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Consciousness

• “Consciousness” derives from the Latin 
conscientia which primarily means moral 
conscience or, in the literal sense, shared 
knowledge

• Oxford Dictionary:
1. Awareness of
2. The totality of a person’s thoughts and 

feelings or a class of these



  

Consciousness in 1600



  

Consciousness

• Qualities such as:-

– Subjectivity
– Self-awareness
– Sentience (perception through the senses)
– Sapience (wisdom)
– Ability to perceive relationships between 

oneself and one’s environment



  

The human brain

• The most complex object yet discovered anywhere in 
the Universe is the organ that fills the space between 
our ears

• Although weighing only about 1300 to 1500 grams 
(3 - 4 pounds) the human brain contains over 11 billion 
specialised nerve cells or neurons

• It is not the number, but how they are organised and 
interconnected that amazes



  

Processes, not definitions

• Karl Popper:-

“Knowledge and understanding advance not 
through asking for definitions of what 
things are, but through asking why they 
occur and how they work”



  

This evening

• Evolution of the human brain

• The building block of the human brain

• The main structures of the human brain
 
• Consciousness

• Conclusions 



  

Perspective



  

Energy pyramids and food 
chains



  

Did you know…..

It has been estimated that 100 billion tons of sugar 
is made every year by green plants, marine algae 

and some bacteria (cyanobacteria) 

That is equal to the weight of 666 million 
blue whales



  

Evolution of the human brain



  

Human evolution



  

Human evolution



  

Evolution of homo sapiens 
sapiens

Australopithecus
4 - 2 mya



  

Evolution of homo sapiens 
sapiens

Homo habilis
2 mya

Homo erectus 
1.8 mya - 200,000 ya



  

Evolution of homo sapiens 
sapiens

Homo sapiens (500,000 ya) & 
Homo sapiens neanderthalensis 

(250,000 ya)

Homo sapiens sapiens
100,000 ya



  

Evolution of consciousness

One foot tall statuette 
carved from ivory 
30000 years ago.

Feline face and human body
are evidence of artist's 
ability to think abstractly



  

Evolution of consciousness

Cave painting of a female bison 12,000 years ago demonstrating ability of 
painter to retain visual memory of a bison before painting it 



  

Evolution of brain size

• Throughout mammalian and primate evolution, there 
has been a gradual increase in brain size

• BUT, a spike occurred about 1.5 million years ago 
-4 million years after the human lineage diverged from 
that of the great apes – in which the human brain tripled 
in size 



  

Rate of brain evolution



  

Primate brain sizes



  

Brain structure and size



  

Evolution of the human brain
•Genes that control development of size of brain especially the cortex

- e.g ASPM gene



  

Differential expansion

• Different parts of the human brain have increased in size
at different rates

•The cerebral cortex has expanded more than other areas 
and within the cerebral cortex some areas have expanded 
differentially while others have lagged behind



  

Magnetic Resonance Imaging 

A. Bonobo brain B. Human brain

Ventro-orbital
pre-frontal cortex

Ventral stream of the
visual cortex

Hypothalmic 
neuroendocrine region



  

Evolution of the human 
brain: relative size matters



  

Co-evolution of size and re-
organisation

• Brain reorganisation and size increase probably occurred in 
parallel during human brain evolution

• End result is that the human brain is NOT JUST a scaled-up 
version of a mammalian brain or even an ape brain



  

Human Brain, diet and 
parenting

• Evolution of large, complex brain created need for immense 
amount of energy

• The human brain weighs just 2% of adult body weight but 
requires 15% of cardiac output and metabolic budget when at rest

• Easily digested energy-rich foods permitted evolution of smaller 
stomachs and surplus energy used to feed expanding brain

• A feed back loop was created that rewarded intellect

• Bigger brains, better diet, longevity and parental care



  

Benefits

• For natural section to work, costs of brain evolution must be 
outweighed by the advantages gained in terms of fitness

• Why did the brain increase in size so dramatically? And why did
the neocortex in particular show such dramatic changes?



  

Neocortex size and social 
behaviour

• Front of the brain - the neocortex - is where information is 
interpreted and this capacity underlies social interactions

• Number of problem-solving cognitive tasks you can do may well 
depend on how much frontal lobe volume you have and how it is 
organised

• Compare running a chess game on a 1980s personal computer 
with a 21st century mainframe!

•Neocortex enhances both the capacity to make use of variability 
in behaviour and the capacity to deal with resulting ambiguities 
and uncertainties. Behavioural complexity.



