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This article presents a novel theoretical perspective on the role of cognitive biases
within the autism and schizophrenia spectrum by integrating the evolutionary and
computational approaches. Against the background of neurodiversity, cognitive
biases are presented as primary adaptive strategies, while the compensation
of their shortcomings is a potential cognitive advantage. The article delineates
how certain subtypes of autism represent a unique cognitive strategy to manage
cognitive biases at the expense of rapid and frugal heuristics. In contrast, certain
subtypes of schizophrenia emerge as distinctive cognitive strategies devised to
navigate social interactions, albeit with a propensity for overdetecting intentional
behaviors. In conclusion, the paper emphasizes that while extreme manifestations
might appear non-functional, they are merely endpoints of a broader, primarily
functional spectrum of cognitive strategies. The central argument hinges on the
premise that cognitive biases in both autism and schizophrenia spectrums serve
as compensatory mechanisms tailored for specific ecological niches.
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Introduction: the concept of neurodiversity as the
intersection of computational and evolutionary
approaches to autism and schizophrenia spectrum

The concept of neurodiversity recognizes and respects neurological differences as any other
human variation. These variations include Dyslexia, Attention Deficit Hyperactivity (ADH),
Autism Spectrum (AS), and others. From the standpoint of evolutionary biology, neurodiversity
can be seen as a result of the complex interplay between genetic variation, environmental
adaptation, and natural selection. The existence of diverse neurological profiles within human
populations might reflect a form of balancing selection, where different cognitive styles and
abilities are maintained in the population because they offer various adaptive advantages (1).
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The concept of neurodiversity, which respects neurological
differences as natural variations among humans, is well-suited to
be explored through a framework that integrates the evolutionary
principles of natural selection and the analytical methods of modern
computational psychiatry. While the evolutionary angle traces the
historical and genetic underpinnings, the computational model
unravels the neural and cognitive mechanisms. The evolutionary
framework posits that autism and schizophrenia exist on opposite
ends of a cognitive and social spectrum. While autism is characterized
by a hyper-systemizing cognitive style, schizophrenia leans toward
hyper-mentalizing. Hyper-systematizing is the heightened ability or
tendency to identify and analyze patterns, systems, and rules in the
external world. This cognitive style explains preference for consistent
and rule-based information (2, 3). Hyper-mentalizing refers to the
excessive attribution of mental states, intentions, or beliefs to others,
often leading to incorrect interpretations of social situations. This
cognitive bias explains why individuals might infer elaborate
intentions or beliefs in others that are not grounded in reality (4, 5).
The combination of both perspectives reinforces this model, drawing
parallels and contrasts between the two conditions.

Autism is often misunderstood and surrounded by numerous
stereotypes that oversimplify or misrepresent the condition (6).
Contrary to some negative stereotypes, specific neurological
differences associated with AS may have provided adaptive advantages
in specific environmental contexts (7). For example, a strong focus on
systematizing might have been beneficial in early human societies for
tasks requiring attention to detail, such as toolmaking or tracking prey
(8). The terms “Autism Spectrum Disorder” (ASD) and “Autism
Spectrum Condition” (ASC) have faced criticism and a shift in
perception over recent years. The word “disorder” in ASD can
be viewed as pathologizing, suggesting something inherently wrong
or dysfunctional, which may further stigmatize individuals within the
spectrum. In contrast, the increasing acceptance of neurodiversity
emphasizes the idea that autistic individuals have a different but
equally valid neurological configuration, and as such, many advocates
and experts are pushing for language that does not inherently label
these differences as problematic or inferior. The term Autism
Spectrum (AS) is free of misleading connotations (9). It does not
connote a “problem” and thus helps to promote acceptance,
understanding, and respect for those on the autism spectrum.

Similarly, subclinical schizotypy (schizotypal traits not severe
enough to warrant a clinical diagnosis) can manifest in ways that
might have adaptive advantages. Individuals displaying certain
schizotypal traits might have played significant roles in religious and
shamanic rituals. Magical thinking, a common trait in schizotypy,
refers to connecting unrelated events, leading to the belief in unseen
forces or causality. These traits can promote a shared belief system
within a community and reinforce group norms and values, which
may foster unity and trust (10).

The genetic diversity underlying neurodiversity may also reflect
the influence of sexual selection, where certain cognitive or behavioral
traits become desirable mating characteristics (11). Environmental
factors and epigenetics may shape neurodiversity, with different
neurological profiles being adaptive in various ecological niches (12).
The concept of neurodiversity aligns with cognitive niche construction
by emphasizing that neurological differences are natural variations in
human cognition and behavior rather than pathologies (13). An
ecological niche in this context is a set of environmental conditions,
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challenges, and opportunities within which a particular cognitive
profile confers specific adaptive advantages or disadvantages. This
encompasses both the physical environment (such as geographic and
climatic features) and the social environment (including cultural,
economic, and community structures) that interact with the cognitive
and perceptual capabilities of individuals. For those on the autism and
schizophrenia spectra, an ecological niche is where their unique
cognitive processing style (detail-focused or pattern-seeking in autism
or highly inferential and context-sensitive in schizophrenia) best align
with the tasks, roles, and demands of that environment, allowing
individuals to thrive or fulfill essential societal functions.

Neurodiversity thus celebrates differences and recognizes that
they offer unique ways of perceiving and interacting with the world.
On the other hand, society’s implicit stereotypes—viewing
neurological differences as deficits—can create maladaptive
developmental niches (6). In essence, neurodiversity advocates for
reshaping these niches by challenging these stereotypes. It fosters
environments that acknowledge and leverage the distinct cognitive
strengths of neurodivergent individuals, thereby leading to a more
inclusive and adaptive societal framework (14). By harnessing datasets
from cognitome to phenome, the Nomothetic Network Psychiatry
(NNP) approach, akin to evolutionary computational psychiatry,
aspires to revolutionize psychiatric diagnosis and treatment, bridging
existing fragmentation with a unified, data-driven lens that challenges
conventional diagnostic criteria and potentially resolving its ongoing
crisis (15-17).

Evolutionary perspective on mental
disorders

An evolutionary perspective is indispensable for understanding
psychiatric conditions that often originate from complex and
multifaceted antecedents. It can illuminate human vulnerability to
mental disorders and offer insights into the persistence of certain
maladaptive traits or behaviors within the genetic pool (18).
Recognizing the role of evolutionary history in contemporary
susceptibility to psychiatric conditions can potentially pave the way
for more potent and effective computational models. For example,
historically viewed primarily as a maladaptive pathology, mild to
moderate anxiety can be understood as a protective mechanism that
evolved to help our ancestors detect and avoid potential threats. In the
ancestral environment, a heightened sense of alertness and caution
might have safeguarded individuals from predators or other dangers,
thus increasing their chances of survival and reproduction (19).
Similarly, mild depression coupled with social withdrawal might have
minimized conflicts within tribal groups, and reduced energy levels
could have conserved resources during times of scarcity or promoted
reflection during crises (20).

Additionally, the scope of evolutionary theory extends beyond
disease vulnerabilities to encapsulate human uniqueness, focusing on
the role of cumulative culture and gene-culture co-evolution in
shaping human physiology and cognition (21). The interplay between
genetic evolution and cultural shifts has extensively influenced our
physical and cognitive attributes, forming the cornerstone of
human uniqueness.

Disease and disorder persistence can be traced across multiple
evolutionary pathways. These include mismatch phenomena, life
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history theory, overactive defenses, evolutionary arms races between
pathogens and hosts, constraints imposed by evolutionary history,
sexual selection outcomes, balancing selection and heterozygote
advantage, demographic history, natural selection prioritizing
reproductive success, and the presence of deleterious alleles (22).
Evolutionary psychiatry does not aspire to replace mainstream
psychiatry; instead, it seeks to augment traditional perspectives by
infusing new insights into the genesis, progression, and treatment of
mental disorders (23). The principal goal is to integrate evolutionary
understanding into computational models, fostering a holistic
understanding of psychiatry. Computational methods allow for the
modeling and simulation of complex genetic, neural, and behavioral
systems, enabling researchers to explore how various neurological
profiles might have evolved (24). These models can incorporate data
from genetics, neuroscience, and psychology to provide a holistic view
of the factors influencing neurodiversity (25). Recognizing the
evolutionary roots of neurological differences can tailor treatment
plans to the individual’s unique cognitive and behavioral profile (26).
Moreover, factors such as the extremes of functional adaptations,
cultural evolution, and gene-culture coevolution contribute
significantly to this comprehensive conception (27). Each of these
elements is integral in understanding why certain conditions persist
despite their apparent disadvantageous nature. Integrating
computational psychiatry with evolutionary psychology creates a
potent capable of deciphering neurodiversity. Exploring evolutionary
origins and consequences of these conditions can cultivate a more
holistic, integrative, and effective approach to contemporary

psychiatry (28).

Understanding the diametrical model
of autism and schizophrenia

The diametrical model (DM) of autism and schizophrenia
presents these two psychiatric conditions as representing opposite
ends of a cognitive and behavioral spectrum. It has emerged from
observing contrasting phenotypic traits and underlying genetic factors
between them.

