symptoms, such as anhedonia, severely diminish the expression of one’s own 
emotions and leads to a flattening of affect (Berenbaum and Oltmanns, 1992). 
A large body of work has consistently found substantial emotion percep-
tion deficits in patients with schizophrenia at the behavioral level, reporting 
generally large effect sizes (Kohler et  al., 2010). This has been further con-
firmed by numerous neuroimaging studies, as patients have been found to have 
reduced volumes and activation levels in brain areas that are central to emotion 
processing.

Bogerts and colleagues (1993) were one of the first to find structural dif-
ferences in hippocampal and amygdala volumes in patients with schizophre-
nia, which was also, counter-intuitively, associated with positive psychotic 
symptoms and not negative symptoms. Subsequently, more recent studies 
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have largely confirmed these early findings, with larger sample sizes and 
more advanced imaging data analysis techniques (Rajarethinam et  al., 2001; 
Velakoulis et  al., 2006), also revealing a possible genetic influence (Bediou 
et  al., 2007; de Achaval et  al., 2012; Tian et  al., 2011). A meta-analysis of 
17 fMRI studies looking at facial emotion perception in patients with schiz-
ophrenia revealed a robust finding of reduced activation bilaterally in the 
amygdala/parahippocampal gyrus, fusiform gyrus, and in the right superior 
frontal gyrus and right lentiform nucleus, when compared with healthy controls  
(Li et al., 2010). One main conclusion of the meta-analysis was that the pat-
tern of reduced activity seen in patients spread across a number of different 
regions of the brain, suggesting a disruption in the network associated with 
emotion perception at the systems level, rather than a localized dysfunction in 
specific brain regions. Two other meta-analyses, including a broader range of 
studies, also came to similar conclusions of a reduced amygdala activation and 
a network disruption in patients (Anticevic et al., 2012; Taylor et al., 2012). 
This conclusion is further supported by a more recent study finding abnormali-
ties in functional connectivity between the amygdala and frontal and parietal 
areas (Mukherjee et  al., 2012; Tian et  al., 2011), which could also conse-
quently impact on the cognitive processes required for higher-level mental rep-
resentations of other people. Notably, Li and colleagues (2010) acknowledge 
the limitations of their meta-analysis, as it is not clear if the reduced activa-
tions seen in patients are of the same degree across the implicated brain areas 
or to the same degree across the schizophrenia population as a whole. There 
is also some evidence in the studies included in the meta-analysis, and from 
other recent fMRI studies, which contradict the final conclusion of reduced 
amygdala activation in patients. Escarti and colleagues (2010) presented 
patients with schizophrenia with emotional words and actually found greater 
activity in the parahippocampal gyrus and amygdala in patients with auditory 
hallucinations, as compared with patients without auditory hallucinations, and 
even in comparison to healthy controls. Other examples of a limbic hyperac-
tivation during the perception of negative and neutral emotional stimuli also 
exist in the literature (Morris et al., 2009). This therefore further suggests that 
a reduced activation in emotion-related brain areas may not be generalized 
across the whole schizophrenia population, but may instead be more symp-
tom specific (Fahim et al., 2005). Furthermore, some studies suggest that the 
abnormal neural activity associated with the perception of emotion in patients 
may also be specific to negative affect, and particularly, in that patients may 
tend to interpret and process neutral emotional stimuli as being negative 
(Kucharska-Pietura et al., 2003; Michalopoulou et al., 2008; Pinkham et al., 
2011; Schneider et al., 1998).

One crucial issue here is whether an impairment in the experience of one’s 
own emotions is deterministic of an impairment in the recognition of oth-
ers’ emotions. It seems intuitive to suggest that the link between the experi-
ence of one’s own and of others’ emotions would be a direct one, although the 
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literature on schizophrenia has revealed conflicting findings. One fMRI study 
from Fahim and colleagues (2004) showed little difference in neural activa-
tion of emotionally centered brain regions during the perception of emotion-
ally negative pictures, when comparing patients with schizophrenia with and 
without flattened affect, but argued that a difference in effective connectivity 
may exist between these groups of patients. A later study from the same group 
(Stip et  al., 2005) confirmed their earlier suggestion of dysfunctional neural 
circuitry in patients with flattened affect, and thereby falling on the side of 
support for blunted affect leading to impaired processing of others’ emotions. 
However, there is more recent neuroimaging evidence to show that patients 
with schizophrenia do not have differences in brain activation in areas asso-
ciated with emotion (Ursu et al., 2011). Therefore, some have suggested that 
patients do not have an impairment in having rewarding and affective experi-
ences (Cohen and Minor, 2010; Gold et  al., 2008), but may be more likely 
impaired in the ability to form goal-directed behaviors that would normally be 
driven by rewards and affective experience, or what is known as anticipatory 
pleasure (Juckel et al., 2006; Wynn et al., 2010).

