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Abstract
Cognitive models of psychosis propose that maladaptive appraisals of anomalous experiences
contribute to distress and disability in psychosis. Attentional, attributional and reasoning biases are
hypothesised to drive these threat-based appraisals. Experimental and self-report data have provided
support for the presence of these biases in psychosis populations, but recently there have been calls
for neurobiological data to be integrated into these findings. Currently, little investigation has been
conducted into the neural correlates of maladaptive appraisals. Experimental and neuroimaging
research in social cognition employing threatening stimuli provide the closest equivalent of
maladaptive appraisal in psychosis. Consequently, a rapprochement of these two literatures was
attempted in order to identify neural networks relevant to threat appraisal in psychosis. This revealed
overlapping models of aberrant emotion processing in anxiety and schizophrenia, encompassing the
amygdala, insula, hippocampus, anterior cingulate cortex, and prefrontal cortex. These models posit
that aberrant activity in these systems relates to altered emotional significance detection and affect
regulation, providing a conceptual overlap with threat appraisal in psychosis, specifically attentional
and attributional biases towards threat. It remains to be seen if direct examination of these biases
using neuroimaging paradigms supports the theoretical integration of extant models of emotion
processing and maladaptive appraisals in psychosis.
Keywords:
Psychosis, neuroimaging, cognition
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Introduction
In recent years there have been calls for a re-evaluation of psychosis as a unitary construct
with clearly defined diagnostic boundaries (Keshavan et al., 2011). This comes in the light of
evidence from multiple fields of inquiry including genetics, neuroscience, epidemiology, and
cognitive psychology (Kaymaz and van Os, 2010). Notable among these findings is that several major
psychiatric disorders, including schizophrenia and bipolar disorder, show overlapping genetic risk
(Serretti and Fabbri, 2013; Williams et al., 2010). This is particularly significant as the evidence is
derived from large-scale genome-wide association studies, using the very techniques biological
psychiatrists employ to bolster the categorical view.
In addition to undermining diagnostic boundaries, epidemiological studies show a continuity
of psychotic experiences extending from clinical patients to the general population, with recent metaanalyses finding a much higher prevalence rate for subclinical psychotic experiences in the general
population than the incidence rate of clinical psychotic disorder (Linscott and van Os, 2013; van Os et
al., 2009). Sub-threshold experiences are generally associated with distress and impairment
(DeVylder et al., 2015; Kelleher et al., 2015), and increase the risk of developing a psychotic disorder
(Dominguez et al., 2011). However, a minority of individuals in the general population report
persistent psychotic experiences without distress or help-seeking behaviour, and remain high
functioning (Peters et al., 2016). The persistent experiences in this group are indistinct
phenomenologically (Daalman et al., 2011; Heriot-Maitland et al., 2012) and at the level of brain
activity (Barkus et al., 2007; Diederen et al., 2012) from clinically relevant psychotic symptoms,
implying that these experiences are not in and of themselves pathological.
What constitutes a ‘need for care’ may therefore be determined by factors secondary to
psychotic experiences, such as resulting distress and disability. Indeed, related distress, as well as the
frequency, duration, and negative emotional valence of auditory hallucinations, has been found to
provide greater predictive ability for distinguishing clinical patients from non-need for care
2
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individuals than topographical features such as loudness, location or personification (Johns et al.,
2014). Similarly, associated distress and preoccupation, rather than degree of conviction, would
appear to affect the clinical outcome of delusions (Lincoln, 2007; Peters et al., 1999; Sisti et al.,
2012).
According to cognitive models of psychosis (Bentall et al., 2001; Bentall et al., 2007; Garety
et al., 2007; Garety et al., 2001; Morrison, 2001), a key influence in the distress experienced by ‘need
for care’ individuals is the negative interpretation or ‘appraisal’ of anomalous experiences. Clinical
groups tend to endorse maladaptive appraisals characterised by perceptions of external, personalised
threat, in contrast to the benign or even positive appraisals reported by non-need for care groups (Brett
et al., 2007; Lovatt et al., 2010; Ward et al., 2014), which in turn are predictive of less distress (Brett
et al., 2014).
Reasoning, attentional, and attributional biases are thought to shape these threat-based
appraisals (Garety et al., 2001). While the ‘jumping-to-conclusions’ (JTC) bias and attributional style
in psychosis have been extensively studied (For a review, see Garety and Freeman, 2013), other
biases remain relatively under-researched, with two recent questionnaires having been developed to
help address this gap (Peters et al., 2014; van der Gaag et al., 2013). Pertinently, a recent review of the
cognitive underpinnings of paranoid psychosis highlighted potentially applicable interpretation and
information-processing biases that have previously been associated with affective disorders (Savulich
et al., 2012). It was noted that while these biases have considerable supporting evidence within the
affective literature, few experimental studies have been conducted linking them to psychosis.
In contrast, complementing the clinical literature is a considerable body of experimental and
neuroimaging data on threat processing in anxiety and psychosis (Green and Phillips, 2004). Studies
investigating social cognition and the neuroscience of threat have revealed findings which echo
cognitive accounts of appraisal in clinical research, even employing analogous terminology (Tone and
Davis, 2012).
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Altogether this demonstrates the need, as has been recently articulated (Garety et al., 2007;
Howes and Murray, 2014), for a rapprochement of clinical, cognitive, and neurobiological approaches
to threat appraisal in psychosis by integrating experimental and neuroimaging data from these
multiple literatures. Additionally, bearing in mind the mounting evidence for psychosis lying on a
continuum, it would be beneficial for research to focus on aetiologically relevant but non-disorder
specific cognitive mechanisms in the pathway to psychotic illness. In this review, an attempt will be
made to integrate multiple literatures on the cognitive and neural mechanisms underlying threat
appraisal, relating them to psychosis. In order to better define the expansive term “appraisal”,
literature from several cognitive domains will be reviewed, including attention, reasoning, and
interpretation. Subsequently, neurobiological models potentially relevant to the biases underlying
threat appraisal will be outlined.

1. Need for care and appraisal in psychosis
As stated earlier, cognitive models of the positive symptoms of psychosis have in common
the proposal that a principal factor in the transition to a ‘need for care’ is the cognitive ‘appraisal’ of
the content and meaning of anomalous perceptual experiences. More specifically, Garety et al’s model
(Garety et al., 2007; Garety et al., 2001) suggests that individuals who appraise anomalous
experiences as externally located, uncontrollable, and personally significant in nature, are more likely
to experience distress and disability. Longitudinal studies of children and adults support these claims,
indicating that the temporal relationship between hallucinatory experiences and patient status is
cognitively mediated by negative beliefs and a perceived lack of control (Escher et al., 2002;
Krabbendam et al., 2004; Krabbendam et al., 2005).

1.1. Defining appraisal
In considering research on appraisal across different literatures, a clear definition will aid in
limiting the scope of summarised findings to only the most relevant data. The term ‘appraisal’ is in
part derived from clinically-oriented, self-report data, and perhaps ill-suited to a strictly cognitive,
experimental approach.
4
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A more parsimonious definition established within the social cognitive literature states that
appraisal is the classification of stimuli in terms of their emotional-motivational significance, which
then gives rise to emotional responses (Roseman and Smith, 2001). Beyond emotional valence,
appraisal establishes the personal relevance of a stimulus according to the individual’s goals and
needs (Ellsworth and Scherer, 2003). It is possible that in the case of patients with psychosis,
anomalous perceptual stimuli have been evaluated as personally relevant to the goal of maintaining
safety. Indeed, maladaptive appraisals often result in behaviours designed to nullify the perceived
threat to one’s safety (Dudley et al., 2012; Freeman et al., 2001; Gaynor et al., 2013).

