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Human Brain Development 
Mental health is brain health and mental illnesses arise from perturbations in usual brain functioning. In module 
3, we will learn educator useful basic information about the developing human brain and its 6 fundamental 
functions. This is not a neuroscience course but completion of this module will help provide you with knowledge 
about the brain and its functions that you will find useful in your teaching career.

Learning objective
In this module, you will:

 ● Better understand the human brain and its functions in health and illness;
 ● Appreciate the importance of a healthy brain for mental health. 

It is not possible to understand mental health or mental illness without understanding our brains. All our 
emotions, cognition, behaviour and everything that makes us human comes from our brains, the most complex 
entity known.

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. 

What is the human brain made of?
Commonly referred to as the “master control centre”, the brain controls everything from physical functioning 
(such as our ability to digest food, throw a ball and breathe) to complex creative processing (such as our ability 
to produce art, literature, music and ideas that define our humanity) – and everything in-between!

The brain is made up mostly of water and fat, which are the building blocks of cells called neurons, glial cells 
which support neurons and perform various brain functions and other components as well. Neurons are a type 
of nerve cell that send and receive information through the use of chemical (called neurotransmitters) and 
electrical messengers. Neurons are arranged in complex networks called circuits. These circuits control 
specific brain functions and are connected directly or indirectly to most other circuits controlling other functions 
within the brain. Every brain activity is controlled by one or more brain circuits. 

We are learning more about the brain almost daily. Indeed, just over the past few years, entire sets of cells (the 
mirror cells) and systems that are related to immune response and brain health (for example the glymphatic 
system) have been discovered. Much is known about the brain but more is yet unknown and research into how 
the brain functions in health and in disease is one of the major international research directions of this decade. 

The outer layer of the brain is called grey matter, and it is made up of densely packed neuronal cell bodies (or 
soma), dendrites and glial cells. Grey matter contains the brain’s processing and learning centres. The axons 
(connecting parts) of these cell bodies make up another component of the brain called white matter. It is called 
white matter because the myelin sheath (which speeds up signals in the brain) that covers the axons is fatty, 
giving the tissue an off white colour.

The brain is divided into sections called lobes which are further subdivided into unique areas. These areas are 
involved in various types of brain function but most brain functions involve many different areas. 

Module 3
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Fig. 3.1 Mapping the functions of the brain

Human brain development*

The brain develops and changes over our entire lifetime beginning from the time of conception. It is important 
for educators to understand human brain development because the relationship between a child’s learning and 
social development and their brain is fundamental. It is our brains that help us successfully adapt to the 
challenges and opportunities of our lives. Without healthy brain functioning we can have neither health nor 
mental health. Our brains mold our environments and in turn, our environments mold our brains. It is this 
bi-directional relationship that allows us to develop and express all those things that make us human. 

Brain Plasticity

Brain plasticity describes how experiences can reorganize and change the connections in our brains at any 
age. As we learn, the neural networks in our brains are constantly changing. 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). It’s important to realize that all students’ brains demonstrate plasticity. This 
means that not all students who experience a learning or behavioural difficulty should be perceived as 
unchangeable. New skills and ways of doing things can be learned across the life span. However, not 
everyone learns equally well. Individual differences exist within the overall and different brain regions (and the 
connections amongst them develop at different rates and time across the lifespan.*

In some ways, the brain is never fully developed because it is constantly reshaping to meet the 
demands of everyday life
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*See Deeper Dive: Brain growth and development

Epigenetics, a new brain frontier:

Although we do not know everything we need to know, we have learned a fair bit about how brains work, in 
health and in disease. All brain activities depend on the genes in the brain. These genes are received from our 
parents (and from our grandparents, and back down the historical road of all of our ancestors) and turn on and 
off in response to their own internal clocks. However, we now also know that our environments may also play a 
role in how these genes work. Scientists have only recently discovered the process through which the 
environment (remember the definition of environment described above) can impact on how the genes in the 
brain function. There is now an entire branch of brain science dedicated to research in this area. It is called 
“epigenetics”. The following diagram (Figure 3.1) provides a simple illustration on how the brain and 
environment interacts with each other, which leads to various outcomes:

Figure 3.2 – The Complex Relationship Between Genes and Environments
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Epigenetics, strictly defined is any process that can alter gene activity without changing the DNA sequence of a 
gene (so, a gene mutation or the natural selection that occurs in evolution would not be considered to be part 
of epigenetics). Our behaviour and all other brain functions is influenced by our genes and how they are 
expressed (are they turned on or turned off), and scientists have determined through the study of epigenetics 
that some gene expressions can be altered by our environment (meaning that there can be environmental 
factors that influence how genes work). Essentially, 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!  
Epigenetics explains how these work together.

This is a very complex process and we still have much to learn about it. And, no doubt as we learn more we 
will refine our understanding. At this point we can say that all brain activity (and therefore everything about us) 
depends on the activity of genes but that gene activity itself depends upon a complex interplay between the 
person and their environment that begins at the time of conception and continues across the life span. And, 
because we are all genetically different and yet very similar at the same time, and because we all have shared 
and unshared environments, we will all have life paths that are both different and the same. This understanding 
can help us avoid simplistic explanations for why we are what we are and at the same time can encourage us 
to learn more about our brains and how they function to make us what we are.

Six main brain functions
We can break down the main functions of the brain into six separate but integrated components. These 
include: 1) thinking or cognition, 2) perception or sensing, 3) emotion or feeling, 4) signaling, 5) physical or 
somatic and 6) behaviour. 
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1. Thinking or Cognition

Thinking or cognition includes all of our internal mental processes and functions. As the “master control 
centre”, the brain is constantly working by receiving and sending signals to put together the different pieces of 
our world. This includes but is not limited to: 

 ● Planning • Reasoning • Calculating • Decoding symbols • Self-awareness • Focusing
 ● Sequencing • Paying attention • Making judgments • Memory storage • Comprehension 
 ● Contemplation • Social understanding • Social decision making 

The frontal lobes are responsible for the majority of conscious thoughts.

2. Sensation and perception

Sensation and perception are complimentary processes that determine how we experience our world. 
Sensation is when our senses gather information from our environment through sight, sound, smell, taste and 
touch, and send that information to the brain via the peripheral nervous system. Perception is the way our brain 
interprets these sensations to make sense of what is around us. Our individual experiences shape how we 
perceive external stimuli, which makes our own perceptual set somewhat unique from others. It is important to 
understand that it is the brain that creates the perception that we experience. We do not see with our eyes, we 
see with our brains. We do not touch with our fingers, we touch with our brains.

3. Emotion or feeling

Our brain is responsible for our ability to experience, label, describe and express feelings. It also is able to 
inform us of what others are feeling or likely to be feeling. Our emotions are personal and subjective, but the 
human brain spontaneously creates and/or processes our experiences into feelings we all experience, which 
include, for example:

 ● Joy    ●   Shame
 ● Anger    ●   Loneliness
 ● Sadness   ●   Guilt
 ● Consternation   ●   Resentment
 ● Demoralization  ●   Serenity
 ● Happiness   ●   Annoyance

We have developed a rich lexicon to categorize and describe nuances in our emotional states. For example, 
disgruntled and disappointed are somewhat similar yet very different emotional states. 

4. Signaling

Signaling is our-hard wired response mechanism to external stimuli. Our brains are constantly experiencing 
and responding to stressors from the environment. One of the most important jobs our brains have is to create 
successful responses to our environments and to remember (learn) what responses worked well and which did 
not work so well for use in the future (adaptation).
Our signaling mechanism is what allows us to employ our “fight-or-flight” mechanisms and our “excite and 
delight” mechanisms. It is the signal that our brains use to tell us adaptation is needed – to a challenge or an 
opportunity.

Our signaling system is important to consider in the context of mental health because it is directly related to 
Anxiety Disorders. Usual daily stressors are both ubiquitous and necessary for growth and development. The 
“stress response” is usually our friend, not our enemy. It drives us to adapt and learn – to become resilient. But, 
a dysfunction in one or more of the neural circuits of the signaling mechanism may lead to an Anxiety Disorder. 
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In this situation, the danger response signals operate in the absence of danger.