Some EEG studies looking at the event-related potentials (ERPs) related 
with the perception of emotional faces have shown that the early ERPs asso-
ciated with face perception were abnormal in schizophrenia. This was found 
in the N170, an early ERP associated with the encoding of facial features, 
and the N250, a slightly later ERP associated with the encoding of emotions 
(Johnston et  al., 2005; Streit et  al., 2001; Wynn et  al., 2008). These studies 
thus suggest a low-level encoding deficit of facial features or emotional infor-
mation in patients, which occurs at the early stages of processing others’ emo-
tions. In contrast to these previous ERP studies, Horan and colleagues (2010) 
demonstrated that a later EEG component, at about 500–1000 ms after stimu-
lus onset, was diminished in patients with schizophrenia, but not earlier ERPs 
associated with low-level sensory processing. However, this study did not use 
stimuli with facial emotions, but instead used pictures of emotional scenes. 
These contrasting findings raise another interesting issue in the previous work, 
in that it is not clear whether impairments in emotion perception occur at a 
low-level of sensory processing or at a higher level of attentional or possibly 
contextual processing (Kring and Elis, 2013), or if even impairments at both 
levels of processing exist in schizophrenia.

In summary, the results from neuroimaging studies of emotion perception 
in schizophrenia appear to be mixed, with some fundamental issues still unre-
solved. Studying emotion perception in schizophrenia presents several meth-
odologic difficulties, (1) one being due to impairments in emotional expression 
and emotional awareness seen in schizophrenia, (2) another in the design of 
emotional stimuli that are free from confounding variables and potential mis-
interpretation from the patient, and (3) whether behavioral differences in emo-
tion perception may be a product of low-level sensory deficits or high-level 
processes requiring integration of both sensory and contextual information.
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Neuroimaging of Theory of Mind

Emotion perception, in its simplest form, occurs at a low level of processing, 
essentially involving phylogenetically older subcortical brain structures such as 
the amygdala. Theory of mind (ToM), or mentalizing, is a more complex cog-
nitive skill that involves the attribution of others’ emotional and cognitive men-
tal states through understanding that others’ minds are independent from one’s 
own (Premack and Woodruff, 1978), and thus recruits more high-level corti-
cal areas in prefrontal and parietal regions. ToM is also critical for successful 
social interaction as it allows one to understand the intentions of others’ behav-
ior and to predict forthcoming behavior. A distinction between affective and 
cognitive ToM has been made in schizophrenia, with distinct neural activations 
seen in different brain regions for affective and cognitive ToM tasks (Shamay-
Tsoory et al., 2007). More specifically, the brain regions that have been associ-
ated with affective ToM also overlap with subcortical areas related to emotion 
perception, including the amygdala and ventral striatum, but also include the 
ventral anterior cingulate and orbitofrontal cortices. Brain areas associated with 
cognitive ToM tasks and self and other distinction have most consistently been 
found in the temporoparietal junction (TPJ), superior temporal sulcus (STS), 
medial prefrontal cortex (MPFC), dorsolateral prefrontal cortex (DLPFC), 
and posterior cingulate cortex (PCC) (Abu-Akel and Shamay-Tsoory, 2011; 
Amodio and Frith, 2006; Saxe and Baron-Cohen, 2006).