1.1.1. Assessing appraisal
A particularly fruitful method of examining the role of appraisal in contributing to a need for
care has been to compare patients with non-patient groups reporting psychotic symptoms. These nonpatient groups are composed of individuals who report first-rank symptoms or psychotic-like
experiences but have never sought nor required treatment, and cannot be considered prodromal (Bak
et al., 2003; Linscott and van Os, 2013).
Assessing appraisals in these non-clinical individuals requires a measure appropriate for nonclinical contexts. The Appraisals of Anomalous Experiences Interview (AANEX, Brett et al., 2007) is
a semi-structured tool that probes for psychotic experiences without recourse to clinical terminology,
and is thus suitable for interviewing non-clinical populations. In line with cognitive models, ‘nonneed for care’ participants have been found to be differentiated from their clinical counterparts by
their appraisals: clinical participants, in addition to reporting externalising attributions, endorse
significantly more personalising appraisals, regarding their experiences as more distressing, and
caused by an agency posing a personal threat (Brett et al., 2007). In contrast, ‘non-need for care’
participants were primarily characterised by normalising, psychological, and spiritual appraisals with
benign or positive emotional valence, although interestingly they also viewed their experiences as
externally caused.

5

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Additional research using semi-structured interviews, as well as a handful of studies
employing experimentally-induced anomalous experiences, have since corroborated these findings,
showing that ‘need for care’ individuals endorse significantly more ‘maladaptive’ appraisals of
anomalous experiences than those without a need for care (Daalman et al., 2011; Lovatt et al., 2010;
Taylor et al., 2013; Ward et al., 2014). A creative approach to measuring appraisals experimentally
has been to use virtual reality (Freeman et al., 2008a; Freeman et al., 2003; Valmaggia et al., 2007).
By simulating a train ride, Freeman et al. (2010) were able to compare patients and non-patients’
perceptions of hostility from computer-generated people with neutral facial expressions. Consistent
with the continuum view of persecutory delusions, the clinical and non-clinical high paranoia groups
were differentiated from their non-paranoid counterparts by their degree of persecutory attributions
and accompanying worry.
Overall this suggests that maladaptive appraisals are indicative of a general information
processing style present in ‘need for care’ individuals in which neutral or ambiguous stimuli are
interpreted as threatening. In fact, delusions have been shown to exist in the absence of anomalous
experiences (Bell et al., 2008), implying that maladaptive appraisals reflect a way of interpreting
experiences, anomalous or otherwise, that persists over time. This potential dissociation between the
aetiology of biased cognition and anomalous perceptual experiences in psychosis underlines the
comparability of similar research in other disorders, facilitating their integration into a common
literature.
1.1.2. Cognitive biases underlying maladaptive appraisals
Bearing in mind the extensive evidence demonstrating that cognitive deficits are associated
with psychotic disorder (Tandon et al., 2008), differences in appraisals between those with and
without a ‘need for care’ may simply reflect differing levels of cognitive impairment. Typically
patients with psychosis display deficits in multiple domains, including attention, working memory and
executive functioning (Lee and Park, 2005; Riley et al., 2000), which may or may not be impacted by
antipsychotic medication (Fusar-Poli et al., 2013; Hutton et al., 2002; Moncrieff, 2011; Radua et al.,
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2012). Additionally, clinical groups are consistently found to have lower IQ than non-clinical groups
with psychotic symptoms (Brett et al., 2007; Peters et al., 2016). Nevertheless, while cognitive
deficits may impair functioning at the global level, cognitive biases independently relate to the
selective processing of information leading to the maintenance and severity of threatening appraisals
(Savulich et al., 2012). The association between neuropsychological functioning and cognitive biases
such as the JTC bias has been investigated, finding only a weak relationship (Woodward et al., 2009),
apart from patients with delusions of high conviction, in which an association has been observed
(Garety et al., 2013).
In early research on cognitive processes in delusions (Bentall et al., 1994; Garety and
Freeman, 1999), an externalising attributional bias and the JTC bias were considered crucial to the
maladaptive appraisals in ‘need for care’ individuals, alongside personalising appraisals (Kinderman
and Bentall, 1997). The JTC bias, the most widely researched of biases in cognitive models of
psychosis (Fine et al., 2007), describes the phenomenon whereby delusional individuals require less
information before accepting a hypothesis as correct (Freeman et al., 2008b). This is principally
measured via a task requiring participants to estimate the distribution of coloured beads in a
jar(Garety et al., 1991). For example, delusional intensity has been found to negatively correlate with
the amount of information participants require before making their decision (Menon et al., 2008).
Nevertheless, the JTC bias has also been reported in delusion-prone individuals (Colbert and
Peters, 2002; Lim et al., 2012), as well as remitted psychotic populations (Peters and Garety, 2006).
The exact causal role of the JTC bias in the formation of maladaptive appraisals has yet to be fully
determined, having been recently criticised for lacking theoretical precision (Fine et al., 2007). It is
thought that JTC is part of normal reasoning in the context of danger, as non-delusional participants
will show a tendency to confirm threat-related conditional statements (Dudley and Over, 2003).
Delusional participants, however, perceive danger where none exists, extending JTC to a nonthreatening context, and thus displaying a JTC bias. In this sense, the JTC bias may not directly
contribute to a ‘need for care’, since it may be secondary to the misattribution of threat to a neutral
situation.
7
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Similarly, while externalising biases have been shown to be an important cognitive
underpinning of hallucinations in source-monitoring, self-monitoring and signal detection studies
(Blackwood et al., 2004; Brookwell et al., 2013), evidence indicates that externality is not related to a
‘need for care’ per se, since ‘non-need for care’ individuals also report externalising appraisals for
their voices (Daalman et al., 2011) and other psychotic experiences (Brett et al., 2007; Lovatt et al.,
2010).
It would seem therefore that the persecutory, personalised nature of maladaptive appraisals is
what best discriminates those with and without a ‘need for care’. This implies that the cognitive biases
most significant to a ‘need for care’ would be those informing threat-based appraisals. Looking at the
original cognitive model of psychosis, personalising appraisals appear most applicable; indeed, as
mentioned above distressed clinical participants report significantly greater personalising appraisals
than non-clinical participants with psychotic symptoms, both of their own (Brett et al., 2007) and
experimentally induced (Ward et al., 2014) anomalous experiences. A personalising appraisal can be
defined as viewing one’s anomalous experiences as being caused by an external agency, who in the
case of clinical patients, appears to intend harm. While the pathway to such an appraisal may involve
both an externalising bias and a JTC bias, it is the threatening, agential component that most
significantly differentiates clinical and non-clinical groups. Therefore, in order to examine the
cognitive biases informing threat-based appraisals specifically, it would appear necessary to look
beyond Garety et al.’s model, as well as probe literature in other fields.
1.2. Social cognitive view of threat appraisal
With ‘appraisal’ taken to mean stimulus classification with regard to its emotionalmotivational relevance, ‘threat appraisal’ therefore refers to classifying a stimulus based on its
capacity for harming the organism (Britton et al., 2011). Applying this to maladaptive appraisals in
psychosis, attributing anomalous perceptual experiences to a malign agency (Brett et al., 2007) can be
seen as an aberrant outcome of this classification process, which then results in the negative emotions
and distress observed in clinical participants (Taylor et al., 2011). This would echo Freeman’s model
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of threat anticipation (Freeman, 2007), which combines emotional beliefs, anomalous experiences,
and cognitive biases.
Crucially though, the definition proposed here focuses solely on the cognitive underpinnings
of threat appraisal and thus lends itself more readily to comparisons across other literatures, such as
anxiety (Britton et al., 2011) and fear conditioning (Mechias et al., 2010). In this regard, a recent
review attempted to integrate clinical, social cognitive and neuroscientific data on the cognitive biases
informing anxiety and paranoia (Tone and Davis, 2012). In both these clinical conditions, as a
consequence of variation in adaptive mechanisms that have evolved to facilitate effective threat
detection (Green and Phillips, 2004), threat cues can take on excessive salience, resulting in a hypervigilance or attentional bias towards threat (Bar-Haim et al., 2007; Gotlib et al., 2004). For example,
when asking participant groups with social phobia to identify facial expressions, angry faces require
less intensity to be accurately identified than do happy or neutral ones (Joormann and Gotlib, 2006).
Equally, this attentional bias has been observed in delusion-prone individuals (Green et al., 2003), and
patients with psychosis in a range of studies (Green and Phillips, 2004; Moritz and Laudan, 2007).
Moreover, it has been found that psychotic patients experience strong aversive emotion when
processing social stimuli considered to be neutral (Cohen and Minor, 2010). Rather than an
impairment for neutral or positive emotion recognition, this misattribution may reflect an
interpretative bias where ambiguous or neutral stimuli come to be regarded as negative and
threatening. For instance, paranoid schizophrenia patients have been found to over attribute anger to
neutral faces (Pinkham et al., 2011), and adults with persecutory delusions often report greater
attributions of hostility and aggression than controls when presented with ambiguous social situations
(Combs et al., 2009). It is possible that a hyper-vigilance to threatening stimuli in turn leads to the
development of this attributional bias. Certainly, training healthy participants to develop an attentional
bias towards threat has been found to then bias their interpretation of ambiguous stimuli in a threatrelated manner (White et al., 2011).

