
The Neurocognitive Revolution

Introduction

The  human  brain  is  the  most  complex  organ  in  the 

known universe. It is responsible for everything from 

our  thoughts  and  emotions  to  our  movements  and 

memories. For centuries, scientists have been trying to 

understand  how  the  brain  works,  but  it  is  only  in 

recent  decades  that  we  have  begun  to  make  real 

progress.

One of the most important tools in this endeavor has 

been computational neuroscience. This field combines 

neuroscience and computer science to create models of 

the brain that can be used to simulate its activity. These 

models  have  helped  us  to  understand  how  different 

parts of the brain interact to produce behavior. They 

have also led to the development of new treatments for 

brain disorders.
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In this book, we will explore the fascinating world of 

computational neuroscience.  We will  learn about the 

different types of neural networks, how they learn, and 

how they can be used to solve problems. We will also 

discuss the challenges that still lie ahead in the field of 

computational neuroscience and the potential benefits 

that this field holds for the future.

Computational neuroscience is a rapidly growing field, 

and  it  is  already  having  a  major  impact  on  our 

understanding of  the brain.  As we learn more about 

how the brain works, we are developing new ways to 

treat brain disorders, create more intelligent machines, 

and even understand ourselves better.

The  brain  is  the  last  great  frontier  of  science. 

Computational neuroscience is the key to unlocking its 

secrets.
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Book Description

Computational neuroscience is the study of the brain 

using computational and mathematical techniques. It is 

a rapidly growing field that is helping us to understand 

how the brain works and how it gives rise to behavior.

This  book  provides  a  comprehensive  introduction  to 

computational neuroscience. It covers a wide range of 

topics, including the structure and function of neurons, 

the  organization  of  neural  networks,  and  the 

computational  principles  that  underlie  learning  and 

memory.  The book also  discusses  the  applications  of 

computational  neuroscience  to  the  diagnosis  and 

treatment of brain disorders.

This  book  is  written  for  students,  researchers,  and 

anyone else who is interested in learning more about 

computational neuroscience. It is accessible to readers 

with no prior knowledge of neuroscience or computer 

science.
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Computational neuroscience is a fascinating field that 

is  changing  the  way  we  think  about  the  brain.  This 

book  will  give  you  a  deep  understanding  of  this 

important field.

In this book, you will learn about:

 The  different  types  of  neurons  and  how  they 

communicate with each other

 The  organization  of  neural  networks  and  how 

they process information

 The  computational  principles  that  underlie 

learning and memory

 The applications of computational neuroscience 

to the diagnosis and treatment of brain disorders

This book is essential reading for anyone who wants to 

understand the brain and how it works.

4



Chapter 1: The Computational Brain

The Rise of Computational Neuroscience

Computational neuroscience is a rapidly growing field 

that is changing the way we think about the brain. By 

combining  neuroscience  and  computer  science, 

computational  neuroscientists  are  developing  new 

ways to understand how the brain works and how it 

gives rise to behavior.

One of the most important factors that has contributed 

to  the  rise  of  computational  neuroscience  is  the 

development of powerful new computing technologies. 

These technologies have made it  possible to simulate 

large-scale models of the brain that would have been 

impossible to simulate just a few decades ago.

Another  factor  that  has  contributed  to  the  rise  of 

computational neuroscience is the growing availability 

of data about the brain. This data comes from a variety 

of  sources,  including  neuroimaging  studies, 
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electrophysiology  recordings,  and  genetic  studies.  By 

analyzing this data, computational neuroscientists are 

gaining new insights into the structure and function of 

the brain.

The  rise  of  computational  neuroscience  is  having  a 

major  impact  on  our  understanding  of  the  brain. 

Computational  models  are  helping  us  to  understand 

how different  parts  of  the  brain  interact  to  produce 

behavior. They are also leading to the development of 

new treatments for brain disorders.

For example, computational models have been used to 

develop  new  drugs  for  epilepsy  and  Parkinson's 

disease. Computational models have also been used to 

develop  new  surgical  techniques  for  treating  brain 

tumors.