Behavioral impairments in ToM have consistently been found in patients 
with schizophrenia (Brüne, 2005), with one meta-analysis demonstrating that 
both first-episode and clinically remitted patients (Bora et  al., 2009) exhibit 
ToM deficits, and therefore suggesting ToM deficits to be inherent to the illness. 
Numerous neuroimaging studies have been done with different paradigms to 
look at activity in the ToM and mentalizing network in patients with schizo-
phrenia, producing some contrasting results. Temporal areas of the ToM net-
work, including the TPJ and STS, may be more involved in regulating the 
distinction made between self and other (Abu-Akel and Shamay-Tsoory, 
2011), which is an intrinsic property of mental state attribution and mentaliz-
ing. Higher activations have been found in the right superior temporal gyrus in 
patients, for both cognitive and affective ToM (Benedetti et al., 2009), whereas 
other research groups have found reduced activity in the right STS in patients 
(Brüne et al., 2008). In the TPJ, greater activation has been found during per-
formance of story-telling ToM tasks in patients (Andreasen et al., 2008; Brüne 
et  al., 2008), whereas a reduced activation of the TPJ was found during the 
performance of ToM tasks that involve the inference of intention (Das et al., 
2012; Walter et al., 2009). However, it is important to note here that the defini-
tion of anatomical boundaries of the TPJ may actually overlap with, or encap-
sulate, areas that include the inferior parietal lobule (IPL) and the caudal parts 
of the STS (pSTS), which have been found to be differentially activated under 
different types of mental state attribution, and thus may actually be responsible 

s0035

p0155

p0160

10-ELS-OXF_Lysaker-1611078_CH001.indd   9 4/10/2014   1:37:05 PM



Social Cognition and Metacognition in Schizophrenia10

Lysaker-1611078 978-0-12-405172-0 00001

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal 
business use only by the author(s), editor(s), reviewer(s), Elsevier and typesetter MPS. It is not allowed to publish this proof 
online or in print.  This proof copy is the copyright property of the publisher and is confidential until formal publication.

for different functions (Bosia et al., 2012). Therefore, these mixed results may 
reflect the differential activations in these subregions of the TPJ and STS as a 
result of the different types of ToM tasks used in different studies.

In schizophrenia, frontal lobe pathology is a hallmark of the disease, with 
many studies demonstrating broad functional and structural frontal abnor-
malities across patients, which have been linked with numerous characteris-
tics of the disease (Hill et al., 2004; Ingvar and Franzen, 1974). In the case of 
ToM, the MPFC, orbital frontal cortex (OFC), and ACC are the main frontal 
areas that have been implicated in mental state attribution. Poor performance 
on cognitive and affective ToM tasks have been associated with reduced gray 
matter volumes in ventromedial PFC and ventrolateral PFC, respectively 
(Hirao et  al., 2008; Hooker et  al., 2011). The studies that have investigated 
functional activity in patients during different ToM tasks have consistently 
revealed aberrant activation patterns in the MPFC, but at the same time reflect-
ing contrasting degrees of activation, with some demonstrating a hypoacti-
vation (Brunet et al., 2003; Lee et al., 2006; Walter et al., 2009) and others 
reporting hyperactivation (Andreasen et al., 2008; Lee et al., 2010; Lee et al., 
2011; Pedersen et  al., 2012). ToM activity in other areas of the frontal cor-
tex have also shown inconsistent activation patterns in patients, with increased 
activity seen in the inferior PFC (Andreasen et  al., 2008; Lee et  al., 2010; 
Pedersen et  al., 2012), reduced activity in the inferior frontal gyrus (IFG) 
(Das et al., 2012), and contrasting results in the OFC (Andreasen et al., 2008; 
Brüne et  al., 2008). For the activity in the ACC associated with ToM tasks, 
the results are just as mixed as those in other frontal regions with some stud-
ies demonstrating hyperactivation (Andreasen et  al., 2008; Lee et  al., 2006) 
and others, a hypoactivation (Brüne et al., 2008; Lee et al., 2011; Walter et al., 
2009).

The PCC and precuneus have also been found to play a possible role in 
ToM impairments seen in schizophrenia. These structures fall under the cat-
egory of the CMS, which also includes the MPFC, and have been implicated 
in numerous paradigms that involve self-referential processing in some form 
or another (Pfeifer and Peake, 2012). It has been suggested that the PCC may 
be a modulator of perspective-taking and self-evaluation. Therefore, it makes 
sense that these areas become activated during the performance of ToM and 
mentalizing tasks. The studies that have found a functional difference in the 
PCC and precuneus in patients have shown both a hypoactivation compared 
with healthy controls (Lee et al., 2006; Lee et al., 2011; Walter et al., 2009) 
and a hyperactivation (Andreasen et al., 2008; Pedersen et al., 2012).

