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Abstract  

The brain is a predictive machine. Converging data suggests a diametric predictive strategy 

from autism spectrum disorders (ASD) to schizophrenic spectrum disorders (SSD). Whereas 

perceptual inference in ASD is rigidly shaped by incoming sensory information, the SSD 

population is prone to overestimate the precision of their priors’ models. Growing evidence 

considers brain oscillations pivotal biomarkers to understand how top-down predictions integrate 

bottom-up input. Starting from the conceptualization of ASD and SSD as oscillopathies, we 

introduce an integrated perspective that ascribes the maladjustments of the predictive 

mechanism to dysregulation of neural synchronization. According to this proposal, disturbances 

in the oscillatory profile do not allow the appropriate trade-off between descending predictive 

signal, overweighted in SSD, and ascending prediction errors, overweighted in ASD. These 

opposing imbalances both result in an ill-adapted reaction to external challenges. This approach 

offers a neuro-computational model capable of linking predictive coding theories with 

electrophysiological findings, aiming to increase knowledge on the neuronal foundations of the 

two spectra features and stimulate hypothesis-driven rehabilitation/research perspectives. 

Keywords: Autism Spectrum Disorder (ASD); Schizophrenic Spectrum Disorder (SSD); 

Autistic-Schizophrenic continuum; Decision-Making; Predictive Coding; Brain Oscillations; Brain 

Connectivity; Oscillopathies 

Highlights  

• ASD and SSD lay on two poles of the same predictive continuum. 

• ASD is characterized by a bias towards prediction-error’s overweighting. 

• SSD tends to overestimate the precision of their predictive models. 

• Brain oscillations are crucial in the transmission of prediction and prediction error. 

• Different oscillatory profiles account for the predictive styles of ASD and SSD.  



 

 

Introduction 

Although more than a century has passed since the first descriptions of individuals belonging to 

the autism and schizophrenia spectrum, there is still a considerable knowledge gap about these 

conditions. The lack of theories capable of unraveling the mechanisms underlying 

symptomatology is partly responsible for the inability to identify appropriate treatments. This 

causes serious repercussions at the individual, family, and community level. Both spectra are 

characterized by an increased suicidal risk (Hawton et al., 2005; Kõlves et al., 2021; Teraishi et 

al., 2014) and with poor social adaptation resulting in high costs for the take care system (Jin 

and Mosweu, 2017; Rogge and Janssen, 2019). 

For the afore-mentioned reasons, neurocomputational models have recently been introduced as 

a promising tool that can elucidate the neural mechanisms behind major neuropsychiatric 

conditions (Huys et al., 2021, 2016). For instance, predictive coding theory offers an explanatory 

model able to create a link between phenomenological symptoms and the computational 

process that accounts for them (Friston et al., 2014). This proposal states that perception is not 

strictly dependent on incoming sensory input but emerges from an inferential-like process in 

which stimuli are conditionally interpreted in light of aprioristic knowledge (Clark, 2013; Rao and 

Ballard, 1999). Following this framework, in ASD and SSD there would be an imbalance 

between stimulus and prediction-related information weightage resulting in maladaptive 

perceptual inference process (Sterzer et al., 2018; Van de Cruys et al., 2014). This imbalanced 

trade-off may stem from diametric reasons. Autistic spectrum would less exploit contextual and 

experience-based information to optimize perceptual inference, whereas schizophrenic 

spectrum overuses preconceived models (Corlett et al., 2019; Sinha et al., 2014). Although 

predictive coding can be considered an effective explanatory theory of some spectra features, 

there is a lack of neural evidence able to empirically reinforce the hypothesized mechanisms. 



 

 

The proposed framework aims to link neuro-computational theories currently adopted to explain 

the peculiarities of ASD and SSD with lines of empirical research showing the involvement of 

brain rhythms in neural information exchange. Predictive coding assumes the presence of top-

down messages descending the cortical hierarchy that try to fit bottom-up signals. Any 

discrepancy with the predicted state is conveyed via an ascending signal designed to update 

the current model. In this interplay, cortical oscillations may represent a neural solution to 

implement predictive processes (Arnal and Giraud, 2012; Bastos et al., 2020, 2012). Indeed, 

communication between brain regions is accomplished through mutual rhythmic co-ordination 

(Fries, 2015, 2005). A failure to fine-tune neural synchronization between predictive and 

prediction error units could lead to a predictive imbalance, which could be defined as an 

unbalanced trade-off between prediction and prediction error information. Crucially, converging 

evidence support the notion that oscillations are a pivotal biomarker underlying ASD and SSD 

features (Kessler et al., 2016; Reilly et al., 2018; Simon and Wallace, 2016; Uhlhaas and 

Singer, 2015). Indeed, both spectra are framed as oscillopathies given that abnormalities in the 

spectral profile and in the rhythmic communication between brain regions are consistently 

reported and correlated to behavioral dysfunctions (Grent et al., 2020; O’Reilly et al., 2017; 

Peiker et al., 2015b; Seymour et al., 2019; Wang et al., 2020). Core element of the proposed 

work is the assumption that disrupted oscillatory synchronization noted in ASD and SSD would 

subtend the maladjustments of the perceptual inferential process. The innovative aspect of the 

model we propose here consists of integrating multiple levels concerning the cognitive 

peculiarities of ASD and SSD and the related electrophysiological underpinning into a single 

theoretical framework that could inform personalized interventions for treatment of the disease 

and novel scientific investigation.  Before discussing this integrative framework, we offer a brief 

introduction to the characteristics of these spectra and their interplay in the following sections. 



 

 

1. Autism Spectrum Disorder (ASD) and Schizophrenic Spectrum Disorder 

(SSD) 

Autism and Schizophrenia are two of the most prevalent mental disorders (Baio et al., 2018; 

Saha et al., 2005). Autism is characterized by restricted and stereotyped behavior (excessive 

adherence to routines, highly limited and fixed interests), communication problems, and social 

deficits (lack of socio-emotional reciprocity, deficiencies in developing and maintaining social 

relationships) (Volkmar and Reichow, 2013). Schizophrenia is characterized by a mixture of 

positive (such as delusions and hallucinations), negative (anhedonia, apathy, social 

withdrawal), and cognitive symptoms (disorganized thoughts, poor memory, altered cognitive 

control) (Tandon et al., 2013). In the early days of psychiatry, these two disorders were 

intertwined. In Bleuler's conceptualizations (1916), autism indicated a behavioral symptom of 

the schizophrenic manifestation characterized by alienation and social interaction avoidance. 

Moreover, in the first edition of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-I), children with autistic-type symptoms were diagnosed as having childhood-type 

schizophrenic reaction (American Psychiatric Association, 1952). The clinical difference 

between Schizophrenia and autism was officially confirmed only in DSM-III, creating a new 

category called infantile autism, placed in a different section with respect to schizophrenic 

disorders (American Psychiatric Association, 1980). The whole conceptualization of these two 

conditions has changed in recent years: a dimensional perspective (continuum) has replaced a 

dichotomous approach (present, absent) (Nelson et al., 2013). This change of perspective 

derives from the observation of a constellation of heterogeneous clinical manifestations that 

can be embedded in the diagnosis of autism or schizophrenia (Baker, 2013; van Os et al., 

2009). This evidence has led to the introduction of Autism Spectrum Disorder (ASD) and 

Schizophrenic Spectrum Disorder (SSD) in recent diagnostic manuals (American Psychiatric 

Association, 2013). In line with the dimensional conceptualization of schizophrenia, schizotypal 



 

 

personality disorder (SPD) has been included in the SSD given that the pervasive pattern of 

reduced capacity for close relationships and the cognitive and perceptual distortions observed 

in this disorder are qualitatively similar to those observed in schizophrenia (Lenzenweger, 

2006). The Research Domain Criteria (RDoC) project is one of the leading promoters towards 

using a dimensional approach to comprehend mental health and mental illness fields (Insel, 

2014). One of the key points of the project states that placing rigid barriers between normality 

and illness conceals essential information about how psychopathology gradually emerges 

throughout development. Crucially, it neglects the importance of risk and protective factors that 

can push an individual to a more or less extreme position along the spectrum (Cuthbert and 

Insel, 2013). Indeed, the spectrum conceptualization is corroborated by evidence indicating 

that there are no clear-cut boundaries separating autism and schizophrenia from the rest of the 

general population, as symptoms range from overt clinical manifestation to trait-like 

expressions of the two conditions (Baron-Cohen et al., 2001; Lenzenweger, 2018; Zavos et al., 

2014). Moreover, consistent evidence points to an overlapped genetic etiology underlying ASD 

and autistic traits in the general population (Bralten et al., 2018; Massrali et al., 2019), as well 

as a higher rate of schizotypal traits being in genetic proximity to SSD (Torti et al., 2013; Walter 

et al., 2016).  

2. Overlapping, opposite, or independent disorders? 

The nature of the relationship between these conditions is complex (Chisholm et al., 2015). 

Although they have different features and classification criteria, there is a growing interest in 

studying the connections between these two entities due to some similarities in clinical 

presentation, genetic etiology, and neurobiological abnormalities (Crespi et al., 2010; 

Konstantareas and Hewitt, 2001; Pinkham et al., 2008).  



 

 

A systematic review conducted by Zheng (2018) revealed that the prevalence of ASD in 

individuals with Schizophrenia ranged from 3.4 to 52%, and people with ASD had an odds ratio 

of 3.55 to manifest comorbidity with SSD compared to the typically-developed controls. A 

recent meta-analysis (Lugo Marín et al., 2018) ascertained that the pooled prevalence value of 

SSD in a sample with ASD diagnosis stands at 6.4%. An in-depth analysis of the two spectra’ 

features can help to disambiguate this frequently highlighted co-occurrence. A recently 

advocated approach is based on a comparative analysis of diagnostic tests and questionnaire 

data utilized to assess the two conditions (Table 1). Using the Autistic Quotient (AQ) (Baron-

Cohen et al., 2001) and the Schizotypal Personality Questionnaire-Brief Revised (SPQ-BR) 

(Cohen et al., 2010) scores taken from non-clinical populations, Dinsdale et al., (2013) 

demonstrated that a general factor related to socio-communicative impairments is common to 

both autistic and schizotypal traits. Conversely, there is a diametrically opposite relationship 

between autistic features and positive/cognitive-perceptual aspects of schizotypy. Zhou (2019) 

carried a psychometric analysis to investigate the relationships between self-reported autistic 

and schizotypal traits. The psychometric results showed a substantial overlap between 

negative schizotypal traits and the social-communicative impairment typically connected to 

autistic traits. After removing this common ‘social difficult’ element, the authors found a 

negative correlation between positive/cognitive schizotypal and autistic traits. A similar pattern 

of results can be evinced also in clinical populations. Trevisan (2020) recruited samples of 

adults with autism (n=53), Schizophrenia (n=39), and typical development (n=40) to whom the 

Autism Diagnostic Observation Schedule (ADOS-2) (Lord et al., 2012) and the Positive and 

Negative Syndrome Scale (PANSS) (Kay et al., 1987) were administered. The results showed 

that ≃ 44% of participants with Schizophrenia met ADOS-2 criteria for autism-spectrum despite 

not meeting DSM-5 criteria for autism diagnosis. Clustering ADOS-2 and PANSS items into 

positive and negative domains showed that the overlap between the two conditions relies 



 

 

specifically on negative symptoms such as social-emotional lack of reciprocity, apathy, 

reduced nonverbal communication, reduced affect sharing, and social withdrawal. This is 

congruent with studies pointing to comparable deficits in mentalizing tasks (Chung et al., 2014) 

and communication ability (Levy et al., 2010; Tager-Flusberg et al., 2005), testifying the 

presence of a common deficit in social cognition (Ciaramidaro et al., 2018; Couture et al., 

2010; Pinkham et al., 2020). In contrast, disorder-specific positive symptomology measured by 

the ADOS-2 and PANSS can accurately discriminate schizophrenic and autistic patients. 

Schizophrenic patients demonstrate a higher inclination to psychosis-like symptoms (such as 

delusions and hallucinations), whereas autistic people demonstrate a higher prevalence of 

ASD-related symptoms as strange mannerisms, fixed interests, and behavioral stereotypes. 

To summarize, it seems plausible that the comorbidity rate between the two disorders could be 

inflated by the common presence of the social/communication symptoms. For an accurate 

differential diagnosis, clinicians should refer to the positive/cognitive dimension that seems to 

have a higher capacity to disambiguate between the two conditions (Ford et al., 2017; Nenadić 

et al., 2021). 

 

2.1. Cognitive profiles of ASD and SSD 

Divergences between ASD and SSD are not only noticeable at the psychometric level. The 

cognitive constellation of the two spectra seems to point in opposite directions (Bölte et al., 

2002). ASD shows less influence of contextual and global information connected to a bias 

towards local information processing (Happé, 1999). In visual search tasks where the target 

differs from distractors in small details, ASD individuals show above-average performance that 

depends on anomalously intensified perception of stimulus peculiarities (Joseph et al., 2009; 

O’Riordan et al., 2001). This enhanced reliance on details is also observable in neurotypical 



 

 

individuals with an above-median number of autistic traits (Alink and Charest, 2020). ASD 

population shows abnormal perceptual experiences, characterized by hyposensitivity and/or 

hypersensitivity toward external stimulations, which can induce sensory overload (Baum et al., 

2015; Green et al., 2016; Pellicano, 2013). In the social domain, the ASD population manifest a 

deficit in “mind-reading” connected to an inability to attribute mental states to self and others 

(Baron-Cohen and Wheelwright, 2004; Frith, 2001). In decision-making tasks, ASD individuals 

require to accumulate more evidence before making a decision than healthy controls, showing 

a circumspect reasoning bias (Brosnan et al., 2014), and the adoption of a more conservative 

criterion in perceptual decision-making tasks (Quinde-Zlibut et al., 2020). 

Neurocognitive deficits are a hallmark of SSD (Calkins et al., 2010; Fatouros-Bergman et al., 

2014; Kahn and Keefe, 2013; Mollon et al., 2018). A marked vulnerability has been observed in 

speed of processing, episodic memory, social cognition, and executive functions (Li and 

Spaulding, 2016; Louise et al., 2015). Working memory capacity is severely impaired in SSD 

(Barch and Smith, 2008; Lee and Park, 2005; Park et al., 1995) underpinned by abnormal 

activation pattern of the dorso-lateral prefrontal cortex (Potkin et al., 2009). The SSD 

population presents an advantage for global over local processing, manifesting a pattern 

opposite to autistic individuals (Russell-Smith et al., 2010). A similar dissonance with the ASD 

population regards the social cognition domain in which SSD exhibits a “hyper-mentalistic” 

tendency reflected by a propensity to over-interpret the mental state of others (Ciaramidaro et 

al., 2015; Crespi and Badcock, 2008). Moreover, the SSD population tends to over-attribute 

events to their own agency (Garbarini et al., 2016; Haggard et al., 2003; Maeda et al., 2012), 

and manifest a tendency to “hyper-link” random events, exhibiting a conspiracy thinking style 

(van der Tempel and Alcock, 2015). In decision-making tasks, they exhibit an inclination to 

collect less information than controls before decision commitment (“Jumping to conclusion 

bias” (Garety and Freeman, 1999; Henquet et al., 2020)) and to underweight  



 

 

 evidence that goes against strong pre-established beliefs (“Bias Against Disconfirmatory 

 Evidence” (Georgiou et al., 2021; Moritz and Woodward, 2006) accompanied by over- 

 confidence to incorrect perceptual decisions (Moritz et al., 2014).   

Study 
Sample 

characteristic 

Measures 
of SSD 

features 

Measures 
of ASD 

features 
Analysis Summary of findings 

Dinsdale et 
al. (2013) 

605 undergraduate 
students (380 

females and 225 
males) 

SPQ-BR AQ 
Principal 

component 
analysis 

The first principal component reflected a general 
social alteration overlapping the two spectra. 

By contrast, the second principal component indicates 
that positive schizotypal features loaded in the 

opposite direction to autistic features. 

Zhou et al. 
(2019) 

2469 Chinese 
college students 
(27.7% males; 

mean 
age = 18.75, SD = 

1.1) 

SPQ AQ 

Principal 
component 
analysis & 
Network 

model 

Great overlap between negative schizotypal traits 
and the social-communicative impairment of autistic 

traits. 
After extracting the shared ‘social difficulty’ 

component, a diametrical structure of positive 
schizotypal and autistic traits emerges. 

Nenadiv et 
al. (2021) 

640 young adult 
healthy subject 

(452 female and 
188 males) 

MSS, 
O LIFE, 
SPQ-B, 

CAPE-42 

AQ 
Principal 

component 
analyses 

All sub-scales loaded positively on the first 
component while the second component showed a 
diametric pattern, with opposite loadings of scales 
measuring positive schizotypy and autistic traits. 

Ford et al. 
(2014) 

449 young adults 
(162 males and 287 

female) 
SPQ AQ 

Factor 
Analysis & 
Principal 

component 
analyses 

The first factor reveals a great overlap between AQ 
and SPQ in social scales. 

The second and third factor discriminate a factor 
related to Social Rigidity and Perceptual Oddities that 

represented a specific phenotype in autistic and 
schizotypal tendency, respectively. 

Ford et al. 
(2017) 

1678 young adults 
(428 males,  

mean age = 25.96, 
SD = 6.47; 1250 

females, mean age = 
25.96, SD = 6.47) 

SPQ, 
CATI 

 
AQ 

Explorator
y factor 

analysis & 
Confirmato

ry factor 
analysis 

The factor model supported shared and diametric 
subscales: four factors were specific to the common 
Social Disorganization phenotype, two factors were 

specific to paranoia and unusual perceptions of 
schizotypy, and one factor was specific to the autistic 

dimension of restricted interests. 

Trevisan et 
al. (2020) 

39 participants 
with schizophrenia 

diagnosis, 53 
participants with 

ASD diagnosis and 
40 healthy controls. 

PANSS ADOS-2 
ROC curves 

analysis 

Individuals with ASD and SSD showed an overlap in 
the negative symptom features. 

Disorder-specific positive symptomology discerns 
ASD and SZ individuals. 

Wakabayash
i et al., 
(2012) 

662 students (328 
males and 334 

females) 
SPQ AQ 

Regression 
analysis 

Autistic spectrum and schizophrenia-spectrum traits 
showed common social–emotional difficulties. 

However, there was a negative correlation between 
the AQ score and the ‘Odd beliefs and magical 

thinking’ subscale of SPQ. 
Table 1: Summary of principal studies investigating the relationship between ASD and SSD. 

Notes: SPQ = Schizotypal Personality Questionnaire; O-LIFE = Oxford Liverpool Inventory of Feelings and Experiences; CAPE = Community 
Assessment of Psychic Experiences; MSS = Multidimensional schizotypy scale; CATI = Coolidge Axis II Inventory; PANSS = Positive and 
Negative Syndrome Scale; AQ = Autism-Spectrum Quotient; ADOS-2 = Autism Diagnostic Observation Schedule. 

 

 

 



 

 

3. Bayesian inference along the ASD-SSD continuum  

The Bayesian framework is a convincing approach to understand the perceptual decision-

making deficits observed in ASD and SSD (Adams et al., 2013; Fletcher and Frith, 2009; 

Hemsley and Garety, 1986; Palmer et al., 2017; Sterzer et al., 2019). Within this approach, the 

brain is conceptualized as an inferential organ (von Helmholtz, 1867) that exploits the statistical 

regularities of the environment to optimize the perception of incoming stimuli (Garrido et al., 

2013; Knill and Pouget, 2004). This hypothesis derives from pioneering theories (Ullman, 1980) 

that challenged bottom-up perceptual models (Gibson and Carmichael, 1966). On this latter 

view, sensory information processing is carried out in a unique direction, starting from low-level 

areas (i.e., primary sensory regions) to hierarchically higher-level areas implicated in 

information-integration (Britten et al., 1996; Shadlen et al., 1996). A bidirectional relationship is 

not contemplated in these models. However, both anatomical (Garrido et al., 2007) and 

functional (Romei et al., 2016b; Siegel et al., 2015) evidence has cast doubt on this framework. 

Predictive coding theory (Friston, 2005; Lee and Mumford, 2003; Rao and Ballard, 1999) makes 

a step further, integrating information flows originating from higher-hierarchical regions. 

According to this approach, the higher-order areas elaborate priors beliefs about the world's 

states, represented probabilistically, which will be conveyed to lower levels that compare these 

predictive signals with external input (Yon et al., 2019). The combination of prior belief 

distribution with the incoming sensory data (likelihood) is exploited to calculate the posterior 

probability, which will be used to infer which stimulus most likely elicited the sensation (Hohwy, 

2012). Any discrepancy between model predictions and input generates a prediction error 

informing regions representing beliefs in order to update them (Bastos et al., 2012; Clark, 2013). 

The trade-off between maintaining and updating predictive models is determined by the 

precision associated with beliefs and prediction error: it would not be optimal to update well-

established expectations (high prior precision) due to an ambiguous input signal (low sensory 



 

 

precision); conversely, it is profitable to update predictions estimated to be unstable (low prior 

precision) in light of clear disconfirming evidence (high sensory precision) (Feldman and Friston, 

2010; Hsu et al., 2019; Schröger et al., 2015). The perfect balance between the contribution 

provided by priors and predictive errors is crucial for a correct inference of the world's hidden 

states (Friston, 2010).   

3.1.  ASD and SSD: two opposite ways of making inferences about the external 

world. 

The Bayesian approach to decision-making provides a valid model for understanding the different 

peculiarities in cognitive style observed in the two spectra. Indeed, each individual assigns a 

differential weight to priors and to the new information. People within the ASD and SSD spectra 

represent an extreme way of making this assignment (Dzafic et al., 2020; Fletcher and Frith, 2009; 

Sinha et al., 2014). Individuals within the autistic spectrum tend to rely on information carried out 

by external stimuli rather than prior or situational information to guide their behaviour, whereas 

the presence of ultra-precise abstract priors would play a crucial role in explaining the positive 

symptoms of SSD (Corlett et al., 2019; Van de Cruys et al., 2014). In the following paragraphs, 

we explore what mechanisms have been proposed to explain this differential balancing between 

external information and prior models. 

3.1.1. Prediction in ASD 

One of the popular models in the scientific panorama that links the symptoms observed in ASD 

to an imbalance in predictive functioning is the Hypo-priors hypothesis (Pellicano and Burr, 

2012). This proposal argued that ASD symptoms derive from a lower weight placed on 

contextual information and predictions in perceptual inference. This theorization is in line with 

the Weak Central Coherence Theory (Frith, 2003). Central coherence designates the human's 

ability to determine the overall sense from a plurality of elements, and a weak central 



 

 

coherence is related to an enhanced ability to process local details (Happé and Frith, 2006). 

This cognitive feature causes a more "realistic" experience of the world because perception is 

not shaped in the direction of priors and contextual information, relying primarily on incoming 

stimulus. This inclination confers a performance benefit in tasks where this capability is 

involved, such as in the block design test (Muth et al., 2014). In this task, participants have to 

arrange blocks with various colour patterns to recreate a given design. Individuals affected by 

autism and neurotypical participants with high autistic trait achieved better performance when 

the target design was presented as a 'whole', but they manifest similar performance to 

participants with low autistic trait when the given design was pre-segmented, revealing that 

people with ASD are able to visualize the design in terms of its constituent parts without the aid 

of pre-segmentation (Shah and Frith, 1993; Stewart et al., 2009). Jolliffe and Baron-Cohen 

(1997) conducted a study on adults with ASD and paired controls using the Embedded Figures 

Test that measures the ability to disassemble information from context or surrounding gestalt 

(Charman et al., 2013). ASD individuals were approximately twice as fast as neuro-typical 

controls matched on IQ. A similar pattern of results emerges when comparing people with high 

versus low autistic traits (Cribb et al., 2016). 

However, underweighting priors and contextual information result in feeling a fragmented and 

unpreventable world. Events unpredictability is linked to a sensation of lack of control over the 

external environment that generates a continuous alertness state (Gallagher et al., 2014). To 

mitigate this emotional distress, ASD individuals would resort to repeated and stereotyped 

activities that, by definition, are more predictable (Goris et al., 2020; Grillon et al., 2017, 2008); 

this could, at least in part, explain the frequent association with anxiety disorders and 

insistence on sameness observed in ASD individuals (Black et al., 2017; Sinha et al., 2014). 

However, an alternative interpretation has been suggested proposing an overly precision given 



 

 

to sensory prediction error in ASD (Karvelis et al., 2018; Van de Cruys et al., 2014). This 

tendency leads to an exaggerated sensitivity to small fluctuations in sensory input, which 

triggers a continuous updating of predictive models to accommodate these new cases. This 

continuous and inappropriate updating might cause the formation of priors having a negligible 

predictive value (Cannon et al., 2021). Regardless of the precise mechanism they all converge 

in the idea of a general tendency to privilege sensory information over prior expectations in 

ASD (Brock, 2012; Friston et al., 2013; Van de Cruys et al., 2013). 

 

3.1.2. Prediction in SSD 

Concerning SSD, both weaker and stronger predictive weight have been proposed to explain 

positive symptoms (Corlett et al., 2019; Sterzer et al., 2018). 

The weaker prior hypothesis posits that SSD individuals are characterised by an inability to 

anticipate sensory events (Mishara and Sterzer, 2015), which entails that every stimulus is 

inherently surprising to them (Adams et al., 2013; Fletcher and Frith, 2009; Notredame et al., 

2014; Sterzer et al., 2019). This pattern leads to an over-attribution of saliency toward sensory 

experiences promoting a delusional explication of reality (Heinz, 2002). This interpretation could 

explain the reduced mismatch negativity (MMN) signal observed in this population (Koshiyama 

et al., 2020; Näätänen et al., 2014), as frequent and infrequent stimuli are treated equivalently 

(Neuhaus et al., 2013; Randeniya et al., 2018). Furthermore, the weaker prior hypothesis offers 

an interpretation to the diminished susceptibility to some visual illusion, based on lifelong 

acquired expectations, observed in SSD (King et al., 2017). Dima and colleagues (Dima et al., 

2010, 2009) examined schizophrenia patients' propensity to experience the hollow-face illusion 

that occurs when the presentation of a concave mask of a face is misperceived as a normal 

face. Results showed that schizophrenia patients are less prone to perceive this illusion. 

