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Introduction

The human brain, the most sophisticated biological prediction machine found in nature
houses approximately 86 billion neurons interconnected in a complex network. This intricate
system continuously processes an overwhelming amount of information from our
environment, and concurrently generates predictions about our environment, updating and
refining these predictions based on sensory input. Two critical mechanisms in this
information processing are aberrant salience and prediction error signaling. These concepts,
while seemingly abstract, play crucial roles in our perception, learning, and potentially in the
development of certain psychiatric conditions.

When this predictive process functions optimally, it results in accurate perception. In
conditions like psychosis, aberrations in this predictive machinery can lead to
misinterpretations of reality, manifesting as hallucinations or delusions.

To truly grasp the significance of these processes, we must first establish a clear
understanding of the key terminologies involved. This foundation will allow us to delve
deeper into the intricacies of how our brains interpret and interact with the world around us.

Key Terminologies

Salience refers to the quality that makes a stimulus stand out from its surroundings. In
neuroscience and psychology, it's the degree to which something captures our attention or is
perceived as important. This concept is fundamental to how our brains process the constant
influx of sensory information we receive. Imagine walking through a dense forest; a brightly
colored flower among the green leaves would be salient, naturally drawing your attention.

Aberrant salience occurs when the brain incorrectly assigns importance or significance to
stimuli that are, in reality, neutral or irrelevant. This misattribution of salience can lead to a
distorted perception of reality.. It's akin to perceiving hidden messages in the random
patterns of wood grain on a table, or finding profound meaning in the arrangement of clouds
in the sky.



Prediction, in the context of neuroscience, refers to our brain's constant attempts to
anticipate future events or outcomes based on past experiences and current sensory input.
Our brains are essentially prediction machines, continuously generating expectations about
our environment. It's your brain expecting rain when you see dark, ominous clouds gathering
on the horizon.

Error, in this context, doesn't mean a mistake in the conventional sense. Rather, it refers to a
discrepancy or difference between what was predicted and what actually occurs. If those
dark clouds you saw produce sunshine instead of the expected rain, that's a prediction error.

Prediction error signaling, therefore, is the process by which our brains detect and respond
to these discrepancies between expected and actual outcomes. This mechanism is crucial
for learning and adapting to our environment. It's how we refine our understanding of the
world and adjust our behaviour accordingly.

Dopamine, often simplistically referred to as the "reward chemical,” is a neurotransmitter that
plays a complex role in these processes. It's involved in signaling prediction errors and in the
attribution of salience. While dopamine is indeed released during pleasurable experiences,
its role in learning, motivation, and attention is equally, if not more, important.

Now that we have established these foundational concepts, let's explore each in greater
depth, integrating the latest research findings.

Aberrant Salience

Aberrant salience is the misattribution of importance to otherwise neutral stimuli (Kapur,
2003). This phenomenon is particularly relevant in understanding psychosis and
schizophrenia, but recent research has expanded our understanding of its role in cognition
and behaviour.

A groundbreaking study by Katthagen et al. (2018) used computational modeling to
demonstrate that patients with schizophrenia exhibit increased attribution of salience to
irrelevant stimuli compared to healthy controls. This finding provides robust empirical
support for the aberrant salience hypothesis of psychosis, originally proposed by Kapur in
2003.



In everyday life, aberrant salience might manifest as seeing patterns or connections in
random events. For instance, a person might perceive special meaning in the license plate
numbers of passing cars or believe that song lyrics on the radio are sending personal
messages. In the context of psychosis, this could escalate to full-blown delusions, where an
individual firmly believes in these false connections despite contradictory evidence.

Interestingly, McCutcheon et al. (2019) found that aberrant salience is not specific to
psychosis but exists on a continuum in the general population. This suggests that aberrant
salience might be a general mechanism underlying various cognitive biases and potentially
certain personality traits. For example, individuals who score high on measures of magical
thinking or who are prone to seeing meaningful patterns in randomness (a phenomenon
known as apophenia) might be experiencing a milder form of aberrant salience.

Recent neuroimaging studies have shed light on the neural correlates of aberrant salience.
Pankow et al. (2016) used functional magnetic resonance imaging (fMRI) to show that
patients with schizophrenia exhibited altered activation in the salience network, particularly
in the anterior insula and dorsal anterior cingulate cortex, during tasks involving reward
prediction. This provides a neural basis for the subjective experience of aberrant salience in
psychosis.

Prediction Error Signaling

Prediction error signaling is a fundamental process in learning and adaptive behaviour.
Recent advancements in neuroscience have refined our understanding of this crucial
mechanism.