A wide variety of ToM and mentalizing tasks have been used in the dif-
ferent neuroimaging studies mentioned here, including verbal and nonverbal 
stimuli, some using false-belief, Faux-pas, affective stimuli, nonaffective stim-
uli, some requiring more of a self-other distinction than others, etc. Therefore, 
these mixed results across the literature showing both increased and decreased 
activity in ToM-related brain areas in patients with schizophrenia is most 
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likely a result of the inconsistencies in the nature of the ToM tasks used, with 
some tasks recruiting different cognitive processes than others. Though inter-
estingly, one longitudinal study found an increased activation of ToM-related 
areas in patients following recovery from an acute psychotic episode (Lee 
et al., 2006), suggesting that a hyperactivation seen in some patients may be 
a reflection of an effective compensatory neural mechanism as a way to deal 
with ToM impairments. Further to this, Brüne and colleagues (2011) dem-
onstrated that an at-risk schizophrenia group exhibited greater activation of 
the ToM network that both manifest patients with schizophrenia and healthy 
controls. This may also serve as indirect evidence for a compensatory neural 
mechanism, as the at-risk subjects may have still had sufficient neurocognitive 
ability to utilize compensatory strategies for ToM deficits, whereas the mani-
fest patients may have lacked this ability to compensate.

Action Observation and the Mirror Neuron System  
in Schizophrenia

As a prerequisite for understanding and interpreting others’ behavior in a social 
interaction, one must first be able to process, decode, and understand others’ 
actions. So far, this section has highlighted impairments in the ToM or men-
talizing network in the brains of patients with schizophrenia, though there is 
also one other neural system thought to be crucial for successful social inter-
action, activated for both one’s own and through the observation of others’ 
actions. The discovery of a functionally specific mirror neuron system (MNS) 
in the monkey brain, which is activated during both action execution and 
action observation (Gallese et al., 1996), has led many authors to suggest that 
the MNS plays a central role in action understanding, imitation, and possibly 
also other higher-level social cognitions such as ToM and empathy (Gallese 
et al., 2004). Some authors have also made the proposal that a dysfunction in 
the MNS can been used to explain deficits in social cognition in psychiatric 
and developmental disorders, namely schizophrenia (Arbib and Mundhenk, 
2005), autism spectrum disorders (Williams et  al., 2001), and Williams syn-
drome (Tager-Flusberg and Sullivan, 2000). This has subsequently been termed 
the ‘broken-mirror’ hypothesis (Ramachandran and Oberman, 2006). Arbib 
and Mundhenk (2005) propose an extension of this ‘broken-mirror’ hypoth-
esis to try to account for deficits in self-monitoring in schizophrenia as well 
as misattributions of agency, and auditory hallucinations, and thus have some 
underlying causal role in the expression of deficits in social cognitive skills. In 
support of this hypothesis, some behavioral studies have shown that patients 
with schizophrenia have reduced imitation abilities. One study demonstrated 
that patients with schizophrenia were less able than healthy controls to imitate 
facial expressions from still photographs (Schwartz et  al., 2006). Moreover, 
patients with schizophrenia show reduced contagiousness to observed yawning 
(Haker and Rössler, 2009). Rapid mimicry-like reactions to the observation of 
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angry and happy faces are also reduced in patients with schizophrenia com-
pared with controls (Varcin et al., 2010). Park et al. (2008) found that patients 
with schizophrenia are poor at imitating hand gestures, mouth movements, 
and emotional expressions. In their study, imitation errors also correlated with 
reduced social competence and increased negative symptoms.