Autism is a neurodevelopmental condition classified in diagnostic
manuals as developmental disorder and characterized by difficulties/
atypicalities in social interaction and (verbal and non-verbal)
communication, as well as restricted and repetitive patterns in
behaviors, interests, and activities. In contrast, schizophrenia is often
marked by disorganized thinking, hallucinations, delusions, and an
exaggerated preoccupation with social interaction. DM proposes that
these contrasting phenotypes reflect underlying antagonistic
processes. While individuals with autism often struggle with the
ability to understand mental states of some neurotypical people, those
with schizophrenia may exhibit hyper-mentalizing, where the capacity
for empathy is exaggerated to the point of generating delusional
thoughts about others’ intentions (8, 29). Moreover, autistic
individuals typically show atypicalities in language development and
some may struggle with metaphorical or abstract language. In
contrast, schizophrenic individuals may exhibit disorganized speech
and engage in metaphorical thinking to an extreme degree (30). While
DM centers on the mentalistic-mechanistic trade-off, it also provides
a broader context for by-product models that link autism risk to
specific cognitive profiles (e.g., enhanced visuospatial skills) and
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developmental patterns (e.g., delayed behavioral and neurological
development; 31). The term “trade-off” generally refers to an exchange
where an increase in one trait is coupled with a decrease in another,
reflecting a balance of benefits and costs. The mentalistic-mechanistic
trade-off implies that an evolutionary advantage in one cognitive
domain might come at the expense of another. This concept in DM is
distinct from trade-offs discussed in the context of model building or
algorithm design, where trade-offs might involve the complexity of a
model vs. its interpretability or the precision vs. speed in
computational tasks. However, it shares the underlying principle that
optimizing one aspect involves compromise in another.

Research has also identified genetic factors that may underlie this
diametrical relationship. Some genetic variations associated with an
increased risk for autism are related to a decreased risk for
schizophrenia, and vice versa (32). For example, certain copy number
variants (CNVs), which involve duplications or deletions of DNA
segments, have been found to have opposing effects on the risk of
autism and schizophrenia (33). There are also differential parental age
effects on the risks for both spectra, with advanced paternal age being
associated with an increased risk of autism and advanced maternal age
being linked to an increased risk of schizophrenia (30).

DM also posits that autism and schizophrenia represent opposite
extremes of cognitive and social behavior, paralleling the r-selected
(fast, reproductive-focused) vs. K-selected (slow, survival-focused)
evolutionary strategies of the life history theory. Autism aligns more
with K-selected strategies emphasizing systemized thinking and
routine, while schizophrenia aligns with r-selected strategies
emphasizing social cognition and fluidity (34). The correlates of
autistic-like traits include muted sex drive and restricted
sociosexuality, preserved or heightened interest in romantic
relationships, and increased investment of time and resources in long-
term partners—all traits that promote parental investment at the
expense of mating effort (35).

Autism and systematizing: some
subtypes of autism are a unique
cognitive strategy to manage
cognitive biases at a price of fast and
frugal heuristics

Autism is recognized as a heritable neurodevelopmental state
notorious for its deleterious impact on reproductive success. This
raises an intriguing question regarding its persistence in the gene pool
despite natural selection (36). Genes associated with autism are not
recently evolved; they demonstrate antique characteristics, including
large gene and protein sizes and regulatory sequences facilitating
control over gene expression (37). A striking 1% prevalence of AS in
the UK (38) suggests potential adaptive properties of autism, despite
its reproductive disadvantages. Some evidence suggests that at least
3-10% of autism cases relate to de novo and rare genetic variants (39).
From the evolutionary standpoint, however, some forms of autism (in
older literature often described as “hyper-functioning”) can be seen as
adaptive. It is highly heritable and stems from multiple genes, each
contributing a small effect. Research has highlighted a positive genetic
correlation between the predisposition toward autism and enhanced
mental ability (31). Polimanti and Gelernter (40) argue that genomic
data shows common alleles associated with increased AS risk, which
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underwent positive selection throughout human evolutionary history.
Other evolutionary arguments for AS tie in with its polygenic genetic
component, with at least 30 genes involved, suggesting autism is an
unintended consequence of evolution (36).

Recent discussions surrounding double empathy and the double
Theory of Mind paradigm have cast fresh illumination on the issue.
Autistic individuals exhibit superior adaptability in empathizing with
others within the spectrum compared to neurotypicals (41). They also
demonstrate a noteworthy ability to comprehend animals, a trait
potentially advantageous in their domestication (42). In addition, in
hunter-gatherer communities heightened sensory sensitivity, often
referred to as “oversensitivity; could render autistic individuals
vigilant hunters or sentinels (43). The prevalence of AS suggests the
likely presence of some individuals in each of our ancestral hunter-
gatherer groups. Some autistic individuals often demonstrate
exceptional memory and spatial skills abilities and develop expertise
in areas of particular interest. This may have conferred survival value
in traditional societies, especially during food scarcity, where solitary
foraging may have increased survival chances (44). For these reasons,
the benefits of employing individuals with some forms of autism in
various jobs have been increasingly appreciated.

Today, social communication deficits and repetitive behaviors
seem to be more central to autism than previously thought, and these
two aspects might be more fractionable than the 1979 triad concept
suggests (45). In contrast with the classic view of a unitary autistic
syndrome, the two components of the dyad are only weakly correlated
with one another, both at the phenotypic and genotypic levels (46-48).
Many sub-theories explain isolated phenomena in the autism
spectrum, but only the Weak Central Coherence (WCC), Enhanced
Perceptual Function (EPF), Bayesian Inference (BI), and Noisy
Information Processing (NIP) are relevant to the compensation
perspective presented here.

The WCC model refers to the ability to integrate individual pieces
of information into a coherent whole (49). People with AS have a
substantial bias toward the local processing of information which
makes it harder to engage in global processing and see the “bigger
picture” (50). This could explain why they often excel in tasks that
require attention to detail but have difficulties in those that involve
understanding of the overall context. WCC and an over-reliance on
literal, detail-oriented processing may help to understand the
difficulties with figurative language, such as figures of speech, jokes,
and metaphors. Analysis of written and spoken language partially
reveals a tendency to overinterpreting details and a reduced capacity
for tolerating vagueness. This may reduce susceptibility to certain
cognitive biases such as the framing effect (51) or optimism bias (52)
while simultaneously impairing the effectiveness of particular
problem-solving tactics when data is sparse. People with AS make
consistent decisions (53) and have reduced susceptibility to
conjunction fallacy or ultimatum game (54, 55).

The EPF model posits that compared to neurotypical individuals,
people with autistic traits tend to rely more heavily on their perceptual
processing rather than on higher-level cognitive processes like
decision-making, planning, and problem-solving (56). This might
also contribute to difficulties in communication, which often require
the rapid and automatic integration of a wide range of cues and
contexts that may be less tangible or less consistent than sensory
information. Incorporating the relationship between low-level
perceptual symptoms and higher-level cognitive abilities could also
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provide a more comprehensive view of the autism spectrum. This
relationship suggests that while certain traits such as hypersensitivity
can be challenging, they may also contribute to enhanced perceptual
abilities. For instance, hypersensitivity to sensory input, often seen as
a core symptom of autism, might also be linked to heightened
attention to detail and superior memory skills (57). The co-occurrence
of synesthesia and autism (58) further emphasizes the potential
cognitive advantages that can arise from unique perceptual
experiences. Synesthesia, a condition where sensory experiences are
interconnected (e.g., seeing colors when hearing sounds), is more
prevalent in individuals with autism. This overlap between autism
and synesthesia suggests that the neural differences that underpin
autism may also contribute to enhanced perceptual integration
and creativity.

The BI approach to autism suggests that some of its core features
might be related to differences in how the brain handles prediction
and uncertainty. In a typical Bayesian brain model, prior beliefs (based
on past experiences) are used to make predictions about the world,
which are then compared to actual sensory input. The difference
between the two is called the “prediction error” The brain then
updates its beliefs based on the prediction error. It is proposed that
individuals with autism might have “weak priors,” meaning that their
brains assign less weight to prior experiences and are thus more
sensitive to incoming sensory information (59). This may explain why
many individuals with autism are less able to filter out irrelevant
sensory information (60), are more focused on details (since each
piece of sensory information is considered highly informative) and
have difficulties in social situations (which often involve complex and
uncertain information). They require much more cognitive effort to
update or change their beliefs than neurotypical individuals. This can
lead to repetitive behaviors, routines, or interests, which all act as a
compensation for sensory or processing overload that
hinders flexibility.

The discrepancy regarding the BI model and the weighting of
priors in AS is a point of ongoing debate. WCC suggests that AS give
less weight to prior experiences, leading to a detail-focused cognitive
style. Conversely, some research (61, 62), posits that AS might exhibit
overreliance or inflexibility on prior expectations, which would imply
a cognitive style influenced by strong, albeit less adaptable, priors. This
apparent inconsistency can be reconciled by considering the context
in which priors are applied and the heterogeneity of AS. The cognitive
profile of AS is not uniform, and different environmental and
developmental factors can lead to variations in how priors are
weighted and used. One possible explanation for these divergent
findings is the concept of context insensitivity, which posits that AS
might struggle with adjusting their priors based on the context. This
might manifest as weak priors when the situation requires integration
of information for a “big picture” perspective, or as strong, inflexible
priors in situations that require adaptation to new information or
changing contexts.

According to NIP, individuals with autism have increased “neural
noise” in their brains, which is essentially random activity or variability
in neural networks. This might interfere with the brains ability to
process sensory information, leading to less reliable and less consistent
responses to stimuli. In practical terms, this could manifest in several
ways, as: (1) increased sensory sensitivity and overload (2) difficulty
ignoring irrelevant information (3) inconsistent performance on tasks
(4) increased cognitive effort (62). Evidence shows that people with
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autistic-like traits systematically discount the weight of social
information (63). Palmer et al. (64) proposed that autistic people lack
the generic flexibility to adjust the weight of sensory inputs in a
context-dependent fashion. A probable reason is that their weak priors
have little predictive weight which is interpreted by the brain as
supposedly overly stable, unchanging social environment. On this
view, repetitive behaviors help reduce the person’s uncertainty about
the environment at the expense of active, flexible exploration. In this
line, they may be interpreted as a compensatory mechanism to cope
with copious amount of sensory input.