  

Neocortex size and social 
behaviour

• Brain evolution in primates has been driven by the need to 
manage social relationships

• More complex social interactions mean that individuals are better 
able to pool resources to solve problems like finding food and so 
they survive better

• Theory supported by a correlation between social group size and 
neocortex size across primates and modern humans



  

The building block of the brain: 
the neuron



  

Neurons transmit messages in 
the brain

Myelin Sheath

Nodes of
Ranvier

Axon Terminals

Dendrites

Nucleus

Cell Body
(Soma)

Dendrites bring information to the cell body and axons take information 
away from the cell body



  

Neurons come in many shapes 
and sizes



  

Transmission of Nerve Impulse

Transmission speeds of from 1 to 100 m/s



  

Communication of electrical 
signals

For communication between neurons to occur, 
an electrical impulse must travel down  to an axon to the 

synaptic terminal



  

Neurons communicate via the 
synapse

Electrical signal

Chemical Signal

Synapse

Astrocytes 
support cells

Each neuron has approx. 10,000 synapses



  

Making connections



  

Neural Growth Cone



  

Development of the brain



  

Axon guidance in developing 
visual system of the fruit fly

Drosophila compound eye consists of 750 ommatidia each ommatidium 
containing 8 photoreceptor cells, R1 – R8



  

Axon guidance in developing 
visual system of the fruit fly

Axons of PR cells connect to different synaptic layers in the brain



  

The human brain: key parts



  

Functionality of the brain



  

Three Basic Units of the 
Human Brain

Rational brain
Neocortex

Intellectual tasks

Intermediate  brain
Limbic system

Emotions

Primitive brain
Self preservation/aggression



  

Evolution of the brain: the 
reptilian brain



  

The reptilian brain
• it evolved around 500 million years ago and is like the entire brain 
of present-day  reptiles
• the brain stem is the oldest and smallest region in the human brain
•  it's 'preverbal', but controls life functions such as autonomic brain, 
breathing, heart rate and the fight or flight mechanism 
• lacking language, its impulses are instinctual and ritualistic 
• concerned with fundamental needs such as survival, physical 
maintenance, hoarding, dominance, preening and mating 
• also found in lower life forms such as lizards, crocodiles and birds 
• found at the base of your skull emerging from your spinal column 



  

Evolution of the mammalian 
brain

About 250 mya, a new region 
arose: the limbic 
system 

• hippocampus forms & stores 
memory, and complex 
cognitive processing

• amygdala associated with 
forming complex emotional 
responses esp. aggression

• in HD, the connection of the
limbic system with frontal lobes
is damaged



  

Evolution of the mammalian 
brain

About 200 mya, the cerebrum was developed



  

Consciousness….



  

Consciousness

• Descartes (1596-1650) :-

'I think, therefore I am' 

('cogito ergo sum') 



  

Consciousness

•What is the neural substrate of consciousness?

•William James (1870) thought is was the whole brain

More recent questions were:-

•Are there neurons endowed with a special location or 
intrinsic property that are necessary and sufficient for 
conscious experience?
•Does primary visual cortex contribute to conscious 
experience?
•Are brain areas that project directly to prefrontal cortex 
more relevant than those that do not?



  

Consciousness

Problem:-

• How could the possession of some 
particular anatomical location or 
biological feature render some 
neurons so privileged that their 
activity gives rise to subjective 
experience?



  

Consciousness

Alternative question:-

• What kinds of neural processes might 
account for key properties of 
conscious experience?



  

Consciousness

• Any theory has to account for the 
extensive properties & processes of 
consciousness



  

Features of conscious states
General

1. Conscious states are unitary, integrated and constructed by the brain
2. They can be enormously diverse & differentiated
3. They can be temporally ordered, serial & changeable
4. They reflect binding of diverse modalities

Informational
1. They show intentionality
2. They have widespread access & associativity
3. They have centre periphery, surround & fringe aspects
4. They are subject to attentional modulation, from focal to diffuse

Subjective
1. They reflect subjective feelings, mood, pleasure & unpleasure
2. They are concerned with situation & placement in the world
3. They give rise to feelings of familiarity or its lack



  

Consciousness
• Consciousness is not a ‘thing’ but a process or 

stream that is changing on a time scale of 
fractions of seconds and it emerges from the 
interaction of the brain, the body and the 
environment

• Current theory characterises two processes:-
– Conscious experience is integrated
– At the same time conscious experience is highly 

differentiated



  

Consciousness
• Integration

– Property shared by every conscious moment 
irrespective of specific content: we see the redness 
and the square-ness of a red square all at once

– Each conscious state comprises a single “scene”
– Consider a conscious scene that is not integrated i.e. 

one which is not experienced from a single point of 
view

• Split-brain patients
– Unity entails ‘privacy’ i.e. it is always experienced 

from a particular point of view and cannot be fully 
shared



  

Consciousness
• Differentiation

– While each conscious moment is an integrated whole, 
extraordinary differentiation or complexity

– The number of different conscious states that can be accessed 
over a short period of time is exceedingly large

– E.g. we can easily discriminate between innumerable scenes 
within a fraction of a second

– The occurrence of a given conscious state implies an extremely 
rapid selection among a repertoire of possible conscious states 
as large as ones experience and imagination

– Differentiation among a repertoire of possibilities constitutes 
information leading to different consequences in terms of 
thought and action



  

Integration and differentiation

• Differentiation without integration leads to 
lots of information but not tied into a scene

• Integration without differentiation leads to 
a state where functional specialization is at 
a low level thus not providing the variety 
components necessary to construct a 
scene



  