Some functional imaging studies have provided further support to the 
suggestion of a disturbed mirror-neuron system in schizophrenia (Andreasen 
et al., 2008), as abnormal activity has been discovered in parietal areas asso-
ciated with the human MNS, in an unmedicated schizophrenia population 
(Kato et  al., 2011). Other fMRI studies have demonstrated abnormalities in 
the perception of biologic motion in schizophrenia, with activity in the extras-
triate body and the STS; an area also implicated in the human MNS (Kim 
et al., 2011; Takahashi et al., 2010). It may be that these neuroimaging studies 
showing abnormalities in the neural activity related to perception of biologic 
motion could provide an explanation for previous findings that demonstrate 
impairments in understanding of nonverbal communication in schizophre-
nia (Toomey et al., 2002). The EEG mu rhythm suppression, as an index of 
motor mirror neuron-related activity, has been used to investigate possible 
abnormalities in schizophrenia. One study from Singh and colleagues (2011) 
compared healthy controls subjects and patients with first-episode schizophre-
nia while they observed videos of a moving hand, a social interactive game 
setting, and a point-light biologic full-body motion display. They had hypoth-
esized that the context of the social interaction in the observation of others’ 
actions may be the most revealing in terms of a potential abnormality in mir-
ror neuron-related activity. However, a significant difference in the power 
of the mu suppression between controls and patients was only found in the 
point-light biologic motion condition, with substantially lower mu suppression 
in the patient group. Interestingly, they found that lower mu suppression was 
associated with greater negative symptom burden and poorer social adjust-
ment. One other study from McCormick and colleagues (2012) investigated 
the mu rhythm suppression in patients with schizophrenia, comparing patients 
who were actively psychotic with patients who had only residual symptoms, 
along with a healthy control group. In contrast to the study from Singh and 
colleagues, the McCormick study found greater mu rhythm suppression in 
patients that were actively psychotic, as compared with those with residual 
symptoms and the healthy controls, and psychotic symptoms were also posi-
tively correlated with the mu suppression. Preliminary findings from our own 
group suggest that patients with schizophrenia generally have lower mu sup-
pression than matched healthy controls, and additionally, that the magnitude of 
the mu suppression is positively correlated with negative symptoms, in which 
those with greater negative symptoms have greater mu suppression. (Brown 
et al., personal communication).

To sum up, there does appear to be some evidence to suggest an 
impairment in the MNS, or action observation network in patients with 
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schizophrenia, which is also related to the severity of psychotic symptoms. 
However, it is not yet clear as to whether this abnormality in the neural activa-
tion associated with the processing of others’ actions may be manifested in an 
overactivation or underactivation. It is also still not clear as to what the spe-
cific functional specificity of this network might be, and how this has impli-
cations on higher-level social cognitive processes and overt functional social 
behavior.

Neuroimaging of Social Decision-Making

Although not classically discussed in the typical literature on social cognitive 
impairments in schizophrenia, the recent emergence of the field of neuroeco-
nomics has stimulated more research looking into social decision-making in 
psychiatric disorders such as schizophrenia. Neuroeconomics combines behav-
ioral economics and neuroscience with the use of neuroimaging during the 
performance of economic games, which also often include a social compo-
nent. Both cognitive and affective functions are involved in making decisions, 
which naturally also applies to decisions made in a social context, though 
often with the addition of social and moral judgment, such as judgments of 
trust and fairness. Many of the brain areas implicated in emotion perception, 
ToM, and mentalizing have also been found to be activated during decision-
making tasks, including the inferior and dorsolateral PFC (Paulus et al., 2001), 
ventromedial and ventrolateral frontal cortex (Rogers et  al., 1999), anterior 
cingulate (Elliott et al., 2000), insula (Critchley et al., 2001), TPJ (Kahnt and 
Tobler et al., 2013), and parietal cortex (Paulus et al., 2001). Reward and pun-
ishment (i.e., positive and negative reinforcers) fundamentally guides behavior 
and drives motivation, and also determine the ‘value’ and ‘utility’ ascribed to 
stimuli in the environment, which is inclusive of social stimuli. Disturbances 
in the dopaminergic reward system are central to understanding of the neuro-
biology of schizophrenia. Therefore, the field of neuroeconomics provides a 
particularly salient and useful platform to explore how reward-driven decision-
making in the social context may help to inform therapeutic strategies aimed 
at improving social cognition and social functioning. Investigating the neural 
substrates of decision-making in a social context will also help in understand-
ing how impairments at the low level of neurocognition and social cognition 
may translate to impairments in higher-level complex social cognition and 
real-world social functioning.

Several authors have shown aberrant dopaminergic-mediated responses 
to rewarding stimuli in the reward-processing network in schizophrenia. For 
example, abnormalities in patients have been found in the reward centers of 
the ventral tegmental area and ventral striatum (Nielsen et al., 2012), and in 
the DLPFC and OFC, which plays a critical role in the ability to represent the 
value of outcomes and plans (Wallis, 2007), and in the interactions between 
prefrontal and striatal areas (Barch and Dowd, 2010). As more work is done 
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in this field, it is becoming more apparent that there is a selective deficit in 
the processing of reward in schizophrenia, that maybe more specific to the 
translation of hedonic experience into motivated behavior, rather than being a 
problem stemming from the actual degradation of hedonic experience, as was 
previously thought (Kraepelin, 1919). The representation of future rewards is 
essential in goal setting, for driving motivation to seek rewards, and for deci-
sion-making, and thus has salient implications in social functioning. Some 
focus has begun to be placed on the potential implications of impaired reward-
processing in social functioning in autism (Dichter and Adolphs, 2012); how-
ever, little work has yet to be done to explore how the specific deficits in 
reward-processing seen in schizophrenia may specifically impact on social 
cognition, social decision-making, and social functioning.