However, an entire branch of the scientific literature advocates for an alternative hypothesis, 



 

 

pointing to overweighting of prior information as pivotal in the generation of SSD symptoms 

(Corlett et al., 2019; Horga and Abi-Dargham, 2019). According to this framework, positive 

symptoms, such as hallucinations, can be conceptualized as top-down effects on perceptual 

process, mediated by overly precise prior beliefs (Powers et al.,2016). At first glance, the strong 

prior hypothesis seems to be against a large body of evidence showing reduced top-down 

processing as the reason for hallucinations (Hugdahl, 2009). However, “top-down process” is a 

generic term used in the literature to describe several heterogeneous and dissociable processes 

(Rauss and Pourtois, 2013). For example, attentional impairment is considered a core symptom 

of the SSD as it has been associated with positive symptoms (Hugdahl et al., 2013; Gold et 

al.,2007) and with worse illness outcome (Milev et al., 2005). Nevertheless, numerous findings 

have highlighted that prior (e.g., expectations) and attentional information impact behaviour 

differently (Carrasco, 2011; Mulder et al., 2012), are mediated by dissociated mechanisms 

(Wyart et al., 2012), and are underpinned by different neural substrates (Kok et al., 2017, 2012). 

Thus, the attentional deficits highlighted in SSD individuals does not imply a concomitant 

reduction in the use of prior information. Indeed, numerous studies have demonstrated extreme 

susceptibility to probabilistic and expectation-related information in the SSD population 

(Barbalat et al., 2012; Gawęda and Moritz, 2021; Haarsma et al., 2020). For example, Powers 

et al., (2017) evaluated whether, in a visual-auditory conditioning task, the propensity to report 

tones when no sounds were presented could show increased intensity in patients with 

hallucinations and healthy control subjects who frequently report hearing voices. Results 

showed that the number of conditioned hallucinations and confidence correlates with 

hallucination severity. Computational model evidence (Mathys et al., 2011) shows that this 

propensity depends on the overweighting of priors' information. Kafadar (2020) confirmed the 

presence of a trend toward priors overweighting also in the high-risk psychosis population. In 

particular contexts, this over-reliance on prior information could be adaptive. Teufel (2015) 



 

 

evaluated how the overweighting of prior information in SSD could lead to perceptual 

advantages in a task, such as the two-tone image perception, in which this information plays a 

critical role. At first glance, these black and white images seem indecipherable, but after gaining 

prior knowledge of image content, the perception of embedded images is facilitated. The study 

found that healthy individuals with a higher predisposition to delusion and hallucinations have a 

greater performance benefit from prior information of the image's content. However, this 

tendency to over-weight prior beliefs could also explain the predisposition toward observe 

meaningful patterns where there are none present (i.e., apophenia) typically observed in SSD 

population (Blain et al., 2020; Brugger and Graves, 1997; Mishara, 2010). These 

misperceptions often have a social dimension both at the auditory and the visual domains ( 

Partos et al., 2016; Vercammen et al., 2008). Indeed, people at risk of psychosis tend to 

perceive human speech in noisy signals without being told whether speech is present (Kafadar 

et al., 2020) manifesting a prior towards perceiving auditory-verbal information (Alderson-Day et 

al., 2017). Furthermore, the prior for detecting faces in noise correlates with hallucination 

proneness as well as delusion proneness and the prior for detecting invisible direct gaze is 

significantly associated with hallucination proneness (Stuke et al., 2021). This points to the 

presence of an implicit high-level expectation pointing to the presence of socially relevant 

signals (e.g., faces, gaze, speech) in noisy and ambiguous stimuli. 

Therefore, strong evidence is available for the presence of both weaker and stronger priors in 

SSD. A hierarchical interpretation has been suggested to reconcile this apparently conflicting 

evidence regarding the role of priors in SSD. This hypothesis proposes a different weight 

assigned to predictive information depending on the specific level that is considered. 

Predictions generated at lower levels of the cortical hierarchy (i.e., sensory areas) would have 

reduced precision in the SSD population. This would lead to persistent signalling of prediction 

errors to high-level regions leading to an uncertain perceptual representation (Sterzer et al., 



 

 

2019, 2018). Since Kraepelin’s pioneering studies (Dondé et al., 2019), low-level perceptual 

abnormalities and deficit in sensory integration have been consistently documented in SSD 

(Fenner et al., 2020; Ferri et al., 2018; Fotia et al., 2021; Javitt and Freedman, 2015; Martínez 

and Lopez-Calderon, 2018), both at the behavioural and physiological level (Javitt, 2009; 

Seymour et al., 2013). Interestingly, impaired sensory representations are related to the 

tendency to perceive hallucinations (Linszen et al., 2019; Marschall et al., 2020), and signal 

detection theory analysis (Powers et al., 2017) has found more liberal criteria and low 

perceptual sensitivity in hallucinations-proneness individuals. Faced with this sensory 

ambiguity, the perceptual inference would be shaped by ultra-precise higher-order predictions, 

encoded in upstream brain areas and aimed at shedding light on the pervading "sensory 

chaos” (Corlett et al., 2019); according to this view, the positive symptoms of schizophrenia 

would be a sort of compensatory response. Schmack and colleagues (Schmack et al., 2017, 

2015, 2013) corroborated this hierarchical interpretation in a series of fascinating experiments 

using an intermittent presentation of a multi-stable stimulus. In this paradigm, participants are 

inclined to have the same percept between subsequent stimulus presentations due to an 

automatic generation of sensory predictions during the intermittent presentation. The percept 

survival probability from one presentation cycle to the following was found to be reduced both 

in schizophrenic and in high delusional traits individuals. Nevertheless, when a high-level 

abstract expectancy on the appearance of ambiguous stimuli was induced using a placebo‐like 

manipulation (Sterzer et al., 2008), high-delusional participants showed greater exploitation of 

priors’ information as shown by a higher probability of perceiving the belief-congruent stimulus. 

Critically, the two contrasting findings are strictly associated: the strength of the bias provoked 

by abstract-belief induction was strongest in participants characterized by weaker low-level 

predictions. 

 



 

 

3.2. Predictions in a changing environment 

The estimation of mutability of the external environment is central in driving model updating 

(Kalhan et al., 2021). An environment is considered volatile if the associations between cue-

outcome within it are labile (Behrens et al., 2007). If the environment is stable, any errors 

incurred by the model should be attributed to probabilistic noise, whereas if the environment is 

changing, the errors should be attributed to a shift in the cue-outcome associations (Van de 

Cruys et al., 2017). Thus, environmental volatility acts as a modulator of the impact of 

prediction error on perceptual inference (Mathys et al., 2011). Both ASD and SSD populations 

have great difficulty in dealing with estimate environmental volatility (Goris et al., 2021; 

Hernaus et al., 2018; Powers et al., 2017). Recent evidence suggests that the ASD population 

manifests the tendency to over-attribute uncertainty to environmental volatility rather than 

probabilistic noise (Lawson et al., 2017). This peculiarity may imply that in ASD the outside 

world is burdened with an ineradicable amount of uncertainty that would suppress the 

development of robust context-driven expectations since the weight of the prediction error 

would be inflexibly inflated (De Martino et al., 2008; Goris et al., 2018; Palmer et al., 2015). It is 

conceivable that behavioral stereotypies and narrow activity are the result of their need to 

minimize as much as possible the environmental variability they cannot cope with. 

People affected by psychosis manifest a diametric pattern with respect to ASD as they fail to 

note the volatility of cue-outcome associations, revealing a strong prior that external 

contingencies are fixed (Powers et al., 2017). Kafadar et al., (2020) demonstrate the presence 

of the same incapacity to prediction-update when task contingency evolves in clinical high risk 

for psychosis individuals. These results are in line with the tendency to maintain longer the 

initial hypothesis and the bias against disconfirmatory evidence (BADE), typically observed in 

the SSD population in which a previous model is maintained despite its unsuitability in the 



 

 

current context (Eisenacher and Zink, 2017; Moritz and Woodward, 2006; Orenes et al., 

2012).  

3.3. Framing ASD and SSD along the predictive continuum 

In the previous sections we have outlined the psychometric and behavioral evidence indicating 

the presence of a diametrical relationship between the autistic and schizophrenic spectrum. A 

key feature of our proposal is to consider this relationship as the result of contrasting predictive 

styles along the proposed continuum. We propose a mental health model based on the 

individual's ability to predict and maximally adapt to environmental demands accurately. 

Overall, a virtuous model of mental health poses a balanced capacity to statistically integrate 

sensory information (bottom-up processes) into its internal probabilistic representation (top-

down process). Instead, an extreme approach characterizes ASD and SSD which leads to an 

ill-adapted reaction to external conditions. Individuals within the autism spectrum demonstrate 

a stimulus-driven approach to perceptual inference, as incoming sensory signals are over-

weighted relative to prior information in posterior probability computation. A complementary 

process is observed in the schizophrenic spectrum where the inner world and preconceived 

abstract beliefs are pivotal for perceptual inference. In between, along the continuum, behavior 

results from an integration of sensory evidence and model-driven information resulting in 

balanced choice with more flexible adaptation to the environment. This evidence suggests the 

existence of a diametric approach in information processing along a continuum in which autism 

and schizophrenia lies at the two poles (Figure 1). In the next session we introduce the role 

that brain oscillations play in the predictive process and extend the proposed framework by 

linking their disruption to the symptomatology observed in the proposed ASD-SSD continuum. 

Insert Figure 1 here. 



 

 

4. Oscillations-based predictive coding and the interplay between feedforward 

and feedback connections 

Various hypotheses exist about the neural implementation of predictive processes (Spratling, 

2017). The key points common to the existing theories are concerned with I) the presence of 

distinct neural populations responsible for signaling predictions and prediction-error, and II) the 

need for communication between these two units (Friston, 2019). One of the more accredited 

implementations of predictive coding follows a hierarchical architecture proposing that 

predictions are fed back from higher to lower regions, while prediction errors are conveyed in a 

feed-forward manner following an opposite information flow (Bastos et al., 2012; Friston, 2010; 

Rao and Ballard, 1999). Since predictive coding theory posits the presence of propagation 

dynamics along the cortical hierarchy, brain rhythms are one of the neurophysiological 

mechanisms suitable for understanding the implementation mechanism of prediction and 

prediction-error transmission, due to their role in neural information-exchange (Arnal and 

Giraud, 2012; Bastos et al., 2020). The communication-through-Coherence (CTC) theory 

(Fries, 2015, 2005) claims that inter-areas communication is established when the oscillatory 

activity between two cerebral hubs occurs within the same frequency band and with a stable 

phase difference. By integrating this influential theory with predictive-coding, it is possible to 

conceive that prediction and prediction-error units exchange information through coupling at 

specific frequencies (Arnal and Giraud, 2012; Friston et al., 2015) and that any deficit in this 

“spectral connectome” may underlie the symptoms observed in autistic and schizophrenic 

spectra (Kessler et al., 2016; Uhlhaas and Singer, 2010).  

Gamma and alpha rhythm seem to have a specific role in this process (Bastos et al., 2015; 

Fontolan et al., 2014; von Stein and Sarnthein, 2000). Alpha waves are oscillations in the 

frequency range of 8-13 Hz that are very prominent in occipito-parietal regions (Clayton et al., 



 

 

2018). According to the Gating by Inhibition theory (Jensen and Mazaheri, 2010; Klimesch et 

al., 2007), alpha rhythms have a fundamental role in maintaining an active and flexible 

mechanism of inhibition that reduces the processing capabilities of a given area irrelevant for 

the ongoing processing. One of the emerging functions involving this band is the conveyance 

of top-down predictions to sensory regions (Samaha et al., 2015; Sherman et al., 2016). De 

Lange et al. (2013) observed a pre-stimulus alpha modulation in posterior areas in trials in 

which participants had a prior expectation about the upcoming net direction of stimulus motion. 

Temporal expectations have been associated with alpha desynchronization (Rohenkohl and 

Nobre, 2011), which tracks the cumulative probability of target appearance (Bauer et al., 

2014). It is conceivable that the underlying mechanism of these findings depends on a release 

from inhibition by alpha desynchronization in task-specific regions as the probability of the 

target appearance increases (Foxe and Snyder, 2011). 

Likewise, modulation of gamma-band activity has been observed in several neuronal 

processes (Jia and Kohn, 2011). Attended stimuli cause stronger gamma oscillations than non-

attended stimuli (Jensen et al., 2007) and gamma-band activity in prefrontal cortex correlates 

with the number of items held in working memory (Roux et al., 2012). In the predictive coding 

framework, mounting evidence suggests that gamma-band activity is crucial to prediction-error 

spread (Arnal and Giraud, 2012; Chao et al., 2018; Sedley et al., 2016). Violations of priors 

derived from lifelong learning generate increased gamma activity in task-specific areas 

(Brodski et al., 2015). Gamma response correlates to the mismatch between expectations and 

concretely presented stimulus: there is more activity when the stimulus is unpredicted (Bauer 

et al., 2014). This effect is evident even without external stimulus presentation as unexpected 

omission intensifies gamma activity in sensory regions (Todorovic et al., 2011). 



 

 

At the circuit level, van Kerkoerle et al. (2014) have shown that gamma and alpha waves 

propagate in the feedforward and feedback pathways, respectively. Micro-stimulation of the 

primary visual area (V1) area leads to enhanced gamma power in extra-striate area (V4); 

instead, V4 stimulation leads to V1 alpha power increase. Using the granger-causality index, 

Michalareas et al. (2016) showed that "causal influences along feed-forward projections were 

predominant in the gamma band, while causal interactions along feedback projections were 

predominant in the alpha-beta band". Therefore, it can be hypothesized that predictive 

information travels along the feedback connections by exploiting alfa/beta synchronization, 

whereas information related to discrepant signals is conveyed in the opposite stream via 

gamma synchronization. Strong confirmation of this formulation comes from a multi-unit 

recording study conducted by Bastos and colleagues (2020). Manipulating the predictability of 

objects during a working memory task, they showed that feedback functional connections from 

high to low-level areas are enhanced during predictable blocks with a peak at alpha/beta 

frequencies. The enhanced functional connectivity during predictable blocks is most robust 

between deep layers of the prefrontal cortex and the rest of the brain areas. In the feedforward 

direction, the modulation of functional connectivity is greater in the unpredictable relative to the 

predictable samples, with a peak in the gamma-frequency range. This evidence is in 

accordance with rhythms-based models in which (gamma-based) prediction errors ascend the 

cortical hierarchy and (alpha/beta-based) predictions descend the cortical hierarchy. A proper 

trade-off between the contribution provided by these two streams of information supports 

adaptive predictive inference (Figure 2A). 

5.  Predictive waves in SSD and ASD and the imbalance between feedforward 

and feedback connections 



 

 

Accumulating evidence considers structural and functional connectivity indices as reliable 

diagnostic biomarkers suitable for detecting ASD and SSD (Friston et al., 2016; Jeste et al., 

2015; Karlsgodt, 2020). White matter anomalies are detectable years before diagnosis, 

associated with a higher long-term dysfunctionality, and present throughout the spectra 

(Blanken et al., 2017; Carletti et al., 2012; Dickinson et al., 2021; Wolff et al., 2012; Zhou et al., 

2014). These structural impairments pave the way for the disruption of oscillatory 

synchronisation. Both ASD and SSD are increasingly conceived as oscillopathies as 

pathological changes in the normal profile of brain rhythmicity have been extensively related to 

behavioural deficits (Kessler et al., 2016; Murphy and Benítez-Burraco, 2017, 2016; Simon and 

Wallace, 2016; Uhlhaas and Singer, 2015). In the following sections we introduce a 

perspective advocating the relationship between asynchronies in the oscillatory profile and 

failures in perceptual inference process along the proposed ASD-SSD continuum. 

 

5.1.  Predictive waves in SSD 

Schizophrenia is conceived as a disconnection disorder (Friston et al., 2016; Friston, 1998; 

Schmitt et al., 2011). A large analysis conducted on 1963 schizophrenic patients from the 

ENIGMA Schizophrenia DTI Working Group proves a widespread reduction of fractional 

anisotropy (a very widely used measures that may be relates to white matter fiber integrity) in 

schizophrenia patients (Kelly et al., 2018). White matters disturbances have been related to 

cognitive impairment and symptoms of schizophrenia, such as memory deficits and auditory 

hallucinations (Hubl et al., 2004; Kubicki et al., 2007). Furthermore, these abnormalities are 

already present in young individuals at risk of psychosis and in individuals with high schizotypal 

traits proving the presence of analogous neurobiological bases (Karlsgodt et al., 2009; Nelson 

et al., 2011).  These structural deficits are coupled with deficits in rhythmic communication 



 

 

between distinct brain areas as shown by hypo- or hyper-synchronisation between brain 

regions in SSD (Olejarczyk and Jernajczyk, 2017; Rolls et al., 2020). These abnormalities in 

the rhythmic transmission of information could underlie the predictive imbalances observed in 

SSD (Fogelson et al., 2014).  

Anomalies in alpha synchronization tuning could be a key driver of these deficits (table 2). In 

task-related regions, there is a modulation of alpha power when participants can predict the 

identity of the incoming stimulus (Mayer et al., 2016), which prepares the brain for upcoming 

perception (Romei et al., 2010; Samaha et al., 2018). Alpha power modulation in sensory 

areas reflects a state of biased perception in which the number of hit rates increases, 

regardless of the stimulus presence (Iemi et al., 2017; Samaha et al., 2017). Higher alpha 

power in parieto-occipital cortical sites is evident in participants with a higher propensity to 

induce meaning in coincident events (Rominger et al., 2019) and an abnormal modulation of 

alpha activity in frontal and temporoparietal regions has been connected to maladjustment of 

expectation regarding the behavior of their partners in the Ultimatum Game in schizophrenic 

patients (Billeke et al., 2015). Abnormal alpha activity is present also in neurotypical individuals 

with high schizotypal traits in frontal, central and occipital areas (Fuggetta et al., 2014). The 

origin of alpha modulation in early sensorial regions derives from top-down signals from the 

executive control areas (e.g., frontal region) (Capotosto et al., 2017; Popov et al., 2017). Given 

the crucial role of alpha in conveying predictive information and in biasing perception (Clayton 

et al., 2018), the proposed framework states that the tendency to overweight aprioristic 

knowledge observed in the SSD population could rely on inflexible synchronization from high to 

low-level regions in the alpha band which shapes the excitability of sensory areas as a function 

of prior knowledge. (Table 6, hypothesis 1; Figure 2B). At first glance, this hypothesis seems to 

be incompatible with the definition of schizophrenia as a disorder of brain connectivity (Friston 

and Frith, 1995). Nevertheless, the nature of the disorders in cerebral mapping in the SSD 



 

 

population is elusive and uncertain. Despite a stream of evidence points to the presence of 

reduced connectivity in schizophrenia (Lawrie et al., 2002; Papousek et al., 2014; Trajkovic et 

al., 2021; Vercammen et al., 2010), there are also fMRI and EEG/MEG findings testifying the 

presence of excessive connectivity (Anticevic et al., 2015; Cao et al., 2019; Krishnadas et al., 

2014; Siebenhühner et al., 2013; Xie et al., 2019). For example, Liu et al., (2019) observed 

enhanced alpha band functional connectivity in superior parietal, right temporal, and left 

occipital brain regions in first-episode schizophrenia and ultra-high risk for psychosis 

population. Kam et al., (2013) identify the presence of increased coherence in the lower alpha 

frequency spectrum (8–10 Hz) in centro-temporal and in upper alpha frequency (10–12 Hz) in 

centro-parietal and parietal-temporal regions in schizophrenia patients and higher 

schizophrenia polygenetic risk score is associated with elevated resting-state theta (3–7 Hz) 

and alpha (7–12 Hz) coherence (Meyers et al., 2021). Similarly, Rutter et al., (2013) 

highlighted a trend towards enhanced coherence between the frontal gyrus and the rest of the 

brain in theta (4–8 Hz) and alpha (8–14 Hz) frequency bands in schizophrenic patients and 

higher fronto-parietal within-network connectivity is associated with poor illness outcome 

(Collin et al., 2020). Furthermore, a large number of studies pointing to the presence of 

reduced functional connectivity in SSD population does not indicate the directionality of 

connectivity anomalies (Mechelli et al., 2007). Rolls et al., (2020) demonstrated that, on 

average, the forward effective connectivities were smaller in the SSD population relative to 

controls, but the backward connectivities tended to be larger. Since forward connections are 

stronger than feedback connections, functional connectivity (which does not discriminate 

between the two) could be lower in SSD due to the reduction in the (stronger) forward 

connectivity (Rolls, 2021). Scientific research using effective connectivity indices points in this 

direction. In a resting-state study, Gao et al., (2020) observed an increased Granger causality 

from Broca’s area and Broca’s homologue to the bilateral Superior Temporal Gyrus (STG) in 



 

 

patients with schizophrenia with auditory hallucinations, which was also associated with the 

severity of hallucinations. Furthermore, correlation analysis showed that Granger causality 

from the STG to the right homologue of Broca’s area was negatively correlated with the 

severity of hallucinations, confirming the presence of reduced forward information flow in 

patients with positive symptoms. These connectivity pattern peculiarities show also functional 

correlates. In an explicit gaze discrimination task, schizophrenic patients show increased top-

down inhibition from frontal areas to the visual cortex that contribute to poorer social cognition 

(Tso et al., 2021). Stronger influence of high-level areas on visual regions during gaze 

discrimination could reflect increased reliance on higher-level prior to determine the decision 

about the nature of gaze. This could represent the neural underpinning of the tendency to 

report the presence of socially significant signals in noisy and ambiguous stimuli highlighted in 

the previous section (Stuke et al., 2021). In corroboration of this hypothesis, functional 

evidence (Schmack et al., 2013) has revealed that, in a perceptual decision-making task, the 

neural underpinning of priors overweighting in high delusion-proneness individuals relies on 

increased functional connectivity between frontal and occipital regions. Related findings come 

from an auditory odd-ball study conducted recently by Dzafic et al., (2021). Analyzing brain 

activity through EEG recording, the researchers found that brain responses to unexpected 

sounds were smaller in participants with schizophrenia than in those without the disorder 

testifying to a reduced prediction errors signaling. Crucially, participants who experienced more 

psychotic-like symptoms showed stronger top-down connectivity from the left inferior frontal 

gyrus (IFG) to the superior temporal gyrus (STG). These connectivity abnormalities could be 

behind the maladaptive inferential process observed in SSD. Moreover, participants who 

experienced more hallucinations showed weaker bottom-up connectivity from the STG to IFG. 

This suggests that strong maladaptive predictions may lead to reduced transmission of 

ascending prediction errors. Indeed, much neural and computational evidence suggests that, 



 

 

already at the lower levels of the sensory hierarchy, neural activity reflects a mixture of 

stimulus-related signals and top-down information deriving from high-level areas (Haefner et 

al., 2016; Nienborg and Cumming, 2009; Nienborg and Roelfsema, 2015). Critically, if too 

much weight is given to reentrant signals coming from these regions, the activity of the sensory 

areas may conform rigidly according to top-down-information, leading to a self-confirmation 

loop (Talluri et al., 2018; Wimmer et al., 2015). Furthermore, an inability to modulate these 

(alpha-based) signals in response to repeated external invalidation could be the neural 

underpinning of impairments in the processing of disconfirmatory evidence in SSD (Eisenacher 

and Zink, 2017; Hemsley and Garety, 1986). Thus, future studies based on the proposed bio-

behavioural model will need to explore whether prior’s overweight depend on alpha hyper-

synchronization that induces a bias at the level of the sensory cortices. 

However, the mechanism that causes an over-use of prior knowledge might not depend on an 

excessive influence on the activity of sensory areas exerted by higher level areas, but rather 

on an impoverishment in the encoding of sensory data. The predictive coding theory assumes 

that the weight given to incoming sensory signals in belief updating is discounted according to 

their precision, in order to avoid updating established models due to noisy inputs (Tassinari et 

al., 2006). In the previous paragraph we have showed that low-level perceptual abnormalities 

and deficit in sensory integration have been consistently documented in SSD (Butler et al., 

2008). Thus, another hypothesis arising from the proposed framework states that the presence 

of reduced precision in sensory evidence encoding in the SSD population would lead to a fixed 

prediction errors’ underweighting in perceptual inference. A neural marker associated with 

efficient sensory coding is the alpha velocity. Alpha oscillations act as an internal clock whose 

rapidity determines the temporal resolution of the perceptual process (Samaha and Postle, 

2015) and the integration vs. segregation across sensory modalities (Bastiaansen et al., 2020; 

Cecere et al., 2015; Cooke et al., 2019; Migliorati et al., 2020). The reduction and acceleration 



 

 

of alpha speed using tACS widens and shrinks the sensory integration window, increasing and 

reducing the illusion susceptibility (Cecere et al., 2015). Similar findings have been reported by 

Minami and Amano (2017) and Zhang et al., (2019). Furthermore, individuals with faster alpha 

oscillations sample the stimuli at a higher rate leading to a finer visual temporal resolution, and 

alpha speed increases when participants perform demanding visual tasks in which enhanced 

visual information processing is required (Haegens et al., 2014). Critically, some studies 

demonstrated that alpha peak frequency in posterior areas as well as the propagation of alpha 

waves in the cortical hierarchy is significantly lower in the SSD population (Fuggetta et al., 

2014; Murphy and Öngür, 2019; Karson et al., 1988; Trajkovic et al., 2021; Yeum and Kang, 

2018). Ramsay et al., (2021) demonstrated that schizophrenic individual showed reduced 

alpha speed compared to the control group over every electrode site at rest. Crucially, reduced 

individual alpha speed was predictive of lower sensitivity in a visual task and related to 

impaired global cognition. Moreover, sensitivity measures fully mediated the relationship 

between alpha speed and global cognition index suggesting that deficits in stimulus 

discrimination fully account for the relationship between lower alpha speed and weakness in 

global cognition. Thus, it is possible that a primary sensory deficiency triggers cascade 

mechanisms that lead to the generation of the neurocognitive deficits observed in 

schizophrenia. As illustrated in the previous sections, an additional neural feature involved in 

the routing of stimulus-related information are gamma oscillations (Bastos et al., 2015). In the 

study of Bastos et al. (2020), switching from a predictable to an unpredictable block led to large 

prediction-error in the first post-switching trials. Analyzing spectral correlates, the study 

showed a strong gamma increase that peaks in these trials. It would be stimulating to analyze 

how the gamma response in SSD is modulated by predictions’ invalidation. Literature evidence 

indicates a decrease of this frequency band in a multitude of cognitive processes in the SSD 

population (table 3; Reilly et al., 2018; Senkowski and Gallinat, 2015; Uhlhaas and Singer, 



 

 

2013), regardless of current medication (Minzenberg et al., 2010) and gamma power was 

found to be negatively correlated to schizotypal personality traits in first-degree relatives of 

schizophrenia patients (Chen et al., 2019). Several studies have shown that connectivity in the 

gamma frequency is reduced in SSD during visual and auditory processing (Mulert et al., 2011; 

Uhlhaas and Singer, 2015, 2010) and that there is a negative correlation between gamma-

based connectivity from occipital to anterior prefrontal cortex and the PANSS scores (Fujimoto 

et al., 2013). Recent studies proved a reduced granger causality index in gamma-based 

feedforward connections in visual cortices in SSD coupled with a diminished oscillatory gamma 

response to novel presented (i.e., unpredictable) stimuli (Grent et al., 2020; Sauer et al., 2020). 

