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WHY DOES EVOLUTION MATTER?
CLASS 7: ADAPTATION & THE HUMAN MIND

In this class, we return to evolution in science, looking again at some of the themes we 
first explored in Class 3. We’ll be discussing what is meant by terms such as ‘genetics’, 
‘selection’, and ‘adaptation’, and will also look at one of the greatest mysteries in modern 
science: the evolution of human consciousness. This is a subject which is a major topic of 
debate not only in the science of evolution, but also in psychology, philosophy, and a 
number of other disciplines, as we try to answer the question: ‘What makes us human?’ 
You’ll have the chance to consider these topics in your own competition entries—and as 
always, top entries have the chance to win prizes! COMPETITIONS & PRIZES

We encourage you to participate in as many competitions as you can, 
but they are not compulsory. After the deadline for each competition, 
2 winners will be awarded with Amazon vouchers and top entries will 
be published on Inspire Digital.

How to submit your entry:

• Complete your competition entry and make sure it follows the 
guidelines listed for that competition

• Fill out the competition cover sheet

• Email your entry and your cover sheet to us at inspire@sjc.ox.ac.uk

The deadline for all competition entries for Class 7 is 5pm on Wednesday 
24 February 2021.
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COMPETITIONS:
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Competition 14: Is a robot a person? .................................................9
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Biology, Medicine, Psychology, Philosophy 
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POPULATION GENETICS
Darwin’s Origin of Species still provides the best single 
account of evolution, but modern discoveries allow us to 
fill in some details and make some additions. Learn about 
some of these here!

We now know that inheritance operates through deoxyri-
bonucleic acid (DNA), which contains all the information 
needed. It is organised into separate long threads called 
chromosomes. Bacteria have one circular chromosome 
each, while humans are diploid, which means they have 
each of their 23 linear chromosomes in two versions, one 
from their mother and one from their father. For our pur-
poses, we can think of DNA as a sequence of bases, each 
of which is either A, T, C or G. Mutations are accidental 

changes in DNA, including point mutations (where one of 
the four bases at a particular point in the sequence is re-
placed by a different base), and deletions and insertions 
(where a subsequence of bases is added or subtracted). Mu-
tations happen usually during meiosis or mitosis, and these 
would in a few generations make all individuals in a pop-
ulation genetically different even if by some fluke those at 

an earlier stage had all been identical. 
Genetic differences are important, 

as some variants will cause their bearer to have more off-
spring in their lifetime: genetic variants in dipoids are in-
herited by half of the offspring, and so those variants will 
tend to spread and become fixed in the population, while 
less successful variants will become extinct. This is the 
essence of ‘natural selection’, though there are complica-
tions: sometimes a variant’s advantage will depend on its 
own frequency, and so, for example, those that start off 
with an advantage may lose it before fixation and become 
stabilised at an intermediate frequency.

Darwin did not discuss genetic drift, which is a force in 
evolution distinct from natural selection. If a variant has 
only a tiny or zero effect on the average lifetime number 
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of offspring, then whether it spreads will be down to chance. 
The theory of such neutral and nearly-neutral mutations 
is very important. Many mutations are nearly neutral, in-
cluding ‘synonymous’ mutations, those that don’t change 
the amino acid being coded for in a coding sequence, and 
those in the ‘junk DNA’ that is never translated and seems 
to have no function. When we want to know how long it 
is since the common ancestor of humans and chimpanzees 
diverged, those neutral changes provide a ‘molecular clock’ 
to give us an answer. The theory of neutral change is math-
ematically very simple and has many beautiful results. The 
theory does not contradict Darwin, as Darwin was inter-
ested in evolutionary changes that do affect the appear-
ance and behaviour of the organism.

Darwin argued by analogy to artificial selection, and selec-
tion experiments show that virtually any character in any 
species can be selected. Today, scientists study exactly 
which genes are changing and how they change as selec-
tion takes place. Mathematicians use difference and dif-
ferential equations to follow gene frequencies over time 
under simplifying assumptions. Both provide further de-
tails about the workings of Darwin’s natural selection in 
particular cases.

Professor Alan Grafen, 
Tutorial Fellow in Quantitative Biology
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ADAPTATION

Darwin’s theory of evolution by natural selection states that the adaptations 
of an organism to its environment arise because of the greater chance 
of survival of those offspring that have a favourable variation caused by 
random mutation, which they then pass on to their offspring.

What a challenging idea this was! Ever since its introduction to the scientific and popular 
community in Darwin’s great book of 1859, On the origin of species by means of natural 
selection, some people have misunderstood and challenged it. How can such perfect, often 
very complex design possibly arise from random variation? How can an incipient, or in-
complete stage of an evolving adaptation be advantageous? Has there really been enough 
time for so vastly many changes to accumulate? How can a completely new kind of organ-
ism gradually evolve from its ancestor, when it must have changed so many of its charac-
ters, all of which had to stay tightly integrated with each other throughout? But every one 
of these and other objections has been successfully countered over the years by sound 
scientific evidence. The origin of even the most unlikely looking adaptations can be explained 
by a sequence of feasible intermediate stages of increasing improvement, all within the 
time shown by fossils to have been available. Here are two examples picked from a great 
many to illustrate this.