9
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There is some overlap between the misinterpretation of neutral faces and the biases
underlying maladaptive appraisals discussed in cognitive models of psychosis. Freeman et al.’s virtual
reality train ride experiments also demonstrate an attributional bias toward threat, as hostile
interpretations of virtual passengers’ neutral facial expressions were reported by delusion-prone
individuals (Freeman et al., 2010; Valmaggia et al., 2007). This attributional bias may also link to the
observed preference amongst psychotic patients for attributing ambiguous stimuli as personally
relevant. The personalising appraisals reported in response to experimentally-induced anomalous
experiences by those with a ‘need for care’ (Ward et al., 2014), may reflect a consequence of a
misattribution of hostility triggering feelings of self-relevant persecution.
Taken together, these findings in social cognition suggest that core to threat appraisals are two
cognitive biases, namely an attentional bias and a misattributional bias towards threat. The following
sections will explore different models proposing the possible neural basis of these biases.

2. Neurobiology of threat processing
Substantial data for the neural mechanisms of threat processing can be found in fields outside
of psychosis, such as anxiety research. Bishop (2008) recently proposed a model of anxiety which
describes the neural correlates of a selective attention to threat. This model proposes negatively or
anti-correlated activity between ‘lower-order’ brain areas such as the amygdala, implicated in the
detection and evaluation of stimulus salience, and ‘higher-order’ regions including the lateral
prefrontal cortex (PFC) and the anterior cingulate cortex (ACC), thought to control post-perceptual
attention and cognitive processing. These lower and higher-order regions correspond to what are often
called ‘bottom-up’ and ‘top-down’ cognitive processes (Whalen et al., 2013). Bottom-up processes
are driven by stimulus characteristics, forming an initial, often unconscious impression (Schiller et al.,
2009; Willis and Todorov, 2006). For example, although the amygdala response to threat stimuli is
not wholly automatic, it does not require conscious awareness to occur (Bishop et al., 2004; Pessoa et
al., 2006). Top-down processing on the other hand is more volitional, integrating contextual
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information and changing the meaning of a stimulus such that an initial response can be re-appraised
or modulated.
In Bishop’s model (Bishop, 2008), it is the interaction between these types of processing that
determines state anxiety: a threatening stimulus amplifies the bottom-up amygdala response to a
detected threat, which in turn disrupts the top-down attentional control and executive functions of the
ACC and lateral PFC (Bishop, 2007). In fact, recent studies have shown that the structural and
functional connectivity between these regions is a more robust predictor of emotional response than
the activity of each region separately (Kim et al., 2011; Kim and Whalen, 2009).
Excessive threat salience in anxiety disorders may therefore relate to aberrant activity in this
amygdala-prefrontal cortex circuit. Evidence from multiple studies indicate that the PFC and related
structures down-regulate activity in the amygdala during fear extinction learning (Myers and Davis,
2006; Quirk et al., 2006), and conversely that training in emotional ‘re-appraisal’ of aversive stimuli
leads to increased PFC activity and reduced amygdala activity (Eippert et al., 2007; Kim and Hamann,
2007). Hence it is thought that abnormality in the attentional control exerted by the PFC likely
corresponds with difficulty in disengaging from threat cues.
Indeed, scanning patients with an anxiety disorder while viewing negative emotional
expressions has revealed exaggerated amygdala responsivity coupled with a diminished response in
the medial PFC (Shin et al., 2005). Further studies have replicated this pattern of differential activity
while exposing adolescent patients and non-patients to negative facial expressions (Monk et al., 2006;
Telzer et al., 2008).
Overall, these findings suggest that abnormal activity in various prefrontal regions relates to
the development of biased attention towards and away from threat, supporting the assertion that
perturbations in PFC activity underlie attentional threat bias by failing to down-regulate activity in the
amygdala (Cisler and Koster, 2010). Although Bishop’s model focuses explicitly on how aberrant
threat processing may contribute to anxiety, it seems plausible that a comparable, if not similar model
could apply to psychosis.
11
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2.1. Neurobiology of emotion in the context of schizophrenia
Phillips et al (2003) proposed an intricate model of emotion perception, based on a range of
structural and functional neuroimaging studies in schizophrenia, which describes interacting ventral
and dorsal systems, rather than opposing frontal and subcortical networks. A ventral system
implicating the ventrolateral PFC, the orbitofrontal cortex, the ventral anterior cingulate gyrus, the
amygdala, insula, ventral striatum, and brainstem nuclei, is suggested to be responsible for the
identification of the emotional significance of a stimulus, and is thought to be largely automatic.
Separately, a primarily dorsal system composed of the dorsolateral and dorsomedial PFC, the dorsal
anterior cingulate gyrus, and the hippocampus, is thought to be important for the regulation of
resultant affective states.
Applying this model to the deficits in emotion perception characteristic of schizophrenia,
Phillips et al propose that structural and functional abnormalities in the ventral system, particularly the
amygdala, anterior insula, and ventral striatum, may result in anhedonia, flattened affect, and the
misinterpretation of ambiguous or neutral stimuli as threatening. This is thought to be exacerbated by
impairments in contextual processing and regulation of affective states, relating to abnormalities in
the dorsal system, particularly the hippocampus and dorsal PFC regions (Phillips et al., 2003).
This more complex account of the functional neuroanatomy of emotion perception
nonetheless bears similarities to Bishop’s model, since there is a distinction between autonomic
processing and effortful regulation of the ensuing response. Ultimately, in relation to threat appraisal
in psychotic illness, both models imply abnormal functioning in regions responsible for the
identification of the emotional significance of stimuli such as the amygdala and insula, coupled with a
disruption of the regulatory function of regions such as the dorsal PFC, the hippocampus, and ACC
structures. Phillips et al depart slightly from Bishop’s model by claiming that the dysregulation of
these systems accounts for an attributional bias towards threat owing to broader emotional and
cognitive deficits such as restricted affect, and anhedonia. However, the attributional bias towards
threat has been examined in other disorders such as anxiety, where cognitive deficits do not feature
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(Savulich et al., 2012), implying that this bias does not emerge from broader deficits in psychosis. A
recent integrative socio-developmental cognitive model of psychosis states that the relationship
between psychosis and threat misattribution may be mediated by excess striatal dopamine (Howes and
Murray, 2014), specifically in presynaptic dopamine terminals (Howes et al., 2012). Dopamine
dysregulation may result in the misattribution of salience to peripheral or irrelevant stimuli,
subsequently interpreted as threatening by various cognitive biases.
Currently, no studies have directly examined attentional and attributional threat biases in the
context of psychosis using neuroimaging techniques. There is a body of literature examining brain
structures important to self-referential processing (Northoff et al., 2006; Schmitz and Johnson, 2007),