Consciousness: the problems
• The contrast between the diversity & changeability of 

conscious states & the unitary appearance to the 
conscious individual of each conscious state
– This unity requires binding together of diverse sensory 

modalities
• The property of intentionality

– Consciousness often about objects or events
– At the same time, consciousness is modulated by attention and 

has wide access to memory & imagery
• Subjective feelings or qualia

– The experiencing of the redness of red, the warmness of warmth
– “What is it like being a bat?” i.e. subjectivity cannot be fully 

understood or explained in objectivist terms



  

Consciousness
• Consciousness is not a property of a single brain 

location or neuronal type but rather is the result 
of dynamic interactions among widely distributed 
groups of neurons

• The major system that is essential for conscious 
activity is the thalamocortical system

• Damage to the thalamus (and brain stem) can 
abolish the state of conscious while damage to 
the sensory cortex deletes specific conscious 
features such as colour vision, visual motion, 
conscious experiences of objects & faces etc



  

The Thalamocortical system

Note interactions between posterior thalamocortical areas involved in perceptual
categorisation and anterior areas related to memory, value & planning



  

The thalamus



  

The hippocampus: transferring 
information into memory

Makes new memories: allows us to live in the present 



  

Experimental approaches: 
Binocular rivalry experiments

• Conscious experience involves the 
activation or deactivation of widely 
distributed brain areas

• Compare responses to a simple sensory 
input when a subject is unaware of it 
versus when the subject is aware of it



  

Magnetic resonance



  

Binocular rivalry in subjects conscious 
and unconscious of stimulus



  

Getting connected: neural 
darwinism



  

Brain pathways

Brain region 1

Brain region 2

Brain region 3

Interconnected neurons form brain pathways which allow 
communication between different brain regions. 
Pathways strengthened by “reentrant mapping”



  

Experiential selection and 
reentry: reward pathways

The reward pathway is responsible for driving our feelings of motivation, 
reward and behaviour



  

Dopamine Pathways 

Nigrostriatal pathway 
Substantia Nigra to Striatum 
. Motor control 
. Death of neurons in 
this pathway can result in 
Parkinson's Disease 

Mesolimbic and Mesocortical pathways 
Ventral Tegmental Area to Nucleus 
Accumbens, Amygdala & Hippocampus, 
and Prefrontal Cortex 
. Memory 
. Motivation and emotional response 
. Reward and desire 
. Addiction 
. Can cause hallucinations and 
schizophrenia if not functioning properly 

Tuberoinfundibular pathway 
Hypothalamus to Pituitary gland 
. Hormonal regulation 
. Maternal behaviour (nurturing) 
. Pregnancy 
. Sensory processes 



  

The Few Rule the Many

Dopamine and another neurotransmitter called Seratonin are released by a small number 
of neurons in the brain. But each of these neurons connects to thousands of other 
neurons. 
For this reason, dopamine and serotonin have a great deal of influence over complex 
brain processes 

Raphe Nuclei



  

Long-lasting brain cell changes

A normal brain cell A brain cell from a meth-
addicted brain



  

Key concepts of consciousness

• Primary consciousness
– Manifests when the maps of the sensory modalities, 

reentrantly connected, interact with value-category, 
tying sensory input to associations and value-laden 
concepts from past experience

– It creates a remembered past
– Creates evolutionary advantage of constantly relating 

current input to past associations allowing for 
avoidance of past dangers and gravitation towards 
rewarding situations

– Neural complexity os required and a balance between 
differentiated functions and their integration



  

Higher consciousness
• Higher consciousness, as exhibited in humans, 

requires linguistic ability and the integration of 
these symbolic capabilities into the process of 
primary consciousness

• Reentrant activity between language centres 
and the rest of the associational cortex have 
enabled humans to attach symbolic 
representations to the brain’s own activity 
patterns allowing for reference to inner states, 
events and objects in the new context of 
grammatical relations



  

Mechanisms of primary and higher 
order consciousness

Edelman, Gerald M. (2003) Proc. Natl. Acad. Sci. USA 100, 5520-5524



  

Key concepts of consciousness

• Dynamic core

– Is the current but constantly changing pattern of 
reentrant neuronal groups that are active at any one 
time

– Process of their reentry is basis of consciousness
– How can the reentrant activity account for both the 

unitary nature of consciousness as well as its 
complexity and changeability?



  

Key concepts of consciousness

• Conscious and unconscious
– Conscious behaviour is included in the dynamic core, 

unconscious is not
– There are circuits that begin with output from the 

cortical areas but are not heavily reentrantly 
connected to those areas

– Instead, the pathways run in long loops and are 
functionally segregated and independent from other 
areas

– When an output is made from dynamic core to these 
areas, the areas then carry out the behaviour in an 
isolated fashion from the core and therefore not in the 
conscious mind  



  

Conclusions
• The evolution of consciousness is inseparable 

from the evolution of the human brain
• Mind is a complex structure derived from various 

localised functions that are bound together in 
unitary awareness

• How do all the flows and electrochemical 
processes give rose to the inner experience of 
subjective awareness and intentionality?