Behavioral economics in schizophrenia has been investigated in some stud-
ies that have used a task called the Ultimatum Game (UG). In the UG, a sce-
nario is presented in which the participant and another person, the ‘proposer’, 
find a sum of money together. The proposer then makes an offer of how they 
should split the money, and the participant is given the choice of accepting or 
rejecting the offer. If the participant accepts the offer, they each get the sum of 
money proposed, but if they reject the offer, both get zero. In some trials, the 
proposer offers a 50/50 split, and in others, offers a split of varying degrees of 
unfairness, such as 70/30, 80/20, whereby the participant would receive less 
than the proposer. Typically, healthy populations will reject some of the unfair 
offers, despite the fact that they would both get zero when rejecting an offer. 
However, patients with schizophrenia have a tendency to accept unfair offers 
more often, and reject fair offers less often (Csukly et al., 2011). When put in 
the position of the proposer, patients with schizophrenia interestingly tend to 
make more ‘hyperfair’ offers, whereby patients offer more than half the money 
to the other person (Agay et al., 2008). Patients also appear to be less strate-
gic, as healthy controls will increase their offers after a rejection and decrease 
them after a rejection, whereas patients do not seem to follow the same pattern 
as the proposer in the UG. van’t Wout and Sanfey (2011) also demonstrated that 
schizotypal traits in a nonschizophrenia student population correlated with the 
magnitude of the proposed offers, whereby those with greater schizotypal traits 
tended to offer more money than those without these traits. Taken together, 
these behavioral findings seem to suggest that patients have an impairment in the 
assessment. However, other findings using the Dictator Game, a modification of 
the UG in which a third player is involved, and participants have the ability to 
punish unfair offers by deciding how offers are split, patients appeared to punish 
unfair offers just as much as healthy controls (Wischniewski and Brüne, 2011). 
This suggests that patients do not have an impairment in the assessment of fair-
ness per se, but this response pattern may instead reflect a strategy to attempt to 
avoid potential punishment from others, by making hyperfair offers.

Very few studies have directly sought to reveal abnormalities in neural 
activation during social decision-making tasks in schizophrenia. One from 
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Baas and colleagues (2008) presented pictures of faces to participants, and 
they were asked to judge the trustworthiness of these faces. They found dif-
ferences in activity between patients and controls in the medial OFC, amyg-
dala, and the right insula. The authors suggested that abnormal activation in 
this network of brain regions may contribute to impairments in social judg-
ment in schizophrenia. One other study used a trust game, whereby the partici-
pants are given a fixed sum of money that they can share with another player 
(Gromann et al., 2013). The money shared is then tripled and then the other 
player can choose how much they repay the participant. In this study from 
Gromann and colleagues, they used a modified version of the game in which 
there two conditions; a cooperative whereby subsequent repayments increased 
if the participant demonstrated an increase in trust, and a deceptive one in 
which subsequent repayments decreased if the participant increased trust in 
the other player. They found that patients with schizophrenia had lower activ-
ity in the right caudate nucleus and TPJ, which correlated with the Positive 
and Negative Syndrome Scale (PANSS) persecution score and PANSS positive 
score, respectively. A surprising result from this study was that there were no 
group differences in MPFC activation. Due to the differences in activation of 
the caudate nucleus in patients, the authors interpreted these results in terms 
of social rewards, suggesting that the data indicates a reduced sensitivity to 
social reward in psychosis. Aside from their findings, this suggestion could 
be a well-justified one, particularly because some authors have suggested that 
social interaction, in itself, is rewarding. It would be plausible to argue that 
patients with schizophrenia are less sensitive to the rewards associated with 
social stimuli and social interaction. This would thus reduce the motivation 
to seek social interaction. Although this raises the question of whether this 
is caused by a fundamental impairment in the reward system, or whether the 
impoverishment of the perception of social stimuli in schizophrenia conse-
quently also diminishes their rewarding nature.

The work in social decision-making in schizophrenia is still relatively 
young, and little work has been done to address this topic head-on. However, 
the field of neuroeconomics clearly has potential for being a bridge for transla-
tion of research in low-level neurobiology to more complex high-level social 
cognition and social functioning.