These results point to a reduced ability of the visual system to tune gamma oscillations 

optimally. According to our model, this may lead to a deficit in the forward propagation of 

stimulus-based information leading to its underweighting in perceptual inference.  

Crucially, the abnormalities of alpha and gamma oscillations hypothesized to be the underlying 

reasons of the reduced weight given to sensory information in the SSD population could be 

intertwined due to their strong synergy: gamma amplitude is phase-locked to occipital alpha 

oscillations (Canolty and Knight, 2010; Osipova et al., 2008; Spaak et al., 2012), and this 

coupling is enhanced during visual tasks (Voytek, 2010). White et al. (2010) provide evidence 

of weakened alpha-gamma interactions in schizophrenia during sensory information 

processing. Using a joint independent component analysis, the authors observed a significant 

correlation between the alpha-dominated component and the evoked gamma power in the 

healthy group, whereas in schizophrenic patients this relationship was abolished. Our model 

hypothesizes that the altered alpha-gamma relationship in SSD population would lead to 

poorer perceptual sampling. Alpha activity provides a clock mechanism through periods of 

inhibition repeated every ~100 ms generating cycles of cortical excitability (duty-cycle) within 

the two pulses (Bonnefond et al., 2017; Jensen et al., 2012). Gamma oscillations are nested in 



 

 

the excitability phases of the alpha rhythm in order to represent the information of each 

perceptual snapshot (Bonnefond and Jensen, 2015; VanRullen and Koch, 2003). It can be 

conceived that individuals with faster alpha have an increased number of windows of 

excitability in which the gamma-rhythm can be embedded, ensuring a finer representation of 

the stimulus. Thus, the reduced speed of alpha oscillations in SSD would result in an imprecise 

prediction error spread due to the reduced number of duty-cycles in which the gamma rhythm 

can be nested. Crucially, an inaccurate prediction error is less able to counter-act pre-existing 

priors that, thus, rigidly orient perceptual inference (table 6, hypothesis 2; Figure 2B). 

However, we emphasize that the strong prior hypothesis and the imprecise prediction-error 

forwarding hypothesis are not mutually exclusive. Indeed, the presence of poor and chaotic 

sensory processing could generate a cascade mechanism imposing more precise priors in the 

higher level of the cortical hierarchy. Evidence suggests that overwhelming people with 

ambiguous information generates a feeling of lack of control that leads individuals to embrace 

conspiracy theories or superstitious thoughts to cope with them (Whitson and Galinsky, 2008). 

Therefore, it is possible to speculate that such an effect may trigger, in SSD people, the 

impulse to seek an explanation and, thus, finally forge delusional beliefs (Berkovitch, 2017).  

 

 

 

 

 

 



 

 

Table 2. A summary of EEG/MEG task-based studies showing alteration in alpha oscillations in SSD 

Study Sample characteristic Paradigm Summary of findings 

Fuggetta et al., 
(2014) 

16 high schizotypy 
participants (Mean age = 

19.80 ± 1.19) 
16 low schizotypy 

participants (Mean age = 
20.46 ± 1.93) 

Resting State 
High schizotypal individuals show increased low-alpha 

power in frontal, central and occipital areas. 

Goldstein et al., 
(2015) 

13 ScZ patients (mean age = 
33.2 ± 10.7) 

10 control patients (mean 
age = 36.5 ± 8.8) 

13 control participants 
(mean age = 38.2 ± 11,2) 

Resting State 
Individuals with ScZ demonstrated decreased alpha EEG 
power in frontal and occipital areas relative to healthy 

controls 

Hu et al. (2020) 

23 high positive schizotypy 
participants (mean age = 

19.17 ± 1.40) 
19 high negative schizotypy 

participants (mean age = 
19.68 ± 1.73) 

18 control participants 
(mean age = 21.00 ± 3.88) 

Resting State 

Negative schizotypy connected to greater alpha 
connectivity in posterior regions. 

Positive schizotypy connected to decreased alpha band 
occipital connectivity. 

Kam et al., 
(2013) 

76 bipolar patients (mean 
age = 41)  

132 ScZ patients (mean age 
= 40) 

136 controls participants 
(mean age = 39) 

Resting State 

ScZ patients exhibited greater Alpha1 coherence at the 
central-temporal region and Alpha2 coherence in both 

central-parietal and parietal-temporal regions relative to 
controls 

Kim et al., 
(2015) 

90 ScZ participants (mean 
age 33.39 ± 9.94) 

90 control participants 
(mean age = 37.44 ± 10.25) 

Resting State ScZ patients showed decreased alpha-2 activity. 

Kustermann et 
al., (2016) 

14 ScZ patients (Mean age = 
37.1 ± 11.9). 

25 control participants 
(Mean age = 33.1 ± 11.4). 

Cued delayed 
response task 

ScZ patients failed to show hemifield-specific alpha 
modulation in posterior hemisphere. 

Liu et al., 
(2019) 

28 FEP patients (mean age = 
25.86 ± 7.33) 

28 CHR participants (mean 
age = 24.1 ± 6.56) 

28 controls participants 
(mean age = 24.14 ± 3.71) 

Resting State 
The FES and CHR groups displayed increased resting-state 

alpha connectivity compared with the healthy controls 

Murphy et al., 
(2019) 

22 FEP patients (Mean age = 
22.0 ± 2.7) 

22 control participants 
(Mean age = 23.1 ± 2.7) 

Steady-state 
visual evoked 

potentials 

Patients had attenuated responses to SSVEP stimulation at 
alpha frequencies. 

Ramsay et al., 
(2021) 

 95 ScZ patients. 
 86 control participants. 

Visual attention 
task 

Schizophrenia group showed slower alpha speed associated 
with poorer performance in a visual task  

Trajkovic et al., 
(2021) 

24 high Schizotypy 
participants (mean age = 23 

± 0.5) 
Resting State 

High Schizotypal participants shows a significant slowing 
down of posterior alpha frequency along with reduced 

connectivity in the alpha range 

Summary 
Although the evidence in alpha is mixed, it can be observed a reduction in its speed combined with 
synchronization anomalies in the SSD population. 
 
Notes: ScZ = schizophrenic patients; CHR = clinical high-risk criteria for psychosis; FEP = first-episode psychosis. 



 

 

 

 

 

 

 

 

 

 

 

Table 3. A summary of EEG/MEG task-based studies showing alteration in gamma oscillations in SSD 

Study Sample characteristic Paradigm Summary of findings 

Fujimoto et 
al., (2013) 

10 male ScZ patients (mean 
age = 30.9 ± 5.0) 

10 control participants (mean 
age = 28.5 ± 4.6) 

Oddball task 
Occipito - frontal connectivity in the gamma band 

correlate negatively with PANSS score. 

Grent et al., 
(2020) 

119 CHR participants (mean 
age = 22 ± 4.4) 

26 FEP patients (mean age = 
24 ± 4.2) 

38 participants with affective 
disorders (mean age = 23 ± 

4.7) 
49 control participants (mean 

age = 23 ± 3.6) 

Visual grating 
 task 

Reduced occipital gamma-band power across all visual 
cortex ROIs and altered visual cortex forward 

connectivity in gamma band in FEP.  
Differences in γ-band phase-clustering were found for 
both CHR-P and FEP participants compared with HC 

Grützner et 
al., (2013) 

16 patients with chronic 
schizophrenia (mean age = 

38.2 ± 9.3) 
16 control participants (mean 

age = 34.2 ± 10.6) 

Mooney faces 
Reduction in spectral power in the higher gamma band 

in ScZ patients which was correlated with 
schizophrenic symptoms.  

Hamm et al., 
(2011) 

17 ScZ patients (mean age = 
40.7). 

17 control participants (mean 
age = 39.7). 

Steady-state auditory 
 tones 

ScZ patients had reduced 
 gamma response to 40-Hz stimuli in right auditory 

area.  

Mulert et al., 
(2011) 

18 patients with chronic 
schizophrenia (mean age = 

39.8 ± 10.5)  
16 control participants (mean 

age 44.4 ± 6.8). 

Passive listening of 
click trains presented 

at 40 Hz 

Decreased gamma - phase synchronization between left 
and right Heschl´s gyri in patients with ScZ 

Murphy et al., 
(2019) 

22 FEP patients (Mean age = 
22.0 ± 2.7) 

22 control participants (Mean 
age = 23.1 ± 2.7) 

Steady-state visual 
evoked potentials 

Patients had attenuated responses to SSVEP 
stimulation at gamma frequencies. 

Popov and 
Popova 
(2015) 

  
46 ScZ patients (mean age = 

37 ± 9) 
58 control participants (mean 

age = 34.4 ± 11.6) 
  

Resting State 

ScZ patients showed lower gamma power.  
Gamma power correlated with performance on a 
working memory task in healthy control, but this 

relationship was abolished in ScZ. 

Summary 
Overall, the table shows the presence of a reduced gamma amplitude associated with a lack of 
synchronization along this frequency band in the SSD population. 
 
Notes: ScZ = schizophrenic patients; CHR = clinical high-risk criteria for psychosis; FEP = first-episode psychosis. 



 

 

 

 

 

 

 

 

 

 

 

Table 4. A summary of EEG/MEG task-based studies showing alteration in alpha oscillations in ASD 

  
Study 

  
Sample characteristic 

  

  
Paradigm 

  
Summary of findings 

Cornew et al., 
(2012) 

27 children with ASD 
(mean = 9.8 ± 2.3)  

23 TD controls (mean = 
10.8 ± 2.5). 

Resting State 
Higher alpha band power at posterior temporal 

and occipital regions in ASD. 

Keehn et al., 
(2017) 

19 children with ASD 
(Mean age 14.4 ± 1.6) 

21 TD children (Mean Age 
= 14.3 ± 1.4). 

Resting state + Rapid serial 
visual presentation paradigm 

(RSVP) 

Children with ASD had significantly decreased 
resting alpha power in posterior and central 

electrodes. 
Children with ASD did not show posterior alpha 

desynchronization to behaviourally relevant 
targets. 

Mathewson et 
al., (2012) 

15 ASD adults (mean age = 
35.5 ± 10.6). 

Control group of 16 adults 
(mean = 35.7 ± 7.6). 

Resting State 
Coherence in posterior brain regions in the alpha 
band was inversely correlated with attention to 

details scale score. 

Murias et al., 
(2007) 

18 male adults with ASD 
(mean age = 22.66 ± 4.4)  

18 control male adults 
(mean age = 24.93 ± 6.82) 

Resting State 
Reduced low alpha power in ASD. 

Reduced Fronto-parietal and Fronto-occipital 
alpha coherence in ASD. 

Murphy et al., 
(2014) 

16 ASD participants 
(mean age= 12.22 ± 1.71) 
17 TD participants (Mean 

Age = 12.20 ± 1.93). 

Attentional task 
No modulation of preparatory alpha - band activity 
according to task demands in posterior regions in 

ASD. 

Pierce et al., 
(2021) 

31 ASD participants 
(mean age = 11.3 ± 1.6) 
31 control participants 
(mean age = 10.6 ± 1.9) 

Resting State 
Children with ASD showed significantly decreased 
resting alpha power compared to their TD peers. 

Seymour et al., 
(2019) 

18 participants with ASD 
(mean age = 16.67 ± 3.2) 

18 TD control (mean age = 
16.89 ± 2.8). 

Basic visual perception task 

Reduced alpha - based V4-V1 feedback 
connectivity in ASD. 

Reduced alpha-gamma coupling in primary visual 
area. 

Ye et al., (2014) 

16 adolescents with ASD 
(mean age 14.4 ± 1.1 

years)  
15 TD controls (mean age 

14.9 ± 0.9 years). 

Resting State 
Occipito-parietal regions showed disconnection 

from widespread brain areas in the alpha band in 
ASD. 

Zeng et al., 
(2017) 

21 children with ASD 
(mean age = 9.9 ± 1.5). 

21 TD children (mean age 
= 10.1 ± 1.3). 

Resting State 
Global functional connectivity in ASD was 

significantly lower in the alpha band. 

Summary 
The table shows the presence of a reduced alpha amplitude associated with a lack of synchronisation along 
this frequency band in the ASD population. 
 
Notes: ASD = autism spectrum disorder; TD = typical development 



 

 

 

 

 

 

 

 

Table 5. A summary of EEG/MEG task-based studies showing alteration in gamma oscillations in ASD 

 Study Sample characteristic   Paradigm Summary of findings 

Cornew et al., 
(2012) 

27 children with ASD (mean = 9.8 ± 2.3)  
23 TD controls (mean = 10.8 ± 2.5). 

Resting State 
 Higher gamma band power in posterior 

brain regions in ASD. 

Khan et al., 
(2015)  

15 children with ASD (mean age = 11.4 ± 
3.7)                                               20 TD children 

(mean age = 11.9 ± 2.8).  

Passive 
vibrotactile 
stimulation  

Feedforward functional connectivity at 25 Hz 
between S1 and S2 was increased in ASD.  

Kitzbichler et 
al., (2015) 

15 children with ASD (mean age = 12.5 ± 
4.45). 

15 TD children (mean age = 13 ± 4.8). 

Resting State 
Enhanced gamma-mediated feedforward 

processing in ASD. 

Orekova et al., 
(2007) 

40 ASD boys  
40 TD boys 

Passive video 
viewing 

Higher gamma power in Centro-parietal 
areas in ASD. 

Peiker et al., 
(2015) 

20 ASD participants (mean age = 31.2). 
20 control participants (mean age = 31.5). 

Slit-viewing 
paradigm 

Decreased gamma-band coherence between 
bilateral superior temporal sulci 

Takesaki et al., 
(2016) 

18 children with ASD (mean age = 6.9). 
18 TD children (mean age = 7.16). 

Visual reasoning 
task 

Stronger occipito-frontal connectivity in the 
gamma band was associated with higher 

performance in ASD. 

Van Diessen et 
al., (2015) 

19 ASD individuals (mean age 
 10.6 ± 4.1)  

19 matched controls (mean age 10.1 ± 3.8). 
Resting State 

Higher gamma power in frontal, parietal, and 
temporal channels in ASD. 

Ye et al., 
(2014) 

16 adolescents with ASD (mean age 14.4 ± 
1.1 years)  

15 TD controls (mean age 14.9 ± 0.9 
years). 

Resting State 
Hyperconnectivity in gamma range in frontal 

and temporal regions. 

Summary 
Overall, the results show the presence of an enhanced gamma amplitude associated with a hyper-
synchronisation along this frequency band in the ASD population. 

 
Notes: ASD = autism spectrum disorder; TD = typical development 

 

 

5.2. Predictive waves in ASD 

Although there is strong evidence of multiple alterations in oscillatory synchronization in ASD, 

few studies have directly assessed their relationship to predictive process impairments. 

Anatomical evidence demonstrated a widespread impairment in white matter projections, 



 

 

particularly in the corpus callosum (CC), bilateral frontal-occipital fasciculus, right arcuate 

fasciculus, and right uncinate fasciculus (Dimond et al., 2019; Galvez-Contreras et al., 2020), 

and autistic symptom severity are connected to prominent overconnectivity in posterior brain 

regions (Keown et al., 2013). A study using a large cohort of children (430 ASD and 554 

controls) showed that EEG coherence analysis between brain areas can identify children with 

ASD with a classification success of 86% (Duffy and Als, 2012). An EEG study (Goris et al., 

2018) found that autistic patients exhibit a lower susceptibility to contextual information in an 

odd-ball paradigm reflected by a reduced modulation of the mismatch negativity wave as a 

function of the probability of occurrence of the deviant stimulus. These results provide 

electrophysiological evidence of the inability to adjust the magnitude of prediction error in 

accordance with the external context, resulting in a bias towards model over-correction. In the 

spectral domain, alpha oscillations are particularly affected in ASD (table 4; Simon and 

Wallace, 2016). Individuals with ASD show reduced power in alpha band (Canton et al., 1986; 

Chan et al., 2007) across many brain regions, including the frontal (Murias et al., 2007; 

Dawson et al., 1995), temporal (Dawson et al., 1995), occipital and parietal (Keehn et al., 

2017; Murias et al., 2007) lobe. A review conducted by Wang et al. (2013) suggests the 

presence of a U-shaped pattern of power abnormalities: alpha is reduced, whereas lower and 

higher frequencies are hyper-represented. Deficits in alpha wave amplitude are coupled with 

issues in synchronization between different cortical areas along this band. Decreased alpha 

phase coherence across frontofrontal, frontotemporal, and frontoparietal connections at 3 

months of age predicted higher level of ASD symptoms at 18 months (Dickinson et al., 2021). 

In a resting-state paradigm, Mathewson et al. (2012) found a negative association between 

preferential attention to detail scores and alpha coherence in posterior brain areas. During task 

conditions adults with ASD do not modulate posterior alpha synchronization when facing 

behaviourally relevant targets (Keehn et al., 2017) and showed a reduced connectivity 



 

 

compared to neurotypical individuals in the alpha band in a network with a main hub in the right 

inferior frontal gyrus in a Go/No-go task (Yuk et al., 2020). Mixed results emerge when 

considering gamma frequency bands (table 5; Kessler et al., 2016; Simon and Wallace, 2016). 

Some evidence shows a reduction in both power and coherence indices in the gamma band in 

ASD participants, underlying poorer behavioural performance (Peiker et al., 2015a; Sun et al., 

2012). However, there is also evidence pointing in the opposite direction showing an increase 

in gamma responsiveness in ASD. In a resting-state study, connectivity strength in gamma 

band positively correlates with ADOS score (Kitzbichler et al., 2015). Takesaki et al. (2016) 

prove that stronger functional connectivity from occipital to higher-order regions within gamma 

band (but not in the alpha and beta) is related to higher sensitivity in visuo-spatial task in the 

ASD participants. Using a dot motion discrimination task, Peiker et al. (2015b) demonstrated 

greater gamma power modulation in the ASD population as the motion intensity increases.  

In sum, it is possible to conceive that in the ASD population there is a general tendency 

towards alpha under-coordination associated with a counterbalanced over-expression of higher 

frequencies (Brown et al., 2005; Keehn et al., 2017; O’Reilly et al., 2017; van Diessen et al., 

2015). These spectral features could underpin the tendency to overestimate stimulus-related 

information in ASD (Figure 2C).  

Given the prominent role of alpha-band oscillations in prior signaling (Bastos et al., 2020), a 

first hypothesis of the proposed model on ASD population states that the dysfunction in fine-

tuning of frequency bands involved in conveying priors could be the core feature underlying of 

decreased susceptibility given to prediction-based information in this population, as theorized 

by Pellicano and Burr (2012) (table 7, hypothesis 1, Figure 2C). The lack of top-down signaling 

would cause a weak regulation of downstream areas activity, which becomes susceptible to 

even slight input fluctuations, resulting in frequent occurrence of prediction errors (Kessler et 



 

 

al., 2016). Nevertheless, an opposite hypothesis taking into account the prominent role of 

gamma-band oscillations in prediction-error signaling (Todorovic et al., 2011) states that the 

excessive gamma-band synchronization observed in ASD population would induce a sustained 

forward propagation of prediction-error signals that provokes the build-up of loose predictions 

that have almost no impact when flow back through the hierarchy (Table 7, hypothesis 2, 

Figure 2C). A study conducted by Khan (2015) demonstrates that during a vibrotactile 

stimulation, feedforward functional connectivity between S1 (primary somatosensory cortex) 

and S2 (secondary somatosensory cortex) was significantly greater in the autistic participants 

than in healthy participants, testifying to an increase in bottom-up processing in ASD. This 

reliance on bottom-up processing relative to top-down prior information may lead to an 

increased veridical representation of the external world (Aru et al., 2018; Karvelis, 2018). 

Although in a bidirectional model it is not trivial to infer which is the source of the problem and 

which is a secondary consequence, a recent research conducted by Seymour et al. (2019) 

suggests the validity of the hypo-priors hypothesis. In this study, ASD and healthy control 

performed a visual sensory task while their brain activity was recorded through 

magnetoencephalography (MEG). Results show that both healthy and ASD participants 

exhibited a strong increase from V1 to V4 connectivity in post-stimulus time that peaks in the 

gamma range, indicating a comparable level of feedforward information flow. However, in the 

healthy group there was a concurrent prominent increase in alpha-based feed-back 

connectivity from V4-to-V1 that was reduced in ASD. Crucially, there was an association 

between the Autistic Quotient score and the Granger causality values in the alpha band 

indicating that increased V4-to-V1 feedback connectivity is related to lower autistic traits. 

Future studies embracing the proposed bio-behavioral model need to elucidate whether this 

failure in alpha-based top-down signaling noted by Seymour et al, (2019) in a passive viewing 

task could be the neural basis of the reduced use of prior information observed in ASD at the 



 

 

behavioral level. Furthermore, similar to the possibility that predictive deficits in SSD may be 

due to a dual mechanism of over-signaling of prior models and under-weighting of stimulus-

based information, it cannot be excluded that in ASD reduced (alpha-based) predictions 

signaling and increased (gamma-based) external information weighting are concomitant 

causes of the imbalance between prediction and prediction-error weightage. Indeed, Seymour 

et al., (2019) also highlights that inefficiency in long-range top-down connections is correlated 

with un-coupling between gamma power and alpha phase at the level of primary visual cortex. 

This evidence suggests the presence of a weakness in top-down signalling in ASD that leads 

to a lack of orchestration of downstream activity which becomes less constrained from feed-

back information flows (Kessler et al., 2016; Mamashli et al., 2021; Seymour et al., 2017; 

Varela et al., 2001).  

 

Insert Figure 2 here 

 

5.3. Predictive waves in a changing environment 

As we pointed out in the previous sections, there is converging evidence of an opposite 

approach along the ASD-SSD continuum in external volatility estimate. The oscillatory 

correspondences of these peculiarities are still poorly understood. It would be relevant to 

determine how ASD modulate alpha and gamma synchronization in paradigms in which 

prediction and prediction-error must be weighted according to external volatility estimation. 

Moving from a stationary context to a new one having different associations, prior expectations 

have to be ignored compared to the incoming input to facilitate the acquisition of new models 

(Lawson et al., 2017). At the neural level, this should connect to decreasing alpha signalling 

(due to reduced precision of prior model) as the external volatility increased. We propose that 



 

 

this contextual shift would have less influence on alpha responses in ASD individuals, since 

they tend to discount external predictive information regardless of context (Crawley et al., 

2020; Palmer et al., 2017) as they assume that an ineradicable great amount of uncertainty is 

intrinsically linked to external world such that prior models have always associated a low 

precision (Lawson et al., 2017) (Table 7, hypothesis 3). Moreover, Bayesian inference models 

argue that prediction errors should be underweighted when the current environment is 

estimated to be stable and increased when it is changing. According to the proposed bio-

behavioural model, it is conceivable that in neurotypical subjects the gamma-based prediction 

error response tracks this volatility-based modulation, whereas in ASD individuals this 

relationship would be altered as volatility is rigidly overestimated by them (Palmer et al., 2017) 

(Table 7, hypothesis 4). 

An opposite behavioural pattern has been outlined in SSD. Indeed, SSD individuals have a 

strong prior that environmental contingencies are fixed due to low volatility associated to the 

external world (Diaconescu et al., 2020; Kafadar et al., 2020; Powers et al., 2017). Therefore, 

they may not be able to update a structured belief whenever it is no longer appropriate resulting 

in rigidly exploiting the overly precise expectations previously created. We state that, following 

the contextual change, the SSD individuals will not rescale the precision associated with the 

established model, leading to unchanged alpha signalling (due to un-reduced precision of prior 

model) underpinning belief-update abnormalities (Table 6, hypothesis 3). Moreover, this issue 

could be exacerbated by the poor precision of sensory encoding. The reduction of alpha speed 

paired with low gamma synchronization observed in SSD could be related to the inability to 

effectively sample and convey incoming stimulus information that aid belief-update in a mutable 

environment. Following this line, the belief-update problem could have a low-level root due to 

intrinsic inability of the perceptual system to organise a sufficiently structured percept which 

prevents SSD individuals from reversing pre-existing expectations (Table 6, hypothesis 4). 



 

 

 

 

Table 6. A list of testable hypotheses associated with our novel framework in the SSD pole 

 1. Priors hyper-signalling in SSD 

Background: 
Alpha rhythm is central in conveying predictive information and 

conditioning perception. Higher top-down synchronization underpins 
greater use of prior knowledge in SSD (Schmack et al., 2013). 

Hypothesis: 
Higher top-down connectivity in alpha frequency 

would underpin the overweight of prior knowledge 
that bias sensory cortex activity in SSD. 

 2. Imprecise prediction-error forwarding in SSD 

Background: 
Alpha speed correlates with sensory sampling efficiency and gamma band 
activity is related to prediction error signalling. Both parameters appear to 

be altered in SSD (Ramsay et al., 2021; Uhlhaas & Singer, 2015).  

Hypothesis: 
Lower alpha speed combined with lower gamma 

synchronization would lead to imprecise prediction 
errors spread in SSD. 

3. Rigid (over)-signaling of prediction in SSD 

Background: 
SSD individuals do not update a pre-structured belief when passing to the 

new context (Powers et al., 2017). This is due to the tendency not to 
decrease the precision associated with the pre-established model in function 

of external volatility (which is rigidly underestimated). 