Both WCC and EPF highlight the detail-oriented nature of autistic
cognition. Computationally, this implies increased weights on local,
immediate input or high-resolution perceptual processing.
Evolutionarily, it might be advantageous in specific environments or
tasks. The Bl and WCC theories intersect when considering how weak
priors might lead to a focus on local details. The EPF emphasis on
enhanced perceptual abilities and the NIP focus on variability can
intersect in explaining sensory sensitivities. Computationally, high-
resolution perceptual processing combined with variability (noise) can
lead to a system easily overwhelmed by sensory input. While noise can
lead to overstimulation in specific social contexts, enhanced
perception can aid in tasks requiring detailed attention.

Additional arguments in favor of our approach become apparent
if we look at the temporal underpinning of these cognitive biases,
which may shed additional light on this issue of social communication
difficulties in general and the compensatory nature of repetitive
behaviors in particular (65). The expansive body of studies concerning
modifications in higher-order temporal processing, interval timing
and time sensitivity within AS reveals their notable impact on
intersubjective processes (66, 67). These perturbations can engender
(68)
communication (69), the recognition of causal relationships, the sense

challenges in social synchronization interpersonal

of agency (70), and the ascription of unity and continuity to experience
(71).

understanding the abstract concept of time, placing oneself and events

Higher-level temporal processing is responsible for
in the temporal continuum. Atypicalities in this domain may impede
the ability to engage in planning and temporal orientation (72, 73).
Interval timing and duration assessment is a skill essential for
adjusting reaction times to specific stimuli and actions. Modifications
within this temporal sphere can result in difficulties in foreseeing the
sequence of steps within interpersonal communication. Time
sensitivity encompasses simultaneity judgments (discriminating
whether actions/events are simultaneous or sequentially connected)
and temporal thresholds (assessing whether the subject perceives two
equally enduring stimuli as possessing distinct temporal attributes).
Simultaneity judgments are typically tied to the Temporal Binding
Window, which integrates various stimuli into unified information.
Difficulties within this realm may confuse the causal relationships of
specific events and prospective timing. Experiencing stimuli as
overlapping might evoke a sensation of being overwhelmed by
the events.

Atypicalities in the aforementioned domains are often regarded
as maladaptive traits. On the contrary, the compensation perspective
highlights the potential advantages of such modifications. For
example, half of the studies find a reduced susceptibility to negative
biases in AS (74). Autism-specific atypicalities in higher-level
temporal processing frequently led to the desynchronization of social
processes (75, 76). In extreme cases, this may lead to isolation and

Frontiers in Psychiatry

10.3389/fpsyt.2023.1291854

challenges in adapting to the norms. It also results in reduced
susceptibility to social influence, leading to the often reported
“misunderstanding” of the rules of interpersonal interactions. This
disadvantage, however, also makes decisions less burdened by biases
stemming from social pressure and conformism toward a group (77,
78). The “weak priors” concept implies that decision-making
processes are less encumbered by previous knowledge and more
reliant on current information. Similarly, qualitative investigations of
temporal experience in AS reveal a focus on the present moment
“here and now” (79, 80). This suggests that prioritizing present data
(which is
“desynchronization”) can contribute to the reduction of implicit

input over prior implicit knowledge seen as
social biases in AS people (81).

Moreover, being anchored in the “here and now” can have the
benefit of being able to analyze situations without being unduly
influenced by past emotions. Contrary to stereotypes, autistic
individuals often base their decisions on emotions, displaying
“empathy-guided moral agency” similar to neurotypical persons (82).
The divergence between these groups lies in the former’s lack of
automatic linkage between the emotions accompanying past events,
their relevance to the present situation, and the ability to project into
the future. This temporal structure can impede the prediction of
consequences. At the same time, the ability to disentangle turbulent
past emotions from current decision process serves as a mechanism
to circumvent cognitive distortions. For example, autistic individuals
display greater resistance to the Sunk Cost Fallacy (83-85). Similarly,
to WCC, the “expanded” Temporal Binding Window engenders
slower integrative processing of perceptual information, leading to a
sense of being overwhelmed by continuously overlapping events,
creating a seamless “timescape” The solution lies in creating a
structured and predictable environment, coupled with routinized and
repetitive behaviors and an analytical approach to understanding
the situation.

Repetitiveness might be thus understood as a compensatory
strategy aimed at counteracting the primary unpredictability by
creating an “artificial time structure” Well-structured behavioral
routines make time more manageable for autistic individuals and
mitigate the stress associated with novelty (79). Repetitive behaviors
may be interpreted as adaptive strategies aimed at coping with
predictability challenges (86). Vogel et al. (65) propose that an overly
continuous passage of time contributes to the emergence of repetitive
behaviors, which are postulated to represent a “forced division” of time
through the use of stereotyped temporal intervals within activities.
However, this trait might enable one to dwell in the here and now.
Freed from excessive “forward thinking” they can allocate heightened
attention and mental energy toward completing the ongoing task. The
notably strong commitment to an activity is a characteristic feature of
autistic individuals, granting them enhanced accuracy, speed, and
precision in task performance, often surpassing that of
neurotypical individuals.

While this characteristic, in its extreme form, can have drawbacks,
it also might offer advantages. It is because innovativeness driving
community development need not necessarily manifest as an
unforeseen burst of genius-inspired enlightenment (87). Many
historical inventions materialized through countless attempts to
assemble various elements and implement incremental modifications
until the most optimal configuration was achieved. From an
evolutionary standpoint, the attributes that enabled individuals to
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sustain focus on repetitive activities for prolonged periods played a
pivotal role in the development of human societies.

Schizophrenia and empathizing: some
subtypes of schizophrenia are unique
cognitive strategy to handle social
interactions at a price of
overdetection of intentional behaviors

The DSM-5 (88) has abandoned categorizing schizophrenia into
subtypes, instead opting for a dimensional assessment of primary
symptoms. It outlines the diagnosis of schizophrenia based on the
presence of delusions, hallucinations, disorganized thinking, abnormal
motor behavior, and negative symptoms such as affective flattening. A
diagnosis requires at least two of these symptoms, one of which must
be delusions, hallucinations, or disorganized thinking, persisting for
a minimum of 6 months.

Schizophrenia typically manifests in late adolescence or early
adulthood, showing sex differences in onset with a male-to-female
ratio of roughly 1.4:1 (89). Despite advancements in healthcare,
individuals with schizophrenia have a life expectancy approximately
14.5years less than the general populace (90). Nevertheless, the
frequency of schizophrenia remains constant. There is also some
limited GWAS (Genome-wide Association Studies) evidence pointing
to the effect of negative selection of schizophrenia traits in humans in
comparison to Neanderthals and Denisovans, which, in turn, suggests
that schizotypal traits could be more beneficial in ancestral
populations and are becoming increasingly maladaptive in the
modern environment (91).

The Social Brain Theory postulates that the human brain has
evolved specific mechanisms to perceive, interpret, and respond to
complex social cues, facilitating group cohesion and survival.
Disturbances in these mechanisms are thought to underpin the
hallmark symptoms of schizophrenia. Understanding schizophrenia
through the lens of the social brain provides new avenues for
interventions. Targeting social cognitive deficits, such as Theory of
Mind impairments, can be a fruitful approach for psychosocial
therapies, aiming to enhance patients’ social functioning and thereby
improving their quality of life (92). However, the Social Brain Theory
lacks proper computational background, which is essential to
construct a unified model of schizophrenia. From a computational
standpoint, schizophrenia may arise from a neural imbalance where
the brain overly relies on its internal predictions (strong priors) rather
than new sensory input, resulting in perceptual anomalies, a concept
supported by Bayesian Inference.

The human brain has experienced substantial growth, especially
in regions like the neocortex, which is vital for higher cognitive
functions including social cognition (93). Evolutionary biologists
suggest that the increasing complexity of human social interactions
drove the expansion and specialization of these brain regions, coining
the term “social brain” (94). Social cognition encompasses various
cognitive functions, such as recognizing social cues like facial
expressions, eye movements, and body language, deducing others’
thoughts and feelings, evaluating others, and contemplating one’s
relationship to them (95). Moreover, neuroimaging studies have
consistently identified structural and functional abnormalities in the
brain regions associated with social cognition in schizophrenia
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patients. These regions include the medial prefrontal cortex, anterior
cingulate cortex, superior temporal sulcus, fusiform gyrus, and
amygdala, all crucial for understanding others” emotions, intentions,
and beliefs (96, 97). One of the central components of social cognition
is Theory of Mind (ToM), the ability to attribute mental states to
oneself and others, predicting or explaining their behavior. Numerous
studies have found that individuals with schizophrenia often display
deficits in ToM tasks and metacognition in general, leading to
difficulties in social interactions due to, e.g., overattribution of
intentionality or mixing various levels of intentionality (98, 99). While
there’s genetic susceptibility to schizophrenia, social factors play a
significant role in its onset and progression. Stressful social
experiences, such as childhood adversities or urban upbringing, can
contribute to the development or exacerbation of schizophrenia,
suggesting an intricate relationship between social brain dysfunctions
and environmental factors (100). In full-blown schizophrenia, the
symptoms often interfere with an individual ability to adapt to society.
Moreover, some research suggests that certain schizotypal traits might
be linked to heightened empathy or a more refined ability to “read”
others. Positive schizotypy counterintuitively enhances social bonds,
primarily through its beneficial impact on cognitive empathy (101).
This increased sensitivity can be beneficial in navigating social
hierarchies and understanding unspoken social cues, thus enhancing
social cohesion. While pronounced schizophrenia can be disruptive,
subclinical schizotypal traits might offer certain benefits in particularly
chaotic social settings when viewed through an evolutionary lens.
Nonetheless, it is essential to recognize that adaptivity can quickly
turn to maladaptivity, depending on the context or intensity of
the traits.