Sterzer et al. (2018) proposed a predictive coding framework for understanding psychosis.
They suggest that hallucinations and delusions might arise from an imbalance between prior
beliefs and sensory evidence, leading to abnormal updating of beliefs. This framework
integrates aberrant salience and prediction error signaling, providing a comprehensive
model for understanding psychotic symptoms. Predictive coding is like the brain's way of
constantly making educated guesses about what's going to happen next, based on past
experiences. When reality doesn't match these predictions, the brain updates its model —
this is called prediction error signaling. It's similar to how we might adjust our expectations
after being surprised by an unexpected event.



A landmark study by Iglesias et al. (2013) used computational modeling and fMRI to
demonstrate that the brain encodes prediction errors at multiple levels of a cognitive
hierarchy. This hierarchical prediction error signaling allows for complex learning and belief
updating. The study showed that the brain can simultaneously track and update predictions
at different levels of abstraction, from low-level sensory predictions to high-level conceptual
beliefs.

To illustrate this concept, consider learning to play tennis. Your brain predicts the ball's
trajectory based on visual input and your knowledge of physics. Each time you miss, it
generates a prediction error, helping you refine your technique. But this process occurs at
multiple levels simultaneously:

1. At a low level, your brain predicts the precise muscle movements needed to swing the
racket.

2. At a mid-level, it predicts the ball's trajectory based on the opponent's stance and swing.

3. At a high level, it predicts the opponent's overall strategy and adjusts your gameplay
accordingly.

Each level generates its own prediction errors, allowing for comprehensive learning and
adaptation.

Research has also highlighted the role of prediction errors in social cognition. Henco et al.
(2020) showed that social prediction errors — mismatches between expected and actual
social outcomes — activate similar brain regions as non-social prediction errors. This
suggests that our brains use similar mechanisms to learn about both the physical world and
the social world, underlining the fundamental nature of prediction error signaling in human
cognition.



The Dopamine Connection

Dopamine's role in these processes is more nuanced and complex than previously thought.
Recent research has provided new insights into how this neurotransmitter interacts with
aberrant salience and prediction error signaling.

Moran et al. (2018) demonstrated that dopamine neurons in the midbrain encode prediction
errors in a more sophisticated manner than previously believed. They found that these
neurons can simultaneously represent multiple types of prediction errors, allowing for
complex learning scenarios. This multi-dimensional signaling provides a neural basis for
learning in complex, real-world environments where multiple factors need to be considered
simultaneously.

In the context of aberrant salience, Boehme et al. (2015) showed that increased striatal
dopamine synthesis capacity is associated with aberrant reward processing in individuals at
clinical high risk for psychosis. This provides a potential neurobiological basis for the link
between dopamine dysfunction and aberrant salience, offering a bridge between
neurochemical abnormalities and the subjective experience of psychosis.

Furthermore, Diederen et al. (2017) used pharmacological manipulation to demonstrate that
dopamine modulates the precision of sensory predictions. By administering a dopamine
agonist to healthy volunteers, they were able to induce a state of aberrant salience, where
participants were more likely to detect patterns in random noise. This study provides causal
evidence for dopamine's role in salience attribution and belief updating.

Integrated Model

Synthesizing these recent findings allows us to refine our integrated model of salience
processing and prediction error signaling:

1. The brain generates predictions at multiple hierarchical levels, from low-level sensory
predictions to high-level abstract beliefs.



2. These predictions are constantly compared with actual outcomes across all levels of the
hierarchy.

3. Discrepancies generate prediction errors, signaled by dopamine in a nuanced, multi-
dimensional manner.

4. These errors update internal models across the hierarchy, driving learning and behaviour
modification.

5. Dopamine modulates the precision of predictions and the weight given to prediction
errors.

6. In some cases, dysfunction in this system (e.g., excess dopamine or altered dopamine
signaling) may lead to aberrant salience.

7. This causes neutral stimuli to be perceived as highly significant, potentially leading to the
formation of false beliefs or the perception of non-existent patterns.

8. The degree of aberrant salience exists on a continuum, influencing cognition and
behaviour even in non-clinical populations.

This integrated model provides a comprehensive framework for understanding how our
brains construct our subjective reality, learn from experience, and potentially generate
psychotic symptoms in certain conditions.
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Implications and Future Directions

The implications of this research are far-reaching, spanning multiple disciplines:

1. In psychiatry, it provides a neuroscientific framework for understanding symptom
formation in psychosis and related disorders. Overweight and Dunn (2022) proposed that
manipulating the precision of prior beliefs might be a novel approach to treating delusions.
This could lead to new therapeutic interventions that target the underlying cognitive
mechanisms of psychosis, rather than just managing symptoms.