and their involvement in delusions of reference in schizophrenia (Menon et al., 2011). Aberrant
referential ideation, such as the determination of ambiguous stimuli as self-relevant, may bear
significance to the understanding of threat biases. However, an in-depth examination of the literature
on self-relevance determination falls outside the scope of the current review.
Much of the available data relevant to Phillips et al.’s model, if not threat biases, typically
employ facial emotion processing tasks. Our recent review (Underwood et al., 2015) of potential
evidence for an attentional and attributional bias towards threat in psychosis employing these tasks
suggested, despite various confounding factors and mixed findings, an emerging pattern of abnormal
activity and connectivity within and between various regions implicated in the Phillips et al. model.
More specifically, an attentional bias toward negative social stimuli would appear to relate to
abnormal functioning and reduced connectivity between ventral regions such as the amygdala and
insula, and dorsal structures such as the dorsomedial PFC and hippocampus (Bergé et al., 2014; Das et
al., 2007; Kumari et al., 2011; Li et al., 2012; Mukherjee et al., 2012; Satterthwaite et al., 2010;
Williams et al., 2007). Still, it is unclear whether this excessive threat salience is due to overrecruitment of ‘bottom up’ ventral regions or under-recruitment of ‘top-down’ dorsal regions.
Paranoia may partly explain variation in findings, as paranoid patients with schizophrenia show a
different pattern of activity changes in many threat-relevant brain regions, including the amygdala,
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when compared to non-paranoid patients (Russell et al., 2007; Williams et al., 2007; Williams et al.,
2004); a conclusion also echoed by recent fMRI studies (not included in the review) of social
cognition (Pinkham et al., 2008) and resting state (Pinkham et al., 2015).
Conversely, evidence for an attributional bias towards threat was clearer, indicating that
increased activity (but not connectivity) in both ventral and dorsal streams appear to underlie the
evaluation of neutral or ambiguous stimuli as hostile (Habel et al., 2010; Hall et al., 2008; Holt et al.,
2006; Mier et al., 2014). Future research explicitly targeting these biases would need to employ
paradigms specific to psychosis, such as adaptations of the virtual reality studies of paranoia, or
experimental tasks that induce anomalous experiences. In addition, paradigms tapping into non-social
threat (e.g. snakes) may provide differing results from those representing social threat, as suggested in
a recent behavioural study (Pinkham et al., 2014).
3. Conclusions
Clinical and experimental evidence suggests that it is not the content of one’s anomalous
experiences but rather how this content is appraised that determines the distress and disability
associated with psychotic illness. Evidence from studies comparing those with and without a need for
care point to attentional and attributional biases towards threat playing a particularly prominent role in
the transition to and maintenance of psychotic illness. Consequently, these biases should be
investigated not as peripheral, but aetiologically relevant, directly contributing to the need for care in
psychosis. Recent psychological interventions already target these biases directly, indicating a move
in this direction within clinical practice (Garety et al., 2015; Moritz et al., 2011).
To date, much of the research into such biases has been conducted within literature pertaining
to social cognition, neurobiology, and affective disorders. As a consequence, this review has
examined findings across these different literatures, incorporating a parsimonious definition of
appraisal as stimulus classification, which provides specificity yet integrates a multitude of
approaches.
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Viewing the literature in this manner reveals both a model of anxiety involving top-down
frontal regions and bottom-up subcortical structures whose activity covaries negatively when
processing threatening stimuli, as well as a nuanced model of emotion processing in schizophrenia,
involving negatively correlated activity between a regulatory ‘dorsal’ system, and a ‘ventral’
emotional significance identification system, overlapping with the anxiety model. While conceptually
it has been established in affective disorders that aberrant activity in this network relates to biased
attention towards and away from threat, there is a small literature suggesting this may also be the case
in psychosis.
Direct examination of these biases using neuroimaging techniques in psychosis populations is
needed, with these models as guidance for interpretation of potential findings. It also remains to be
seen if similar patterns of activation are observed when comparing patients and non-patients with
psychotic experiences. It would be relevant to examine threat-response to experimentally-induced
anomalous experiences in clinical and non-clinical groups, particularly since the literature to date has
focused solely on studies of social cognition, which primarily employs emotionally aversive stimuli
such as negative facial expressions or unpleasant images. Scanning those without a need for care
while exposed to experimentally-induced anomalous experiences may reveal alternative or
compensatory patterns of activity corresponding to benign or positive appraisals of those experiences.
Ultimately, elucidating the specific networks of activation relevant to threat appraisal in
developing a need for care has the potential to increase the focus and efficacy of cognitive
interventions designed to target maladaptive appraisals in psychosis.

Acknowledgements
The authors would like to thank the Medical Research Council for providing funding for this research.
References

15

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Bak, M., Myin-Germeys, I., Hanssen, M., Bijl, R., Vollebergh, W., Delespaul, P., van Osz, J., 2003.
When Does Experience of Psychosis Result in a Need for Care? Schizophrenia Bulletin 29
(2), 349-358.
Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M.J., van IJzendoorn, M.H., 2007.
Threat-related attentional bias in anxious and nonanxious individuals: a meta-analytic study.
Psychological Bulletin 133 (1), 1.
Barkus, E., Stirling, J., Hopkins, R., McKie, S., Lewis, S., 2007. Cognitive and neural processes in
non-clinical auditory hallucinations. British Journal of Psychiatry 51, s76-81.
Bell, V., Halligan, P.W., Ellis, H.D., 2008. Are Anomalous Perceptual Experiences Necessary For
Delusions? The Journal of Nervous and Mental Disease 196 (1), 3-8
10.1097/NMD.1090b1013e31815f36619.
Bentall, R.P., Corcoran, R., Howard, R., Blackwood, N., Kinderman, P., 2001. Persecutory delusions:
a review and theoretical integration. Clinical Psychology Review 21 (8), 1143-1192.
Bentall, R.P., Fernyhough, C., Morrison, A.P., Lewis, S., Corcoran, R., 2007. Prospects for a
cognitive‐developmental account of psychotic experiences. British Journal of Clinical
Psychology 46 (2), 155-173.
Bentall, R.P., Kinderman, P., Kaney, S., 1994. The self, attributional processes and abnormal beliefs:
Towards a model of persecutory delusions. Behaviour Research and Therapy 32 (3), 331-341.
Bergé, D., Carmona, S., Salgado, P., Rovira, M., Bulbena, A., Vilarroya, O., 2014. Limbic activity in
antipsychotic naïve first-episode psychotic subjects during facial emotion discrimination.
European Archives of Psychiatry and Clinical Neuroscience 264 (4), 271-283.
Bishop, S.J., 2007. Neurocognitive mechanisms of anxiety: an integrative account. Trends in
Cognitive Sciences 11 (7), 307-316.
Bishop, S.J., 2008. Neural mechanisms underlying selective attention to threat. Annals of the New
York Academy of Sciences 1129 (1), 141-152.
Bishop, S.J., Duncan, J., Lawrence, A.D., 2004. State anxiety modulation of the amygdala response to
unattended threat-related stimuli. The Journal of Neuroscience 24 (46), 10364-10368.
16