There are multiple facets of Schizophrenia Spectrum (SS)
requiring distinct local subtheories. One of the important
computational contributions to the evolutionary approach is the
Disconnection Hypothesis suggesting that schizophrenia results from
aberrant integration and coordination of neural circuits. The basis of
this hypothesis is the dysfunction of synaptic plasticity leading to
impaired connectivity in neural networks. This theory has been
studied using computational neuroscience tools, including dynamic
causal modeling and functional connectivity analysis (102, 103).

One interesting consequence of the Disconnection Hypothesis is
the fact that people with schizophrenia often exhibit subtle
disturbances in interpersonal relationships, communication, and
affect. These disturbances may result from aberrant central integration
and can manifest as unusual reactions, atypical affective responses, or
a certain peculiarity in how they relate to others or perceive the world.
Non-verbal communication, such as facial expressions, body language,
or eye contact differ in people with schizophrenia. Psychiatrists
become adept at picking up and interpreting these non-verbal and
“bizarre” signals for diagnostic purposes, even if they cannot explicitly
pinpoint why—this widely prevalent and cross-cultural phenomenon
is known as the Praecox Feeling (104, 105).

Similarly, to AS, the computational approach to SS should
be supplemented with the Bayesian Inference, which posits that
schizophrenia is characterized by an imbalance between the brain’s
predictions and the incoming sensory input. The brain in
schizophrenia might give too much weight to its own internal
predictions at the expense of new sensory information, leading to
symptoms like hallucinations and delusions (106, 107). However,
different initial assumptions might be set for various sensory inputs
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and their combination, and impairments in each sensory domain may
vary in severity (108).

Additionally, Bayesian Inference suggests that brains operate as
inference machines that constantly update a model of the world based
on incoming sensory information (109, 110). However, in
schizophrenia, this process might be globally impaired due to
disconnection between certain brain regions leading to an over-
reliance on prior beliefs or inadequate updating based on sensory
evidence. Within the proposed framework, hallucinations could
be understood as the brain relying too much on prior beliefs in the
absence of confirmatory sensory input. The brain “hallucinates” what
it expects to perceive based on its strong priors, even if no external
(111).

be conceptualized as the result of an over-weighting of prediction

stimulus supports that perception Delusions can
errors. When the brain misinterprets sensory input as being highly
unexpected, it can form delusional beliefs to “explain” this unexpected
input (112). Negative symptoms (affective flattening, alogia,
anhedonia, avolition and asociality) could arise from a cognitive
fatigue due to an overall brain overexcitation caused by positive
symptoms. Strong priors may create an “alternate reality” (positive
symptoms), which temporally exhausts cognitive reserves causing a
compensatory underactive state (negative symptoms). If the brain
does not sufficiently update its predictions based on sensory input due
to cognitive fatigue, it could lead to a reduced engagement with the
external world and a lack of motivation to act or feel (113). Bayesian
approach could be also applied to understanding of the alterations in
interoception and high-level integration between interoception and
exteroception in schizophrenia (114) as well as atypical alternation in
kinaesthesia and spatio-temporal experience (115).

Moreover, the Bayesian Inference provides a framework for
understanding cognitive biases observed in SS—Jumping to
Conclusions Bias, Bias Against Disconfirmatory Evidence, and
Externalizing and Attribution Bias. Jumping to Conclusions Bias
occurs where people make decisions based on minimal evidence. This
can be seen as a result of over-reliance on prior beliefs and an under-
weighting of new sensory evidence (116). In line with that reasoning,
Bias Against Disconfirmatory Evidence occurs when individuals with
schizophrenia presented with evidence that contradicts their beliefs
tend to stick to their original belief. This can be understood as the
brain giving too much weight to its priors and not enough to
prediction errors (117). Lastly, the action of Externalizing and
Attribution Bias could come into play due to people with schizophrenia
attributing events to external forces rather than their own actions.
Oversensitive theory of mind in the schizophrenia spectrum is often
the cause of misattribution of intentional behavior even when taken
to the extreme, like in the case of attributing intentions to inanimate
objects, forces of nature or very abstract ontic instances, such as fate.
This could be a result of the brain’s predictions (strong priors) being
uncoordinated with neglected sensory input, leading to an external
attribution for unexpected events (118).

In terms of neural connectivity, regions like the prefrontal cortex
exhibit reduced connectivity to the thalamus in individuals with
schizophrenia compared to controls, while primary sensory areas
show increased connectivity with the thalamus (119). This consistent
pattern aligns with findings suggesting that people with schizophrenia
significantly devaluate future rewards more than healthy counterparts
(120), with notable deficits in planning and impulse control (121). On
a perceptual scale, there’s increased resilience against high-level visual
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illusions that leverage visual priors on ambiguous images. Moreover,
there is an observable inability to reduce the sensory impact of one’s
actions, potentially affecting the sense of agency (122).

The intersection of the Social Brain Theory, the Disconnection
Hypothesis, and the Bayesian Inference in the context of schizophrenia
offer a nuanced understanding of the condition rooted in both
computational and evolutionary perspectives. An oversensitive theory
of mind might be seen as an extreme manifestation of the evolved
capacities to manage complex social interaction, leading individuals
to perceive intentionality or agency where none exists, which can
manifest as paranoid delusions or hallucinations (123). The
Disconnection Hypothesis suggests that these symptoms arise due to
faulty neural integration. This lack of effective communication
between brain regions, especially those associated with social
cognition and perception, could explain the difficulties schizophrenic
patients face in distinguishing between self-generated thoughts and
external voices or intentions. The Bayesian Inference posits that the
brain operates as an inference machine, constantly updating its model
of the world based on sensory information. In schizophrenia, this
process could be impaired due to the aforementioned neural
disconnections. Thus, patients may over-rely on prior beliefs
(oversensitive theory of mind) and inadequately update these based
on incoming to misconstrued

sensory evidence, leading

social perceptions.

Conclusion: cognitive bias in autism
spectrum and schizophrenia spectrum
as a compensatory mechanism for
specific ecological niches

The theoretical framework presented seeks to merge the
computational approach, which emphasizes the brain’s information
processing dynamics with the evolutionary perspective, which
contextualizes these neural patterns within the broader canvas of
human evolutionary history. In doing so, it casts autism and
schizophrenia spectra not merely as anomalies but as manifestations
of neurodiversity stemming from unique cognitive biases. Autistic
individuals may overemphasize details and patterns, while
schizophrenic individuals might over-attribute intentionality. While
potentially maladaptive in contemporary environments, these biases
might have held adaptive value in ancestral settings or under specific
conditions. In the combined evolutionary and computational
framework, understanding these biases is crucial. It allows researchers
to decipher how ancestral pressures might have shaped these cognitive
tendencies and how they manifest in modern neural circuits. Merging
both perspectives paints a clearer picture of the genetic predispositions,
neural circuits, and environmental factors at play. This integrative
approach is critical to deciphering the diametrical model, emphasizing
how two seemingly distinct disorders can share evolutionary and
computational roots.

The proposed compensation perspective views autism as a unique
intersection of cognitive biases and life history strategies, which are
shaped by evolutionary pressures. The cognitive biases are based on
WCC (focusing on details over the whole), EPF (focus on sensory
input), NIP (increased default neural noise), BI bias (stronger
weighting to sensory inputs than prior experiences), and reduced
susceptibility to some above-mentioned cognitive biases. In this
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combined framework, all abovementioned cognitive mechanisms
could be seen as an adaptive strategy in early human societies,
particularly in environments where social change was slow, and social
predictability was high. An enhanced ability to focus on details would
be particularly advantageous in situations that required careful,
meticulous attention, such as tool making or tracking game. In
modern societies, these traits may contribute to some of the challenges
of AS,
sensory hypersensitivity.

such as difficulties with social communication or

Both “weak priors” in AS and “strong priors” in SS create a
subjective feeling of cognitive unexpectedness and can lead to
processing difficulties. In AS the unexpectedness is caused by weak
central coherence, weak priors, and overabundance of partially
unstructured sensory input. Conversely, in SS it is caused by the lack
of the integrity between strong priors and sensory input, aberrant
central integration and overreactive cognitive biases. However, some
forms of AS may be more functional in a very stable social
environment (trustworthy people, highly structured daily routine,
transparent social rules) where weak priors make it possible to
extract hidden regularities and rules behind the natural world and,
at least some, technical artifacts. Conversely, some forms of SS may
be beneficial in a very unstable social environment, where social
rules are constantly changing and people should not be trusted, e.g.,
due to harsh natural environmental conditions (social unrest,
famine, plague, etc.). Cognitive biases thus emerge as pivotal
concepts that bridge the gap between ancestral evolutionary
pressures and contemporary cognitive manifestations. In sum, to
truly grasp the complexities and nuances of the diametrical model of
autism and schizophrenia, it is imperative to synergize the
evolutionary and computational perspectives with the
neurodiversity framework.

As a final note, the presented outlook invites a broader range of
research questions, exploring not only the challenges but also the
potential evolutionary advantages and societal contributions of
individuals with these cognitive profiles. Investigating the optimal
environmental conditions and support systems that allow
individuals with AS and SS to thrive could lead to innovative
treatment modalities and supportive technologies. Clinical
interventions based on the evolutionary and computational
perspectives outlined in the paper could focus on leveraging the
specific cognitive biases and traits in AS and SS. Therapies for those
who tend to over-rely on priors might focus on enhancing flexibility
and adaptation to change. Conversely, for those who tend to
underweight priors, therapies might focus on building connections
between details and the broader context. Here are some examples
of interventions that could be developed or refined with
this approach.

