Unraveling the Intriguing World of
Computational Models of Brain and Behavior

It is fascinating to imagine how the intricate workings of our brain contribute to our
behavior and decision-making processes. The brain, one of the most complex
and enigmatic structures in the known universe, has puzzled scientists and
researchers for centuries. Over the years, advancements in technology have
allowed us to explore and understand the brain in ways we never thought

possible. One such area of study is computational models of brain and behavior.

From artificial intelligence to neuroscience, computational models have become
valuable tools in unraveling the mysteries of the brain and understanding human
behavior. These models simulate the functions and interactions of neural
networks in the brain, providing insights into how the brain processes information,

makes decisions, and influences behavior.

The Emergence of Computational Models

Computational models of brain and behavior have gained prominence in recent
decades, primarily due to the exponential growth of computing power and the
accumulation of vast amounts of data on brain structure and function. These
models allow scientists to test hypotheses and simulate different scenarios,

providing a deeper understanding of the brain's complexity.
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One popular type of computational model used in this field is the artificial neural
network (ANN). ANNs are designed to mimic the behavior of biological neural
networks in the brain. By simulating the interactions of neurons and their
connections, researchers can explore various aspects of brain function and

behavior.

Another notable model is the cognitive architecture model, which focuses on
cognitive processes such as perception, attention, memory, and decision-making.
These models aim to replicate human cognitive abilities by integrating
computational algorithms with knowledge from cognitive psychology and

neuroscience.

Understanding Brain Functions Through Models

Computational models have been instrumental in advancing our understanding of
various brain functions. For example, researchers have used these models to
investigate how the brain processes visual information and recognizes objects.
By simulating the hierarchical processing of visual stimuli, scientists can uncover

the underlying mechanisms behind human visual perception.
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Furthermore, computational models have shed light on the neural basis of
decision-making processes. By studying the interactions between different brain
regions and their influence on behavior, researchers can develop models that
predict decision outcomes in complex scenarios. This knowledge has broad
applications, ranging from understanding consumer behavior to enhancing

artificial intelligence systems.

Moreover, computational models allow researchers to study psychiatric disorders
and neurological diseases from a new perspective. By simulating the faulty neural
circuits associated with conditions such as schizophrenia or Alzheimer's disease,
scientists can explore potential therapeutic interventions and develop new

treatment strategies.

The Future of Computational Models

As technology continues to advance, computational models of brain and behavior
hold even greater potential for revolutionizing our understanding of the brain.
Thanks to the integration of big data analytics, machine learning, and
neuroimaging techniques, these models can be more realistic and accurate,

providing deeper insights into brain functions.

One of the exciting future applications of computational models is in the field of
brain-computer interfaces (BCls). BCls aim to develop direct communication
channels between the brain and external devices. By combining computational
models with neurofeedback techniques, researchers hope to unlock new
possibilities in rehabilitation, neuro-prosthetics, and even augmenting human

cognitive abilities.

Additionally, advancements in robotics and artificial intelligence will benefit from

computational models of the brain. By understanding how the brain perceives and



interacts with the environment, researchers can develop more intelligent and

adaptable machines.

In

The field of computational models of brain and behavior has provided us with
valuable insights into the complex workings of the brain. From understanding
perception and decision-making to exploring psychiatric disorders, these models

have revolutionized our understanding of the mind and human behavior.

As technology continues to evolve, so will the capabilities of these models. The
integration of computational models with emerging technologies holds immense
potential for transforming various fields, from healthcare to robotics. Ultimately,
unraveling the mysteries of the brain may pave the way for groundbreaking

discoveries that revolutionize our understanding of ourselves and the world

around us.
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This book provides a broad collection of articles covering different aspects of
computational modeling efforts in psychology and neuroscience. Specifically, it
discusses models that span different brain regions (hippocampus, amygdala,
basal ganglia, visual cortex), different species (humans, rats, fruit flies), and
different modeling methods (neural network, Bayesian, reinforcement learning,

data fitting, and Hodgkin-Huxley models, among others).

Computational Models of Brain and Behavior is divided into four sections: (a)
Models of brain disorders; (b) Neural models of behavioral processes; (c) Models
of neural processes, brain regions and neurotransmitters, and (d) Neural
modeling approaches. It provides in-depth coverage of models of psychiatric
disorders, including depression, posttraumatic stress disorder (PTSD),
schizophrenia, and dyslexia; models of neurological disorders, including
Alzheimer’s disease, Parkinson’s disease, and epilepsy; early sensory and
perceptual processes; models of olfaction; higher/systems level models and low-
level models; Pavlovian and instrumental conditioning; linking information theory

to neurobiology; and more.
» Covers computational approximations to intellectual disability in down
syndrome

» Discusses computational models of pharmacological and immunological

treatment in Alzheimer's disease

» Examines neural circuit models of serotonergic system (from microcircuits to

cognition)

» Educates on information theory, memory, prediction, and timing in

associative learning



Computational Models of Brain and Behavior is written for advanced
undergraduate, Master's and PhD-level students—as well as researchers

involved in computational neuroscience modeling research.
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