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Blackwood, N.J., Bentall, R.P., Ffytche, D.H., Simmons, A., Murray, R.M., Howard, R.J., 2004.
Persecutory delusions and the determination of self-relevance: an fMRI investigation.
Psychological Medicine 34 (4), 591-596.
Brett, C., Heriot‐Maitland, C., McGuire, P., Peters, E., 2014. Predictors of distress associated with
psychotic‐like anomalous experiences in clinical and non‐clinical populations. British Journal
of Clinical Psychology 53 (2), 213-227.
Brett, C.M., Peters, E.P., Johns, L.C., Tabraham, P., Valmaggia, L.R., McGuire, P., 2007. Appraisals
of Anomalous Experiences Interview (AANEX): a multidimensional measure of
psychological responses to anomalies associated with psychosis. British Journal of Psychiatry
51, s23-30.
Britton, J.C., Lissek, S., Grillon, C., Norcross, M.A., Pine, D.S., 2011. Development of anxiety: the
role of threat appraisal and fear learning. Depression and Anxiety 28 (1), 5-17.
Brookwell, M.L., Bentall, R.P., Varese, F., 2013. Externalizing biases and hallucinations in sourcemonitoring, self-monitoring and signal detection studies: a meta-analytic review.
Psychological Medicine 43 (12), 2465-2475.
Broome, M.R., Woolley, J.B., Tabraham, P., Johns, L.C., Bramon, E., Murray, G.K., Pariante, C.,
McGuire, P.K., Murray, R.M., 2005. What causes the onset of psychosis? Schizophrenia
Research 79 (1), 23-34.
Cisler, J.M., Koster, E.H., 2010. Mechanisms of attentional biases towards threat in the anxiety
disorders: An integrative review. Clinical Psychology Review 30 (2), 203.
Cohen, A.S., Minor, K.S., 2010. Emotional Experience in Patients With Schizophrenia Revisited:
Meta-analysis of Laboratory Studies. Schizophrenia Bulletin 36 (1), 143-150.
Colbert, S.M., Peters, E.R., 2002. Need for closure and jumping-to-conclusions in delusion-prone
individuals. The Journal of Nervous and Mental Disease 190 (1), 27-31.
Combs, D.R., Penn, D.L., Michael, C.O., Basso, M.R., Wiedeman, R., Siebenmorgan, M., Tiegreen,
J., Chapman, D., 2009. Perceptions of hostility by persons with and without persecutory
delusions. Cognitive Neuropsychiatry 14 (1), 30-52.

17

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Daalman, K., Boks, M.P., Diederen, K.M., de Weijer, A.D., Blom, J.D., Kahn, R.S., Sommer, I.E.,
2011. The same or different? A phenomenological comparison of auditory verbal
hallucinations in healthy and psychotic individuals. Journal of Clinical Psychiatry 72 (3), 320325.
Das, P., Kemp, A.H., Flynn, G., Harris, A.W., Liddell, B.J., Whitford, T.J., Peduto, A., Gordon, E.,
Williams, L.M., 2007. Functional disconnections in the direct and indirect amygdala
pathways for fear processing in schizophrenia. Schizophrenia Research 90 (1-3), 284-294.
DeVylder, J.E., Lukens, E.P., Link, B.G., Lieberman, J.A., 2015. Suicidal ideation and suicide
attempts among adults with psychotic experiences: Data from the collaborative psychiatric
epidemiology surveys. JAMA Psychiatry 72 (3), 219-225.
Diederen, K.M., Daalman, K., de Weijer, A.D., Neggers, S.F., van Gastel, W., Blom, J.D., Kahn,
R.S., Sommer, I.E., 2012. Auditory hallucinations elicit similar brain activation in psychotic
and nonpsychotic individuals. Schizophrenia Bulletin 38 (5), 1074-1082.
Dominguez, M., Wichers, M., Lieb, R., Wittchen, H.-U., van Os, J., 2011. Evidence that onset of
clinical psychosis is an outcome of progressively more persistent subclinical psychotic
experiences: an 8-year cohort study. Schizophrenia Bulletin 37 (1), 84-93.
Dudley, R., Over, D., 2003. People with delusions jump to conclusions: A theoretical account of
research findings on the reasoning of people with delusions. Clinical Psychology and
Psychotherapy 10 (5), 263-274.
Dudley, R., Wood, M., Spencer, H., Brabban, A., Mosimann, U.P., Collerton, D., 2012. Identifying
Specific Interpretations and Use of Safety Behaviours in People with Distressing Visual
Hallucinations: An Exploratory Study. Behavioural and Cognitive Psychotherapy 40 (03),
367-375.
Eippert, F., Veit, R., Weiskopf, N., Erb, M., Birbaumer, N., Anders, S., 2007. Regulation of emotional
responses elicited by threat‐related stimuli. Human Brain Mapping 28 (5), 409-423.
Ellsworth, P.C., Scherer, K.R., 2003. Appraisal processes in emotion. Handbook of Affective
Sciences, 572-595.

18

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Escher, S., Romme, M., Buiks, A., Delespaul, P., Van Os, J., 2002. Independent course of childhood
auditory hallucinations: a sequential 3-year follow-up study. The British Journal of Psychiatry
181 (43), s10-s18.
Fine, C., Gardner, M., Craigie, J., Gold, I., 2007. Hopping, skipping or jumping to conclusions?
Clarifying the role of the JTC bias in delusions. Cognitive Neuropsychiatry 12 (1), 46-77.
Freeman, D., 2007. Suspicious minds: the psychology of persecutory delusions. Clinical Psychology
Review 27 (4), 425-457.
Freeman, D., Garety, P., Kuipers, E., 2001. Persecutory delusions: developing the understanding of
belief maintenance and emotional distress. Psychological Medicine 31 (07), 1293-1306.
Freeman, D., Garety, P.A., Kuipers, E., Fowler, D., Bebbington, P.E., 2002. A cognitive model of
persecutory delusions. British Journal of Clinical Psychology 41, 331-347.
Freeman, D., Pugh, K., Antley, A., Slater, M., Bebbington, P., Gittins, M., Dunn, G., Kuipers, E.,
Fowler, D., Garety, P., 2008a. Virtual reality study of paranoid thinking in the general
population. The British Journal of Psychiatry 192 (4), 258-263.
Freeman, D., Pugh, K., Garety, P., 2008b. Jumping to conclusions and paranoid ideation in the
general population. Schizophrenia Research 102 (1–3), 254-260.
Freeman, D., Pugh, K., Vorontsova, N., Antley, A., Slater, M., 2010. Testing the continuum of
delusional beliefs: an experimental study using virtual reality. Journal of Abnormal
Psychology 119 (1), 83.
Freeman, D., Slater, M., Bebbington, P.E., Garety, P.A., Kuipers, E., Fowler, D., Met, A., Read,
C.M., Jordan, J., Vinayagamoorthy, V., 2003. Can virtual reality be used to investigate
persecutory ideation? The Journal of Nervous and Mental Disease 191 (8), 509-514.
Fusar-Poli, P., Smieskova, R., Kempton, M.J., Ho, B.C., Andreasen, N.C., Borgwardt, S., 2013.
Progressive brain changes in schizophrenia related to antipsychotic treatment? A metaanalysis of longitudinal MRI studies. Neuroscience and Biobehavioral Reviews 37 (8), 16801691.