Cognitive remediation therapy

Cognitive remediation therapy (CRT) in AS could be tailored to
help individuals better integrate details into a whole (addressing
WCC) and improve social cognition by providing structured learning
experiences that gradually increase in complexity. Similarly, CRT in
SS could aim to stabilize the attribution of intentionality and reality
monitoring, helping patients differentiate between internal thoughts
and external stimuli.
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Sensory integration therapy

Sensory integration therapy (SIT) in AS could involve
controlled exposure to various sensory stimuli to reduce
hypersensitivity or hyposensitivity, using the evolutionary
understanding of their sensory processing differences. Additionally,
exploring the advantages of these perceptual phenomena can
inform a strength-based approach in education and professional
environments. Recognizing that individuals with autism might
excel in tasks that require extraordinary attention to detail or
pattern recognition could lead to more inclusive practices, such as
job roles tailored to these strengths. However, in SS sensory
therapies might focus on grounding techniques that help individuals
reconcile strong priors with actual sensory input, thus reducing
hallucinations or delusions.

Strengths-based occupational therapy

Strengths-based occupational therapy (SBOT) in AS could focus
on identifying environments or occupations where attention to detail
and pattern recognition is advantageous, thus creating niches where
individuals with AS can excel. Interventions in SS might center on
harnessing creativity and divergent thinking, identifying careers or
creative outlets where these traits are beneficial.

Social skills training

Social skills training (SST) training in AS could include using
predictable, rule-based social scenarios to practice communication,
leveraging their tendency to thrive in structured environments.
Analogously, in SS role-playing and simulation games might be used
to help individuals understand and adapt to rapidly changing
social dynamics.

Environmental modifications

In case of AS it is necessary to create structured and
predictable environments both at home and in educational or
occupational settings to reduce anxiety and allow for greater
focus on tasks. It may be useful to introduce moderate levels of
variability in environments to help patients become more
adaptable without becoming overwhelmed.

Mindfulness and stress reduction
Both for AS and SS it may be beneficial to teach mindfulness-

based stress reduction techniques that help manage anxiety and
improve cognitive flexibility, tailored to each spectrum’s specific needs.

Family and caregiver support

Providing education about the evolutionary and computational
perspectives, helping caregivers to understand the value of cognitive
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diversity and to create supportive environments tailored to the
individual’s strengths.

Author contributions

MR: Conceptualization, Formal analysis, Investigation,

Methodology, Resources, Validation, Writing - original draft, Writing —
review & editingg MW: Conceptualization, Investigation,
Methodology, Resources, Writing - original draft, Writing - review &
editing. MM: Conceptualization, Data curation, Funding acquisition,
Methodology, Project administration, Supervision, Validation,

Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The research
on cognitive biases was funded by IDEAS NCBR. The section on

References

1. Brosnan M, Lewton M, Ashwin C. Reasoning on the autism Spectrum: a dual
process theory account. J Autism Dev Disord. (2018) 46:2115-25. doi: 10.1007/
s10803-016-2742-4

2. Baron-Cohen S. Autism: the empathizing-systemizing (E-S) theory. Ann N Y Acad
Sci. (2009) 1156:68-80. doi: 10.1111/§.1749-6632.2009.04467 x

3. Baron-Cohen S, Richler J, Bisarya D, Gurunathan N, Wheelwright S. The
systemizing quotient: an investigation of adults with Asperger syndrome or high-
functioning autism, and normal sex differences. Philos Trans R Soc Lond Ser B Biol Sci.
(2003) 358:361-74. doi: 10.1098/rstb.2002.1206

4. Frith U, Frith CD. Development and neurophysiology of mentalizing. Philos Trans
R Soc Lond Ser B Biol Sci. (2003) 358:459-73. doi: 10.1098/rstb.2002.1218

5. Schurz M, Perner J. An evaluation of neurocognitive models of theory of mind.
Front Psychol. (2015) 6:1610. doi: 10.3389/fpsyg.2015.01610

6. Wodzinski M, Rzadeczka M, Moskalewicz M. How to minimize the impact of
experts’ non-rational beliefs on their judgments on autism. Community Ment Health ]J.
(2022) 59:756-69. doi: 10.1007/s10597-022-01062-1

7. Baron-Cohen S. Autism and Asperger syndrome. Cambridge, UK: Oxford university
press, (2008), pp. 15-28.

8. Crespi B, Badcock C. Psychosis and autism as diametrical disorders of the social
brain. Behav Brain Sci. (2008) 31:241-61. doi: 10.1017/S0140525X08004214

9. Kenny L, Hattersley C, Molins B, Buckley C, Povey C, Pellicano E. Which terms
should be used to describe autism? Perspectives from the UK autism community.
Autism. (2016) 20:442-62. doi: 10.1177/1362361315588200

10. Polimeni J. The shamanistic theory of schizophrenia: the evidence for
schizophrenia as a vestigial phenotypic behavior originating in Paleolithic shamanism.
J Anthropol Archaeol Sci. (2022) 6. doi: 10.32474/JAAS.2022.06.000238

11. Miller G. The mating mind: how sexual choice shaped the evolution of human
nature. New York, USA: Anchor Books (2000). 89-94.

12. Silberman S. Neuro tribes: The legacy of autism and the future of neurodiversity.
London, UK: Penguin, (2015), pp. 1-18.

13. Moskalewicz M, Schwartz MA, Wiggins O. The gift of insanity. The rise and fall of
cultures from a psychiatric perspective. Eidos ] Philosophy Cult. (2018) 2:27-37. doi:
10.26319/4714

14. Carvalho N, Krueger J. Biases in niche construction. Philos Psychol. (2023). doi:
10.1080/09515089.2023.2237065

15. Stoyanov D. Perspectives before incremental trans-disciplinary cross-validation of
clinical self-evaluation tools and functional MRI in psychiatry: 10 years later. Front
Psych. (2022) 13:680. doi: 10.3389/fpsyt.2022.999680

16. Stoyanov D, Maes MH. How to construct neuroscience-informed psychiatric
classification? Towards nomothetic networks psychiatry. World ] Psychiatry. (2021)
11:1-12. doi: 10.5498/wjp.v11L.il.1

17. Stoyanov D, Kandilarova S, Kherif F. Toward methodology for strategic
innovations in translational and computational neuroscience in psychiatry

Frontiers in Psychiatry

10.3389/fpsyt.2023.1291854

temporal processing and experience in autism was funded by National
Science Center, Poland (Quantitative Phenomenology of Disordered
Temporalities, Project No. 2021/42/E/HS1/00106). MM was supported
by the Alexander von Humboldt Foundation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

In: D Stoyanov, B Draganski, P Brambilla and C Lamm, editors. Computational
neuroscience. Neuromethods, vol. 199. New York, NY: Humana (2023)

18. Nesse R., Williams G. Why we get sick: the new science of Darwinian medicine. New
York, USA: Vintage, (1995), pp. 3-12.

19. Nesse RM. Proximate and evolutionary studies of anxiety, stress, and depression:
synergy at the interface. Neurosci Biobehav Rev. (1999) 23:895-903. doi: 10.1016/
$0149-7634(99)00023-8

20. Nesse RM. Is depression an adaptation? Arch Gen Psychiatry. (2000) 57:14-20. doi:
10.1001/archpsyc.57.1.14

21. Richerson P, Boyd R. Not by genes alone: how culture transformed human evolution.
Chicago, USA: University of Chicago Press, (2005), pp. 237-258.

22.Abed R., John-Smith P. Evolutionary psychiatry. Current perspectives on
evolution and mental health. Cambridge, UK: RCPsych Publications, (2022), pp.
84-100.

23.Stevens A., Price ]. Evolutionary psychiatry: A new beginning. London, UK:
Routledge, (2000), pp. 45-51.

24. Montague PR, Dolan R], Friston KJ, Dayan P. Computational psychiatry. Trends
Cogn Sci. (2012) 16:72-80. doi: 10.1016/j.tics.2011.11.018

25. Wang XJ, Krystal JH. Computational psychiatry. Neuron. (2014) 84:638-54. doi:
10.1016/j.neuron.2014.10.018

26. Friston K, Stephan K, Montague R, Dolan R. Computational psychiatry: the brain
as a phantastic organ. Lancet Psychiatry. (2014) 1:148-58. doi: 10.1016/
$2215-0366(14)70275-5

27. Laland K, Brown G. Niche construction, human behaviour, and the adaptive-lag
hypothesis. Evol Anthropol. (2006) 15:95-104. doi: 10.1002/evan.20093

28.Montag C, Panksepp J. Primary emotional systems and personality: an
evolutionary perspective. Front Psychol. (2017) 8. doi: 10.3389/fpsyg.2017.00464

29. Paganini C, Gaido D. Perception in autism: an interactive global research between
folk psychology and folk physics. J Soc Evol Cult Psychol. (2013) 7:175-95. doi: 10.1037/
h0099203

30. Crespi B, Stead P, Elliot M. Evolution in health and medicine Sackler colloquium:
comparative genomics of autism and schizophrenia. Proc Natl Acad Sci. (2010)
107:1736-41. doi: 10.1073/pnas.0906080106

31. Crespi B. Autism as a disorder of high intelligence. Front Neurosci. (2016) 10. doi:
10.3389/fnins.2016.00300

32.Lee SH, DeCandia TR, Ripke S, Yang J. Schizophrenia psychiatric genome-
wide association study consortium (PGC-SCZ), international schizophrenia
consortium (ISC), et al. estimating the proportion of variation across the human
genome that is explained by schizophrenia. Nat Genet. (2013) 44:247-50. doi:
10.1038/ng.1108

33. Sullivan PE, Daly MJ, O’'Donovan M. Genetic architectures of psychiatric disorders:
the emerging picture and its implications. Nat Rev Genet. (2012) 13:537-51. doi:
10.1038/nrg3240