2. In cognitive neuroscience, it offers insights into normal learning and perception
processes. Gauld et al. (2023) suggested that these mechanisms might explain individual
differences in perceptual decision-making. This could help us understand why some
people are more susceptible to optical illusions or why individuals differ in their ability to
detect subtle patterns.

3. For artificial intelligence and machine learning, these principles are crucial in developing
more sophisticated learning algorithms. Dabney et al. (2020) incorporated distributional
reinforcement learning, inspired by biological prediction error signaling, to achieve state-
of-the-art performance in complex learning tasks. This bio-inspired approach could lead to
Al systems that can learn more efficiently and adapt more flexibly to new situations.

4. In education, understanding these processes could inform new teaching strategies. By
leveraging the brain's prediction error signaling system, educators might be able to design
more effective learning experiences that optimize the balance between predictability and
surprise.

5. In the study of creativity and innovation, the concept of aberrant salience might provide
insights into why some individuals are more prone to making unique associations or
thinking "outside the box." This could have implications for fostering creativity in various
fields.



Future research directions might include:

- Investigating how these mechanisms interact with other neurotransmitter systems beyond
dopamine, such as serotonin or norepinephrine.

- Exploring how individual differences in these processes contribute to personality traits or
cognitive styles, potentially linking aberrant salience to traits like openness to experience or
schizotypy.

- Studying how these mechanisms change throughout the lifespan, from early development
to aging, which could provide insights into developmental disorders and neurodegenerative
conditions.

- Examining the role of these processes in other psychiatric conditions beyond psychosis,
such as depression, anxiety disorders, or obsessive-compulsive disorder.

- Developing more precise neuroimaging techniques to observe these processes in real-
time, potentially allowing for earlier detection of psychosis risk or more accurate monitoring
of treatment efficacy.

Conclusion

Salience processing and prediction error signaling are fundamental processes that shape
our perception of reality and our ability to learn from experience. When functioning properly,
they allow us to navigate our world efficiently, focusing on what's important and learning
from our mistakes. When disrupted, they can lead to significant alterations in how we
perceive and interpret our environment, potentially resulting in the symptoms we associate
with psychotic disorders.

Understanding these mechanisms provides a logical framework for comprehending both
normal cognitive processes and the development of certain mental health conditions. It's a
testament to the complexity of the human brain that such fundamental processes can have
such far-reaching effects on our experience of reality.
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As research in this area progresses, we can expect to gain even deeper insights into the
nature of consciousness, perception, and mental health. This knowledge will likely lead to
more effective and targeted interventions for a range of neurological and psychiatric
conditions. Moreover, it may inform developments in fields beyond medicine, such as
artificial intelligence, education, and creative industries, where understanding learning
processes and novel idea generation is crucial.

The study of aberrant salience and prediction error signaling exemplifies the interdisciplinary
nature of modern neuroscience, bridging gaps between psychology, biology, and
computational science. As we continue to unravel these neural mechanisms, we edge
closer to a more complete understanding of the mind in all its complexity.

In essence, these processes underscore the brain's remarkable ability to navigate an
uncertain world, continually updating its model of reality. They highlight the delicate balance
between stability and flexibility in our cognitive systems. When this balance is maintained, it
allows us to learn, adapt, and thrive in complex environments. When disrupted, it can lead
to a range of cognitive and perceptual alterations, from mild cognitive biases to severe
psychotic symptoms.

As we stand on the brink of new discoveries in this field, we are reminded of the profound
complexity and intricacy of the human brain. Each new finding not only advances our
scientific understanding but also deepens our appreciation for the intricate processes that
underlie our everyday experiences and shape our unique human consciousness. These
neuroscientific concepts have profound implications for our understanding of human
experience. In everyday life, aberrant salience might manifest as the excitement we feel
when we think we've discovered a ‘hidden meaning' in song lyrics or a movie plot. Prediction
error signaling is at play when we're surprised by an unexpected taste in a familiar dish,
prompting us to update our culinary expectations. On a philosophical level, these processes
raise intriguing questions about the nature of reality and perception. If our experience of the
world is shaped by predictions and error signals, to what extent do we perceive reality as it
truly is? This interplay between our brain's predictions and the actual sensory input we
receive forms the basis of our conscious experience, highlighting the intricate relationship
between neurobiology and the philosophical concept of consciousness.
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