
The Human Brain



Human Brain Development

• The brain is a remarkable 
organ that controls the 
complex activities which 
help define our humanity. 
It is never fully developed 
because it is constantly 
evolving and reshaping as 
a result of our 
experiences.



Why is it Important to Learn About the 
Human Brain?

• Brain health is mental health.
• We all experience mental distress (the brain’s 

expected and usual response to the stresses of 
everyday life) and mental health problems (the 
brain’s response to a severe or persistent life 
event).

• A mental disorder is when the brain is not 
functioning as it is supposed to function, leading 
to significant and persistent problems in a 
person’s everyday life.



Brain & Body

• The brain and the rest of the body are fully 
integrated, they can not be considered separately.

• The brain and the rest of the body are linked by 
the peripheral nervous system, the blood stream, 
the endocrine system and the immune system.

• The brain is in constant communication with the 
rest of the body and vice-versa.

• What is good for your brain is good for your bicep 
and vice versa.



The Cells of the Brain

• The brain is made up of cells called neurons and 
glial cells.

• There are many types of functions undertaken by 
glial cells, but their activity serves one great 
purpose: to provide support to Neurons.
➢ This support includes providing physical and 

nutritional support, mechanical support and 
engagement in immune responses.



The Neuron 

• Neurons are a type of 
nerve cells that send and 
receive information 
through the use of 
chemical (called 
neurotransmitters) and 
electrical messengers.



The Neuron 

A neuron is made up of three basic parts:
• Dendrites: the part of the cell that receives 

information,
• Cell body (soma): the part of the cell that 

contains the nucleus (which is responsible for 
other areas of the cell), 

• Axon: the part of the cell that carries 
information received by dendrites (and this can 
be covered in myelin sheath which speeds up 
signals).



Why are Neurons so Important? 

• They are organized in circuits that control all the 
brain’s activities.

• Activation of neurons is the method by which we 
learn and adapt to our environments.

• Problems in how neurons communicate with each 
other can negatively impact how the brain 
functions.



Brain Development: In Utero 

• The foundation for all of the organ systems of a 
newly developing individual, including the nervous 
system, is already in place by two months after 
conception (when the embryo becomes a fetus).

• Neuronal proliferation, a process during which 
there is a rapid burst of cell division that generates 
new neurons, happens between 2 ½- 5 months.



Brain Development: In Utero 

• Neuronal migration follows proliferation – this is 
when neurons move to the specific part of the 
brain where they will reside in the fully developed 
individual.

• Connections between neurons, called synapses, 
begin to form in a process called synaptogenesis.



Factors That Affect In Utero Development 
(not all with same potential impact) 

• There are many factors that affect in utero brain 
development:
• Preconception - Conception (mom and dad’s 

genes)
• use of psychoactive drugs (e.g., nicotine, 

alcohol, caffeine and more)
• Toxins from the environment (including viruses 

and bacteria)
• substantial stress (famine, war, etc.)



Brain Development:
Childhood to Adolescence

• Childhood is the stage during which our brains 
undergo the biggest changes; this is the time 
during which we learn language, how to apply 
logic, and understand personal thought processes. 

• All of the neurons in the brain are produced 
before birth, but they are poorly connected. The 
connections are strengthened in childhood



Brain Development:
Childhood to Adolescence

• “Sensitive periods” are periods of time in the life 
span during which pruning or selection of active 
neural circuits take place.



Brain Plasticity

• Brain plasticity, or neuroplasticity, describes how 
experiences can reorganize and change the 
connections in our brains at any age.

• The brain retains plasticity throughout our lives –
as we learn, the neural networks in our brains are 
constantly changing. 



Brain Plasticity

• The connections between the neurons in our 
brains can change such that new connections are 
made (for example, learning and remembering 
new concepts in the classroom), existing 
connections are strengthened (for example, 
mastering a previously learned skill), or existing 
connections are weakened (for example, 
forgetting a concept that is no longer perceived 
as important). 



Brain Plasticity

All students’ brains demonstrate plasticity. 
• Not all students who experience a learning or 

behavioural difficulty should be considered to be 
unchangeable. 

• Learning and behavioural difficulties present in 
varying degrees, but most young people 
demonstrate propensity for change in their brain 
due to concept of plasticity. 



Brain Plasticity

• These difficulties should be seen as challenges for 
students whose brains can change and improve 
through learning, and teachers can play an 
important role in interventions to make a positive 
difference in a child’s life 



Brain Development: 
Adolescent Brain

• The adolescent brain is not one of an older child or 
one of an adult, but rather a unique and rapidly 
evolving structure in its own right.



Brain Development: 
Adolescent Brain

• Development of the adolescent brain can be 
divided into three processes:
• Proliferation: rapid growth of brain matter and 

the formation of new connections within the 
brain.

• Mylenation: the insulation of brain pathways 
to make them faster and more stable. 

• Pruning: the cutting away of unused or 
unimportant connections..



Brain Development: 
Adolescent Brain



Brain Development: 
Adolescent Brain – The Limbic System & Prefrontal Cortex

• Two areas of the brain that are most affected in 
the developing teen brain are the limbic system 
and the prefrontal cortex. 