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1291854
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1007/s10803-016-2742-4
https://doi.org/10.1007/s10803-016-2742-4
https://doi.org/10.1111/j.1749-6632.2009.04467.x
https://doi.org/10.1098/rstb.2002.1206
https://doi.org/10.1098/rstb.2002.1218
https://doi.org/10.3389/fpsyg.2015.01610
https://doi.org/10.1007/s10597-022-01062-1
https://doi.org/10.1017/S0140525X08004214
https://doi.org/10.1177/1362361315588200
https://doi.org/10.32474/JAAS.2022.06.000238
https://doi.org/10.26319/4714
https://doi.org/10.1080/09515089.2023.2237065
https://doi.org/10.3389/fpsyt.2022.999680
https://doi.org/10.5498/wjp.v11.i1.1
https://doi.org/10.1016/s0149-7634(99)00023-8
https://doi.org/10.1016/s0149-7634(99)00023-8
https://doi.org/10.1001/archpsyc.57.1.14
https://doi.org/10.1016/j.tics.2011.11.018
https://doi.org/10.1016/j.neuron.2014.10.018
https://doi.org/10.1016/S2215-0366(14)70275-5
https://doi.org/10.1016/S2215-0366(14)70275-5
https://doi.org/10.1002/evan.20093
https://doi.org/10.3389/fpsyg.2017.00464
https://doi.org/10.1037/h0099203
https://doi.org/10.1037/h0099203
https://doi.org/10.1073/pnas.0906080106
https://doi.org/10.3389/fnins.2016.00300
https://doi.org/10.1038/ng.1108
https://doi.org/10.1038/nrg3240

Rzgdeczka et al.

34. Nettle D, Frankenhuis WE. Life-history theory in psychology and evolutionary
biology: one research programme or two? Philosoph Transact R Soc B Biol Sci. (1803)
375:20190490. doi: 10.1098/rstb.2019.0490

35. Del Giudice M. Middle childhood: an evolutionary-developmental synthesis. Child
Dev Perspect. (2014) 8:193-200. doi: 10.1007/978-3-319-47143-3_5

36. Ploeger A, Galis F. Evolutionary approaches to autism- an overview and
integration. Mcgill ] Med. (2011) 13:38.

37. Casanova EL, Switala AE, Dandamudi S, Hickman AR, Vandenbrink J, Sharp JL,
et al. Autism risk genes are evolutionarily ancient and maintain a unique feature
landscape that echoes their function. Autism Res. (2019) 12:860-9. doi: 10.1002/aur.2112

38. National Autistic Society (2023). Available at: https://www.autism.org.uk/advice-
andguidance/what-is-autism (Accessed July 20, 2023).

39.de la Torre-Ubieta L, Won H, Stein JL, Geschwind DH. Advancing the
understanding of autism disease mechanisms through genetics. Nat Med. (2016)
22:345-61. doi: 10.1038/nm.4071

40. Polimanti R, Gelernter J. Widespread signatures of positive selection in common
risk alleles associated to autism spectrum disorder. PLoS Genet. (2017) 13:¢1006618. doi:
10.1371/journal.pgen.1006618

41. Chown N. More on the ontological status of autism and double empathy. Disabil
Soc. (2014) 29:1672-6. doi: 10.1080/09687599.2014.949625

42. Prothmann A, Ettrich C, Prothmann S. Preference for, and responsiveness to,
people, dogs and objects in children with autism. Anthrozods. (2009) 22:161-71. doi:
10.2752/175303709X434185

43. Spikins P, Wright B, Hodgson D. Are there alternative adaptive strategies to human
pro-sociality? The role of collaborative morality in the emergence of personality variation
and autistic traits. Time Mind. (2016) 9:289-313. doi: 10.1080/1751696X.2016.1244949

44. Reser JE. Conceptualizing the autism spectrum in terms of natural selection and
behavioral ecology: the solitary forager hypothesis. Evol Psychol. (2011) 9:207-38. doi:
10.1177/147470491100900209

45.Wing L, Gould J. Severe impairments of social interaction and associated
abnormalities in children: epidemiology and classification. ] Autism Dev Disord. (1979)
9:11-29. doi: 10.1007/BF01531288

46. Happé F, Ronald A. The 'fractionable autism triad": a review of evidence from
behavioural, genetic, cognitive and neural research. Neuropsychol Rev. (2008)
18:287-304. doi: 10.1007/s11065-008-9076-8

47. Happé E, Booth R, Charlton R, Hughes C. Executive function deficits in autism
spectrum disorders and attention-deficit/hyperactivity disorder: examining profiles
across domains and ages. Brain Cogn. (2006) 61:25-39. doi: 10.1016/j.bandc.2006.03.004

48. Ronald A, Pennell CE, Whitehouse AJ. Prenatal maternal stress associated with
ADHD and autistic traits in early childhood. Front Psychol. (2011) 19:223. doi: 10.3389/
fpsyg.2010.00223

49. Happé F, Frith U. The weak coherence account: detail-focused cognitive style in
autism spectrum disorders. J Autism Dev Disord. (2006) 36:5-25. doi: 10.1007/
510803-005-0039-0

50. Booth RDL, Happé FGE. Evidence of reduced global processing in autism
Spectrum disorder. J Autism Dev Disord. (2018) 48:1397-408. doi: 10.1007/
510803-016-2724-6

51.Shah P, Catmur C, Bird G. Emotional decision-making in autism spectrum
disorder: the roles of interoception and alexithymia. Mol Autism. (2016) 7:43. doi:
10.1186/s13229-016-0104-x

52. Kuzmanovic B, Rigoux L, Vogeley K. Brief report: reduced optimism Bias in self-
referential belief updating in high-functioning autism. J Autism Dev Disord. (2019)
49:2990-8. doi: 10.1007/s10803-016-2940-0

53. Farmer GD, Baron-Cohen S, Skylark WJ. People with autism Spectrum conditions
make more consistent decisions. Psychol Sci. (2017) 28:1067-76. doi:
10.1177/0956797617694867

54. Morsanyi K, Handley SJ, Evans JS. Decontextualised minds: adolescents with
autism are less susceptible to the conjunction fallacy than typically developing
adolescents. ] Autism Dev Disord. (2010) 40:1378-88. doi: 10.1007/s10803-010-0993-z

55. Rozenkrantz L, D'Mello AM, Gabrieli JDE. Enhanced rationality in autism
spectrum disorder. Trends Cogn Sci. (2021) 25:685-96. doi: 10.1016/j.tics.2021.05.004

56. Van der Hallen R, Evers K, Brewaeys K, Van den Noortgate W, Wagemans J. Global
processing takes time: a meta-analysis on local-global visual processing in ASD. Psychol
Bull. (2015) 141:549-73. doi: 10.1037/bul0000004

57.Neil L, Olsson NC, Pellicano E. The relationship between intolerance of
uncertainty, sensory sensitivities, and anxiety in autistic and typically developing
children. J Autism Dev Disord. (2016) 46:1962-73. doi: 10.1007/s10803-016-2721-9

58. Van Leeuwen TM, Neufeld J, Hughes J, Ward J. Synaesthesia and autism: different
developmental outcomes from overlapping mechanisms? Cogn Neuropsychol. (2020)
37:433-49. doi: 10.1080/02643294.2020.1808455

59. Angeletos Chrysaitis N, Seriés P. 10 years of Bayesian theories of autism: a
comprehensive review. Neurosci Biobehav Rev. (2023) 145:105022. doi: 10.1016/j.
neubiorev.2022.105022

Frontiers in Psychiatry

10

10.3389/fpsyt.2023.1291854

60. Haker H, Schneebeli M, Stephan KE. Can Bayesian theories of autism Spectrum
disorder help improve clinical practice? Front Psych. (2016) 7:107. doi: 10.3389/
fpsyt.2016.00107

61. Schreiter ML, Beste C. Inflexible adjustment of expectations affects cognitive-
emotional conflict control in adolescents with autism spectrum disorder. Cortex. (2020)
130:231-45. doi: 10.1016/j.cortex.2020.06.002

62. Van de Cruys S, Van der Hallen R, ‘Wagemans J. Disentangling signal and noise in
autism spectrum disorder. Brain Cogn. (2017) 112:78-83. doi: 10.1016/j.bandc.2016.08.004

63. Lawson RP, Rees G, Friston KJ. An aberrant precision account of autism. Front
Hum Neurosci. (2014) 8:302. doi: 10.3389/fnhum.2014.00302

64. Palmer CJ, Lawson RP, Hohwy J. Bayesian approaches to autism: towards volatility,
action, and behavior. Psychol Bull. (2017) 143:521-42. doi: 10.1037/bul0000097

65. Vogel DHYV, Falter-Wagner CM, Schoofs T, Kramer K, Kupke C, Vogeley K. Flow
and structure of time experience—concept, empirical validation and implications for
psychopathology. Phenomenol Cogn Sci. (2020) 19:235-58. doi: 10.1007/
s11097-018-9573-z

66. Allman M]J. Deficits in temporal processing associated with autistic disorder. Front
Integr Neurosci. (2011) 5:2. doi: 10.3389/fnint.2011.00002

67. Allman M, DeLeon 1. “No time like the present”: time perception in autism In: A
Giordano and V Lombardi, editors. Causes and risks for autism. New York, USA: Nova
Science Publishers (2009). 65-76.