THE NEUROBIOLOGY OF METACOGNITION

Humans are metacognitive by nature: they have a general tendency to con-
stantly monitor and control their cognition. By definition, metacognitive 
capacity is not merely a high-level cognitive functioning that depends only 
on ToM capacities. Previous studies in metacognition argue that, in addition 
to ToM processes, synthetic components of metacognition require metam-
emory, attention, conflict resolution, error correction, and the cognitive con-
trol of cognitive processes also referred to as executive functioning (Fleming 
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and Dolan, 2012). Today, the brain correlates of these fundamental elements 
of metacognition have received greater interest in recent studies in neurosci-
ence. Although most of this previous neuroscientific work has not been per-
formed particularly with patients with schizophrenia, however, their findings 
have brought insights into understanding the neurobiologic underpinnings of 
metacognitive deficits in the illness.

In essence, metamemory refers to the reflection on one’s knowledge and 
the monitoring of memory to gather online information about the current 
memory system (Cavanaugh and Perlmutter, 1982), which subsequently pre-
pares the way for high-order metacognition.

Accumulating evidence has highlighted the role of activity in the medial, 
ventrolateral, and left dorsolateral PFC (Chua et  al., 2009), with the contri-
bution of a top-down modulation coming from dopamine (van Schouwenburg 
et  al., 2010), in acting as biologic predictors of metamemory processes. In 
support of this, Rounis (2010) demonstrated that participants who underwent 
transcranial magnetic stimulation (TMS) over bilateral DLPFC displayed 
significant impairments in metacognitive visual awareness, with the authors 
arguing that the stimulation specifically reflected a disturbance in a critical 
metacognitive process. Fleming and Dolan (2012) have provided promising 
evidence in regards to the role of rostral PFC (Brodmann area 10) as one key 
brain area responsible for the self-evaluative introspection involved in meta-
cognitive awareness. Interestingly, this area appeared to be related the size 
of the social network of nonhuman primates (Sallet et al., 2011). In terms of 
schizophrenia, a growing body of literature has also revealed structural abnor-
malities in rostral PFC in patients (Quan et  al., 2013; Vogeley et  al., 2003). 
In addition, rostral ACC dysfunction was related to error monitoring in schiz-
ophrenia in an fMRI study (Laurens et  al., 2003). Although metamemory 
deficits in schizophrenia have been studied behaviorally and appeared to be 
impaired (Souchay et al., 2006), the role of rostral PFC in metacognitive defi-
cits in schizophrenia has not yet been studied, but has potential to become one 
fruitful focus for future research in metacognition in schizophrenia. Though 
notably, many previous neuroimaging studies investigating metacognition 
have also underlined the role of the activity of a network of regions rather 
than localized areas being responsible for specific metacognitive processes, 
in which the network is supervised by processes of self-evaluation of current 
cognitive or memory units.

BIOMARKERS FOR DEFICITS IN SOCIAL COGNITION

One main goal of investigating the neurobiologic underpinnings of deficits 
in social cognition and metacognition is to work toward identifying potential 
biomarkers that are specific to the pathology of schizophrenia. The identifi-
cation of biomarkers of the disease could thus ideally serve to be integrated 
into diagnostic criteria, and could also potentially be used for manipulation to 
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improve symptomatology and related cognitive deficits. A number of possible 
brain-based biomarkers of deficits in social cognition have been suggested in 
the previous literature, although these are still in their infancy, as their use as 
standardized clinical tools is still far from being established.

In general, neuroimaging tools have been applied with the aim of identi-
fying categorical differences in brain activation and brain structure that have 
some direct etiologic link with the pathology of social cognitive deficits. 
However, there is much heterogeneity in the paradigms and concepts used 
across the literature on social cognition in schizophrenia. An article from 
Brunet-Gouet and colleagues (2011) reviews the neuroimaging literature on 
social cognition in schizophrenia and concludes that much of the work done 
so far is generally disparate, with few well-replicated and robust findings. The 
authors of the article suggest a need for an integrated model of social cogni-
tive deficits in schizophrenia, with greater consensus across tasks and para-
digms, to be used with larger patient populations. The Cognitive Neuroscience 
Treatment Research to Improve Cognition in Schizophrenia (CNTRICS) is 
one large-scale initiative from the National Institute of Mental Health (NIMH) 
that has already made much headway in forming a consensus for defining 
constructs and paradigms to facilitate the translation of basic neuroscientific 
research into practical assessment and treatment tools for the clinician (Carter 
et  al., 2008; Carter and Barch, 2012). Two paradigms for reliably assessing 
emotion recognition of patients with schizophrenia have been recommended 
from the CNTRICS group, namely the Penn Emotion Recognition Paradigm 
(ER-40) and the Facial Affect Recognition with the Effects of Situational 
Context Tasks (Carter et al., 2009). The CNTRICS initiative presents a prime 
example of a step in the right direction, for promoting a consensual, collabo-
rative, and integrative approach for understanding social cognitive deficits 
in schizophrenia, and for facilitating the application of basic neuroscience 
research into clinical use.