Image from:
http://www.aboutkidshealth.ca/EN/NEWS/NEWSANDFEATURES/Pages/My-limbic-
system-made-me-do-it.aspx



Brain Development: 
Adolescent Brain – The Limbic System & Prefrontal Cortex

• The limbic system is the area of the brain that is 
responsible for driving emotion, and it intensifies 
in the adolescent brain. 

• The prefrontal cortex is responsible for impulse 
control, thought analysis and other cognitive 
processing. This area of the brain is what mediates 
conflicting thoughts of right and wrong, and it is 
not fully developed in the adolescent brain.



Brain Development: 
Adolescent Brain – The Limbic System & Prefrontal Cortex

• The mismatch of maturation of the limbic system 
and the prefrontal cortex helps explain 
adolescent risk-taking behaviours, but also 
promotes adaptation and innovation.



Functions of the Brain 

1. Thinking or Cognition
2. Sensation and Perception
3. Emotion or Feeling
4. Signaling
5. Physical
6. Behaviour



Thinking or Cognition

• Includes all of our internal 
mental processes and 
functions.



Thinking or Cognition

The brain is constantly working by receiving and 
sending signals to put together the different pieces 
of our world. This includes:

• Planning
• Calculating
• Self-awareness sequencing

• Making judgments
• Comprehension



Sensation & Perception

• Sensation is when our senses gather information 
from our environment through sight, sound, smell, 
taste and touch, and send it to the brain. 

• Perception is the way we interpret these 
sensations to make sense of what is around us.

• We perceive with our brains, not with sensory 
organs (e.g. we see with our brain not with our 
eyes) 

• Sensation and perception are complimentary 
processes that determine how we experience our 
world. 



Sensation & Perception

• Our individual experiences shape how we perceive 
external stimuli, which makes our perceptual set 
somewhat unique from others’.



Emotion & Feeling

• Our brain is responsible for our ability to 
experience, label, describe and express feelings. 
Our emotions are personal and subjective, but the 
human brain processes our experiences into 
feelings we all experience (common to all 
humans). 



• Shame 
• Loneliness
• Guilt
• Frustration
• Resentment
• Serenity
• Annoyance
• Joy

• Anger 

Emotion & Feeling

Feelings include: 



Signaling

• Being responsive and reacting to the environment.
• Our-hard wired response mechanism to external 

stimuli. 
• Allows us to employ our “fight-or-flight” 

mechanisms for example; it is what tells us to 
jump out of the way of oncoming traffic.

• Also promotes adaptation and resilience through 
the normal stress response and its “excite and 
delight” capacity. 



Physical

All of our physical functions are under the control of 
our brain:

• Respiratory System
• Circulatory System
• Nervous System
• Genitourinary System
• Digestive System
• Musculoskeletal System



Physical

• Examples as to how the brain controls different 
physical functions include: 
• Regulation of our breathing rate (respiratory 

system) 
• Regulation of heart-rate and blood pressure 

(circulatory system)
• Obtaining sensory information from our 

bladder (genitourinary system)



Physical cont.

• Examples continued: 
• Drinking and feeding behaviours, and our 

muscles for eating and elimination (digestive 
system)

• Sensory receptors in our body send signals to 
the brain about body position and in turn our 
body sends signals to make us move 
(musculoskeletal system)

• Hormones send feedback to the brain to affect 
neural processing and body control (endocrine 
system)



Behaviour

• Behaviour is the way we act; it’s our ability to 
interact with others and our environment through 
‘doing’. Our behaviour includes our actions in 
response to internal or external stimuli. These 
include:
• Social interactions
• Sexual activity
• Acts of kindness
• Acts of aggression
• Goal directed activities
• Relaxation activities



The Brain & Its Environment

• Everything outside the brain is its environment.
• A stressor is anything that arises in the 

environment and impacts on the brain (eg: sound; 
chemical; smell; touch; etc.).

• How our brains function depends on a complex 
relationship between their innate (genetic). 
characteristics and the environment they are in

• Environments can change brains and brains can 
change their environment.



Environment & the Brain

• Environments can change how the brain functions 
(e.g. use it or loose it phenomenon).

• This occurs not though the relatively slow process 
of evolution (natural selection) but through the 
relatively rapid process of epigenetics.

• Our discovery of epigenetic processes has made 
“nature” vs “nurture” debates historical relics.



Epigenetics

• Epigenetics is any process that can alter gene 
activity without changing the DNA sequence.

• Mental disorders are caused by a complex 
interaction of genetic and environmental factors.

• Our behaviour is influenced by our genes and how 
they are expressed, and scientists have 
determined through the study of epigenetics that 
gene expression (what genes do) can be altered by 
our environment.



Epigenetics

• The blueprint for our DNA is already there, but our 
experiences and circumstances in life can either 
“turn on” or “turn off” combinations of genes that 
can express illness, whether it be mental or 
physical.

• The study of epigenetics can help to explain why 
some people are more susceptible to mental 
illness, while others are more resilient – it’s a 
combination   of nature and nurture!



We are our brains and our brains are us. It is 
impossible to understand health, mental health and 
who we are as humans without understanding how 
our brains work.  