68. Baldwin M, Xiao Z, Murray A. Temporal synchrony in autism: a systematic review.
Rev ] Autism Dev Disord. (2022) 9:596-617. doi: 10.1007/s40489-021-00276-5

69. Georgescu AL, Koeroglu S, Hamilton AFE, Vogeley K, Falter-Wagner CM,
Tschacher W. Reduced nonverbal interpersonal synchrony in autism spectrum disorder
independent of partner diagnosis: a motion energy study. Mol Autism. (2020) 11:305.
doi: 10.1186/513229-019-0305-1

70. Jeannerod M. The mechanism of self-recognition in humans. Behav Brain Res.
(2003) 142:1-15. doi: 10.1016/S0166-4328(02)00384-4

71. Casassus M, Poliakoff E, Gowen E, Poole D, Jones LA. Time perception and
autistic Spectrum condition: a systematic review. Autism Res. (2019) 12:1440-62. doi:
10.1002/aur.2170

72.Henry JD, Terrett G, Altgassen M, Raponi-Saunders S, Ballhausen N,
Schnitzspahn KM, et al. A virtual week study of prospective memory function in
autism spectrum disorders. J Exp Child Psychol. (2014) 127:110-25. doi: 10.1016/j.
jecp.2014.01.011

73. Williams D, Boucher J, Lind S, Jarrold C. Time-based and event-based prospective
memory in autism spectrum disorder: the roles of executive function and theory of
mind, and time-estimation. ] Autism Dev Disord. (2013) 43:1555-67. doi: 10.1007/
510803-012-1703-9

74. Bergman MA, Schene AH, Vissers CTWM, Vrijsen JN, Kan CC, van Oostrom I.
Systematic review of cognitive biases in autism Spectrum disorders: a neuropsychological
framework towards an understanding of the high prevalence of co-occurring depression.
Res Autism Spectr Disord. (2020) 69:101455. doi: 10.1016/j.rasd.2019.101455

75. Allman MJ, DeLeon IG, Wearden JH. Psychophysical assessment of timing in
individuals with autism. Am ] Intellect Dev Disabil. (2011) 116:165-78. doi:
10.1352/1944-7558-116.2.165

76. Allman M, Teki S, Griffiths TD, Meck WH. Properties of the internal clock: first-
and second-order principles of subjective time. Annu Rev Psychol. (2014) 65:743-71. doi:
10.1146/annurev-psych-010213-115117

77.Tzuma K, Matsumoto K, Camerer CF, Adolphs R. Insensitivity to social reputation
in autism. Proc Natl Acad Sci. (2011) 108:17302-7. doi: 10.1073/pnas.1107038108

78. Yafai A-F, Verrier D, Reidy L. Social conformity and autism Spectrum disorder: a
child-friendly take on a classic study. Autism. (2014) 18:1007-13. doi:
10.1177/1362361313508023

79.Vogel D, Falter-Wagner CM, Schoofs T, Krimer K, Kupke C, Vogeley K.
Interrupted time experience in autism Spectrum disorder: empirical evidence from
content analysis. ] Autism Dev Disord. (2019) 49:22-33. doi: 10.1007/s10803-
018-3771-y

80. Zukauskas PR, Silton N, Assumpgao FB. Temporality and Asperger’s syndrome. J
Phenomenol Psychol. (2009) 40:85-106. doi: 10.1163/156916209X427990

81. Birmingham E, Stanley D, Nair R, Adolphs R. Implicit social biases in people with
autism. Psychol Sci. (2015) 26:1693-705. doi: 10.1177/0956797615595607

82. Coelho S, Bonatti SM, Doering E, Paskaleva-Yankova A, Stephan A. Moral agency,
rules, and temporality in people who are diagnosed with mild forms of autism: in
defense of a sentimentalist view. Front Psychol. (2022) 13:875680. doi: 10.3389/
fpsyg.2022.875680

83. Fujino J, Tei S, Itahashi T, Aoki YY, Ohta H, Kubota M, et al. Impact of past
experiences on decision-making in autism Spectrum disorder. Eur Arch Psychiatry Clin
Neurosci. (2020) 270:1063-71. doi: 10.1007/s00406-019-01071-4

84. Fujino J, Tei S, Itahashi T, Aoki Y, Ohta H, Kanai C, et al. Sunk cost effect in
individuals with autism Spectrum disorder. ] Autism Dev Disord. (2019) 49:1-10. doi:
10.1007/s10803-018-3679-6

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1291854
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1098/rstb.2019.0490
https://doi.org/10.1007/978-3-319-47143-3_5
https://doi.org/10.1002/aur.2112
https://www.autism.org.uk/advice-andguidance/what-is-autism
https://www.autism.org.uk/advice-andguidance/what-is-autism
https://doi.org/10.1038/nm.4071
https://doi.org/10.1371/journal.pgen.1006618
https://doi.org/10.1080/09687599.2014.949625
https://doi.org/10.2752/175303709X434185
https://doi.org/10.1080/1751696X.2016.1244949
https://doi.org/10.1177/147470491100900209
https://doi.org/10.1007/BF01531288
https://doi.org/10.1007/s11065-008-9076-8
https://doi.org/10.1016/j.bandc.2006.03.004
https://doi.org/10.3389/fpsyg.2010.00223
https://doi.org/10.3389/fpsyg.2010.00223
https://doi.org/10.1007/s10803-005-0039-0
https://doi.org/10.1007/s10803-005-0039-0
https://doi.org/10.1007/s10803-016-2724-6
https://doi.org/10.1007/s10803-016-2724-6
https://doi.org/10.1186/s13229-016-0104-x
https://doi.org/10.1007/s10803-016-2940-0
https://doi.org/10.1177/0956797617694867
https://doi.org/10.1007/s10803-010-0993-z
https://doi.org/10.1016/j.tics.2021.05.004
https://doi.org/10.1037/bul0000004
https://doi.org/10.1007/s10803-016-2721-9
https://doi.org/10.1080/02643294.2020.1808455
https://doi.org/10.1016/j.neubiorev.2022.105022
https://doi.org/10.1016/j.neubiorev.2022.105022
https://doi.org/10.3389/fpsyt.2016.00107
https://doi.org/10.3389/fpsyt.2016.00107
https://doi.org/10.1016/j.cortex.2020.06.002
https://doi.org/10.1016/j.bandc.2016.08.004
https://doi.org/10.3389/fnhum.2014.00302
https://doi.org/10.1037/bul0000097
https://doi.org/10.1007/s11097-018-9573-z
https://doi.org/10.1007/s11097-018-9573-z
https://doi.org/10.3389/fnint.2011.00002
https://doi.org/10.1007/s40489-021-00276-5
https://doi.org/10.1186/s13229-019-0305-1
https://doi.org/10.1016/S0166-4328(02)00384-4
https://doi.org/10.1002/aur.2170
https://doi.org/10.1016/j.jecp.2014.01.011
https://doi.org/10.1016/j.jecp.2014.01.011
https://doi.org/10.1007/s10803-012-1703-9
https://doi.org/10.1007/s10803-012-1703-9
https://doi.org/10.1016/j.rasd.2019.101455
https://doi.org/10.1352/1944-7558-116.2.165
https://doi.org/10.1146/annurev-psych-010213-115117
https://doi.org/10.1073/pnas.1107038108
https://doi.org/10.1177/1362361313508023
https://doi.org/10.1007/s10803-018-3771-y
https://doi.org/10.1007/s10803-018-3771-y
https://doi.org/10.1163/156916209X427990
https://doi.org/10.1177/0956797615595607
https://doi.org/10.3389/fpsyg.2022.875680
https://doi.org/10.3389/fpsyg.2022.875680
https://doi.org/10.1007/s00406-019-01071-4
https://doi.org/10.1007/s10803-018-3679-6

Rzgdeczka et al.

85. Rogge N. When the cost has sunk: measuring and comparing the sunk-cost Bias
in autistic and Neurotypical persons. ] Econ Psychol. (2021) 87:102432. doi: 10.1016/j.
joep.2021.102432

86. Boucher J. ‘Lost in a sea of time’: time-parsing and autism In: C Hoerl and T
McCormack, editors. Time and memory. Oxford: Clarendon (2001). 111-37.

87.Baron-Cohen S. The pattern seekers: How autism drives human invention. New
York: Basic Books (2020).

88. American Psychiatric Association (2020). DSM-5 Task Force. Diagnostic and
statistical manual of mental disorders: DSM-5™ (5th ed.). American Psychiatric Publishing,
Inc. (2013).

89.Li X, Zhou W, Yi Z. A glimpse of gender differences in schizophrenia. Gen
Psychiatr. (2022) 35:¢100823. doi: 10.1136/gpsych-2022-100823

90. Hjorthej C, Stiirup AE, McGrath JJ, Nordentoft M. Years of potential life lost and
life expectancy in schizophrenia: a systematic review and metaanalysis. Lancet
Psychiatry. (2017) 4:295-301. doi: 10.1016/S2215-0366(17)30078-0

91. Liu G, Everall I, Pantelis C, Bousman C. Interrogating the evolutionary paradox of
schizophrenia: a novel framework and evidence supporting recent negative selection of
schizophrenia risk alleles. Front Genet. (2019) 10:389. doi: 10.3389/fgene.2019.00389

92. Penn DL, Sanna L], Roberts DL. Social cognition in schizophrenia: an overview.
Schizophr Bull. (2008) 34:408-11. doi: 10.1093/schbul/sbn014

93. Dunbar RIM. The social brain hypothesis. Evol Anthropol. (1998) 6:178-90.

94. Dunbar RIM. The social brain hypothesis and its implications for social evolution.
Ann Hum Biol. (2009) 36:562-72. doi: 10.1080/03014460902960289

95.Tso IF, Rutherford S, Fang Y, Angstadt M, Taylor SE. The “social brain” is
highly sensitive to the mere presence of social information: an automated meta-
analysis and an independent study. PLoS One. (2018) 13:e0196503. doi: 10.1371/
journal.pone.0196503