Hypothesis: 
The (alpha-based) signaling of pre-established 

expectations would remain stably high regardless of 
the contextual change in SSD. 

  
4. Rigid (under)-signaling of prediction error in SSD 

Background: 
As the environment changes, external information must be weighted more 
heavily to update past models. The ability to precisely encode and transmit 

incoming information is crucial for belief-update. 

Hypothesis: 
Lower alpha speed and lower gamma 

synchronization would lead to inefficient conveyance 
of contrasting information in SSD pivotal to belief-

update in a changing environment. 

 

 

Table 7. A list of testable hypotheses associated with our novel framework in the ASD pole 

  
1. Priors hypo-signalling in ASD  

Background: 
Predictive information travels along feedback connections via alpha 

synchronisation. Feedback connectivities are affected in ASD, particularly in 
the alpha band (Seymour et al., 2019). 

Hypothesis: 
Deficient top-down connectivity in alpha 

frequency would underpin the underweight of 
prior knowledge in ASD. 

  
2. Overweighted prediction errors forwarding in ASD 

Background: 
Gamma-band oscillations have a prominent role in prediction-error signaling 
via feed-forward connectivity. Bottom-up connectivity is increased in the ASD 

individuals and underlies sensory abnormalities (Khan et al., 2015). 

Hypothesis: 
Higher bottom-up gamma synchronization in ASD 

would induce sustained forward propagation of 
prediction error signals that continually invalidate 

prior models. 

  
3. Rigid (under)-signaling of prediction in ASD  



 

 

Background: 
Moving from a stationary environment to a new one, previous expectations 

must be ignored with respect to the incoming input (Palmer et al., 2017). This 
contextual shift lead to reduced (alpha-based) prior signaling as long as the 

new expectations are acquired (Bastos et al., 2020). 

Hypothesis: 
The alpha-based predictive signaling would be 

fixedly low regardless of the contextual volatility 
in ASD 

  
4. Rigid (over)-signaling of prediction error in ASD 

Background: 
The prediction error must be discounted according to the degree of volatility 
that the environment exhibits. ASD individuals do not shape prediction error 
signals according to context as they tend to overestimate the volatility of the 

external environment (Lawson et al., 2017). 

Hypothesis: 
The gamma-based prediction error response      

would fixedly high regardless of the             
contextual volatility in ASD. 

 

 

6. Concluding remarks and future perspective 

From psychometric, behavioral, and physiological evidence, an emerging framework can be 

delineated which suggests that the predictive disorders present in the two spectra could be 

considered antithetical to each other due to underlying oscillatory mechanisms pointing in 

different directions. Although maladjustments in the oscillatory profile are extensively 

demonstrated in ASD and SSD, there are limited attempts to systematically integrate these 

findings within the predictive coding framework. One of the aims of this work is to stimulate 

more investigation linking these two topics by offering an overview of the state of the art. Within 

the proposed continuum model, (mal-)adaptive behavior is linked to its neurobiological roots, 

which are more amenable to scientific questioning than the rigid symptom-based clinical 

diagnoses classically used, which have proved to be unreliable guides to understanding mental 

health and what causes mental illness (Insel et al., 2014). Indeed, the model draws some 

crucial assumptions about the mechanisms leading to these diametric approaches to the 

interaction with the environment (see Table 6 and 7). By investigating the proposed 

hypotheses, it would be possible to go beyond symptom-based clinical and behavioral 

phenomenology by determining which electrophysiological markers underpin the altered 



 

 

predictive mechanisms that lead to ill-adaptation. An important aspect to be underlined is that 

several assumptions of the present work are suitable to be tested in future studies using neuro-

computational models. Indeed, the predictive coding theory finds a natural mathematical 

counterpart in the Bayesian approach. According to the Bayesian rule for optimal estimation, 

the maximum likelihood of the external events, which is generated by the present sensory 

information, should be shaped by a prior probability to generate a prediction which minimizes 

the overall error probability. Neurocomputational models can implement these ideas in rigorous 

quantitative terms, via reentrant models which include bidirectional synapses, and where prior 

expectations can be encoded using learning algorithms (e.g., Hebbian rules or error 

backpropagation rules). Moreover, the notions of predictive coding and neural oscillations can 

be joined together to account for on-line dynamic sensory processing in a more physiological 

way (Alamia and VanRullen, 2019). This can be simulated using models able to mimic 

oscillations in populations of neurons (e.g., neural mass models), where brain rhythms emerge 

from the feedback arrangement of excitatory and inhibitory populations (Cona et al., 2011; 

Ursino et al., 2010). In this regard, different rhythms can play different roles within this 

theoretical framework, coding separately for sensory (i.e., likelihood) information and for prior 

expectation in a flexible and easily modifiable way. Hence, we claim that the fundamental 

aspects, summarized in the present work in qualitative terms, can represent a natural 

background for future more quantitative neurocomputational investigations. 

Synthesizing the evidence collected, it is possible to state that in ASD there would be a bias 

towards stimulus-related information due to a pattern comprising ineffective alpha-mediated 

feedback signaling and/or over-expression of high-frequency bands related to prediction error. 

Instead, in SSD can be delineated an overly precise prediction related to hyper-signaling of 

prior information from high-level regions to sensory areas that would shape perception as a 

function of prior knowledge and/or poorly accurate low-level processing that does not have the 



 

 

capacity to update established predictions. Differences in the processes underlying perceptual 

inference imbalance in the two spectra imply the need for different interventions to rebalance 

the dysfunctional dynamics. Although cognitive-perceptual peculiarities have a greater ability to 

differentiate the two disorders (Zhou et al., 2019) and are associated with a significant capacity 

to predict the long-term impacts of the disorders, such as the level of functional, social, and 

occupational capacity, these deficits do not receive the proper attention from the clinician 

(Barch and Ceaser, 2012; Nyrenius and Billstedt, 2020; Wallace et al., 2016). Moreover, there 

are currently no effective treatments to address these issues (Minzenberg and Carter, 2012). 

The Bayesian perspective may be valuable for defining new and innovative clinical guidelines 

to deal with imbalances in predictive abilities (Haker et al., 2016). Recently, approaches 

pointing in this direction have been proposed. Strategic Modification of Priors (SMOP) 

(Krupnik, 2019; Krupnik and Cherkasova, 2019) is an approach that aims to re-frame the 

acquired aprioristic models by promoting the integration of prediction-error signals coming from 

external sources. SMOP perspective can be extremely promising to downscale the ultra-

confidence associated with abstract prediction observed in SSD. On the contrary, starting from 

the assumption that the ASD population tends to struggle with prediction, the ‘predictive 

parenting’ intervention (Hallett et al., 2021) focuses on the relevance of assisting this 

population to construct a model of the external environment by setting up predictable and 

controlled spaces that can help them to cope with sensory overwhelm, combined with the 

acquisition of management techniques to deal with the unpredictable. 

These clinical perspectives can be integrated with new-generation techniques to ensure 

longer-lasting and more successful impact. Converging evidence points to the benefits of using 

virtual reality (VR) interventions combined with consolidated therapy. The most significant 

advantage, especially for the ASD population, is that the patient can move in a controlled and 

more predictable environment which can be set according to the personal functional level, 



 

 

offering an individually tailored treatment option (Mesa-Gresa et al., 2018). A VR-based 

training significantly improved cognitive measures related to attention processes and 

visuospatial cognition in ASD participants (De Luca, 2021), and these progresses were paired 

with modulation of fronto-parietal connectivity in the alpha and theta frequency range. Acting 

on oscillatory indices through non-invasive brain stimulation approaches is another promising 

novel approach. As the reported evidence suggests that the emerging predictive imbalance 

may be related to alterations in cortical oscillations of feed-forward and feed-back long-range 

connections (Kessler et al., 2016), novel neurostimulation paradigms, such as oscillatory 

entrainment paradigms via frequency-tuned rhythmic transcranial magnetic stimulation (rTMS) 

(Romei et al., 2016a; Thut et al., 2011), and transcranial alternating current stimulation (tACS) 

(Cecere et al., 2015) could be exploited to entrain oscillatory activity in a given frequency band 

and thus shaping, by mimicking, functional (vs. dysfunctional) oscillatory activity imposed by 

the externally imposed oscillator (Romei et al., 2016a; Wolinski et al., 2018). Other recent 

neurostimulation developments are specifically targeting long-lasting plastic changes of neural 

networks via a novel paradigm called cortico-cortical Paired Associative Stimulation (Chiappini 

et al., 2020, 2018; Pitcher et al., 2021; Romei et al., 2016b). These protocols may represent 

ideal candidates for prospective restorative protocols, because capable of modulating neural 

connectivity of the targeted networks in the feedback and feedforward direction as well as 

enhancing or suppressing oscillations patterns depending on the individual's position within the 

continuum, offering a highly specific, information-based tailored approach (Beynel et al., 2019; 

Romei et al., 2011; Thut et al., 2011; Veniero et al., 2013). This is an attractive characteristic 

for non-invasive, non-pharmacological, and long-lasting interventions in oscillopathies such as 

ASD and SSD (Romei et al., 2016c).  

 



 

 

 

 

 

 

Figure Captions 

Figure 1:  

On the x axis are depicted different ways of interacting with the external world in the autistic and 

schizophrenic spectrum. Individuals within the autism spectrum tend to guide their behaviour by 

information gathered from the external environment, relying less on predictive models (sensory-

driven choice). In the schizophrenic spectrum, an opposite process is observed in which the 

internal model and preconceived beliefs seem to be the node on which perceptual inference is 

pivoted (model-driven choice). Both of these extreme approaches lead to an ill-adapted reaction 

to external conditions (y axis). 

In between, behaviour results from an integration of sensory evidence and model-driven 

information resulting in balanced choice with more flexible adaptation to the environment.  

 

Figure 2:  

 

A. In the general population there is a harmonised integration (posterior, red gaussian 

distribution) between stimulus information (sensory evidence, yellow distribution) 

conveyed through feed-forward connections (yellow arrow) and belief information (prior, 

blue distribution) conveyed through feed-back connections (blue arrow). 

 

B. In the SSD population, perceptual inference is shaped primarily on internal beliefs.    



 

 

According to the priors hyper-signalling hypothesis, the exaggerated precision associated 

with priors is the pivot of SSD symptoms. The neural underpinning may lie in a rigid 

synchronisation from high-to-low level areas in the cortical hierarchy (table 6, hypothesis 

1). 

An alternative mechanism consists of an impoverishment in the coding of the prediction 

error that provokes its underweighting in perceptual inference. At the neural scale, this 

hypothesis points to a forward routing of corrupted prediction error caused by an inability 

to optimise gamma synchronization and alpha speed at the sensory level (table 6, 

hypothesis 2). 

 

C. In the ASD population, perceptual inference is shaped primarily on incoming sensory 

information.  

According to the priors hypo-signalling hypothesis, attenuated priors are responsible for 

the perceptual experience of autistic people. The neural underpinning may depend on a 

weakness in (alpha-based) feed-back connectivity (table 7, hypothesis 1). 

A different interpretation suggests the presence of an overly precision given to sensory 

prediction error in ASD that may stem from increased (gamma-based) feed-forward 

connectivity (table 7, hypothesis 2). 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

References 

Adams, R.A., Stephan, K.E., Brown, H.R., Frith, C.D., Friston, K.J., 2013. The Computational 
Anatomy of Psychosis. Front. Psychiatry 4. https://doi.org/10.3389/fpsyt.2013.00047 

Alamia, A., VanRullen, R., 2019. Alpha oscillations and traveling waves: Signatures of predictive 
coding? PLoS Biol 17, e3000487.https://doi.org/10.1371/journal.pbio.3000487 

Alderson-Day, B., Lima, C.F., Evans, S., Krishnan, S., Shanmugalingam, P., Fernyhough, C., 
Scott, S.K., 2017. Distinct processing of ambiguous speech in people with non-clinical 
auditory verbal hallucinations. Brain 140, 2475–2489. 
https://doi.org/10.1093/brain/awx206 

Alink, A., Charest, I., 2020. Clinically relevant autistic traits predict greater reliance on detail for 
image recognition. Sci Rep 10, 14239. https://doi.org/10.1038/s41598-020-70953-8 

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental Disorders, 
(5th ed.). https://doi.org/10.1176/appi.books.9780890425596 

American Psychiatric Association, 1980. Diagnostic and Statistical Manual of Mental Disorders, 
(3rd ed.). ed. American Psychiatric Association. 

American Psychiatric Association, 1952. Diagnostic and Statistical Manual. 

Anticevic, A., Hu, X., Xiao, Y., Hu, J., Li, F., Bi, F., Cole, M.W., Savic, A., Yang, G.J., Repovs, 
G., Murray, J.D., Wang, X.-J., Huang, X., Lui, S., Krystal, J.H., Gong, Q., 2015. Early-
Course Unmedicated Schizophrenia Patients Exhibit Elevated Prefrontal Connectivity 
Associated with Longitudinal Change. J Neurosci 35, 267–286. 
https://doi.org/10.1523/JNEUROSCI.2310-14.2015 

Arnal, L.H., Giraud, A.-L., 2012. Cortical oscillations and sensory predictions. Trends in 
Cognitive Sciences 16, 390–398. https://doi.org/10.1016/j.tics.2012.05.003 

Aru, J., Tulver, K., Bachmann, T., 2018. It’s all in your head: Expectations create illusory 
perception in a dual-task setup. Consciousness and Cognition 65, 197–208. 
https://doi.org/10.1016/j.concog.2018.09.001 

Baio, J., 2012. Prevalence of Autism Spectrum Disorders: Autism and Developmental 
Disabilities Monitoring Network, 14 Sites, United States, 2008. Morbidity and Mortality 
Weekly Report. Surveillance Summaries. Volume 61, Number 3. Centers for Disease 
Control and Prevention. 

Baker, J.P., 2013. Autism at 70 — Redrawing the Boundaries. N Engl J Med 369, 1089–1091. 
https://doi.org/10.1056/NEJMp1306380 

Barbalat, G., Rouault, M., Bazargani, N., Shergill, S., Blakemore, S.-J., 2012. The influence of 
prior expectations on facial expression discrimination in schizophrenia. Psychological 
Medicine 42, 2301–2311. https://doi.org/10.1017/S0033291712000384 

https://doi.org/10.3389/fpsyt.2013.00047
https://doi.org/10.1016/j.tics.2012.05.003
https://doi.org/10.1056/NEJMp1306380


 

 

Barch, D.M., Ceaser, A., 2012. Cognition in schizophrenia: core psychological and neural 
mechanisms. Trends in Cognitive Sciences, Special Issue: Cognition in Neuropsychiatric 
Disorders 16, 27–34. https://doi.org/10.1016/j.tics.2011.11.015 

Barch, D.M., Smith, E., 2008. The Cognitive Neuroscience of Working Memory: Relevance to 
CNTRICS and Schizophrenia. Biological Psychiatry, Cognitive Neuroscience 
Approaches to Treatment Development of Impaired Cognition in Schizophrenia: 
Proceedings of the First Meeting of the CNTRICS Initiative 64, 11–17. 
https://doi.org/10.1016/j.biopsych.2008.03.003 

Baron-Cohen, S., Wheelwright, S., 2004. The Empathy Quotient: An Investigation of Adults with 
Asperger Syndrome or High Functioning Autism, and Normal Sex Differences. J Autism 
Dev Disord 34, 163–175. https://doi.org/10.1023/B:JADD.0000022607.19833.00 

Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-spectrum quotient 
(AQ): evidence from Asperger syndrome/high-functioning autism, males and females, 
scientists and mathematicians. J Autism Dev Disord. 2001 Feb;31(1):5-17. doi: 
10.1023/a:1005653411471. Erratum in: J Autism Dev Disord 2001 Dec;31(6):603. PMID: 
11439754. 

Bastiaansen, M., Berberyan, H., Stekelenburg, J.J., Schoffelen, J.M., Vroomen, J., 2020. Are 
alpha oscillations instrumental in multisensory synchrony perception? Brain Research 
1734, 146744. https://doi.org/10.1016/j.brainres.2020.146744 

Bastos, A.M., Lundqvist, M., Waite, A.S., Kopell, N., Miller, E.K., 2020. Layer and rhythm 
specificity for predictive routing. Proc Natl Acad Sci USA 117, 31459–31469. 
https://doi.org/10.1073/pnas.2014868117 

Bastos, A.M., Usrey, W.M., Adams, R.A., Mangun, G.R., Fries, P., Friston, K.J., 2012. 
Canonical Microcircuits for Predictive Coding. Neuron 76, 695–711. 
https://doi.org/10.1016/j.neuron.2012.10.038 

Bastos, A.M., Vezoli, J., Bosman, C.A., Schoffelen, J.-M., Oostenveld, R., Dowdall, J.R., 
De Weerd, P., Kennedy, H., Fries, P., 2015. Visual Areas Exert Feedforward and 
Feedback Influences through Distinct Frequency Channels. Neuron 85, 390–401. 
https://doi.org/10.1016/j.neuron.2014.12.018 

Bauer, M., Stenner, M.-P., Friston, K.J., Dolan, R.J., 2014. Attentional Modulation of Alpha/Beta 
and Gamma Oscillations Reflect Functionally Distinct Processes. Journal of 
Neuroscience 34, 16117–16125. https://doi.org/10.1523/JNEUROSCI.3474-13.2014 

Baum, S.H., Stevenson, R.A., Wallace, M.T., 2015. Behavioral, perceptual, and neural 
alterations in sensory and multisensory function in autism spectrum disorder. Progress in 
Neurobiology 134, 140–160. https://doi.org/10.1016/j.pneurobio.2015.09.007 

Behrens, T.E.J., Woolrich, M.W., Walton, M.E., Rushworth, M.F.S., 2007. Learning the value of 
information in an uncertain world. Nat Neurosci 10, 1214–1221. 
https://doi.org/10.1038/nn1954 

Berkovitch, L., Dehaene, S., Gaillard, R., 2017. Disruption of Conscious Access in 
Schizophrenia. Trends Cogn Sci 21, 878–892. https://doi.org/10.1016/j.tics.2017.08.006 

Beynel, L., Appelbaum, L.G., Luber, B., Crowell, C.A., Hilbig, S.A., Lim, W., Nguyen, D., 
Chrapliwy, N.A., Davis, S.W., Cabeza, R., Lisanby, S.H., Deng, Z.-D., 2019. Effects of 
online repetitive transcranial magnetic stimulation (rTMS) on cognitive processing: A 

https://doi.org/10.1038/nn1954


 

 

meta-analysis and recommendations for future studies. Neuroscience & Biobehavioral 
Reviews 107, 47–58. https://doi.org/10.1016/j.neubiorev.2019.08.018 

Billeke, P., Armijo, A., Castillo, D., López, T., Zamorano, F., Cosmelli, D., Aboitiz, F., 2015. 
Paradoxical Expectation: Oscillatory Brain Activity Reveals Social Interaction Impairment 
in Schizophrenia. Biological Psychiatry, Molecular Mechanisms for Synaptic Deficits in 
Schizophrenia 78, 421–431. https://doi.org/10.1016/j.biopsych.2015.02.012 

Black, K.R., Stevenson, R.A., Segers, M., Ncube, B.L., Sun, S.Z., Philipp-Muller, A., Bebko, 
J.M., Barense, M.D., Ferber, S., 2017. Linking Anxiety and Insistence on Sameness in 
Autistic Children: The Role of Sensory Hypersensitivity. J Autism Dev Disord 47, 2459–
2470. https://doi.org/10.1007/s10803-017-3161-x 

Blain, S.D., Longenecker, J.M., Grazioplene, R.G., Klimes-Dougan, B., DeYoung, C.G., 2020. 
Apophenia as the disposition to false positives: A unifying framework for openness and 
psychoticism. Journal of Abnormal Psychology 129, 279–292. 
https://doi.org/10.1037/abn0000504 

Blanken, L.M.E., Muetzel, R.L., Jaddoe, V.W.V., Verhulst, F.C., van der Lugt, A., Tiemeier, H., 
White, T., 2017. White matter microstructure in children with autistic traits. Psychiatry 
Res Neuroimaging 263, 127–134. https://doi.org/10.1016/j.pscychresns.2017.03.015 

Bleuler, E., 1916. Lehrbuch der Psychiatrie 

Bölte, S., Rudolf, L., Poustka, F., 2002. The cognitive structure of higher functioning autism and 
schizophrenia: A comparative study. Comprehensive Psychiatry 43, 325–330. 
https://doi.org/10.1053/comp.2002.33490 

Bonnefond, M., Jensen, O., 2015. Gamma Activity Coupled to Alpha Phase as a Mechanism for 
Top-Down Controlled Gating. PLoS ONE 10, e0128667. 
https://doi.org/10.1371/journal.pone.0128667 

Bonnefond, M., Kastner, S., Jensen, O., 2017. Communication between Brain Areas Based on 
Nested Oscillations. eNeuro 4, ENEURO.0153-16.2017. 
https://doi.org/10.1523/ENEURO.0153-16.2017 

Bralten, J., van Hulzen, K.J., Martens, M.B., Galesloot, T.E., Arias Vasquez, A., Kiemeney, L.A., 
Buitelaar, J.K., Muntjewerff, J.W., Franke, B., Poelmans, G., 2018. Autism spectrum 
disorders and autistic traits share genetics and biology. Mol Psychiatry 23, 1205–1212. 
https://doi.org/10.1038/mp.2017.98 

Britten, K.H., Newsome, W.T., Shadlen, M.N., Celebrini, S., Movshon, J.A., 1996. A relationship 
between behavioral choice and the visual responses of neurons in macaque MT. Visual 
neuroscience 13, 87–100. 

Brock, J., 2012. Alternative Bayesian accounts of autistic perception: comment on Pellicano and 
Burr. Trends Cogn Sci 16, 573–574; author reply 574-575. 
https://doi.org/10.1016/j.tics.2012.10.005 

Brodski, A., Paasch, G.-F., Helbling, S., Wibral, M., 2015. The Faces of Predictive Coding. 
Journal of Neuroscience 35, 8997–9006. https://doi.org/10.1523/JNEUROSCI.1529-
14.2015 

Brosnan, M., Chapman, E., Ashwin, C., 2014. Adolescents with Autism Spectrum Disorder 
Show a Circumspect Reasoning Bias Rather than ‘Jumping-to-Conclusions.’ J Autism 
Dev Disord 44, 513–520. https://doi.org/10.1007/s10803-013-1897-5 

https://doi.org/10.1007/s10803-017-3161-x


 

 

Brown, C., Gruber, T., Boucher, J., Rippon, G., Brock, J., 2005. Gamma Abnormalities During 
Perception of Illusory Figures in Autism. Cortex 41, 364–376. 
https://doi.org/10.1016/S0010-9452(08)70273-9 

Brugger, P., Graves, R.E., 1997. Testing vs. Believing Hypotheses: Magical Ideation in the 
Judgement of Contingencies. Cognitive Neuropsychiatry 2, 251–272. 
https://doi.org/10.1080/135468097396270 

Butler, P.D., Silverstein, S.M., Dakin, S.C., 2008. Visual Perception and Its Impairment in 
Schizophrenia. Biol Psychiatry 64, 40–47. https://doi.org/10.1016/j.biopsych.2008.03.023 

Calkins, M.E., Tepper, P., Gur, R.C., Ragland, J.D., Klei, L., Wiener, H.W., Richard, J., Savage, 
R.M., Allen, T.B., O’Jile, J., Devlin, B., Kwentus, J., Aliyu, M.H., Bradford, L.D., Edwards, 
N., Lyons, P.D., Nimgaonkar, V.L., Santos, A.B., Go, R.C.P., Gur, R.E., 2010. Project 
Among African-Americans to Explore Risks for Schizophrenia (PAARTNERS): Evidence 
for Impairment and Heritability of Neurocognitive Functioning in Families of 
Schizophrenia Patients. Am J Psychiatry 167, 459–472. 
https://doi.org/10.1176/appi.ajp.2009.08091351 

Cannon J, O'Brien AM, Bungert L, Sinha P., 2021 Prediction in Autism Spectrum Disorder: A 
Systematic Review of Empirical Evidence. Autism Res. Apr;14(4):604-630. doi: 
10.1002/aur.2482. 