5. Physical

All of our physical functions are under the control of our brain. This includes the respiratory, circulatory, 
genitourinary, digestive, musculoskeletal, endocrine and immune systems.  For example:

 ● Regulation of our breathing (respiratory system)
 ● Regulation of heart-rate and blood pressure (circulatory system)
 ● Being aware of sensory information from our bladder (genitourinary system)
 ● Drinking and eating behaviours, and conscious control of 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 our muscles to make us move in a particular way (musculoskeletal system)

6. 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. Every behaviour is the result of a 
complex interplay between all of the other brain functions. We use all of these brain functions every second of 
every day and are largely unaware that we are doing so. Our brain integrates all of these functions to enable 
us to do even the simplest task. These include:

 ● Social interactions
 ● Sexual activity
 ● Acts of kindness
 ● Acts of aggression
 ● Goal directed activities
 ● Relaxation activities

Mental health/mental illness and the brain
Understanding brain development and how the brain works is essential to our understanding of mental health 
and mental illness. Everyone has mental health, which is synonymous to brain health. If you recall Module 1, 
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 negative life event(s). In these 
situations, our brains are functioning as they have evolved to function. 

At different times in our lives we experience our mental health in different ways – sometimes more positively 
and other times less so. 

It is important to note that mental health does not mean having only positive thoughts and emotions. Most 
negative emotions are a sign of good mental health. A mental illness, however, 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 (these will be discussed more extensively in Module 4). In over-simplified but conceptually solid terms, the 
brain is the part of the body that provides the basis for everything that we consider being part of mental health 
and wellness. We cannot have mental health without a healthy brain and we cannot understand mental health 
or mental illness unless we have knowledge about our brains and how they function. Talking about mental 
health without knowing about the brain is akin to talking about exercise without knowing anything about our 
muscles or our heart.

Mental disorders are usually caused by a combination of genetic and environmental factors that interact with 
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each other over time to create the phenomenon which results in a diagnosis of a mental illness. Careful, 
painstaking basic science and social research has gradually over time led us to a much better understanding of 
how our brains work, but compared to what we can know about the brain, what we actually do know is still a 
very small amount. What we have learned however, is that many, if not most, historical explanations of why 
people act in a certain way or why some people develop a mental illness are not only overly simplistic but 
actually incorrect. Unfortunately many of these historical explanations are still embraced by some people and 
continue to get in the way of better understanding. As our knowledge about the brain grows and becomes more 
widespread, we will hopefully move beyond simple-minded mantras to embrace the complexity of human 
existence with humility. So, if we don’t understand how our brains function, we can’t understand health, mental 
health or who we are as humans.*

Activity 3.1: We have covered a lot of new ground in this module, and some of it may be new information to 
you. Good pedagogy suggests that a review of key information may be helpful. Please go through the 
PowerPoint “The Human Brain”. Enjoy the review.  

Supplementary resources 
The Teen Brain www.teenmentalhealth.org/learn/the-teen-brain-2/ 

There is increasing awareness about the impact that brain injury (such as concussions) can have on the health 
and mental health of young people. If you are interested in learning more about brain injury (concussions) in 
teenagers, check out:

Brain Injury www.teenmentalhealth.org/learn/brain-injury/

Recovery from Concussion https://www.cdc.gov/headsup/basics/concussion_recovery.html 

Self-Assessment 
 1. The human brain is the source for both mental health and mental illness. 
 2. The different brain function are controlled by various circuits that include neurons and use various 
  chemical messages for communication between neurons. 
 3. Epigenetics is the study of how the human brain differs from the brains of other primates. 
 4. Some of the functions of the brain include: cognition, perception and behaviour. 
 5. The adolescent brain undergoes many changes including cerebral dissemination. 
 6. The limbic system plays an important role in emotions.

Self-Assessment Answer Key
1) T  2) T 3) F  4) T 5) F  6) T