96. Adolphs R. The social brain: neural basis of social knowledge. Annu Rev Psychol.
(2009) 60:693-716. doi: 10.1146/annurev.psych.60.110707.163514

97. Briine M. Theory of mind in schizophrenia: a review of the literature. Schizophr
Bull. (2005) 31:21-42. doi: 10.1093/schbul/sbi002

98. Frith CD, Corcoran R. Exploring ‘theory of mind’ in people with schizophrenia.
Psychol Med. (1996) 26:521-30. doi: 10.1017/s0033291700035601

99. Thibaudeau E, Cellard C, Reeder C, Wykes T, Ivers H, Maziade M, et al. Improving
theory of mind in schizophrenia by targeting cognition and metacognition with
computerized cognitive remediation: a multiple case study. Schizophr Res Treat. (2017)
2017:1-15. doi: 10.1155/2017/7203871

100. Morgan C, Kirkbride J, Leff ], Craig T, Hutchinson G, McKenzie K, et al. Parental
separation, loss and psychosis in different ethnic groups: a case-control study. Psychol
Med. (2007) 37:495-503. doi: 10.1017/50033291706009330

101. Stinson ], Wolfe R, Spaulding W. Social connectedness in Schizotypy: the
role of cognitive and affective empathy. Behav Sci. (2022) 12:253. doi: 10.3390/
bs12080253

102. Friston KJ, Frith CD. Schizophrenia: a disconnection syndrome? Clin Neurosci.
(1995) 3:89-97.

103. Stephan KE, Friston KJ, Frith CD. Dysconnection in schizophrenia: from
abnormal synaptic plasticity to failures of self-monitoring. Schizophr Bull. (2009)
35:509-27. doi: 10.1093/schbul/sbn176

104. Moskalewicz M, Gozé T. Clinical judgment of schizophrenia: praecox feeling and
the bizarreness of contact—open controversies In: M Biondi, A Picardi, M Pallagrosi
and L Fonzi, editors. The clinician in the psychiatric diagnostic process. Cham: Springer
(2022)

Frontiers in Psychiatry

11

10.3389/fpsyt.2023.1291854

105. Moskalewicz M, Kordel P, Brejwo A, Schwartz MA, Tudi G. Psychiatrists report
praecox feeling and find it reliable. A Cross-Cultural Comparison. Front Psych. (2021)
12:322. doi: 10.3389/fpsyt.2021.642322

106. Adams RA, Stephan KE, Brown HR, Frith CD, Friston KJ. The computational
anatomy of psychosis. Front Psych. (2013) 4:47. doi: 10.3389/fpsyt.2013.00047

107. Fletcher PC, Frith CD. Perceiving is believing: a Bayesian approach to explaining
the positive symptoms of schizophrenia. Nat Rev Neurosci. (2009) 10:48-58. doi:
10.1038/nrn2536

108. Sterzer P, Adams RA, Fletcher P, Frith C, Lawrie SM, Muckli L, et al. The
predictive coding account of psychosis. Biol Psychiatry. (2018) 84:634-43. doi: 10.1016/j.
biopsych.2018.05.015

109. Corlett PR, Frith CD, Fletcher PC. From drugs to deprivation: a Bayesian
framework for understanding models of psychosis. Psychopharmacology. (2009)
206:515-30. doi: 10.1007/s00213-009-1561-0

110. Knill DC, Pouget A. The Bayesian brain: the role of uncertainty in neural coding
and computation. Trends Neurosci. (2004) 27:712-9. doi: 10.1016/j.tins.2004.10.007

111. Siemerkus J, Tomiello S, Stephan KE. Bayesian inference and hallucinations in
schizophrenia. Brain. (2019) 142:2178-81. doi: 10.1093/brain/awz211

112. Adams RA, Vincent P, Benrimoh D, Friston KJ, Parr T. Everything is connected:
inference and attractors in delusions. Schizophr Res. (2022) 245:5-22. doi: 10.1016/j.
schres.2021.07.032

113. Correll CU, Schooler NR. Negative symptoms in schizophrenia: a review and
clinical guide for recognition, assessment, and treatment. Neuropsychiatr Dis Treat.
(2020) 16:519-34. doi: 10.2147/NDT.S225643

114. Yao B, Thakkar K. Interoception abnormalities in schizophrenia: a review of
preliminary evidence and an integration with Bayesian accounts of psychosis. Neurosci
Biobehav Rev. (2022) 132:757-73. doi: 10.1016/j.neubiorev.2021.11.016

115. Sdnchez C, Moskalewicz M. Kinesthesia and temporal experience: on the
‘knitting and unknitting’ process of bodily subjectivity in schizophrenia. Diagnostics.
(2022) 12:2720. doi: 10.3390/diagnostics12112720

116. Evans SL, Averbeck BB, Furl N. Jumping to conclusions in schizophrenia.
Neuropsychiatr Dis Treat. (2015) 11:1615-24. doi: 10.2147/NDT.S56870

117. Bronstein MV, Cannon TD. Bias against Disconfirmatory evidence in a large
nonclinical sample: associations with Schizotypy and delusional beliefs. J Exp
Psychopathol. (2017) 8:288-302. doi: 10.1093/schbul/sbm013

118. Mehl S, Landsberg MW, Schmidt AC, Cabanis M, Bechdolf A, Herrlich J, et al.
Why do bad things happen to me? Attributional style, depressed mood, and persecutory
delusions in patients with schizophrenia. Schizophr Bull. (2014) 40:1338-46. doi:
10.1093/schbul/sbu040

119. Chen P, Ye E, Jin X, Zhu Y, Wang L. Association between Thalamocortical
functional connectivity abnormalities and cognitive deficits in schizophrenia. Sci Rep.
(2019) 9:2952. doi: 10.1038/s41598-019-39367-z

120. Yu LQ, Lee S, Katchmar N, Satterthwaite TD, Kable JW, Wol DH. Steeper
discounting of delayed rewards in schizophrenia but not first-degree relatives. Psychiatry
Res. (2017) 252:303-9. doi: 10.1016/j.psychres.2017.02.062

121. Brown HE, Hart KL, Snapper LA, Roffman JL, Perlis RH. Impairment in delay
discounting in schizophrenia and schizoaffective disorder but not primary mood
disorders. NPJ Schizophr. (2018) 4:9. doi: 10.1038/s41537-018-0050-z

122. King DJ, Hodgekins J, Chouinard PA, Chouinard VA, Sperandio I. A review of
abnormalities in the perception of visual illusions in schizophrenia. Psychon Bull Rev.
(2017) 24:734-51. doi: 10.3758/s13423-016-1168-5

123. Polimeni J, Reiss JP. How shamanism and group selection may reveal the origins
of schizophrenia. Med Hypotheses. (2002) 58:244-8. doi: 10.1054/mehy.2001.1504

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1291854
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://doi.org/10.1016/j.joep.2021.102432
https://doi.org/10.1016/j.joep.2021.102432
https://doi.org/10.1136/gpsych-2022-100823
https://doi.org/10.1016/S2215-0366(17)30078-0
https://doi.org/10.3389/fgene.2019.00389
https://doi.org/10.1093/schbul/sbn014
https://doi.org/10.1080/03014460902960289
https://doi.org/10.1371/journal.pone.0196503
https://doi.org/10.1371/journal.pone.0196503
https://doi.org/10.1146/annurev.psych.60.110707.163514
https://doi.org/10.1093/schbul/sbi002
https://doi.org/10.1017/s0033291700035601
https://doi.org/10.1155/2017/7203871
https://doi.org/10.1017/S0033291706009330
https://doi.org/10.3390/bs12080253
https://doi.org/10.3390/bs12080253
https://doi.org/10.1093/schbul/sbn176
https://doi.org/10.3389/fpsyt.2021.642322
https://doi.org/10.3389/fpsyt.2013.00047
https://doi.org/10.1038/nrn2536
https://doi.org/10.1016/j.biopsych.2018.05.015
https://doi.org/10.1016/j.biopsych.2018.05.015
https://doi.org/10.1007/s00213-009-1561-0
https://doi.org/10.1016/j.tins.2004.10.007
https://doi.org/10.1093/brain/awz211
https://doi.org/10.1016/j.schres.2021.07.032
https://doi.org/10.1016/j.schres.2021.07.032
https://doi.org/10.2147/NDT.S225643
https://doi.org/10.1016/j.neubiorev.2021.11.016
https://doi.org/10.3390/diagnostics12112720
https://doi.org/10.2147/NDT.S56870
https://doi.org/10.1093/schbul/sbm013
https://doi.org/10.1093/schbul/sbu040
https://doi.org/10.1038/s41598-019-39367-z
https://doi.org/10.1016/j.psychres.2017.02.062
https://doi.org/10.1038/s41537-018-0050-z
https://doi.org/10.3758/s13423-016-1168-5
https://doi.org/10.1054/mehy.2001.1504

	Cognitive biases as an adaptive strategy in autism and schizophrenia spectrum: the compensation perspective on neurodiversity
	Introduction: the concept of neurodiversity as the intersection of computational and evolutionary approaches to autism and schizophrenia spectrum
	Evolutionary perspective on mental disorders
	Understanding the diametrical model of autism and schizophrenia
	Autism and systematizing: some subtypes of autism are a unique cognitive strategy to manage cognitive biases at a price of fast and frugal heuristics
	Schizophrenia and empathizing: some subtypes of schizophrenia are unique cognitive strategy to handle social interactions at a price of overdetection of intentional behaviors
	Conclusion: cognitive bias in autism spectrum and schizophrenia spectrum as a compensatory mechanism for specific ecological niches
	Cognitive remediation therapy
	Sensory integration therapy
	Strengths-based occupational therapy
	Social skills training
	Environmental modifications
	Mindfulness and stress reduction
	Family and caregiver support

	Author contributions

	References