Canolty, R.T., Knight, R.T., 2010. The functional role of cross-frequency coupling. Trends in 
Cognitive Sciences 14, 506–515. https://doi.org/10.1016/j.tics.2010.09.001 

Cantor, D.S., Thatcher, R.W., Hrybyk, M., Kaye, H., 1986. Computerized EEG analyses of 
autistic children. J Autism Dev Disord 16, 169–187. https://doi.org/10.1007/BF01531728 

Cao, H., Ingvar, M., Hultman, C.M., Cannon, T., 2019. Evidence for cerebello-thalamo-cortical 
hyperconnectivity as a heritable trait for schizophrenia. Transl Psychiatry 9, 1–8. 
https://doi.org/10.1038/s41398-019-0531-5 

Capotosto, P., Baldassarre, A., Sestieri, C., Spadone, S., Romani, G.L., Corbetta, M., 2017. 
Task and Regions Specific Top-Down Modulation of Alpha Rhythms in Parietal Cortex. 
Cereb Cortex 27, 4815–4822. https://doi.org/10.1093/cercor/bhw278 

Carletti, F., Woolley, J.B., Bhattacharyya, S., Perez-Iglesias, R., Fusar Poli, P., Valmaggia, L., 
Broome, M.R., Bramon, E., Johns, L., Giampietro, V., Williams, S.C.R., Barker, G.J., 
McGuire, P.K., 2012. Alterations in White Matter Evident Before the Onset of Psychosis. 
Schizophrenia Bulletin 38, 1170–1179. https://doi.org/10.1093/schbul/sbs053 

Carrasco, M., 2011. Visual attention: The past 25 years. Vision Research, Vision Research 50th 
Anniversary Issue: Part 2 51, 1484–1525. https://doi.org/10.1016/j.visres.2011.04.012 

Cecere, R., Rees, G., Romei, V., 2015. Individual Differences in Alpha Frequency Drive 
Crossmodal Illusory Perception. Current Biology 25, 231–235. 
https://doi.org/10.1016/j.cub.2014.11.034 

Chan, A.S., Sze, S.L., Cheung, M.-C., 2007. Quantitative electroencephalographic profiles for 
children with autistic spectrum disorder. Neuropsychology 21, 74–81. 
https://doi.org/10.1037/0894-4105.21.1.74 

Chao, Z.C., Takaura, K., Wang, L., Fujii, N., Dehaene, S., 2018. Large-Scale Cortical Networks 
for Hierarchical Prediction and Prediction Error in the Primate Brain. Neuron 100, 1252-
1266.e3. https://doi.org/10.1016/j.neuron.2018.10.004 

https://doi.org/10.1016/S0010-9452(08)70273-9
https://doi.org/10.1080/135468097396270
https://doi.org/10.1016/j.tics.2010.09.001
https://doi.org/10.1007/BF01531728
https://doi.org/10.1093/schbul/sbs053
https://doi.org/10.1016/j.cub.2014.11.034


 

 

Charman, T., Hepburn, S., Lewis, M., Lewis, M., Steiner, A., Rogers, S.J., Elburg, A., Lewis, M., 
Kohl, F.L., Danforth, J., Rotheram-Fuller, E., Robinson, J., Charlop, M.H., Miltenberger, 
C.A., Greenberg, A.L., Brucker, P., Lestrud, M., Cassidy, A., Goyette-Ewing, M., Jordan, 
R., Rohrer, J., Rohrer, J., Volkmar, F.R., Aaronson, B., Aaronson, B., Ruedel, K., 
Feinstein, A., Thomas, J.W., Happé, F., Vogler-Elias, D., Begeer, S., Pellicano, L., 
Gilliam, W., Yirmiya, N., Seidman, I., Reichow, B., Wehman, P., Wehman, P., Targett, 
P., Isasa, I., El-Fishawy, P., Mukerji, C., Mottron, L., McPartland, J.C., Cavanagh, P., 
VanBergeijk, E., Volkmar, F.R., Barthold, C., Gupta, A.R., Croen, L., Fernandez, T., 
Barnes, G., Sidhu, R., Tuchman, R., Bonnin, A., Lickenbrock, D.M., Wang, K., Pritchard, 
J., Malady, M., Crowley, M.J., Molteni, J., Doyle, C.A., McDougle, C., Mason, S.A., 
Walsh, P., Glennon, T.J., Pelphrey, K.A., Aaronson, B., Aaronson, B., Miklos, M., 
Solomon, M., Lickenbrock, D.M., Morris, H., Morris, H., Morris, H., Moyle, M., Long, S., 
Reichow, B., Volkmar, F.R., Weiss, M.J., Auyeung, B., Lombardo, M., Knickmeyer, R., 
Baron-Cohen, S., Senju, A., Sterling, L., Shic, F., 2013. Embedded Figures Test (EFT), 
in: Volkmar, F.R. (Ed.), Encyclopedia of Autism Spectrum Disorders. Springer New York, 
New York, NY, pp. 1077–1078. https://doi.org/10.1007/978-1-4419-1698-3_1726 

Chen, C., Huang, W., Chen, X., Shi, X., Zhu, X., Ma, W., Wang, Y., Kang, Q., Wang, X., Guan, 
M., Huang, H., Wu, S., Liu, X., 2019. The relationship between resting 
electroencephalogram oscillatory abnormalities and schizotypal personality traits in the 
first-degree relatives of schizophrenia patients. Neuroreport 30, 1215–1221. 
https://doi.org/10.1097/WNR.0000000000001350 

Chiappini, E., Borgomaneri, S., Marangon, M., Turrini, S., Romei, V., Avenanti, A., 2020. Driving 
associative plasticity in premotor-motor connections through a novel paired associative 
stimulation based on long-latency cortico-cortical interactions. Brain Stimulation 13, 
1461–1463. https://doi.org/10.1016/j.brs.2020.08.003 

Chiappini, E., Silvanto, J., Hibbard, P.B., Avenanti, A., Romei, V., 2018. Strengthening 
functionally specific neural pathways with transcranial brain stimulation. Current Biology 
28, R735–R736. https://doi.org/10.1016/j.cub.2018.05.083 

Chisholm, K., Lin, A., Abu-Akel, A., Wood, S.J., 2015. The association between autism and 
schizophrenia spectrum disorders: A review of eight alternate models of co-occurrence. 
Neuroscience & Biobehavioral Reviews 55, 173–183. 
https://doi.org/10.1016/j.neubiorev.2015.04.012 

Chung, Y.S., Barch, D., Strube, M., 2014. A Meta-Analysis of Mentalizing Impairments in Adults 
With Schizophrenia  and Autism Spectrum Disorder. Schizophrenia Bulletin 40, 602–
616. https://doi.org/10.1093/schbul/sbt048 

Ciaramidaro, A., Bölte, S., Schlitt, S., Hainz, D., Poustka, F., Weber, B., Bara, B.G., Freitag, C., 
Walter, H., 2015. Schizophrenia and Autism as Contrasting Minds: Neural Evidence for 
the Hypo-Hyper-Intentionality Hypothesis. Schizophrenia Bulletin 41, 171–179. 
https://doi.org/10.1093/schbul/sbu124 

Ciaramidaro, A., Bölte, S., Schlitt, S., Hainz, D., Poustka, F., Weber, B., Freitag, C., Walter, H., 
2018. Transdiagnostic deviant facial recognition for implicit negative emotion in autism 
and schizophrenia. European Neuropsychopharmacology 28, 264–275. 
https://doi.org/10.1016/j.euroneuro.2017.12.005 

Clark, A., 2013. Whatever next? Predictive brains, situated agents, and the future of cognitive 
science. Behavioral and Brain Sciences 36, 181–204. 
https://doi.org/10.1017/S0140525X12000477 

https://doi.org/10.1007/978-1-4419-1698-3_1726


 

 

Clayton, M.S., Yeung, N., Cohen Kadosh, R., 2018. The many characters of visual alpha 
oscillations. Eur J Neurosci 48, 2498–2508. https://doi.org/10.1111/ejn.13747 

Cohen, A.S., Matthews, R.A., Najolia, G.M., Brown, L.A., 2010. Toward a More 
Psychometrically Sound Brief Measure of Schizotypal Traits: Introducing the SPQ-Brief 
Revised. Journal of Personality Disorders 24, 516–537. 
https://doi.org/10.1521/pedi.2010.24.4.516 

Collin, G., Nieto-Castanon, A., Shenton, M.E., Pasternak, O., Kelly, S., Keshavan, M.S., 
Seidman, L.J., McCarley, R.W., Niznikiewicz, M.A., Li, H., Zhang, T., Tang, Y., Stone, 
W.S., Wang, J., Whitfield-Gabrieli, S., 2020. Brain functional connectivity data enhance 
prediction of clinical outcome in youth at risk for psychosis. NeuroImage: Clinical 26, 
102108. https://doi.org/10.1016/j.nicl.2019.102108 

Cona, F., Zavaglia, M., Massimini, M., Rosanova, M., Ursino, M., 2011. A neural mass model of 
interconnected regions simulates rhythm propagation observed via TMS-EEG. 
NeuroImage, Special Issue: Educational Neuroscience 57, 1045–1058. 
https://doi.org/10.1016/j.neuroimage.2011.05.007 

Cooke, J., Poch, C., Gillmeister, H., Costantini, M., Romei, V., 2019. Oscillatory Properties of 
Functional Connections Between Sensory Areas Mediate Cross-Modal Illusory 
Perception. J. Neurosci. 39, 5711–5718. https://doi.org/10.1523/JNEUROSCI.3184-
18.2019 

Corlett, P.R., Horga, G., Fletcher, P.C., Alderson-Day, B., Schmack, K., Powers, A.R., 2019. 
Hallucinations and Strong Priors. Trends in Cognitive Sciences 23, 114–127. 
https://doi.org/10.1016/j.tics.2018.12.001 

Cornew, L., Roberts, T.P.L., Blaskey, L., Edgar, J.C., 2012. Resting-State Oscillatory Activity in 
Autism Spectrum Disorders. J Autism Dev Disord 42, 1884–1894. 
https://doi.org/10.1007/s10803-011-1431-6 

Couture, S.M., Penn, D.L., Losh, M., Adolphs, R., Hurley, R., Piven, J., 2010. Comparison of 
social cognitive functioning in schizophrenia and high functioning autism: more 
convergence than divergence. Psychol Med 40, 569–579. 
https://doi.org/10.1017/S003329170999078X 

Crawley, D., Zhang, L., Jones, E.J.H., Ahmad, J., Oakley, B., Cáceres, A.S.J., Charman, T., 
Buitelaar, J.K., Murphy, D.G.M., Chatham, C., Ouden, H. den, Loth, E., Group,  the E.-
A.L., 2020. Modeling flexible behavior in childhood to adulthood shows age-dependent 
learning mechanisms and less optimal learning in autism in each age group. PLOS 
Biology 18, e3000908. https://doi.org/10.1371/journal.pbio.3000908 

Crespi, B., Badcock, C., 2008. Psychosis and autism as diametrical disorders of the social 
brain. Behav Brain Sci 31, 241–261; discussion 261-320. 
https://doi.org/10.1017/S0140525X08004214 

Crespi, B., Stead, P., Elliot, M., 2010. Comparative genomics of autism and schizophrenia. 
PNAS 107, 1736–1741. https://doi.org/10.1073/pnas.0906080106 

Cribb, S.J., Olaithe, M., Di Lorenzo, R., Dunlop, P.D., Maybery, M.T., 2016. Embedded Figures 
Test Performance in the Broader Autism Phenotype: A Meta-analysis. J Autism Dev 
Disord 46, 2924–2939. https://doi.org/10.1007/s10803-016-2832-3 

Cuthbert, B.N., Insel, T.R., 2013. Toward the future of psychiatric diagnosis: the seven pillars of 
RDoC. BMC Medicine 11, 126. https://doi.org/10.1186/1741-7015-11-126 

https://doi.org/10.1521/pedi.2010.24.4.516
https://doi.org/10.1016/j.nicl.2019.102108
https://doi.org/10.1186/1741-7015-11-126


 

 

Dawson, G., Klinger, L.G., Panagiotides, H., Lewy, A., Castelloe, P., 1995. Subgroups of autistic 
children based on social behavior display distinct patterns of brain activity. J Abnorm 
Child Psychol 23, 569–583. https://doi.org/10.1007/BF01447662 

de Lange, F.P., Rahnev, D.A., Donner, T.H., Lau, H., 2013. Prestimulus Oscillatory Activity over 
Motor Cortex Reflects Perceptual Expectations. Journal of Neuroscience 33, 1400–
1410. https://doi.org/10.1523/JNEUROSCI.1094-12.2013 

De Luca R, Naro A, Colucci PV, Pranio F, Tardiolo G, Billeri L, Le Cause M, De Domenico C, 
Portaro S, Rao G, Calabrò RS., 2021. Improvement of brain functional connectivity in 
autism spectrum disorder: an exploratory study on the potential use of virtual reality. J 
Neural Transm (Vienna). doi: 10.1007/s00702-021-02321-3. 

De Martino, B., Harrison, N.A., Knafo, S., Bird, G., Dolan, R.J., 2008. Explaining Enhanced 
Logical Consistency during Decision Making in Autism. Journal of Neuroscience 28, 
10746–10750. https://doi.org/10.1523/JNEUROSCI.2895-08.2008 

Diaconescu, A.O., Wellstein, K.V., Kasper, L., Mathys, C., Stephan, K.E., 2020. Hierarchical 
Bayesian models of social inference for probing persecutory delusional ideation. Journal 
of Abnormal Psychology 129, 556–569. https://doi.org/10.1037/abn0000500 

Dickinson, A., Daniel, M., Marin, A., Gaonkar, B., Dapretto, M., McDonald, N.M., Jeste, S., 
2021. Multivariate Neural Connectivity Patterns in Early Infancy Predict Later Autism 
Symptoms. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, Imaging 
Biomarkers and Outcome Prediction 6, 59–69. 
https://doi.org/10.1016/j.bpsc.2020.06.003 

Dima, D., Dietrich, D.E., Dillo, W., Emrich, H.M., 2010. Impaired top-down processes in 
schizophrenia: A DCM study of ERPs. NeuroImage, Computational Models of the Brain 
52, 824–832. https://doi.org/10.1016/j.neuroimage.2009.12.086 

Dima, D., Roiser, J.P., Dietrich, D.E., Bonnemann, C., Lanfermann, H., Emrich, H.M., Dillo, W., 
2009. Understanding why patients with schizophrenia do not perceive the hollow-mask 
illusion using dynamic causal modelling. NeuroImage 46, 1180–1186. 
https://doi.org/10.1016/j.neuroimage.2009.03.033 

Dimond, D., Schuetze, M., Smith, R.E., Dhollander, T., Cho, I., Vinette, S., Ten Eycke, K., 
Lebel, C., McCrimmon, A., Dewey, D., Connelly, A., Bray, S., 2019. Reduced White 
Matter Fiber Density in Autism Spectrum Disorder. Cerebral Cortex 29, 1778–1788. 
https://doi.org/10.1093/cercor/bhy348 

Dinsdale, N.L., Hurd, P.L., Wakabayashi, A., Elliot, M., Crespi, B.J., 2013. How Are Autism and 
Schizotypy Related? Evidence from a Non-Clinical Population. PLoS ONE 8, e63316. 
https://doi.org/10.1371/journal.pone.0063316 

Dondé, C., Avissar, M., Weber, M.M., Javitt, D.C., 2019. A century of sensory processing 
dysfunction in schizophrenia. Eur. psychiatr. 59, 77–79. 
https://doi.org/10.1016/j.eurpsy.2019.04.006 

Duffy, F.H., Als, H., 2012. A stable pattern of EEG spectral coherence distinguishes children 
with autism from neuro-typical controls - a large case control study. BMC Medicine 10, 
64. https://doi.org/10.1186/1741-7015-10-64 

Dzafic, I., Larsen, K.M., Darke, H., Pertile, H., Carter, O., Sundram, S., Garrido, M.I., 2021. 
Stronger Top-Down and Weaker Bottom-Up Frontotemporal Connections During 

https://doi.org/10.1016/j.eurpsy.2019.04.006


 

 

Sensory Learning Are Associated With Severity of Psychotic Phenomena. Schizophrenia 
Bulletin. https://doi.org/10.1093/schbul/sbaa188 

Dzafic, I., Randeniya, R., Harris, C.D., Bammel, M., Garrido, M.I., 2020. Statistical Learning and 
Inference Is Impaired in the Nonclinical Continuum of Psychosis. J. Neurosci. 40, 6759–
6769. https://doi.org/10.1523/JNEUROSCI.0315-20.2020 

Eisenacher, S., Zink, M., 2017. Holding on to false beliefs: The bias against disconfirmatory 
evidence over the course of psychosis. Journal of Behavior Therapy and Experimental 
Psychiatry 56, 79–89. https://doi.org/10.1016/j.jbtep.2016.08.015 

Fatouros-Bergman, H., Cervenka, S., Flyckt, L., Edman, G., Farde, L., 2014. Meta-analysis of 
cognitive performance in drug-naïve patients with schizophrenia. Schizophrenia 
Research 158, 156–162. https://doi.org/10.1016/j.schres.2014.06.034 

Feldman, H., Friston, K.J., 2010. Attention, Uncertainty, and Free-Energy. Front. Hum. 
Neurosci. 4. https://doi.org/10.3389/fnhum.2010.00215 

Fenner, B., Cooper, N., Romei, V., Hughes, G., 2020. Individual differences in sensory 
integration predict differences in time perception and individual levels of schizotypy. 
Conscious Cogn 84, 102979. https://doi.org/10.1016/j.concog.2020.102979 

Ferri, F., Venskus, A., Fotia, F., Cooke, J., Romei, V., 2018. Higher proneness to multisensory 
illusions is driven by reduced temporal sensitivity in people with high schizotypal traits. 
Consciousness and Cognition 65, 263–270. 
https://doi.org/10.1016/j.concog.2018.09.006 

Fletcher, P.C., Frith, C.D., 2009. Perceiving is believing: a Bayesian approach to explaining the 
positive symptoms of schizophrenia. Nat Rev Neurosci 10, 48–58. 
https://doi.org/10.1038/nrn2536 

Fogelson, N., Litvak, V., Peled, A., Fernandez-del-Olmo, M., Friston, K., 2014. The functional 
anatomy of schizophrenia: A dynamic causal modeling study of predictive coding. 
Schizophrenia Research 158, 204–212. https://doi.org/10.1016/j.schres.2014.06.011 

Fontolan, L., Morillon, B., Liegeois-Chauvel, C., Giraud, A.-L., 2014. The contribution of 
frequency-specific activity to hierarchical information processing in the human auditory 
cortex. Nature Communications 5, 4694. https://doi.org/10.1038/ncomms5694 

Ford, T.C., Apputhurai, P., Meyer, D., Crewther, D.P., 2017. Confirmatory factor analysis of 
autism and schizophrenia spectrum traits. Personality and Individual Differences 110, 
80–84. https://doi.org/10.1016/j.paid.2017.01.033 

Ford, T.C., Crewther, D.P., 2014. Factor Analysis Demonstrates a Common Schizoidal 
Phenotype within Autistic and Schizotypal Tendency: Implications for Neuroscientific 
Studies. Front. Psychiatry 5. https://doi.org/10.3389/fpsyt.2014.00117 

Fotia, F., Cooke, J., Van Dam, L., Ferri, F., Romei, V., 2021. The temporal sensitivity to the 
tactile-induced double flash illusion mediates the impact of beta oscillations on 
schizotypal personality traits. Conscious Cogn 91, 103121. 
https://doi.org/10.1016/j.concog.2021.103121 

Foxe, J.J., Snyder, A.C., 2011. The Role of Alpha-Band Brain Oscillations as a Sensory 
Suppression Mechanism during Selective Attention. Front. Psychol. 2. 
https://doi.org/10.3389/fpsyg.2011.00154 



 

 

Fries, P., 2015. Rhythms for Cognition: Communication through Coherence. Neuron 88, 220–
235. https://doi.org/10.1016/j.neuron.2015.09.034 

Fries, P., 2005. A mechanism for cognitive dynamics: neuronal communication through 
neuronal coherence. Trends in Cognitive Sciences 9, 474–480. 
https://doi.org/10.1016/j.tics.2005.08.011 

Friston, K., 2010. The free-energy principle: a unified brain theory? Nat Rev Neurosci 11, 127–
138. https://doi.org/10.1038/nrn2787 

Friston, K., 2005. A theory of cortical responses. Philosophical Transactions of the Royal 
Society B: Biological Sciences 360, 815–836. https://doi.org/10.1098/rstb.2005.1622 

Friston, K., Brown, H.R., Siemerkus, J., Stephan, K.E., 2016. The dysconnection hypothesis 
(2016). Schizophrenia Research 176, 83–94. 
https://doi.org/10.1016/j.schres.2016.07.014 

Friston, K.J., 2019. Waves of prediction. PLoS Biol 17, e3000426. 
https://doi.org/10.1371/journal.pbio.3000426 

Friston, K.J., 1998. The disconnection hypothesis. Schizophrenia Research 30, 115–125. 
https://doi.org/10.1016/S0920-9964(97)00140-0 

Friston, K.J., Bastos, A.M., Pinotsis, D., Litvak, V., 2015. LFP and oscillations—what do they tell 
us? Current Opinion in Neurobiology 31, 1–6. https://doi.org/10.1016/j.conb.2014.05.004 

Friston, K.J., Frith, C.D., 1995. Schizophrenia: a disconnection syndrome? Clin Neurosci 3, 89–
97. 

Friston, K.J., Lawson, R., Frith, C.D., 2013. On hyperpriors and hypopriors: comment on 
Pellicano and Burr. Trends Cogn Sci 17, 1. https://doi.org/10.1016/j.tics.2012.11.003 

Friston, K.J., Stephan, K.E., Montague, R., Dolan, R.J., 2014. Computational psychiatry: the 
brain as a phantastic organ. The Lancet Psychiatry 1, 148–158. 
https://doi.org/10.1016/S2215-0366(14)70275-5 

Frith, U., 2003. Autism: Explaining the enigma, 2nd ed, Autism: Explaining the enigma, 2nd ed. 
Blackwell Publishing, Malden. 

Frith, U., 2001. Mind Blindness and the Brain in Autism. Neuron 32, 969–979. 
https://doi.org/10.1016/S0896-6273(01)00552-9 

Fuggetta, G., Bennett, M.A., Duke, P.A., Young, A.M.J., 2014. Quantitative 
electroencephalography as a biomarker for proneness toward developing psychosis. 
Schizophrenia Research 153, 68–77. https://doi.org/10.1016/j.schres.2014.01.021 

Fujimoto, T., Okumura, E., Takeuchi, K., Kodabashi, A., Otsubo, T., Nakamura, K., Kamiya, S., 
Higashi, Y., Yuji, T., Honda, K., Shimooki, S., Tamura, T., 2013. Dysfunctional Cortical 
Connectivity During the Auditory Oddball Task in Patients with Schizophrenia. Open 
Neuroimag J 7, 15–26. https://doi.org/10.2174/1874440001307010015 

Gallagher, M.W., Bentley, K.H., Barlow, D.H., 2014. Perceived Control and Vulnerability to 
Anxiety Disorders: A Meta-analytic Review. Cogn Ther Res 38, 571–584. 
https://doi.org/10.1007/s10608-014-9624-x 

Galvez-Contreras, A.Y., Zarate-Lopez, D., Torres-Chavez, A.L., Gonzalez-Perez, O., 2020. 
Role of Oligodendrocytes and Myelin in the Pathophysiology of Autism Spectrum 
Disorder. Brain Sciences 10, 951. https://doi.org/10.3390/brainsci10120951 

https://doi.org/10.1016/j.conb.2014.05.004
https://doi.org/10.3390/brainsci10120951


 

 

Gao, J., Zhang, D., Wang, L., Wang, W., Fan, Y., Tang, M., Zhang, Xin, Lei, X., Wang, Y., 
Yang, J., Zhang, Xiaoling, 2020. Altered Effective Connectivity in Schizophrenic Patients 
With Auditory Verbal Hallucinations: A Resting-State fMRI Study With Granger Causality 
Analysis. Frontiers in Psychiatry 11, 575. https://doi.org/10.3389/fpsyt.2020.00575 

Garbarini, F., Mastropasqua, A., Sigaudo, M., Rabuffetti, M., Piedimonte, A., Pia, L., Rocca, P., 
2016. Abnormal Sense of Agency in Patients with Schizophrenia: Evidence from 
Bimanual Coupling Paradigm. Front. Behav. Neurosci. 10. 
https://doi.org/10.3389/fnbeh.2016.00043 

Garety, P.A., Freeman, D., 1999. Cognitive approaches to delusions: A critical review of 
theories and evidence. British Journal of Clinical Psychology 38, 113–154. 
https://doi.org/10.1348/014466599162700 

Garrido, M.I., Kilner, J.M., Kiebel, S.J., Friston, K.J., 2007. Evoked brain responses are 
generated by feedback loops. Proceedings of the National Academy of Sciences 104, 
20961–20966. https://doi.org/10.1073/pnas.0706274105 

Garrido, M.I., Sahani, M., Dolan, R.J., 2013. Outlier Responses Reflect Sensitivity to Statistical 
Structure in the Human Brain. PLOS Computational Biology 9, e1002999. 
https://doi.org/10.1371/journal.pcbi.1002999 

Gawęda, Ł., Moritz, S., 2021. The role of expectancies and emotional load in false auditory 
perceptions among patients with schizophrenia spectrum disorders. Eur Arch Psychiatry 
Clin Neurosci 271, 713–722. https://doi.org/10.1007/s00406-019-01065-2 

Georgiou, N., Delfabbro, P., Balzan, R., 2021. Conspiracy-Beliefs and Receptivity to 
Disconfirmatory Information: A Study Using the BADE Task. SAGE Open 11, 
215824402110061. https://doi.org/10.1177/21582440211006131 

Gibson, J.J., Carmichael, L., 1966. The senses considered as perceptual systems. Houghton 
Mifflin Boston. 

Gold, J.M., Fuller, R.L., Robinson, B.M., Braun, E.L., Luck, S.J., 2007. Impaired top-down 
control of visual search in schizophrenia. Schizophr Res 94, 148–155. 
https://doi.org/10.1016/j.schres.2007.04.023 

Goldstein, M.R., Peterson, M.J., Sanguinetti, J.L., Tononi, G., Ferrarelli, F., 2015. Topographic 
deficits in alpha-range resting EEG activity and steady state visual evoked responses in 
schizophrenia. Schizophrenia Research 168, 145–152. 
https://doi.org/10.1016/j.schres.2015.06.012 

Goris, J., Braem, S., Nijhof, A.D., Rigoni, D., Deschrijver, E., Van de Cruys, S., Wiersema, J.R., 
Brass, M., 2018. Sensory Prediction Errors Are Less Modulated by Global Context in 
Autism Spectrum Disorder. Biological Psychiatry: Cognitive Neuroscience and 
Neuroimaging 3, 667–674. https://doi.org/10.1016/j.bpsc.2018.02.003 

Goris, J., Brass, M., Cambier, C., Delplanque, J., Wiersema, J.R., Braem, S., 2020. The 
Relation Between Preference for Predictability and Autistic Traits. Autism Research 13, 
1144–1154. https://doi.org/10.1002/aur.2244 

Goris, J., Silvetti, M., Verguts, T., Wiersema, J.R., Brass, M., Braem, S., 2021. Autistic traits are 
related to worse performance in a volatile reward learning task despite adaptive learning 
rates. Autism 25, 440–451. https://doi.org/10.1177/1362361320962237 

https://doi.org/10.1371/journal.pcbi.1002999


 

 

Green, D., Chandler, S., Charman, T., Simonoff, E., Baird, G., 2016. Brief Report: DSM-5 
Sensory Behaviours in Children With and Without an Autism Spectrum Disorder. J 
Autism Dev Disord 46, 3597–3606. https://doi.org/10.1007/s10803-016-2881-7 

Grent, T., Gajwani, R., Gross, J., Gumley, A.I., Krishnadas, R., Lawrie, S.M., Schwannauer, M., 
Schultze-Lutter, F., Uhlhaas, P.J., 2020. Association of magnetoencephalographically 
measured high-frequency oscillations in visual cortex with circuit dysfunctions in local 
and large-scale networks during emerging psychosis. JAMA psychiatry 77, 852–862. 