19

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Garety, P., Freeman, D., 2013. The past and future of delusions research: from the inexplicable to the
treatable. The British Journal of Psychiatry 203 (5), 327-333.
Garety, P., Hemsley, D., Wessely, S., 1991. Reasoning in deluded schizophrenic and paranoid
patients: Biases in performance on a probabilistic inference task. The Journal of Nervous and
Nental Disease 179 (4), 194-201.
Garety, P., Joyce, E., Jolley, S., Emsley, R., Waller, H., Kuipers, E., Bebbington, P., Fowler, D.,
Dunn, G., Freeman, D., 2013. Neuropsychological functioning and jumping to conclusions in
delusions. Schizophrenia Research 150 (2), 570-574.
Garety, P., Waller, H., Emsley, R., Jolley, S., Kuipers, E., Bebbington, P., Dunn, G., Fowler, D.,
Hardy, A., Freeman, D., 2015. Cognitive mechanisms of change in delusions: an experimental
investigation targeting reasoning to effect change in paranoia. Schizophrenia Bulletin 41 (2),
400-410.
Garety, P.A., Bebbington, P., Fowler, D., Freeman, D., Kuipers, E., 2007. Implications for
neurobiological research of cognitive models of psychosis: a theoretical paper. Psychological
Medicine 37 (10), 1377.
Garety, P.A., Freeman, D., 1999. Cognitive approaches to delusions: A critical review of theories and
evidence. British Journal of Clinical Psychology 38 (2), 113-154.
Garety, P.A., Kuipers, E., Fowler, D., Freeman, D., Bebbington, P.E., 2001. A cognitive model of the
positive symptoms of psychosis. Psychological Medicine 31 (02), 189-195.
Gaynor, K., Ward, T., Garety, P., Peters, E., 2013. The role of safety-seeking behaviours in
maintaining threat appraisals in psychosis. Behaviour Research and Therapy 51 (2), 75-81.
Gotlib, I.H., Kasch, K.L., Traill, S., Joormann, J., Arnow, B.A., Johnson, S.L., 2004. Coherence and
specificity of information-processing biases in depression and social phobia. Journal of
Abnormal Psychology 113 (3), 386-398.
Green, M., Williams, L., Davidson, D., 2003. Visual scanpaths and facial affect recognition in
delusion-prone individuals: Increased sensitivity to threat? Cognitive Neuropsychiatry 8 (1),
19-41.

20

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Green, M.J., Phillips, M.L., 2004. Social threat perception and the evolution of paranoia.
Neuroscience and Biobehavioural Reviews 28 (3), 333-342.
Habel, U., Chechko, N., Pauly, K., Koch, K., Backes, V., Seiferth, N., Shah, N.J., Stöcker, T.,
Schneider, F., Kellermann, T., 2010. Neural correlates of emotion recognition in
schizophrenia. Schizophrenia Research 122 (1), 113-123.
Hall, J., Whalley, H.C., McKirdy, J.W., Romaniuk, L., McGonigle, D., McIntosh, A.M., Baig, B.J.,
Gountouna, V.-E., Job, D.E., Donaldson, D., 2008. Overactivation of fear systems to neutral
faces in schizophrenia. Biological Psychiatry 64 (1), 70-73.
Heriot-Maitland, C., Knight, M., Peters, E., 2012. A qualitative comparison of psychotic-like
phenomena in clinical and non-clinical populations. British Journal of Clinical Psychology 51
(1), 37-53.
Holt, D.J., Kunkel, L., Weiss, A.P., Goff, D.C., Wright, C.I., Shin, L.M., Rauch, S.L., Hootnick, J.,
Heckers, S., 2006. Increased medial temporal lobe activation during the passive viewing of
emotional and neutral facial expressions in schizophrenia. Schizophrenia Research 82 (2–3),
153-162.
Howes, O.D., Kambeitz, J., Kim, E., Stahl, D., Slifstein, M., Abi-Dargham, A., Kapur, S., 2012. The
nature of dopamine dysfunction in schizophrenia and what this means for treatment: metaanalysis of imaging studies. Archives of General Psychiatry 69 (8), 776-786.
Howes, O.D., Murray, R.M., 2014. Schizophrenia: an integrated sociodevelopmental-cognitive model.
Lancet 383 (9929), 1677-1687.
Hutton, S.B., Murphy, F.C., Joyce, E.M., Rogers, R.D., Cuthbert, I., Barnes, T.R.E., McKenna, P.J.,
Sahakian, B.J., Robbins, T.W., 2002. Decision making deficits in patients with first-episode
and chronic schizophrenia. Schizophrenia Research 55 (3), 249-257.
Johns, L.C., Kompus, K., Connell, M., Humpston, C., Lincoln, T.M., Longden, E., Preti, A.,
Alderson-Day, B., Badcock, J.C., Cella, M., 2014. Auditory verbal hallucinations in persons
with and without a need for care. Schizophrenia Bulletin 40 (Suppl 4), S255-S264.

21

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Joormann, J., Gotlib, I.H., 2006. Is this happiness I see? Biases in the identification of emotional
facial expressions in depression and social phobia. Journal of Abnormal Psychology 115 (4),
705.
Kaymaz, N., van Os, J., 2010. Extended psychosis phenotype--yes: single continuum--unlikely.
Psychol Med 40 (12), 1963-1966.
Kelleher, I., Wigman, J.T.W., Harley, M., O'Hanlon, E., Coughlan, H., Rawdon, C., Murphy, J.,
Power, E., Higgins, N.M., Cannon, M., 2015. Psychotic experiences in the population:
Association with functioning and mental distress. Schizophrenia Research 165 (1), 9-14.
Keshavan, M.S., Nasrallah, H.A., Tandon, R., 2011. Schizophrenia, "Just the Facts" 6. Moving ahead
with the schizophrenia concept: from the elephant to the mouse. Schizophrenia Research 127
(1-3), 3-13.
Kim, M.J., Gee, D.G., Loucks, R.A., Davis, F.C., Whalen, P.J., 2011. Anxiety dissociates dorsal and
ventral medial prefrontal cortex functional connectivity with the amygdala at rest. Cerebral
Cortex 21 (7), 1667-1673.
Kim, M.J., Whalen, P.J., 2009. The structural integrity of an amygdala–prefrontal pathway predicts
trait anxiety. The Journal of Neuroscience 29 (37), 11614-11618.
Kim, S.H., Hamann, S., 2007. Neural correlates of positive and negative emotion regulation. Journal
of Cognitive Neuroscience 19 (5), 776-798.
Kinderman, P., Bentall, R.P., 1997. Causal attributions in paranoia and depression: internal, personal,
and situational attributions for negative events. Journal of Abnormal Psychology 106 (2), 341.
Krabbendam, L., Myin-Germeys, I., Hanssen, M., Bijl, R.V., De Graaf, R., Vollebergh, W., Bak, M.,
Van Os, J., 2004. Hallucinatory experiences and onset of psychotic disorder: evidence that the
risk is mediated by delusion formation. Acta Psychiatrica Scandinavica 110 (4), 264-272.
Krabbendam, L., Myin‐Germeys, I., Hanssen, M., Graaf, R., Vollebergh, W., Bak, M., Os, J., 2005.
Development of depressed mood predicts onset of psychotic disorder in individuals who
report hallucinatory experiences. British Journal of Clinical Psychology 44 (1), 113-125.