LIMITATIONS AND FUTURE SUGGESTIONS

Despite the large increase in interest in identifying the neurobiologic founda-
tions of social cognition, this field is still relatively young, with the research 
in the neurobiology of social cognitive deficits in schizophrenia being even 
younger. Naturally in such a young field, there is still disparity and a lack 
of consensus across the concepts related to social cognition in the research. 
However, substantial efforts are being made to work toward addressing this 
issue (Green et al., 2008). For this field of research to prosper, and for basic 
research to be translated from the laboratory to the clinical setting, it will 
be important for future work to consider social cognition not in isolation, 
but instead with consideration of the nonsocial neurobiologic characteris-
tics of schizophrenia that are more well-established, which have been pre-
viously investigated outside of the realm of social cognition, but may likely 
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also impact on social functioning. Rather than considering social cognition 
as a categorically different and independent form of cognition than nonsocial 
cognition, future research may benefit from looking at social cognition as an 
additive process that is enabled by, or connected with, underlying nonsocial 
cognitions. One candidate for this would be in terms of the impact of deficits 
in dopaminergic-mediated reward-processing on social cognition and motiva-
tion in schizophrenia. It is evident that low-level biologic processes form the 
foundations for more high-level complex social cognition; however, it is cru-
cial to understand the pathway between these levels before more concrete con-
clusions can be made about causality.
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NON-PRINT ITEM

Abstract
With the contribution of social neuroscience in neuropsychiatry, a large body 
of literature has suggested that schizophrenia is a product of a dysfunction in 
the ‘social brain’. The rising interest in the field of social neuroscience has 
provided an instrumental foundation for understanding how the social brain 
may be going wrong in schizophrenia, and how neurobiologic abnormali-
ties may help to explain deficits in social cognition. So far, work using ani-
mal disease models and neuroimaging in patients has already made progress 
in uncovering some of the neurobiologic factors related to social cognitive 
deficits in schizophrenia. This chapter will summarize the work to date in this 
area, while also raising some crucial unresolved issues in this field by taking a 
critical view on the literature, and making future suggestions for research.

Keywords
animal models, biomarker, neurotransmitter, neuroimaging, fMRI, EEG,  
emotion processing, theory of mind

Lysaker-1611078 978-0-12-405172-0 00001

10-ELS-OXF_Lysaker-1611078_CH001.indd   29 4/10/2014   1:37:09 PM



To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal 
business use only by the author(s), editor(s), reviewer(s), Elsevier and typesetter MPS. It is not allowed to publish this proof 
online or in print.  This proof copy is the copyright property of the publisher and is confidential until formal publication.

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal 
business use only by the author(s), editor(s), reviewer(s), Elsevier and typesetter MPS. It is not allowed to publish this proof 
online or in print.  This proof copy is the copyright property of the publisher and is confidential until formal publication.

Lysaker-1611078 978-0-12-405172-0 00001

10-ELS-OXF_Lysaker-1611078_CH001.indd   30 4/10/2014   1:37:09 PM


	Chapter 1 Neurobiologic Underpinnings of Social Cognition and Metacognition in Schizophrenia Spectrum Disorders
	Introduction
	Animal Studies on Basic Social Cognition and Social Behavior with Schizophrenia Models
	Neurotransmitters and Receptors Related to Social Cognition
	Social Cognition in Schizophrenia: Neuroimaging Research
	Neuroimaging of Emotion Processing
	Neuroimaging of Theory of Mind
	Action Observation and the Mirror Neuron System in Schizophrenia
	Neuroimaging of Social Decision-Making

	The Neurobiology of Metacognition
	Biomarkers for Deficits in Social Cognition
	Limitations and Future Suggestions
	References