Grillon, C., Lissek, S., Rabin, S., McDowell, D., Dvir, S., Pine, D.S., 2008. Increased Anxiety 
During Anticipation of Unpredictable But Not Predictable Aversive Stimuli as a 
Psychophysiologic Marker of Panic Disorder. AJP 165, 898–904. 
https://doi.org/10.1176/appi.ajp.2007.07101581 

Grillon, C., O’Connell, K., Lieberman, L., Alvarez, G., Geraci, M., Pine, D.S., Ernst, M., 2017. 
Distinct Responses to Predictable and Unpredictable Threat in Anxiety Pathologies: 
Effect of Panic Attack. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging 
2, 575–581. https://doi.org/10.1016/j.bpsc.2016.08.005 

Grützner, C., Wibral, M., Sun, L., Rivolta, D., Singer, W., Maurer, K., Uhlhaas, P.J., 2013. 
Deficits in high- (>60 Hz) gamma-band oscillations during visual processing in 
schizophrenia. Front Hum Neurosci 7, 88. https://doi.org/10.3389/fnhum.2013.00088 

Haarsma, J., Knolle, F., Griffin, J.D., Taverne, H., Mada, M., Goodyer, I.M., Consortium, T.N., 
Fletcher, P.C., Murray, G.K., 2020. Influence of prior beliefs on perception in early 
psychosis: Effects of illness stage and hierarchical level of belief. Journal of Abnormal 
Psychology 129, 581. https://doi.org/10.1037/abn0000494 

Haefner, R.M., Berkes, P., Fiser, J., 2016. Perceptual Decision-Making as Probabilistic 
Inference by Neural Sampling. Neuron 90, 649–660. 
https://doi.org/10.1016/j.neuron.2016.03.020 

Haegens, S., Cousijn, H., Wallis, G., Harrison, P.J., Nobre, A.C., 2014. Inter- and intra-individual 
variability in alpha peak frequency. NeuroImage 92, 46–55. 
https://doi.org/10.1016/j.neuroimage.2014.01.049 

Haggard, P., Martin, F., Taylor-Clarke, M., Jeannerod, M., Franck, N., 2003. Awareness of 
action in schizophrenia. NeuroReport 14, 1081–1085. 
https://doi.org/10.1097/01.wnr.0000073684.00308.c0 

Haker, H., Schneebeli, M., Stephan, K.E., 2016. Can Bayesian Theories of Autism Spectrum 
Disorder Help Improve Clinical Practice? Front. Psychiatry 7. 
https://doi.org/10.3389/fpsyt.2016.00107 

Hallett, V., Mueller, J., Breese, L., Hollett, M., Beresford, B., Irvine, A., Pickles, A., Slonims, V., 
Scott, S., Charman, T., Simonoff, E., 2021. Introducing ‘Predictive Parenting’: A 
Feasibility Study of a New Group Parenting Intervention Targeting Emotional and 
Behavioral Difficulties in Children with Autism Spectrum Disorder. J Autism Dev Disord 
51, 323–333. https://doi.org/10.1007/s10803-020-04442-2 

Hamm, J.P., Gilmore, C.S., Picchetti, N.A.M., Sponheim, S.R., Clementz, B.A., 2011. 
Abnormalities of Neuronal Oscillations and Temporal Integration to Low- and High-
Frequency Auditory Stimulation in Schizophrenia. Biological Psychiatry, New Insights 
into the Genetics of Schizophrenia 69, 989–996. 
https://doi.org/10.1016/j.biopsych.2010.11.021 

https://doi.org/10.1016/j.bpsc.2016.08.005
https://doi.org/10.1007/s10803-020-04442-2


 

 

Happé, F., 1999.Autism: cognitive deficit or cognitive style? Trends Cogn Sci 3, 216–222. 
https://doi.org/10.1016/s1364-6613(99)01318-2 

Happé, F., Frith, U., 2006. The Weak Coherence Account: Detail-focused Cognitive Style in 
Autism Spectrum Disorders. J Autism Dev Disord 36, 5–25. 
https://doi.org/10.1007/s10803-005-0039-0 

Hawton, K., Sutton, L., Haw, C., Sinclair, J., Deeks, J.J., 2005. Schizophrenia and suicide: 
Systematic review of risk factors. Br J Psychiatry 187, 9–20. 
https://doi.org/10.1192/bjp.187.1.9 

Heinz, A., 2002. Dopaminergic dysfunction in alcoholism and schizophrenia – 
psychopathological and behavioral correlates. Eur Psychiatry 8. 

Hemsley, D.R., Garety, P.A., 1986. The Formation of Maintenance of Delusions: a Bayesian 
Analysis. Br J Psychiatry 149, 51–56. https://doi.org/10.1192/bjp.149.1.51 

Henquet, C., van Os, J., Pries, L.K., Rauschenberg, C., Delespaul, P., Kenis, G., Luykx, J.J., 
Lin, B.D., Richards, A.L., Akdede, B., Binbay, T., Altınyazar, V., Yalınçetin, B., Gümüş-
Akay, G., Cihan, B., Soygür, H., Ulaş, H., Cankurtaran, E.S., Kaymak, S.U., Mihaljevic, 
M.M., Petrovic, S.S., Mirjanic, T., Bernardo, M., Mezquida, G., Amoretti, S., Bobes, J., 
Saiz, P.A., García-Portilla, M.P., Sanjuan, J., Aguilar, E.J., Santos, J.L., Jiménez-López, 
E., Arrojo, M., Carracedo, A., López, G., González-Peñas, J., Parellada, M., Maric, N.P., 
Atbaşoğlu, C., Ucok, A., Alptekin, K., Saka, M.C., Arango, C., O’Donovan, M., Rutten, 
B.P.F., Gülöksüz, S., 2020. A replication study of JTC bias, genetic liability for psychosis 
and delusional ideation. Psychol. Med. 1–7. 
https://doi.org/10.1017/S0033291720003578 

Hernaus, D., Xu, Z., Brown, E.C., Ruiz, R., Frank, M.J., Gold, J.M., Waltz, J.A., 2018. 
Motivational deficits in schizophrenia relate to abnormalities in cortical learning rate 
signals. Cogn Affect Behav Neurosci 18, 1338–1351. https://doi.org/10.3758/s13415-
018-0643-z 

Hohwy, J., 2012. Attention and Conscious Perception in the Hypothesis Testing Brain. Front. 
Psychol. 3. https://doi.org/10.3389/fpsyg.2012.00096 

Horga, G., Abi-Dargham, A., 2019. An integrative framework for perceptual disturbances in 
psychosis. Nat Rev Neurosci 20, 763–778. https://doi.org/10.1038/s41583-019-0234-1 

Hsu, Y.-F., Waszak, F., Hämäläinen, J.A., 2019. Prior Precision Modulates the Minimization of 
Auditory Prediction Error. Front. Hum. Neurosci. 13. 
https://doi.org/10.3389/fnhum.2019.00030 

Hu, D.K., Li, L.Y., Lopour, B.A., Martin, E.A., 2020. Schizotypy dimensions are associated with 
altered resting state alpha connectivity. International Journal of Psychophysiology 155, 
175–183. https://doi.org/10.1016/j.ijpsycho.2020.06.012 

Hubl, D., Koenig, T., Strik, W., Federspiel, A., Kreis, R., Boesch, C., Maier, S.E., Schroth, G., 
Lovblad, K., Dierks, T., 2004. Pathways That Make Voices: White Matter Changes in 
Auditory Hallucinations. Archives of General Psychiatry 61, 658–668. 
https://doi.org/10.1001/archpsyc.61.7.658 

Hugdahl, K., 2009. “Hearing voices”: auditory hallucinations as failure of top-down control of 
bottom-up perceptual processes. Scand J Psychol 50, 553–560. 
https://doi.org/10.1111/j.1467-9450.2009.00775.x 

https://doi.org/10.1016/j.ijpsycho.2020.06.012
https://doi.org/10.1001/archpsyc.61.7.658
https://doi.org/10.1111/j.1467-9450.2009.00775.x


 

 

Hugdahl, K., Nygård, M., Falkenberg, L.E., Kompus, K., Westerhausen, R., Kroken, R., 
Johnsen, E., Løberg, E.-M., 2013. Failure of attention focus and cognitive control in 
schizophrenia patients with auditory verbal hallucinations: evidence from dichotic 
listening. Schizophr Res 147, 301–309. https://doi.org/10.1016/j.schres.2013.04.005 

Huys, Q.J.M., Browning, M., Paulus, M.P., Frank, M.J., 2021. Advances in the computational 
understanding of mental illness. Neuropsychopharmacol. 46, 3–19. 
https://doi.org/10.1038/s41386-020-0746-4 

Huys, Q.J.M., Maia, T.V., Frank, M.J., 2016. Computational psychiatry as a bridge from 
neuroscience to clinical applications. Nat Neurosci 19, 404–413. 
https://doi.org/10.1038/nn.4238 

Iemi, L., Chaumon, M., Crouzet, S.M., Busch, N.A., 2017. Spontaneous Neural Oscillations Bias 
Perception by Modulating Baseline Excitability. J. Neurosci. 37, 807–819. 
https://doi.org/10.1523/JNEUROSCI.1432-16.2016 

Insel, T.R., 2014. The NIMH Research Domain Criteria (RDoC) Project: Precision Medicine for 
Psychiatry. AJP 171, 395–397. https://doi.org/10.1176/appi.ajp.2014.14020138 

Javitt, D.C., 2009. When Doors of Perception Close: Bottom-up Models of Disrupted Cognition 
in Schizophrenia. Annual Review of Clinical Psychology 5, 249–275. 
https://doi.org/10.1146/annurev.clinpsy.032408.153502 

Javitt, D.C., Freedman, R., 2015. Sensory Processing Dysfunction in the Personal Experience 
and Neuronal Machinery of Schizophrenia. AJP 172, 17–31. 
https://doi.org/10.1176/appi.ajp.2014.13121691 

Jensen, O., Bonnefond, M., VanRullen, R., 2012. An oscillatory mechanism for prioritizing 
salient unattended stimuli. Trends in Cognitive Sciences 16, 200–206. 
https://doi.org/10.1016/j.tics.2012.03.002 

Jensen, O., Kaiser, J., Lachaux, J.-P., 2007. Human gamma-frequency oscillations associated 
with attention and memory. Trends in Neurosciences, July INMED/TINS special issue—
Physiogenic and pathogenic oscillations: the beauty and the beast 30, 317–324. 
https://doi.org/10.1016/j.tins.2007.05.001 

Jensen, O., Mazaheri, A., 2010. Shaping Functional Architecture by Oscillatory Alpha Activity: 
Gating by Inhibition. Front. Hum. Neurosci. 4. https://doi.org/10.3389/fnhum.2010.00186 

Jeste, S.S., Frohlich, J., Loo, S.K., 2015. Electrophysiological biomarkers of diagnosis and 
outcome in neurodevelopmental disorders. Curr Opin Neurol 28, 110–116. 
https://doi.org/10.1097/WCO.0000000000000181 

Jia, X., Kohn, A., 2011. Gamma Rhythms in the Brain. PLoS Biol 9, e1001045. 
https://doi.org/10.1371/journal.pbio.1001045 

Jin, H., Mosweu, I., 2017. The Societal Cost of Schizophrenia: A Systematic Review. 
PharmacoEconomics 35, 25–42. https://doi.org/10.1007/s40273-016-0444-6 

Jolliffe, T., Baron‐Cohen, S., 1997. Are People with Autism and Asperger Syndrome Faster 
Than Normal on the Embedded Figures Test? Journal of Child Psychology and 
Psychiatry 38, 527–534. https://doi.org/10.1111/j.1469-7610.1997.tb01539.x 

Joseph, R.M., Keehn, B., Connolly, C., Wolfe, J.M., Horowitz, T.S., 2009. Why is visual search 
superior in autism spectrum disorder? Developmental Science 12, 1083–1096. 
https://doi.org/10.1111/j.1467-7687.2009.00855.x 



 

 

Kafadar, E., Mittal, V.A., Strauss, G.P., Chapman, H.C., Ellman, L.M., Bansal, S., Gold, J.M., 
Alderson-Day, B., Evans, S., Moffatt, J., Silverstein, S.M., Walker, E.F., Woods, S.W., 
Corlett, P.R., Powers, A.R., 2020. Modeling perception and behavior in individuals at 
clinical high risk for psychosis: Support for the predictive processing framework. 
Schizophrenia Research 226, 167–175. https://doi.org/10.1016/j.schres.2020.04.017 

Kahn, R.S., Keefe, R.S.E., 2013. Schizophrenia Is a Cognitive Illness: Time for a Change in 
Focus. JAMA Psychiatry 70, 1107. https://doi.org/10.1001/jamapsychiatry.2013.155 

Kalhan, S., Redish, A.D., Hester, R., Garrido, M.I., 2021. A salience misattribution model for 
addictive-like behaviors. Neuroscience & Biobehavioral Reviews 125, 466–477. 
https://doi.org/10.1016/j.neubiorev.2021.02.039 

Kam, J.W.Y., Bolbecker, A.R., O’Donnell, B.F., Hetrick, W.P., Brenner, C.A., 2013. Resting 
state EEG power and coherence abnormalities in bipolar disorder and schizophrenia. J 
Psychiatr Res 47, 1893–1901. https://doi.org/10.1016/j.jpsychires.2013.09.009 

Karlsgodt, K.H., 2020. White Matter Microstructure across the Psychosis Spectrum. Trends in 
Neurosciences 43, 406–416. https://doi.org/10.1016/j.tins.2020.03.014 

Karlsgodt, K.H., Niendam, T.A., Bearden, C.E., Cannon, T.D., 2009. White Matter Integrity and 
Prediction of Social and Role Functioning in Subjects at Ultra-High Risk for Psychosis. 
Biological Psychiatry 66, 562–569. https://doi.org/10.1016/j.biopsych.2009.03.013 

Karson, C.N., Coppola, R., Daniel, D.G., 1988. Alpha frequency in schizophrenia: An 
association with enlarged cerebral ventricles. The American Journal of Psychiatry 145, 
861–864. https://doi.org/10.1176/ajp.145.7.861 

Karvelis, P., Seitz, A.R., Lawrie, S.M., Seriès, P., 2018. Autistic traits, but not schizotypy, predict 
increased weighting of sensory information in Bayesian visual integration. eLife 7, 
e34115. https://doi.org/10.7554/eLife.34115 

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The Positive and Negative Syndrome Scale (PANSS) 
for Schizophrenia. Schizophrenia Bulletin 13, 261–276. 
https://doi.org/10.1093/schbul/13.2.261 

Keehn, B., Westerfield, M., Müller, R.-A., Townsend, J., 2017. Autism, Attention, and Alpha 
Oscillations: An Electrophysiological Study of Attentional Capture. Biological Psychiatry: 
Cognitive Neuroscience and Neuroimaging 2, 528–536. 
https://doi.org/10.1016/j.bpsc.2017.06.006 

Kelly, S., Jahanshad, N., Zalesky, A., Kochunov, P., Agartz, I., Alloza, C., Andreassen, O.A., 
Arango, C., Banaj, N., Bouix, S., Bousman, C.A., Brouwer, R.M., Bruggemann, J., 
Bustillo, J., Cahn, W., Calhoun, V., Cannon, D., Carr, V., Catts, S., Chen, J, Chen, J-x, 
Chen, X., Chiapponi, C., Cho, K.K., Ciullo, V., Corvin, A.S., Crespo-Facorro, B., Cropley, 
V., De Rossi, P., Diaz-Caneja, C.M., Dickie, E.W., Ehrlich, S., Fan, F., Faskowitz, J., 
Fatouros-Bergman, H., Flyckt, L., Ford, J.M., Fouche, J.-P., Fukunaga, M., Gill, M., 
Glahn, D.C., Gollub, R., Goudzwaard, E.D., Guo, H., Gur, R.E., Gur, R.C., Gurholt, T.P., 
Hashimoto, R., Hatton, S.N., Henskens, F.A., Hibar, D.P., Hickie, I.B., Hong, L.E., 
Horacek, J., Howells, F.M., Hulshoff Pol, H.E., Hyde, C.L., Isaev, D., Jablensky, A., 
Jansen, P.R., Janssen, J., Jönsson, E.G., Jung, L.A., Kahn, R.S., Kikinis, Z., Liu, K., 
Klauser, P., Knöchel, C., Kubicki, M., Lagopoulos, J., Langen, C., Lawrie, S., Lenroot, 
R.K., Lim, K.O., Lopez-Jaramillo, C., Lyall, A., Magnotta, V., Mandl, R.C.W., Mathalon, 
D.H., McCarley, R.W., McCarthy-Jones, S., McDonald, C., McEwen, S., McIntosh, A., 
Melicher, T., Mesholam-Gately, R.I., Michie, P.T., Mowry, B., Mueller, B.A., Newell, D.T., 

https://doi.org/10.1016/j.neubiorev.2021.02.039
https://doi.org/10.1016/j.biopsych.2009.03.013


 

 

O’Donnell, P., Oertel-Knöchel, V., Oestreich, L., Paciga, S.A., Pantelis, C., Pasternak, 
O., Pearlson, G., Pellicano, G.R., Pereira, A., Pineda Zapata, J., Piras, F., Potkin, S.G., 
Preda, A., Rasser, P.E., Roalf, D.R., Roiz, R., Roos, A., Rotenberg, D., Satterthwaite, 
T.D., Savadjiev, P., Schall, U., Scott, R.J., Seal, M.L., Seidman, L.J., Shannon Weickert, 
C., Whelan, C.D., Shenton, M.E., Kwon, J.S., Spalletta, G., Spaniel, F., Sprooten, E., 
Stäblein, M., Stein, D.J., Sundram, S., Tan, Y., Tan, S., Tang, S., Temmingh, H.S., 
Westlye, L.T., Tønnesen, S., Tordesillas-Gutierrez, D., Doan, N.T., Vaidya, J., van 
Haren, N.E.M., Vargas, C.D., Vecchio, D., Velakoulis, D., Voineskos, A., Voyvodic, J.Q., 
Wang, Z., Wan, P., Wei, D., Weickert, T.W., Whalley, H., White, T., Whitford, T.J., 
Wojcik, J.D., Xiang, H., Xie, Z., Yamamori, H., Yang, F., Yao, N., Zhang, G., Zhao, J., 
van Erp, T.G.M., Turner, J., Thompson, P.M., Donohoe, G., 2018. Widespread white 
matter microstructural differences in schizophrenia across 4322 individuals: results from 
the ENIGMA Schizophrenia DTI Working Group. Mol Psychiatry 23, 1261–1269. 
https://doi.org/10.1038/mp.2017.170 

Keown, C.L., Shih, P., Nair, A., Peterson, N., Mulvey, M.E., Müller, R.-A., 2013. Local 
Functional Overconnectivity in Posterior Brain Regions Is Associated with Symptom 
Severity in Autism Spectrum Disorders. Cell Reports 5, 567–572. 
https://doi.org/10.1016/j.celrep.2013.10.003 

Kessler, K., Seymour, R.A., Rippon, G., 2016. Brain oscillations and connectivity in autism 
spectrum disorders (ASD): new approaches to methodology, measurement and 
modelling. Neuroscience & Biobehavioral Reviews 71, 601–620. 
https://doi.org/10.1016/j.neubiorev.2016.10.002 

Khan, S., Michmizos, K., Tommerdahl, M., Ganesan, S., Kitzbichler, M.G., Zetino, M., Garel, K.-
L.A., Herbert, M.R., Hämäläinen, M.S., Kenet, T., 2015. Somatosensory cortex 
functional connectivity abnormalities in autism show opposite trends, depending on 
direction and spatial scale. Brain 138, 1394–1409. https://doi.org/10.1093/brain/awv043 

Kim, J.W., Lee, Y.S., Han, D.H., Min, K.J., Lee, J., Lee, K., 2015. Diagnostic utility of 
quantitative EEG in un-medicated schizophrenia. Neuroscience Letters 589, 126–131. 
https://doi.org/10.1016/j.neulet.2014.12.064 

King, D.J., Hodgekins, J., Chouinard, P.A., Chouinard, V.-A., Sperandio, I., 2017. A review of 
abnormalities in the perception of visual illusions in schizophrenia. Psychon Bull Rev 24, 
734–751. https://doi.org/10.3758/s13423-016-1168-5 

Kitzbichler, M.G., Khan, S., Ganesan, S., Vangel, M.G., Herbert, M.R., Hämäläinen, M.S., 
Kenet, T., 2015. Altered Development and Multifaceted Band-Specific Abnormalities of 
Resting State Networks in Autism. Biological Psychiatry, Autism Genotypes and 
Phenotypes 77, 794–804. https://doi.org/10.1016/j.biopsych.2014.05.012 

Klimesch, W., Sauseng, P., Hanslmayr, S., 2007. EEG alpha oscillations: the inhibition-timing 
hypothesis. Brain Res Rev 53, 63–88. https://doi.org/10.1016/j.brainresrev.2006.06.003 

Knill, D.C., Pouget, A., 2004. The Bayesian brain: the role of uncertainty in neural coding and 
computation. Trends in Neurosciences 27, 712–719. 
https://doi.org/10.1016/j.tins.2004.10.007 

Kok, P., Mostert, P., Lange, F.P. de, 2017. Prior expectations induce prestimulus sensory 
templates. PNAS 114, 10473–10478. https://doi.org/10.1073/pnas.1705652114 

https://doi.org/10.1016/j.biopsych.2014.05.012
https://doi.org/10.1016/j.tins.2004.10.007


 

 

Kok, P., Rahnev, D., Jehee, J.F.M., Lau, H.C., de Lange, F.P., 2012. Attention reverses the 
effect of prediction in silencing sensory signals. Cereb Cortex 22, 2197–2206. 
https://doi.org/10.1093/cercor/bhr310 

Kõlves, K., Fitzgerald, C., Nordentoft, M., Wood, S.J., Erlangsen, A., 2021. Assessment of 
Suicidal Behaviors Among Individuals With Autism Spectrum Disorder in Denmark. 
JAMA Netw Open 4, e2033565. https://doi.org/10.1001/jamanetworkopen.2020.33565 

Konstantareas, M.M., Hewitt, T., 2001. Autistic Disorder and Schizophrenia: Diagnostic 
Overlaps 10. 

Koshiyama, D., Kirihara, K., Tada, M., Nagai, T., Fujioka, M., Usui, K., Araki, T., Kasai, K., 2020. 
Reduced Auditory Mismatch Negativity Reflects Impaired Deviance Detection in 
Schizophrenia. Schizophrenia Bulletin 46, 937–946. 
https://doi.org/10.1093/schbul/sbaa006 

Krishnadas, R., Ryali, S., Chen, T., Uddin, L., Supekar, K., Palaniyappan, L., Menon, V., 2014. 
Resting state functional hyperconnectivity within a triple network model in paranoid 
schizophrenia. The Lancet, Spring Meeting for Clinician Scientists in Training February 
2014 383, S65. https://doi.org/10.1016/S0140-6736(14)60328-7 

Krupnik, V., 2019. Bayesian Approach to Psychotherapy Integration: Strategic Modification of 
Priors. Front. Psychol. 10, 356. https://doi.org/10.3389/fpsyg.2019.00356 

Krupnik, V., Cherkasova, M.V., 2019. Strategic Symptom Displacement in Therapy of a Motor 
Conversion Disorder Comorbid with PTSD: Case Presentation. J Contemp Psychother 
49, 169–176. https://doi.org/10.1007/s10879-018-9408-9 

Kubicki, M., McCarley, R., Westin, C.-F., Park, H.-J., Maier, S., Kikinis, R., Jolesz, F.A., 
Shenton, M.E., 2007. A review of diffusion tensor imaging studies in schizophrenia. 
Journal of Psychiatric Research 41, 15–30. 
https://doi.org/10.1016/j.jpsychires.2005.05.005 

Kustermann, T., Rockstroh, B., Kienle, J., Miller, G.A., Popov, T., 2016. Deficient attention 
modulation of lateralized alpha power in schizophrenia: Deficient lateralized alpha 
modulation in schizophrenia. Psychophysiol 53, 776–785. 
https://doi.org/10.1111/psyp.12626 

Lawrie, S.M., Buechel, C., Whalley, H.C., Frith, C.D., Friston, K.J., Johnstone, E.C., 2002. 
Reduced frontotemporal functional connectivity in schizophrenia associated with auditory 
hallucinations. Biol Psychiatry 51, 1008–1011. https://doi.org/10.1016/s0006-
3223(02)01316-1 

Lawson, R.P., Mathys, C., Rees, G., 2017. Adults with autism overestimate the volatility of the 
sensory environment. Nat Neurosci 20, 1293–1299. https://doi.org/10.1038/nn.4615 

Lee, J., Park, S., 2005. Working Memory Impairments in Schizophrenia: A Meta-Analysis. 
Journal of Abnormal Psychology 114, 599–611. https://doi.org/10.1037/0021-
843X.114.4.599 

Lee, T.S., Mumford, D., 2003. Hierarchical Bayesian inference in the visual cortex. J. Opt. Soc. 
Am. A 20, 1434. https://doi.org/10.1364/JOSAA.20.001434 

Lenzenweger MF., 2006. Schizotypy: An Organizing Framework for Schizophrenia Research. 
Current Directions in Psychological Science 15(4):162-166. doi: 
https://doi.org/10.1111%2Fj.1467-8721.2006.00428.x 

https://doi.org/10.1093/schbul/sbaa006
https://doi.org/10.1007/s10879-018-9408-9
https://doi.org/10.1111/psyp.12626
https://doi.org/10.1364/JOSAA.20.001434
https://doi.org/10.1111%2Fj.1467-8721.2006.00428.x


 

 

Lenzenweger, M.F., 2018. Schizotypy, schizotypic psychopathology and schizophrenia. World 
Psychiatry 17, 25–26. https://doi.org/10.1002/wps.20479 

Levy, D.L., Coleman, M.J., Sung, H., Ji, F., Matthysse, S., Mendell, N.R., Titone, D., 2010. The 
genetic basis of thought disorder and language and communication disturbances in 
schizophrenia. Journal of Neurolinguistics, Language, Communication and 
Schizophrenia 23, 176–192. https://doi.org/10.1016/j.jneuroling.2009.08.003 

Li, M., Spaulding, W.D. (Eds.), 2016. The Neuropsychopathology of Schizophrenia: Molecules, 
Brain Systems, Motivation, and Cognition, Nebraska Symposium on Motivation. Springer 
International Publishing. https://doi.org/10.1007/978-3-319-30596-7 

Linszen, M.M.J., van Zanten, G.A., Teunisse, R.J., Brouwer, R.M., Scheltens, P., Sommer, I.E., 
2019. Auditory hallucinations in adults with hearing impairment: a large prevalence 
study. Psychol. Med. 49, 132–139. https://doi.org/10.1017/S0033291718000594 

Liu, T., Zhang, J., Dong, X., Li, Z., Shi, X., Tong, Y., Yang, R., Wu, J., Wang, C., Yan, T., 2019. 
Occipital Alpha Connectivity During Resting-State Electroencephalography in Patients 
With Ultra-High Risk for Psychosis and Schizophrenia. Front. Psychiatry 10, 553. 
https://doi.org/10.3389/fpsyt.2019.00553 

Lord, C., Rutter, M., DiLavore, P., Risi, S., Gotham, K., Bishop, S., 2012. Autism Diagnostic 
Observation Schedule, Second Edition (ADOS-2). Western Psychological Corporation 
(2012), Los Angeles, CA: 

Louise, S., Gurvich, C., Neill, E., Tan, E.J., Van Rheenen, T.E., Rossell, S., 2015. Schizotypal 
Traits are Associated with Poorer Executive Functioning in Healthy Adults. Front. 
Psychiatry 6. https://doi.org/10.3389/fpsyt.2015.00079 

Lugo Marín, J., Alviani Rodríguez-Franco, M., Mahtani Chugani, V., Magán Maganto, M., Díez 
Villoria, E., Canal Bedia, R., 2018. Prevalence of Schizophrenia Spectrum Disorders in 
Average-IQ Adults with Autism Spectrum Disorders: A Meta-analysis. J Autism Dev 
Disord 48, 239–250. https://doi.org/10.1007/s10803-017-3328-5 

Maeda, T., Kato, M., Muramatsu, T., Iwashita, S., Mimura, M., Kashima, H., 2012. Aberrant 
sense of agency in patients with schizophrenia: Forward and backward over-attribution 
of temporal causality during intentional action. Psychiatry Research 198, 1–6. 
https://doi.org/10.1016/j.psychres.2011.10.021 

Mamashli, F., Kozhemiako, N., Khan, S., Nunes, A.S., McGuiggan, N.M., Losh, A., Joseph, 
R.M., Ahveninen, J., Doesburg, S.M., Hämäläinen, M.S., Kenet, T., 2021. Children with 
autism spectrum disorder show altered functional connectivity and abnormal maturation 
trajectories in response to inverted faces. Autism Research n/a. 
https://doi.org/10.1002/aur.2497 

Marschall, T.M., Brederoo, S.G., Ćurčić-Blake, B., Sommer, I.E.C., 2020. Deafferentation as a 
cause of hallucinations: Current Opinion in Psychiatry 33, 206–211. 
https://doi.org/10.1097/YCO.0000000000000586 

Martínez, A., Lopez-Calderon, J., 2018. Impaired Motion Processing in Schizophrenia and the 
Attenuated Psychosis Syndrome: Etiological and Clinical Implications. Am J Psychiatry 
12. 