22

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Kumari, V., Fannon, D., Peters, E.R., Ffytche, D.H., Sumich, A.L., Premkumar, P., Anilkumar, A.P.,
Andrew, C., Phillips, M.L., Williams, S.C., Kuipers, E., 2011. Neural changes following
cognitive behaviour therapy for psychosis: a longitudinal study. Brain 134 (8), 2396-2407.
Lee, J., Park, S., 2005. Working memory impairments in schizophrenia: a meta-analysis. Journal of
Abnormal Psychology 114 (4), 599.
Li, H.J., Chan, R.C., Gong, Q.Y., Liu, Y., Liu, S.M., Shum, D., Ma, Z.L., 2012. Facial emotion
processing in patients with schizophrenia and their non-psychotic siblings: A functional
magnetic resonance imaging study. Schizophrenia Research 134 (2), 143-150.
Lim, M.H., Gleeson, J.F., Jackson, H.J., 2012. The Jumping-to-Conclusions Bias in New Religious
Movements. The Journal of Nervous and Mental Disease 200 (10), 868-875.
Lincoln, T.M., 2007. Relevant dimensions of delusions: continuing the continuum versus category
debate. Schizophrenia Research 93 (1), 211-220.
Linscott, R.J., van Os, J., 2013. An updated and conservative systematic review and meta-analysis of
epidemiological evidence on psychotic experiences in children and adults: on the pathway
from proneness to persistence to dimensional expression across mental disorders.
Psychological Medicine 43 (6), 1133-1149.
Lovatt, A., Mason, O., Brett, C., Peters, E., 2010. Psychotic-like experiences, appraisals, and trauma.
Journal of Nervous Mental Disorders 198 (11), 813-819.
Mechias, M.-L., Etkin, A., Kalisch, R., 2010. A meta-analysis of instructed fear studies: implications
for conscious appraisal of threat. Neuroimage 49 (2), 1760-1768.
Menon, M., Mizrahi, R., Kapur, S., 2008. 'Jumping to conclusions' and delusions in psychosis:
Relationship and response to treatment. Schizophrenia Research 98 (1-3), 225-231.
Menon, M., Schmitz, T.W., Anderson, A.K., Graff, A., Korostil, M., Mamo, D., Gerretsen, P.,
Addington, J., Remington, G., Kapur, S., 2011. Exploring the Neural Correlates of Delusions
of Reference. Biological Psychiatry 70 (12), 1127-1133.

23

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Mier, D., Lis, S., Zygrodnik, K., Sauer, C., Ulferts, J., Gallhofer, B., Kirsch, P., 2014. Evidence for
altered amygdala activation in schizophrenia in an adaptive emotion recognition task.
Psychiatry Research: Neuroimaging 221 (3), 195-203.
Moncrieff, J., 2011. Questioning the ‘neuroprotective’hypothesis: does drug treatment prevent brain
damage in early psychosis or schizophrenia? The British Journal of Psychiatry 198 (2), 85-87.
Monk, C., Nelson, E., McClure, E., Mogg, K., Bradley, B., Leibenluft, E., Blair, R.J., Chen, G.,
Charney, D., Ernst, M., 2006. Ventrolateral prefrontal cortex activation and attentional bias in
response to angry faces in adolescents with generalized anxiety disorder. American Journal of
Psychiatry 163 (6), 1091-1097.
Moritz, S., Laudan, A., 2007. Attention bias for paranoia-relevant visual stimuli in schizophrenia.
Cognitive Neuropsychiatry 12 (5), 381-390.
Moritz, S., Veckenstedt, R., Randjbar, S., Vitzthum, F., Woodward, T., 2011. Antipsychotic treatment
beyond antipsychotics: metacognitive intervention for schizophrenia patients improves
delusional symptoms. Psychological Medicine 41 (09), 1823-1832.
Morrison, A.P., 2001. The interpretation of intrusions in psychosis: an integrative cognitive approach
to hallucinations and delusions. Behavioural Cognitive Psychotherapy 29 (3), 257-276.
Mukherjee, P., Whalley, H.C., McKirdy, J.W., McIntosh, A.M., Johnstone, E.C., Lawrie, S.M., Hall,
J., 2012. Lower effective connectivity between amygdala and parietal regions in response to
fearful faces in schizophrenia. Schizophrenia Research 134 (2), 118-124.
Myers, K., Davis, M., 2006. Mechanisms of fear extinction. Molecular Psychiatry 12 (2), 120-150.
Northoff, G., Heinzel, A., de Greck, M., Bermpohl, F., Dobrowolny, H., Panksepp, J., 2006. Selfreferential processing in our brain—A meta-analysis of imaging studies on the self.
Neuroimage 31 (1), 440-457.
Pessoa, L., Japee, S., Sturman, D., Ungerleider, L.G., 2006. Target visibility and visual awareness
modulate amygdala responses to fearful faces. Cerebral Cortex 16 (3), 366-375.
Peters, E., Day, S., McKenna, J., Orbach, G., 1999. Delusional ideation in religious and psychotic
populations. British Journal of Clinical Psychology 38 (1), 83-96.
24

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Peters, E., Garety, P., 2006. Cognitive functioning in delusions: A longitudinal analysis. Behaviour
Research and Therapy 44 (4), 481-514.
Peters, E., Ward, T., Jackson, M., Morgan, C., Charalambides, M., McGuire, P., Woodruff, P.,
Jacobsen, P., Chadwick, P., Garety, P.A., 2016. Clinical, socio-demographic, and
psychological characteristics in individuals with persistent psychotic experiences with and
without a ‘need-for-care’. World Psychiatry 15 (1), 41-52.
Peters, E.R., Moritz, S., Schwannauer, M., Wiseman, Z., Greenwood, K.E., Scott, J., Beck, A.T.,
Donaldson, C., Hagen, R., Ross, K., Veckenstedt, R., Ison, R., Williams, S., Kuipers, E.,
Garety, P.A., 2014. Cognitive Biases Questionnaire for Psychosis. Schizophrenia Bulletin 40
(2), 300-313.
Phillips, M.L., Drevets, W.C., Rauch, S.L., Lane, R., 2003. Neurobiology of emotion perception II:
implications for major psychiatric disorders. Biological Psychiatry 54 (5), 515-528.
Pinkham, A.E., Brensinger, C., Kohler, C., Gur, R.E., Gur, R.C., 2011. Actively paranoid patients
with schizophrenia over attribute anger to neutral faces. Schizophrenia Research 125 (2–3),
174-178.
Pinkham, A.E., Hopfinger, J.B., Pelphrey, K.A., Piven, J., Penn, D.L., 2008. Neural bases for
impaired social cognition in schizophrenia and autism spectrum disorders. Schizophrenia
Research 99 (1), 164-175.
Pinkham, A.E., Liu, P., Lu, H., Kriegsman, M., Simpson, C., Tamminga, C., 2015. Amygdala
Hyperactivity at Rest in Paranoid Individuals With Schizophrenia. American Journal of
Psychiatry.
Pinkham, A.E., Sasson, N.J., Kelsven, S., Simpson, C.E., Healey, K., Kohler, C., 2014. An intact
threat superiority effect for nonsocial but not social stimuli in schizophrenia. Journal of
Abnormal Psychology 123 (1), 168.
Quirk, G.J., Garcia, R., González-Lima, F., 2006. Prefrontal mechanisms in extinction of conditioned
fear. Biological Psychiatry 60 (4), 337-343.
Radua, J., Borgwardt, S., Crescini, A., Mataix-Cols, D., Meyer-Lindenberg, A., McGuire, P.K., FusarPoli, P., 2012. Multimodal meta-analysis of structural and functional brain changes in first
25