The  rise  of  computational  neuroscience  is  still  in  its 

early stages, but it is already having a major impact on 

our  understanding  of  the  brain.  As  we  continue  to 

develop new computing technologies and collect more 
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data  about  the  brain,  we  can  expect  computational 

neuroscience  to  continue  to  revolutionize  our 

understanding of this most complex organ.
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Chapter 1: The Computational Brain

The  Brain  as  an  Information  Processing 

System

The  brain  is  the  most  complex  organ  in  the  known 

universe.  It  is  responsible  for  everything  from  our 

thoughts  and  emotions  to  our  movements  and 

memories. For centuries, scientists have been trying to 

understand  how  the  brain  works,  but  it  is  only  in 

recent  decades  that  we  have  begun  to  make  real 

progress.

One of the most important tools in this endeavor has 

been computational neuroscience. This field combines 

neuroscience and computer science to create models of 

the brain that can be used to simulate its activity. These 

models  have  helped  us  to  understand  how  different 

parts of the brain interact to produce behavior. They 

have also led to the development of new treatments for 

brain disorders.
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The  brain  can  be  thought  of  as  an  information 

processing  system.  It  receives  information  from  the 

outside world through our senses, and it processes this 

information  to  generate  thoughts,  emotions,  and 

actions. The brain also stores information in memory, 

and it can retrieve this information when it is needed.

The brain is made up of billions of neurons, which are 

specialized  cells  that  communicate  with  each  other 

through electrical and chemical signals. These signals 

are processed by the brain's  neural  networks,  which 

are complex circuits of neurons that perform specific 

functions.

The brain is a massively parallel system, which means 

that it can process many different pieces of information 

at  the  same  time.  This  allows  the  brain  to  perform 

complex  tasks,  such  as  understanding  language, 

recognizing objects, and making decisions.

The brain is also a highly adaptive system. It can learn 

new things and change its behavior in response to new 
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experiences.  This  ability  to  learn  is  essential  for 

survival,  as  it  allows  us  to  adapt  to  our  changing 

environment.

The brain is a truly amazing organ, and we are only 

just beginning to understand its incredible capabilities. 

Computational neuroscience is a powerful tool that is 

helping us to unlock the secrets of the brain, and it is 

likely to lead to many new breakthroughs in the years 

to come.
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Chapter 1: The Computational Brain

Neurons and Networks

Neurons  are  the  basic  building  blocks  of  the  brain. 

They are specialized cells that communicate with each 

other  to  process  information.  Neurons  come  in  a 

variety  of  shapes  and sizes,  but  they  all  share  some 

common features.

All  neurons  have  a  cell  body,  which  contains  the 

nucleus and other organelles.  The cell  body is where 

the  neuron's  DNA  is  stored.  Neurons  also  have 

dendrites,  which are  branched extensions of  the  cell 

body that receive signals from other neurons. Finally, 

neurons have an axon, which is a long, thin projection 

that transmits signals to other neurons.

Neurons  communicate  with  each  other  through 

synapses. Synapses are specialized junctions where the 

axon of one neuron comes into close contact with the 

dendrite of another neuron. When an electrical signal 
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reaches the end of an axon, it  triggers the release of 

neurotransmitters.  Neurotransmitters  are  chemical 

messengers  that  cross  the  synapse  and  bind  to 

receptors on the dendrite of the postsynaptic neuron. 

This binding of neurotransmitters to receptors causes 

the postsynaptic neuron to generate its own electrical 

signal.

The  way  that  neurons  are  connected  to  each  other 

forms neural networks. Neural networks are complex 

systems that  can process  information in  a  variety  of 

ways. Some neural networks are responsible for simple 

tasks, such as recognizing objects or moving muscles. 

Other  neural  networks  are  responsible  for  more 

complex tasks, such as learning and memory.

The study of neurons and neural networks is a major 

area  of  research  in  computational  neuroscience. 

Computational neuroscientists are using mathematical 

and computer models to understand how neurons and 

neural networks process information. This research is 
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helping us to understand how the brain works and how 

it gives rise to behavior.

13



This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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