Massrali, A., Brunel, H., Hannon, E., Wong, C., Baron-Cohen, S., Warrier, V., iPSYCH-
MINERvA Epigenetics Group, 2019. Integrated genetic and methylomic analyses identify 

https://doi.org/10.1017/S0033291718000594


 

 

shared biology between autism and autistic traits. Molecular Autism 10, 31. 
https://doi.org/10.1186/s13229-019-0279-z 

Mathewson, K.J., Jetha, M.K., Drmic, I.E., Bryson, S.E., Goldberg, J.O., Schmidt, L.A., 2012. 
Regional EEG alpha power, coherence, and behavioral symptomatology in autism 
spectrum disorder. Clinical Neurophysiology 123, 1798–1809. 
https://doi.org/10.1016/j.clinph.2012.02.061 

Mathys, C., Daunizeau, J., Friston, K.J., Stephan, K.E., 2011. A Bayesian Foundation for 
Individual Learning Under Uncertainty. Front. Hum. Neurosci. 5. 
https://doi.org/10.3389/fnhum.2011.00039 

Mayer, A., Schwiedrzik, C.M., Wibral, M., Singer, W., Melloni, L., 2016. Expecting to See a 
Letter: Alpha Oscillations as Carriers of Top-Down Sensory Predictions. Cerebral Cortex 
26, 3146–3160. https://doi.org/10.1093/cercor/bhv146 

Mechelli, A., Allen, P., Amaro, E., Fu, C.H.Y., Williams, S.C.R., Brammer, M.J., Johns, L.C., 
McGuire, P.K., 2007. Misattribution of speech and impaired connectivity in patients with 
auditory verbal hallucinations. Hum Brain Mapp 28, 1213–1222. 
https://doi.org/10.1002/hbm.20341 

Mesa-Gresa, P., Gil-Gómez, H., Lozano-Quilis, J.-A., Gil-Gómez, J.-A., 2018. Effectiveness of 
Virtual Reality for Children and Adolescents with Autism Spectrum Disorder: An 
Evidence-Based Systematic Review. Sensors 18, 2486. 
https://doi.org/10.3390/s18082486 

Meyers, J.L., Chorlian, D.B., Bigdeli, T.B., Johnson, E.C., Aliev, F., Agrawal, A., Almasy, L., 
Anokhin, A., Edenberg, H.J., Foroud, T., Goate, A., Kamarajan, C., Kinreich, S., 
Nurnberger, J., Pandey, A.K., Pandey, G., Plawecki, M.H., Salvatore, J.E., Zhang, J., 
Fanous, A., Porjesz, B., 2021. The association of polygenic risk for schizophrenia, 
bipolar disorder, and depression with neural connectivity in adolescents and young 
adults: examining developmental and sex differences. Transl Psychiatry 11, 54. 
https://doi.org/10.1038/s41398-020-01185-7 

Michalareas, G., Vezoli, J., van Pelt, S., Schoffelen, J.-M., Kennedy, H., Fries, P., 2016. Alpha-
beta and gamma rhythms subserve feedback and feedforward influences among human 
visual cortical areas. Neuron 89, 384–397. https://doi.org/10.1016/j.neuron.2015.12.018 

Migliorati, D., Zappasodi, F., Perrucci, M.G., Donno, B., Northoff, G., Romei, V., Costantini, M., 
2020. Individual Alpha Frequency Predicts Perceived Visuotactile Simultaneity. Journal 
of Cognitive Neuroscience 32, 1–11. https://doi.org/10.1162/jocn_a_01464 

Milev, P., Ho, B.-C., Arndt, S., Andreasen, N.C., 2005. Predictive values of neurocognition and 
negative symptoms on functional outcome in schizophrenia: a longitudinal first-episode 
study with 7-year follow-up. Am J Psychiatry 162, 495–506. 
https://doi.org/10.1176/appi.ajp.162.3.495 

Minami, S., Amano, K., 2017. Illusory Jitter Perceived at the Frequency of Alpha Oscillations. 
Current Biology 27, 2344-2351.e4. https://doi.org/10.1016/j.cub.2017.06.033 

Minzenberg, M.J., Carter, C.S., 2012. Developing treatments for impaired cognition in 
schizophrenia. Trends in Cognitive Sciences, Special Issue: Cognition in 
Neuropsychiatric Disorders 16, 35–42. https://doi.org/10.1016/j.tics.2011.11.017 

Minzenberg, M.J., Firl, A.J., Yoon, J.H., Gomes, G.C., Reinking, C., Carter, C.S., 2010. Gamma 
Oscillatory Power is Impaired During Cognitive Control Independent of Medication 

https://doi.org/10.1093/cercor/bhv146
https://doi.org/10.3390/s18082486
https://doi.org/10.1162/jocn_a_01464


 

 

Status in First-Episode Schizophrenia. Neuropsychopharmacology 35, 2590–2599. 
https://doi.org/10.1038/npp.2010.150 

Mishara, A.L., 2010. Klaus Conrad (1905–1961): Delusional Mood, Psychosis, and Beginning 
Schizophrenia. Schizophr Bull 36, 9–13. https://doi.org/10.1093/schbul/sbp144 

Mishara, A.L., Sterzer, P., 2015. Phenomenology is Bayesian in its application to delusions. 
World Psychiatry 14, 185–186. https://doi.org/10.1002/wps.20213 

Mollon, J., David, A.S., Zammit, S., Lewis, G., Reichenberg, A., 2018. Course of Cognitive 
Development From Infancy to Early Adulthood in the Psychosis Spectrum. JAMA 
Psychiatry 75, 270. https://doi.org/10.1001/jamapsychiatry.2017.4327 

Moritz, S., Ramdani, N., Klass, H., Andreou, C., Jungclaussen, D., Eifler, S., Englisch, S., 
Schirmbeck, F., Zink, M., 2014. Overconfidence in incorrect perceptual judgments in 
patients with schizophrenia. Schizophrenia Research: Cognition 1, 165–170. 
https://doi.org/10.1016/j.scog.2014.09.003 

Moritz, S., Woodward, T.S., 2006. A generalized bias against disconfirmatory evidence in 
schizophrenia. Psychiatry Research 142, 157–165. 
https://doi.org/10.1016/j.psychres.2005.08.016 

Mulder, M.J., Wagenmakers, E.-J., Ratcliff, R., Boekel, W., Forstmann, B.U., 2012. Bias in the 
Brain: A Diffusion Model Analysis of Prior Probability and Potential Payoff. J Neurosci 
32, 2335–2343. https://doi.org/10.1523/JNEUROSCI.4156-11.2012 

Mulert, C., Kirsch, V., Pascual-Marqui, R., McCarley, R.W., Spencer, K.M., 2011. Long-range 
synchrony of gamma oscillations and auditory hallucination symptoms in schizophrenia. 
International Journal of Psychophysiology 79, 55–63. 
https://doi.org/10.1016/j.ijpsycho.2010.08.004 

Murias, M., Webb, S.J., Greenson, J., Dawson, G., 2007. Resting State Cortical Connectivity 
Reflected in EEG Coherence in Individuals With Autism. Biological Psychiatry 62, 270–
273. https://doi.org/10.1016/j.biopsych.2006.11.012 

Murphy, E., Benítez-Burraco, A., 2017. Language deficits in schizophrenia and autism as 
related oscillatory connectomopathies: An evolutionary account. Neuroscience & 
Biobehavioral Reviews 83, 742–764. https://doi.org/10.1016/j.neubiorev.2016.07.029 

Murphy, E., Benítez-Burraco, A., 2016. Bridging the Gap between Genes and Language Deficits 
in Schizophrenia: An Oscillopathic Approach. Front. Hum. Neurosci. 10. 
https://doi.org/10.3389/fnhum.2016.00422 

Murphy, J.W., Foxe, J.J., Peters, J.B., Molholm, S., 2014. Susceptibility to Distraction in Autism 
Spectrum Disorder: Probing the Integrity of Oscillatory Alpha-Band Suppression 
Mechanisms: Alpha suppression in ASD. Autism Res 7, 442–458. 
https://doi.org/10.1002/aur.1374 

Murphy, M., Öngür, D., 2019. Decreased peak alpha frequency and impaired visual evoked 
potentials in first episode psychosis. NeuroImage: Clinical 22, 101693. 
https://doi.org/10.1016/j.nicl.2019.101693 

Muth, A., Hönekopp, J., Falter, C.M., 2014. Visuo-Spatial Performance in Autism: A Meta-
analysis. J Autism Dev Disord 44, 3245–3263. https://doi.org/10.1007/s10803-014-2188-
5 

https://doi.org/10.1038/npp.2010.150
https://doi.org/10.1016/j.psychres.2005.08.016


 

 

Näätänen, R., Sussman, E.S., Salisbury, D., Shafer, V.L., 2014. Mismatch Negativity (MMN) as 
an Index of Cognitive Dysfunction. Brain Topogr 27, 451–466. 
https://doi.org/10.1007/s10548-014-0374-6 

Nelson, M.T., Seal, M.L., Pantelis, C., Phillips, L.J., 2013. Evidence of a dimensional 
relationship between schizotypy and schizophrenia: A systematic review. Neuroscience 
& Biobehavioral Reviews 37, 317–327. https://doi.org/10.1016/j.neubiorev.2013.01.004 

Nelson, M.T., Seal, M.L., Phillips, L.J., Merritt, A.H., Wilson, R., Pantelis, C., 2011. An 
Investigation of the Relationship Between Cortical Connectivity and Schizotypy in the 
General Population. The Journal of Nervous and Mental Disease 199, 348–353. 
https://doi.org/10.1097/NMD.0b013e318217514b 

Nenadić, I., Meller, T., Evermann, U., Schmitt, S., Pfarr, J.-K., Abu-Akel, A., Grezellschak, S., 
2021. Subclinical schizotypal vs. autistic traits show overlapping and diametrically 
opposed facets in a non-clinical population. Schizophrenia Research 231, 32–41. 
https://doi.org/10.1016/j.schres.2021.02.018 

Neuhaus, A.H., Brandt, E.S.L., Goldberg, T.E., Bates, J.A., Malhotra, A.K., 2013. Evidence for 
impaired visual prediction error in schizophrenia. Schizophr Res 147, 326–330. 
https://doi.org/10.1016/j.schres.2013.04.004 

Nienborg, H., Cumming, B.G., 2009. Decision-related activity in sensory neurons reflects more 
than a neuron’s causal effect. Nature 459, 89–92. https://doi.org/10.1038/nature07821 

Nienborg, H., Roelfsema, P.R., 2015. Belief states as a framework to explain extra-retinal 
influences in visual cortex. Current Opinion in Neurobiology 32, 45–52. 
https://doi.org/10.1016/j.conb.2014.10.013 

Notredame, C.-E., Pins, D., Deneve, S., Jardri, R., 2014. What visual illusions teach us about 
schizophrenia. Front. Integr. Neurosci. 8. https://doi.org/10.3389/fnint.2014.00063 

Nyrenius, J., Billstedt, E., 2020. The functional impact of cognition in adults with autism 
spectrum disorders. Nordic Journal of Psychiatry 74, 220–225. 
https://doi.org/10.1080/08039488.2019.1694698 

Olejarczyk, E., Jernajczyk, W., 2017. Graph-based analysis of brain connectivity in 
schizophrenia. PLoS ONE 12, e0188629. https://doi.org/10.1371/journal.pone.0188629 

O’Reilly, C., Lewis, J.D., Elsabbagh, M., 2017. Is functional brain connectivity atypical in 
autism? A systematic review of EEG and MEG studies. PLoS ONE 12, e0175870. 
https://doi.org/10.1371/journal.pone.0175870 

Orekhova, E.V., Stroganova, T.A., Nygren, G., Tsetlin, M.M., Posikera, I.N., Gillberg, C., Elam, 
M., 2007. Excess of High Frequency Electroencephalogram Oscillations in Boys with 
Autism. Biological Psychiatry 62, 1022–1029. 
https://doi.org/10.1016/j.biopsych.2006.12.029 

Orenes, I., Navarrete, G., Beltrán, D., Santamaría, C., 2012. Schizotypal people stick longer to 
their first choices. Psychiatry Research 200, 620–628. 
https://doi.org/10.1016/j.psychres.2012.03.030 

O’Riordan, M.A., Plaisted, K.C., Driver, J., Baron-Cohen, S., 2001. Superior visual search in 
autism. Journal of Experimental Psychology: Human Perception and Performance 27, 
719–730. https://doi.org/10.1037/0096-1523.27.3.719 



 

 

Osipova, D., Hermes, D., Jensen, O., 2008. Gamma Power Is Phase-Locked to Posterior Alpha 
Activity. PLoS ONE 3, 7. 

Palmer, C.J., Lawson, R.P., Hohwy, J., 2017. Bayesian approaches to autism: Towards 
volatility, action, and behavior. Psychological Bulletin 143, 521–542. 
https://doi.org/10.1037/bul0000097 

Palmer, C.J., Paton, B., Kirkovski, M., Enticott, P.G., Hohwy, J., 2015. Context sensitivity in 
action decreases along the autism spectrum: a predictive processing perspective. Proc. 
R. Soc. B. 282, 20141557. https://doi.org/10.1098/rspb.2014.1557 

Papousek, I., Weiss, E.M., Mosbacher, J.A., Reiser, E.M., Schulter, G., Fink, A., 2014. Affective 
processing in positive schizotypy: Loose control of social-emotional information. Brain 
and Cognition 92, 84–91. https://doi.org/10.1016/j.bandc.2014.10.008 

Park, S., Holzman, P.S., Lenzenweger, M.F., 1995. Individual differences in spatial working 
memory in relation to schizotypy. Journal of Abnormal Psychology 104, 355–363. 
https://doi.org/10.1037/0021-843X.104.2.355 

Partos, T.R., Cropper, S.J., Rawlings, D., 2016. You Don’t See What I See: Individual 
Differences in the Perception of Meaning from Visual Stimuli. PLoS One 11, e0150615. 
https://doi.org/10.1371/journal.pone.0150615 

Peiker, I., David, N., Schneider, X.T.R., Nolte, G., Schottle, D., Engel, X.A.K., 2015a. Perceptual 
Integration Deficits in Autism Spectrum Disorders Are Associated with Reduced 
Interhemispheric Gamma-Band Coherence 10. 

Peiker, I., Schneider, T.R., Milne, E., Schöttle, D., Vogeley, K., Münchau, A., Schunke, O., 
Siegel, M., Engel, A.K., David, N., 2015b. Stronger Neural Modulation by Visual Motion 
Intensity in Autism Spectrum Disorders. PLoS One 10. 
https://doi.org/10.1371/journal.pone.0132531 

Pellicano, E., 2013. Sensory Symptoms in Autism: A Blooming, Buzzing Confusion? Child Dev 
Perspect 7, 143–148. https://doi.org/10.1111/cdep.12031 

Pellicano, E., Burr, D., 2012. When the world becomes ‘too real’: a Bayesian explanation of 
autistic perception 16, 7. 

Pierce, S., Kadlaskar, G., Edmondson, D.A., McNally Keehn, R., Dydak, U., Keehn, B., 2021. 
Associations between sensory processing and electrophysiological and neurochemical 
measures in children with ASD: an EEG-MRS study. J Neurodev Disord 13, 5. 
https://doi.org/10.1186/s11689-020-09351-0 

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, 164–175. https://doi.org/10.1016/j.schres.2007.10.024 

Pinkham, A.E., Morrison, K.E., Penn, D.L., Harvey, P.D., Kelsven, S., Ludwig, K., Sasson, N.J., 
2020. Comprehensive comparison of social cognitive performance in autism spectrum 
disorder and schizophrenia. Psychol Med 50, 2557–2565. 
https://doi.org/10.1017/S0033291719002708 

Pitcher, D., Parkin, B., Walsh, V., 2021. Transcranial Magnetic Stimulation and the 
Understanding of Behavior. Annu Rev Psychol 72, 97–121. 
https://doi.org/10.1146/annurev-psych-081120-013144 

https://doi.org/10.1098/rspb.2014.1557
https://doi.org/10.1037/0021-843X.104.2.355


 

 

Popov, T., Kastner, S., Jensen, O., 2017. FEF-Controlled Alpha Delay Activity Precedes 
Stimulus-Induced Gamma-Band Activity in Visual Cortex. J. Neurosci. 37, 4117–4127. 
https://doi.org/10.1523/JNEUROSCI.3015-16.2017 

Popov, T., Popova, P., 2015. Same clock, different time read-out: Spontaneous brain 
oscillations and their relationship to deficient coding of cognitive content. NeuroImage 
119, 316–324. https://doi.org/10.1016/j.neuroimage.2015.06.071 

Potkin, S.G., Turner, J.A., Brown, G.G., McCarthy, G., Greve, D.N., Glover, G.H., Manoach, 
D.S., Belger, A., Diaz, M., Wible, C.G., Ford, J.M., Mathalon, D.H., Gollub, R., Lauriello, 
J., O’Leary, D., van Erp, T.G.M., Toga, A.W., Preda, A., Lim, K.O., FBIRN, 2009. 
Working memory and DLPFC inefficiency in schizophrenia: The FBIRN study. 
Schizophrenia Bulletin 35, 19–31. https://doi.org/10.1093/schbul/sbn162 

Powers, A.R., Kelley, M., Corlett, P.R., 2016. Hallucinations as top-down effects on perception. 

Biol Psychiatry Cogn Neurosci Neuroimaging 1, 393–400. 

https://doi.org/10.1016/j.bpsc.2016.04.003 

Powers, A.R., Mathys, C., Corlett, P.R., 2017. Pavlovian conditioning–induced hallucinations 
result from overweighting of perceptual priors. Science 357, 596–600. 
https://doi.org/10.1126/science.aan3458 

Quinde-Zlibut, J.M., Okitondo, C.D., Williams, Z.J., Weitlauf, A., Mash, L.E., Heflin, B.H., 
Woodward, N.D., Cascio, C.J., 2020. Elevated Thresholds for Light Touch in Children 
With Autism Reflect More Conservative Perceptual Decision-Making Rather Than a 
Sensory Deficit. Front. Hum. Neurosci. 14. https://doi.org/10.3389/fnhum.2020.00122 

Ramsay, I.S., Lynn, P., Schermitzler, B., Sponheim, S., 2021. Individual alpha peak frequency is 
slower in schizophrenia and related to deficits in visual perception and cognition. Sci 
Rep 11, 17852. https://doi.org/10.1038/s41598-021-97303-6 

Randeniya, R., Oestreich, L.K.L., Garrido, M.I., 2018. Sensory prediction errors in the 
continuum of psychosis. Schizophrenia Research, Mismatch Negativity 191, 109–122. 
https://doi.org/10.1016/j.schres.2017.04.019 

Rao, R.P.N., Ballard, D.H., 1999. Predictive coding in the visual cortex: a functional 
interpretation of some extra-classical receptive-field effects. Nature Neuroscience 2, 79–
87. https://doi.org/10.1038/4580 

Rauss, K., Pourtois, G., 2013. What is Bottom-Up and What is Top-Down in Predictive Coding? 
Front Psychol 4, 276. https://doi.org/10.3389/fpsyg.2013.00276 

Reilly, T.J., Nottage, J.F., Studerus, E., Rutigliano, G., Micheli, A.I.D., Fusar-Poli, P., McGuire, 
P., 2018. Gamma band oscillations in the early phase of psychosis: A systematic review. 
Neuroscience & Biobehavioral Reviews 90, 381–399. 
https://doi.org/10.1016/j.neubiorev.2018.04.006 

Rogge, N., Janssen, J., 2019. The Economic Costs of Autism Spectrum Disorder: A Literature 
Review. J Autism Dev Disord 49, 2873–2900. https://doi.org/10.1007/s10803-019-
04014-z 

Rohenkohl, G., Nobre, A.C., 2011. Alpha Oscillations Related to Anticipatory Attention Follow 
Temporal Expectations. J. Neurosci. 31, 14076–14084. 
https://doi.org/10.1523/JNEUROSCI.3387-11.2011 

https://doi.org/10.1093/schbul/sbn162
https://doi.org/10.1126/science.aan3458
https://doi.org/10.3389/fnhum.2020.00122
https://doi.org/10.1038/4580
https://doi.org/10.1523/JNEUROSCI.3387-11.2011


 

 

Rolls, E.T., 2021. Attractor cortical neurodynamics, schizophrenia, and depression. Transl 
Psychiatry 11, 215. https://doi.org/10.1038/s41398-021-01333-7 

Rolls, E.T., Cheng, W., Gilson, M., Gong, W., Deco, G., Lo, C.-Y.Z., Yang, A.C., Tsai, S.-J., Liu, 
M.-E., Lin, C.-P., Feng, J., 2020. Beyond the disconnectivity hypothesis of 
schizophrenia. Cerebral Cortex 30, 1213–1233. https://doi.org/10.1093/cercor/bhz161 

Romei, V., Bauer, M., Brooks, J.L., Economides, M., Penny, W., Thut, G., Driver, J., Bestmann, 
S., 2016a. Causal evidence that intrinsic beta-frequency is relevant for enhanced signal 
propagation in the motor system as shown through rhythmic TMS. NeuroImage 126, 
120–130. https://doi.org/10.1016/j.neuroimage.2015.11.020 

Romei, V., Chiappini, E., Hibbard, P.B., Avenanti, A., 2016b. Empowering Reentrant Projections 
from V5 to V1 Boosts Sensitivity to Motion. Current Biology 26, 2155–2160. 
https://doi.org/10.1016/j.cub.2016.06.009 

Romei, V., Driver, J., Schyns, P.G., Thut, G., 2011. Rhythmic TMS over Parietal Cortex Links 
Distinct Brain Frequencies to Global versus Local Visual Processing. Curr Biol 21, 334–
337. https://doi.org/10.1016/j.cub.2011.01.035 

Romei, V., Gross, J., Thut, G., 2010. On the role of prestimulus alpha rhythms over occipito-
parietal areas in visual input regulation: correlation or causation? J Neurosci 30, 8692–
8697. https://doi.org/10.1523/JNEUROSCI.0160-10.2010 

Romei, V., Thut, G., Silvanto, J., 2016c. Information-Based Approaches of Noninvasive 
Transcranial Brain Stimulation. Trends in Neurosciences 39, 782–795. 
https://doi.org/10.1016/j.tins.2016.09.001 

Rominger, C., Fink, A., Weiss, E.M., Schulter, G., Perchtold, C.M., Papousek, I., 2019. The 
propensity to perceive meaningful coincidences is associated with increased posterior 
alpha power during retention of information in a modified Sternberg paradigm. 
Consciousness and Cognition 76, 102832. https://doi.org/10.1016/j.concog.2019.102832 

Roux, F., Wibral, M., Mohr, H.M., Singer, W., Uhlhaas, P.J., 2012. Gamma-Band Activity in 
Human Prefrontal Cortex Codes for the Number of Relevant Items Maintained in 
Working Memory. J. Neurosci. 32, 12411–12420. 
https://doi.org/10.1523/JNEUROSCI.0421-12.2012 

Russell-Smith, S.N., Maybery, M.T., Bayliss, D.M., 2010. Are the autism and positive schizotypy 
spectra diametrically opposed in local versus global processing? Journal of autism and 
developmental disorders 40, 968–977. 