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
episode psychosis and the effects of antipsychotic medication. Neuroscience and
Biobehavioral Reviews 36 (10), 2325-2333.
Riley, E.M., McGovern, D., Mockler, D., Doku, V.C., ÓCeallaigh, S., Fannon, D.G., Tennakoon, L.,
Santamaria, M., Soni, W., Morris, R.G., 2000. Neuropsychological functioning in firstepisode psychosis—evidence of specific deficits. Schizophrenia Research.
Roseman, I.J., Smith, C.A., 2001. Appraisal theory: Overview, assumptions, varieties, controversies.
Oxford University Press, USA, New York, NY.
Russell, T.A., Reynaud, E., Kucharska-Pietura, K., Ecker, C., Benson, P.J., Zelaya, F., Giampietro,
V., Brammer, M., David, A., Phillips, M.L., 2007. Neural responses to dynamic expressions
of fear in schizophrenia. Neuropsychologia 45 (1), 107-123.
Satterthwaite, T.D., Wolf, D.H., Loughead, J., Ruparel, K., Valdez, J.N., Siegel, S.J., Kohler, C.G.,
Gur, R.E., Gur, R.C., 2010. Association of enhanced limbic response to threat with decreased
cortical facial recognition memory response in schizophrenia. American Journal of Psychiatry
167 (4), 418-426.
Savulich, G., Shergill, S., Yiend, J., 2012. Biased Cognition in Psychosis. Journal of Experimental
Psychopathology 3 (4), 514-536.
Schiller, D., Freeman, J.B., Mitchell, J.P., Uleman, J.S., Phelps, E.A., 2009. A neural mechanism of
first impressions. Nature Neuroscience 12 (4), 508-514.
Schmitz, T.W., Johnson, S.C., 2007. Relevance to self: A brief review and framework of neural
systems underlying appraisal. Neuroscience and Biobehavioral Reviews 31 (4), 585-596.
Serretti, A., Fabbri, C., 2013. Shared genetics among major psychiatric disorders. The Lancet 381
(9875), 1339-1341.
Shin, L.M., Wright, C.I., Cannistraro, P.A., Wedig, M.M., McMullin, K., Martis, B., Macklin, M.L.,
Lasko, N.B., Cavanagh, S.R., Krangel, T.S., 2005. A functional magnetic resonance imaging
study of amygdala and medial prefrontal cortex responses to overtly presented fearful faces in
posttraumatic stress disorder. Archives of General Psychiatry 62 (3), 273.

26

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Sisti, D., Rocchi, M.B., Siddi, S., Mura, T., Manca, S., Preti, A., Petretto, D.R., 2012. Preoccupation
and distress are relevant dimensions in delusional beliefs. Comprehensive Psychiatry 53 (7),
1039-1043.
Tandon, R., Keshavan, M.S., Nasrallah, H.A., 2008. Schizophrenia, "Just the Facts": what we know in
2008 part 1: overview. Schizophrenia Research 100 (1-3), 4-19.
Taylor, H.E., Parker, S., Mansell, W., Morrison, A.P., 2013. Effects of appraisals of anomalous
experience on distress in people at risk of psychosis. Behavioural and Cognitive
Psychotherapy 41 (1), 24-33.
Taylor, S.F., Chen, A.C., Tso, I.F., Liberzon, I., Welsh, R.C., 2011. Social appraisal in chronic
psychosis: Role of medial frontal and occipital networks. Journal of Psychiatric Research 45
(4), 526-538.
Telzer, E.H., Mogg, K., Bradley, B.P., Mai, X., Ernst, M., Pine, D.S., Monk, C.S., 2008. Relationship
between trait anxiety, prefrontal cortex, and attention bias to angry faces in children and
adolescents. Biological Psychology 79 (2), 216.
Tone, E.B., Davis, J.S., 2012. Paranoid thinking, suspicion, and risk for aggression: A
neurodevelopmental perspective. Development and Psychopathology 24 (Special Issue 03),
1031-1046.
Underwood, R., Peters, E., Kumari, V., 2015. Psychobiology of threat appraisal in the context of
psychotic experiences: A selective review. European Psychiatry 30 (7), 817-829.
Valmaggia, L.R., Freeman, D., Green, C., Garety, P., Swapp, D., Antley, A., Prescott, C., Fowler, D.,
Kuipers, E., Bebbington, P., 2007. Virtual reality and paranoid ideations in people with an ‘atrisk mental state’for psychosis. The British Journal of Psychiatry 191 (51), 63-68.
van der Gaag, M., Schütz, C., ten Napel, A., Landa, Y., Delespaul, P., Bak, M., Tschacher, W., De
Hert, M., 2013. Development of the Davos Assessment of Cognitive Biases Scale
(DACOBS). Schizophrenia Research 144 (1), 63-71.
van Os, J., Linscott, R.J., Myin-Germeys, I., Delespaul, P., Krabbendam, L., 2009. A systematic
review and meta-analysis of the psychosis continuum: evidence for a psychosis pronenesspersistence-impairment model of psychotic disorder. Psychological Medicine 39 (2), 179-195.
27

COGNITIVE AND NEURAL MODELS OF THREAT APPRAISAL IN PSYCHOSIS
Ward, T., Gaynor, K., Hunter, M., Woodruff, P., Garety, P., Peters, E., 2014. Appraisals and
responses to experimental symptom analogues in clinical and nonclinical individuals with
psychotic experiences. Schizophrenia Bulletin 40 (4), 845-855.
Whalen, P.J., Raila, H., Bennett, R., Mattek, A., Brown, A., Taylor, J., van Tieghem, M., Tanner, A.,
Miner, M., Palmer, A., 2013. Neuroscience and Facial Expressions of Emotion: The Role of
Amygdala–Prefrontal Interactions. Emotion Review 5 (1), 78-83.
White, L.K., Suway, J.G., Pine, D.S., Bar-Haim, Y., Fox, N.A., 2011. Cascading effects: The
influence of attention bias to threat on the interpretation of ambiguous information. Behaviour
Research and Therapy 49 (4), 244-251.
Williams, H.J., Norton, N., Dwyer, S., Moskvina, V., Nikolov, I., Carroll, L., Georgieva, L.,
Williams, N.M., Morris, D.W., Quinn, E.M., 2010. Fine mapping of ZNF804A and genomewide significant evidence for its involvement in schizophrenia and bipolar disorder.
Molecular Psychiatry 16 (4), 429-441.
Williams, L.L.M., Das, P., Liddell, B.J., Olivieri, G., Peduto, A.S., David, A.S., Gordon, E., Harris,
A.W., 2007. Fronto-limbic and autonomic disjunctions to negative emotion distinguish
schizophrenia subtypes. Psychiatry Research: Neuroimaging 155 (1), 29-44.
Williams, L.M., Das, P., Harris, A.W., Liddell, B.B., Brammer, M.J., Olivieri, G., Skerrett, D.,
Phillips, M.L., David, A.S., Peduto, A., 2004. Dysregulation of arousal and amygdalaprefrontal systems in paranoid schizophrenia. American Journal of Psychiatry 161 (3), 480489.
Willis, J., Todorov, A., 2006. First impressions making up your mind after a 100-ms exposure to a
face. Psychological Science 17 (7), 592-598.
Woodward, T.S., Mizrahi, R., Menon, M., Christensen, B.K., 2009. Correspondences between theory
of mind, jumping to conclusions, neuropsychological measures and the symptoms of
schizophrenia. Psychiatry Research 170 (2), 119-123.
Highlights
 Maladaptive appraisals of anomalous experiences in psychosis are driven by attentional and
attributional threat biases, and contribute directly to a need for care.
 These biases have been examined using neuroimaging techniques but only in related
literatures such as anxiety and social cognition.
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Drawing these literatures together has helped identify neural networks relevant to threat
biases in the context of maladaptive appraisals in psychosis
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