Rutter, L., Nadar, S.R., Holroyd, T., Carver, F., Apud, J., Weinberger, D., Coppola, R., 2013. 
Graph theoretical analysis of resting magnetoencephalographic functional connectivity 
networks. Frontiers in Computational Neuroscience 7, 93. 
https://doi.org/10.3389/fncom.2013.00093 

Saha, S., Chant, D., Welham, J., McGrath, J., 2005. A Systematic Review of the Prevalence of 
Schizophrenia. PLOS Medicine 2, e141. https://doi.org/10.1371/journal.pmed.0020141 

Samaha, J., Bauer, P., Cimaroli, S., Postle, B.R., 2015. Top-down control of the phase of alpha-
band oscillations as a mechanism for temporal prediction. Proc Natl Acad Sci USA 112, 
8439–8444. https://doi.org/10.1073/pnas.1503686112 

Samaha, J., Boutonnet, B., Postle, B.R., Lupyan, G., 2018. Effects of meaningfulness on 
perception: Alpha-band oscillations carry perceptual expectations and influence early 

https://doi.org/10.1016/j.concog.2019.102832


 

 

visual responses. Scientific Reports 8, 6606. https://doi.org/10.1038/s41598-018-25093-
5 

Samaha, J., Iemi, L., Postle, B.R., 2017. Prestimulus alpha-band power biases visual 
discrimination confidence, but not accuracy. Conscious Cogn 54, 47–55. 
https://doi.org/10.1016/j.concog.2017.02.005 

Samaha, J., Postle, B.R., 2015. The Speed of Alpha-Band Oscillations Predicts the Temporal 
Resolution of Visual Perception. Current Biology 25, 2985–2990. 
https://doi.org/10.1016/j.cub.2015.10.007 

Sauer, A., Grent, T., t-Jong, M.W., Grube, M., Singer, W., Uhlhaas, P.J., 2020. A MEG Study of 
Visual Repetition Priming in Schizophrenia: Evidence for Impaired High-Frequency 
Oscillations and Event-Related Fields in Thalamo-Occipital Cortices. Frontiers in 
psychiatry 11. 

Schmack, K., Gomez-Carrillo de Castro, A., Rothkirch, M., Sekutowicz, M., Rossler, H., Haynes, 
J.-D., Heinz, A., Petrovic, P., Sterzer, P., 2013. Delusions and the Role of Beliefs in 
Perceptual Inference. Journal of Neuroscience 33, 13701–13712. 
https://doi.org/10.1523/JNEUROSCI.1778-13.2013 

Schmack, K., Rothkirch, M., Priller, J., Sterzer, P., 2017. Enhanced predictive signalling in 
schizophrenia: Predictive Signalling and Schizophrenia. Hum. Brain Mapp. 38, 1767–
1779. https://doi.org/10.1002/hbm.23480 

Schmack, K., Schnack, A., Priller, J., Sterzer, P., 2015. Perceptual instability in schizophrenia: 
Probing predictive coding accounts of delusions with ambiguous stimuli. Schizophrenia 
Research: Cognition, Visual Functioning and Schizophrenia 2, 72–77. 
https://doi.org/10.1016/j.scog.2015.03.005 

Schmitt, A., Hasan, A., Gruber, O., Falkai, P., 2011. Schizophrenia as a disorder of 
disconnectivity. Eur Arch Psychiatry Clin Neurosci 261, 150. 
https://doi.org/10.1007/s00406-011-0242-2 

Schröger, E., Marzecová, A., SanMiguel, I., 2015. Attention and prediction in human audition: a 
lesson from cognitive psychophysiology. European Journal of Neuroscience 41, 641–
664. https://doi.org/10.1111/ejn.12816 

Sedley, W., Gander, P.E., Kumar, S., Kovach, C.K., Oya, H., Kawasaki, H., Iii, M.A.H., Griffiths, 
T.D., 2016. Neural signatures of perceptual inference 13. 

Senkowski, D., Gallinat, J., 2015. Dysfunctional prefrontal gamma-band oscillations reflect 
working memory and other cognitive deficits in schizophrenia. Biol Psychiatry 77, 1010–
1019. https://doi.org/10.1016/j.biopsych.2015.02.034 

Seymour, K., Stein, T., Sanders, L.L.O., Guggenmos, M., Theophil, I., Sterzer, P., 2013. Altered 
Contextual Modulation of Primary Visual Cortex Responses in Schizophrenia. 
Neuropsychopharmacol 38, 2607–2612. https://doi.org/10.1038/npp.2013.168 

Seymour, R.A., Rippon, G., Gooding-Williams, G., Schoffelen, J.M., Kessler, K., 2019. 
Dysregulated oscillatory connectivity in the visual system in autism spectrum disorder. 
Brain 142, 3294–3305. https://doi.org/10.1093/brain/awz214 

Seymour, R.A., Rippon, G., Kessler, K., 2017. The Detection of Phase Amplitude Coupling 
during Sensory Processing. Front. Neurosci. 11, 487. 
https://doi.org/10.3389/fnins.2017.00487 



 

 

Shadlen, M.N., Britten, K.H., Newsome, W.T., Movshon, J.A., 1996. A computational analysis of 
the relationship between neuronal and behavioral responses to visual motion. Journal of 
Neuroscience 16, 1486–1510. 

Shah, A., Frith, U., 1993. Why Do Autistic Individuals Show Superior Performance on the Block 
Design Task? J Child Psychol & Psychiat 34, 1351–1364. https://doi.org/10.1111/j.1469-
7610.1993.tb02095.x 

Sherman, M.T., Kanai, R., Seth, A.K., VanRullen, R., 2016. Rhythmic Influence of Top–Down 
Perceptual Priors in the Phase of Prestimulus Occipital Alpha Oscillations. Journal of 
Cognitive Neuroscience 28, 1318–1330. https://doi.org/10.1162/jocn_a_00973 

Siebenhühner, F., Weiss, S.A., Coppola, R., Weinberger, D.R., Bassett, D.S., 2013. Intra- and 
Inter-Frequency Brain Network Structure in Health and Schizophrenia. PLOS ONE 8, 
e72351. https://doi.org/10.1371/journal.pone.0072351 

Siegel, M., Buschman, T.J., Miller, E.K., 2015. Cortical information flow during flexible 
sensorimotor decisions. Science 348, 1352–1355. 
https://doi.org/10.1126/science.aab0551 

Simon, D.M., Wallace, M.T., 2016. Dysfunction of sensory oscillations in Autism Spectrum 
Disorder. Neuroscience & Biobehavioral Reviews 68, 848–861. 
https://doi.org/10.1016/j.neubiorev.2016.07.016 

Sinha, P., Kjelgaard, M.M., Gandhi, T.K., Tsourides, K., Cardinaux, A.L., Pantazis, D., Diamond, 
S.P., Held, R.M., 2014. Autism as a disorder of prediction. Proc Natl Acad Sci USA 111, 
15220–15225. https://doi.org/10.1073/pnas.1416797111 

Spaak, E., Bonnefond, M., Maier, A., Leopold, D.A., Jensen, O., 2012. Layer-Specific 
Entrainment of Gamma-Band Neural Activity by the Alpha Rhythm in Monkey Visual 
Cortex. Current Biology 22, 2313–2318. https://doi.org/10.1016/j.cub.2012.10.020 

Spratling, M.W., 2017. A review of predictive coding algorithms. Brain and Cognition, 
Perspectives on Human Probabilistic Inferences and the “Bayesian Brain” 112, 92–97. 
https://doi.org/10.1016/j.bandc.2015.11.003 

Sterzer, P., Adams, R.A., Fletcher, P., Frith, C., Lawrie, S.M., Muckli, L., Petrovic, P., Uhlhaas, 
P., Voss, M., Corlett, P.R., 2018. The Predictive Coding Account of Psychosis. Biological 
Psychiatry 84, 634–643. https://doi.org/10.1016/j.biopsych.2018.05.015 

Sterzer, P., Frith, C., Petrovic, P., 2008. Believing is seeing: expectations alter visual 
awareness. Current Biology 18, R697–R698. https://doi.org/10.1016/j.cub.2008.06.021 

Sterzer, P., Voss, M., Schlagenhauf, F., Heinz, A., 2019. Decision-making in schizophrenia: A 
predictive-coding perspective. NeuroImage 190, 133–143. 
https://doi.org/10.1016/j.neuroimage.2018.05.074 

Stewart, M.E., Watson, J., Allcock, A.-J., Yaqoob, T., 2009. Autistic traits predict performance 
on the block design. Autism 13, 133–142. https://doi.org/10.1177/1362361308098515 

Stuke, H., Kress, E., Weilnhammer, V.A., Sterzer, P., Schmack, K., 2021. Overly Strong Priors 
for Socially Meaningful Visual Signals Are Linked to Psychosis Proneness in Healthy 
Individuals. Frontiers in Psychology 12, 1083. https://doi.org/10.3389/fpsyg.2021.583637 

Sun, L., Grützner, C., Bölte, S., Wibral, M., Tozman, T., Schlitt, S., Poustka, F., Singer, W., 
Freitag, C.M., Uhlhaas, P.J., 2012. Impaired Gamma-Band Activity during Perceptual 
Organization in Adults with Autism Spectrum Disorders: Evidence for Dysfunctional 

https://doi.org/10.1162/jocn_a_00973
https://doi.org/10.1073/pnas.1416797111
https://doi.org/10.1177/1362361308098515


 

 

Network Activity in Frontal-Posterior Cortices. J. Neurosci. 32, 9563–9573. 
https://doi.org/10.1523/JNEUROSCI.1073-12.2012 

Tager-Flusberg, H., Paul, R., Lord, C., 2005. Language and Communication in Autism, in: 
Handbook of Autism and Pervasive Developmental Disorders: Diagnosis, Development, 
Neurobiology, and Behavior, Vol. 1, 3rd Ed. John Wiley & Sons Inc, Hoboken, NJ, US, 
pp. 335–364. 

Takesaki, N., Kikuchi, M., Yoshimura, Y., Hiraishi, H., Hasegawa, C., Kaneda, R., Nakatani, H., 
Takahashi, T., Mottron, L., Minabe, Y., 2016. The Contribution of Increased Gamma 
Band Connectivity to Visual Non-Verbal Reasoning in Autistic Children: A MEG Study. 
PLoS ONE 11, e0163133. https://doi.org/10.1371/journal.pone.0163133 

Talluri, B.C., Urai, A.E., Tsetsos, K., Usher, M., Donner, T.H., 2018. Confirmation Bias through 
Selective Overweighting of Choice-Consistent Evidence. Current Biology 28, 3128-
3135.e8. https://doi.org/10.1016/j.cub.2018.07.052 

Tandon, R., Gaebel, W., Barch, D.M., Bustillo, J., Gur, R.E., Heckers, S., Malaspina, D., Owen, 
M.J., Schultz, S., Tsuang, M., Van Os, J., Carpenter, W., 2013. Definition and 
description of schizophrenia in the DSM-5. Schizophrenia Research 150, 3–10. 
https://doi.org/10.1016/j.schres.2013.05.028 

Tassinari, H., Hudson, T.E., Landy, M.S., 2006. Combining Priors and Noisy Visual Cues in a 
Rapid Pointing Task. J Neurosci 26, 10154–10163. 
https://doi.org/10.1523/JNEUROSCI.2779-06.2006 

Teraishi, T., Hori, H., Sasayama, D., Matsuo, J., Ogawa, S., Ishida, I., Nagashima, A., 
Kinoshita, Y., Ota, M., Hattori, K., Kunugi, H., 2014. Relationship between Lifetime 
Suicide Attempts and Schizotypal Traits in Patients with Schizophrenia. PLoS One 9. 
https://doi.org/10.1371/journal.pone.0107739 

Teufel, C., Subramaniam, N., Dobler, V., Perez, J., Finnemann, J., Mehta, P.R., Goodyer, I.M., 
Fletcher, P.C., 2015. Shift toward prior knowledge confers a perceptual advantage in 
early psychosis and psychosis-prone healthy individuals. Proc Natl Acad Sci USA 112, 
13401–13406. https://doi.org/10.1073/pnas.1503916112 

Thut, G., Veniero, D., Romei, V., Miniussi, C., Schyns, P., Gross, J., 2011. Rhythmic TMS 
Causes Local Entrainment of Natural Oscillatory Signatures. Current Biology 21, 1176–
1185. https://doi.org/10.1016/j.cub.2011.05.049 

Todorovic, A., van Ede, F., Maris, E., de Lange, F.P., 2011. Prior Expectation Mediates Neural 
Adaptation to Repeated Sounds in the Auditory Cortex: An MEG Study. Journal of 
Neuroscience 31, 9118–9123. https://doi.org/10.1523/JNEUROSCI.1425-11.2011 

Torti, M.C., Buzzanca, A., Squarcione, C., Salerno, C., Mirigliani, A., Di Fabio, F., Biondi, M., 
2013. Schizotypy and personality profiles of Cluster A in a group of schizophrenic 
patients and their siblings. BMC Psychiatry 13, 245. https://doi.org/10.1186/1471-244X-
13-245 

Trajkovic, J., Di Gregorio, F., Ferri, F., Marzi, C., Diciotti, S., Romei, V., 2021. Resting state 
alpha oscillatory activity is a valid and reliable marker of schizotypy. Sci Rep 11. 
https://doi.org/10.1038/s41598-021-89690-7 

Trevisan, D.A., Foss-Feig, J.H., Naples, A.J., Srihari, V., Anticevic, A., McPartland, J.C., 2020. 
Autism Spectrum Disorder and Schizophrenia Are Better Differentiated by Positive 

https://doi.org/10.1016/j.schres.2013.05.028


 

 

Symptoms Than Negative Symptoms. Front. Psychiatry 11, 548. 
https://doi.org/10.3389/fpsyt.2020.00548 

Tso, I.F., Angstadt, M., Rutherford, S., Peltier, S., Diwadkar, V.A., Taylor, S.F., 2021. Dynamic 
causal modeling of eye gaze processing in schizophrenia. Schizophrenia Research 229, 
112–121. https://doi.org/10.1016/j.schres.2020.11.012 

Uhlhaas, P.J., Singer, W., 2015. Oscillations and Neuronal Dynamics in Schizophrenia: The 
Search for Basic Symptoms and Translational Opportunities. Biological Psychiatry 77, 
1001–1009. https://doi.org/10.1016/j.biopsych.2014.11.019 

Uhlhaas, P.J., Singer, W., 2013. High-frequency oscillations and the neurobiology of 
schizophrenia. Dialogues Clin Neurosci 15, 301–313. 

Uhlhaas, P.J., Singer, W., 2010. Abnormal neural oscillations and synchrony in schizophrenia. 
Nat Rev Neurosci 11, 100–113. https://doi.org/10.1038/nrn2774 

Ullman, S., 1980. Against Direct Perception. 

Ursino, M., Cona, F., Zavaglia, M., 2010. The generation of rhythms within a cortical region: 
analysis of a neural mass model. Neuroimage 52, 1080–1094. 
https://doi.org/10.1016/j.neuroimage.2009.12.084 

Van de Cruys, S., de-Wit, L., Evers, K., Boets, B., Wagemans, J., 2013. Weak Priors versus 
Overfitting of Predictions in Autism: Reply to Pellicano and Burr (TICS, 2012). i-
Perception 4, 95–97. https://doi.org/10.1068/i0580ic 

Van de Cruys, S., Evers, K., Van der Hallen, R., Van Eylen, L., Boets, B., de-Wit, L., 
Wagemans, J., 2014. Precise minds in uncertain worlds: Predictive coding in autism. 
Psychological Review 121, 649–675. https://doi.org/10.1037/a0037665 

Van de Cruys, S., Van der Hallen, R., Wagemans, J., 2017. Disentangling signal and noise in 
autism spectrum disorder. Brain and Cognition, Perspectives on Human Probabilistic 
Inferences and the “Bayesian Brain” 112, 78–83. 
https://doi.org/10.1016/j.bandc.2016.08.004 

van der Tempel, J., Alcock, J.E., 2015. Relationships between conspiracy mentality, hyperactive 
agency detection, and schizotypy: Supernatural forces at work? Personality and 
Individual Differences 82, 136–141. https://doi.org/10.1016/j.paid.2015.03.010 

van Diessen, E., Senders, J., Jansen, F.E., Boersma, M., Bruining, H., 2015. Increased power 
of resting-state gamma oscillations in autism spectrum disorder detected by routine 
electroencephalography. Eur Arch Psychiatry Clin Neurosci 265, 537–540. 
https://doi.org/10.1007/s00406-014-0527-3 

van Kerkoerle, T., Self, M.W., Dagnino, B., Gariel-Mathis, M.-A., Poort, J., van der Togt, C., 
Roelfsema, P.R., 2014. Alpha and gamma oscillations characterize feedback and 
feedforward processing in monkey visual cortex. Proc Natl Acad Sci USA 111, 14332–
14341. https://doi.org/10.1073/pnas.1402773111 

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 
proneness–persistence–impairment model of psychotic disorder. Psychol. Med. 39, 
179–195. https://doi.org/10.1017/S0033291708003814 

VanRullen, R., Koch, C., 2003. Is perception discrete or continuous? Trends in Cognitive 
Sciences 7, 207–213. https://doi.org/10.1016/S1364-6613(03)00095-0 

https://doi.org/10.3389/fpsyt.2020.00548


 

 

Varela, F., Lachaux, J.-P., Rodriguez, E., Martinerie, J., 2001. The brainweb: Phase 
synchronization and large-scale integration. Nat Rev Neurosci 2, 229–239. 
https://doi.org/10.1038/35067550 

Veniero, D., Ponzo, V., Koch, G., 2013. Paired Associative Stimulation Enforces the 
Communication between Interconnected Areas. J. Neurosci. 33, 13773–13783. 
https://doi.org/10.1523/JNEUROSCI.1777-13.2013 

Vercammen, A., Haan, E.H.F. de, Aleman, A., 2008. Hearing a voice in the noise: auditory 
hallucinations and speech perception. Psychological Medicine 38, 1177–1184. 
https://doi.org/10.1017/S0033291707002437 

Vercammen, A., Knegtering, H., den Boer, J.A., Liemburg, E.J., Aleman, A., 2010. Auditory 
hallucinations in schizophrenia are associated with reduced functional connectivity of the 
temporo-parietal area. Biol Psychiatry 67, 912–918. 
https://doi.org/10.1016/j.biopsych.2009.11.017 

Volkmar, F.R., Reichow, B., 2013. Autism in DSM-5: progress and challenges. Mol Autism 4, 
13. https://doi.org/10.1186/2040-2392-4-13 

von Helmholtz, H., 1867. Optique physiologique. Masson. 

von Stein, A., Sarnthein, J., 2000. Different frequencies for different scales of cortical 
integration: from local gamma to long range alpha/theta synchronization. International 
Journal of Psychophysiology 38, 301–313. https://doi.org/10.1016/S0167-
8760(00)00172-0 

Voytek, B., 2010. Shifts in gamma phase–amplitude coupling frequency from theta to alpha over 
posterior cortex during visual tasks. Front. Hum. Neurosci. 4. 
https://doi.org/10.3389/fnhum.2010.00191 

Wakabayashi, A., Baron-Cohen, S., Ashwin, C., 2012. Do the traits of autism-spectrum overlap 
with those of schizophrenia or obsessive-compulsive disorder in the general population? 
Research in Autism Spectrum Disorders 6, 717–725. 
https://doi.org/10.1016/j.rasd.2011.09.008 

Wallace, G.L., Kenworthy, L., Pugliese, C.E., Popal, H.S., White, E.I., Brodsky, E., Martin, A., 
2016. Real-World Executive Functions in Adults with Autism Spectrum Disorder: Profiles 
of Impairment and Associations with Adaptive Functioning and Co-morbid Anxiety and 
Depression. J Autism Dev Disord 46, 1071–1083. https://doi.org/10.1007/s10803-015-
2655-7 

Walter, E.E., Fernandez, F., Snelling, M., Barkus, E., 2016. Genetic consideration of schizotypal 
traits: A review. Frontiers in Psychology 7. 

Wang, J., Barstein, J., Ethridge, L.E., Mosconi, M.W., Takarae, Y., Sweeney, J.A., 2013. 
Resting state EEG abnormalities in autism spectrum disorders. J Neurodevelop Disord 
5, 24. https://doi.org/10.1186/1866-1955-5-24 

Wang, Yong-ming, Cai, X., Zhang, R., Zhang, Y., Zhou, H., Wang, Yi, Wang, Ya, Huang, J., 
Wang, Yan-yu, Cheung, E.F.C., Chan, R.C.K., 2020. Altered brain structural and 
functional connectivity in schizotypy. Psychol. Med. 1–10. 
https://doi.org/10.1017/S0033291720002445 

White, T.P., Joseph, V., O’Regan, E., Head, K.E., Francis, S.T., Liddle, P.F., 2010. Alpha–
gamma interactions are disturbed in schizophrenia: A fusion of electroencephalography 

https://doi.org/10.1523/JNEUROSCI.1777-13.2013


 

 

and functional magnetic resonance imaging. Clinical Neurophysiology 121, 1427–1437. 
https://doi.org/10.1016/j.clinph.2010.03.024 

Whitson, J.A., Galinsky, A.D., 2008. Lacking control increases illusory pattern perception. 
Science 322, 115–117. https://doi.org/10.1126/science.1159845 

Wimmer, K., Compte, A., Roxin, A., Peixoto, D., Renart, A., de la Rocha, J., 2015. Sensory 
integration dynamics in a hierarchical network explains choice probabilities in cortical 
area MT. Nature Communications 6, 6177. https://doi.org/10.1038/ncomms7177 

Wolff, J.J., Gu, H., Gerig, G., Elison, J.T., Styner, M., Gouttard, S., Botteron, K.N., Dager, S.R., 
Dawson, G., Estes, A.M., Evans, A.C., Hazlett, H.C., Kostopoulos, P., McKinstry, R.C., 
Paterson, S.J., Schultz, R.T., Zwaigenbaum, L., Piven, J., 2012. Differences in White 
Matter Fiber Tract Development Present From 6 to 24 Months in Infants With Autism. 
AJP 169, 589–600. https://doi.org/10.1176/appi.ajp.2011.11091447 

Wolinski, N., Cooper, N.R., Sauseng, P., Romei, V., 2018. The speed of parietal theta frequency 
drives visuospatial working memory capacity. PLoS Biol 16, e2005348. 
https://doi.org/10.1371/journal.pbio.2005348 

Wyart, V., Nobre, A.C., Summerfield, C., 2012. Dissociable prior influences of signal probability 
and relevance on visual contrast sensitivity. PNAS 109, 3593–3598. 
https://doi.org/10.1073/pnas.1120118109 

Xie, S., Liu, B., Wang, J., Zhou, Y., Cui, Y., Song, M., Chen, Y., Li, P., Lu, L., Lv, L., Wang, H., 
Yan, H., Yan, J., Zhang, H., Zhang, D., Jiang, T., 2019. Hyperconnectivity in perisylvian 
language pathways in schizophrenia with auditory verbal hallucinations: A multi-site 
diffusion MRI study. Schizophr Res 210, 262–269. 
https://doi.org/10.1016/j.schres.2018.12.024 

Ye, A.X., Leung, R.C., Schäfer, C.B., Taylor, M.J., Doesburg, S.M., 2014. Atypical resting 
synchrony in autism spectrum disorder: Resting MEG Synchrony in ASD. Hum. Brain 
Mapp. 35, 6049–6066. https://doi.org/10.1002/hbm.22604 

Yeum, T.-S., Kang, U.G., 2018. Reduction in Alpha Peak Frequency and Coherence on 
Quantitative Electroencephalography in Patients with Schizophrenia. J Korean Med Sci 
33, e179. https://doi.org/10.3346/jkms.2018.33.e179 

Yon, D., de Lange, F.P., Press, C., 2019. The Predictive Brain as a Stubborn Scientist. Trends 
in Cognitive Sciences 23, 6–8. https://doi.org/10.1016/j.tics.2018.10.003 

Yuk, V., Dunkley, B.T., Anagnostou, E., Taylor, M.J., 2020. Alpha connectivity and inhibitory 
control in adults with autism spectrum disorder. Molecular Autism 11, 95. 
https://doi.org/10.1186/s13229-020-00400-y 

Zavos, H.M.S., Freeman, D., Haworth, C.M.A., McGuire, P., Plomin, R., Cardno, A.G., Ronald, 
A., 2014. Consistent Etiology of Severe, Frequent Psychotic Experiences and Milder, 
Less Frequent Manifestations: A Twin Study of Specific Psychotic Experiences in 
Adolescence. JAMA Psychiatry 71, 1049–1057. 
https://doi.org/10.1001/jamapsychiatry.2014.994 

Zeng, K., Kang, J., Ouyang, G., Li, J., Han, J., Wang, Y., Sokhadze, E.M., Casanova, M.F., Li, 
X., 2017. Disrupted Brain Network in Children with Autism Spectrum Disorder. Scientific 
Reports 7, 16253. https://doi.org/10.1038/s41598-017-16440-z 

https://doi.org/10.1016/j.clinph.2010.03.024
https://doi.org/10.1176/appi.ajp.2011.11091447
https://doi.org/10.1371/journal.pbio.2005348


 

 

Zhang, Yanyu, Zhang, Yifei, Cai, P., Luo, H., Fang, F., 2019. The causal role of α-oscillations in 
feature binding. PNAS 116, 17023–17028. https://doi.org/10.1073/pnas.1904160116 

Zheng, Z., Zheng, P., Zou, X., 2018. Association between schizophrenia and autism spectrum 
disorder: A systematic review and meta-analysis: Schizophrenia and autism spectrum 
disorder. Autism Research 11, 1110–1119. https://doi.org/10.1002/aur.1977 

Zhou, H., Yang, H., Gong, J., Cheung, E.F.C., Gooding, D.C., Park, S., Chan, R.C.K., 2019. 
Revisiting the overlap between autistic and schizotypal traits in the non-clinical 
population using meta-analysis and network analysis. Schizophrenia Research 212, 6–
14. https://doi.org/10.1016/j.schres.2019.07.050 

Zhou, Y., Yu, F., Duong, T., 2014. Multiparametric MRI Characterization and Prediction in 
Autism Spectrum Disorder Using Graph Theory and Machine Learning. PLoS ONE 9, 
e90405. https://doi.org/10.1371/journal.pone.0090405 