The human eye was often taken as a test for whether natural selection really can produce 
a complex new adaptation by numerous small steps: what good is half an eye? Zoologists 
can point to a perfectly possible sequence of stages, starting from no more than a small 
patch of pigmented surface cells in which photons of light stimulate a chemical reaction 
that creates an electrical potential.

This could have been followed by gradually shielding the pigment cells in a shallow cup, 
which would create a sense of the direction the light was coming from. A more restricted 
opening to the cup would the give the eye a degree of image discrimination, like a pinhole 
camera. If the liquid content of the cup became closed off and part of it optically denser, 
it would start to act like a simple lens, focussing the image more sharply at the back of the 
cup. With just a few more refinements, a virtually complete human eye would exist. Al-
though we cannot know for certain that this is how it evolved, it is not just guesswork. To 
start with, versions of all these stages exist today in various invertebrate animals. In each 
case, the light receptor, however simple, is well suited to the life of its modern possessor. A 
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human’s high-resolution image would be no more use to a sea anemone fixed to a rock 
than would its simple light sensitive patch of skin be to a human. Further indirect evidence 
comes from the embryonic development of the vertebrate eye, which goes through stag-
es generally similar to these. Thirdly, the exciting discovery that several of the same genes 
are involved in the development of the different kinds of eyes in very different animals, 
points to how relatively small changes in the genetic control could drive the succession 
of evolutionary steps.

Mammals are warm-blood-
ed, or more accurately en-
dothermic. Their tissues 
and organs have a high 
rate of metabolism, which 
generates enough heat to 
keep them fully active, 
even during the cool of 
night and in winter. Endo-
thermy is a very complex 
adaptation because many 
parts and processes of the 
body are involved in gen-
erating the high metabo-
lism, and in controlling, 
conserving, and utilising 
the high body temperature. Compared to reptiles such as lizards and crocodiles, mammals 
need to find, consume and digest ten times as much food a day and to breathe in and 
circulate around the body correspondingly more oxygen. They also need an insulating fur 
coat to prevent too much heat being lost, and the females must be able to keep the de-
veloping foetuses in the womb warm, and to nourish the young with milk after birth. We 
are fortunate to have discovered fossils of several intermediate grades between ancestral 
reptile-like animals and the earliest mammals which appeared about 200 million years 
ago. They are called synapsids, and the series below illustrates the gradual evolution of 
mammalian adaptations, over the course of about 120 million years.

We see how the limbs evolved faster and more agile movement to improve foraging, while 
at the same time the teeth and jaws became more effective for chewing. The front part 
of the rib cage enlarged for enhanced breathing. The senses of hearing and smell, and we 

The skeletons of four successive synapsids, from a primitive 
reptile-like grade at the top to an early mammal at the bottom. 
Photo creators have kindly allowed these images to be reproduced 
under Creative Commons licenses. *image inverted horizontally, 
and background removed.

Spenacodon
sphenacodontid-grade

Sauroctonus
therapid-grade

Procynosuchus
eucynodont-grade

Morganucodon
mammaliaform-grade

Fossil of a 260 million year old synapsid called Procynosuchus.
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can guess also sight, became more acute, and the brain enlarged. All these changes hap-
pened hand in hand, showing how even a major new kind of organism such as a mammal, 
with all its significant new adaptations, can evolve from its ancestor by natural selection 
acting on its correlated characters.

Dr Tom Kemp,
Emeritus Research Fellow in Biology Like mammals, birds are highly evolved endotherms. Scientifically they are 

thought of as miniature, feathered, flying dinosaurs. As with the mammal story, 
the fossil record of their evolution includes several intermediate grades of ad-
aptation, in this case various dinosaurs. Investigate the evolution of bird char-
acteristics such as bipedalism (walking on the back legs), feathers for insulation, 
air sacs to aid breathing, and wings for flying; here is a source you might start with.

Write a 300 word essay on what you have found out about how the ability of 
birds to fly evolved. You may want to include diagrams of your own to help ex-
plain your findings.

COMPETITION 13: 
EVOLUTION OF FLIGHT

CLICK HERE TO 
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HUMAN CONSCIOUSNESS 

What is consciousness? The notion of consciousness is one of science’s big 
mysteries, and in this article we will begin to explore what we do know about 
what consciousness is, how it evolves and how it affects our daily realities.

The mystery of human consciousness has plagued the minds of scientists 
and philosophers alike for centuries and remains one of the most incomplete 
areas of scientific research to date. Famously, the French philosopher Descartes 
once said, ‘I think, therefore I am’, capturing an idea that would drive research 
forward for many centuries to come, the idea that consciousness, broadly 
defined as the ‘mind’s subjective experience’, is a defining feature of our ex-
istence. Everything, from the taste of coffee on a cold winter's morning, to the 
sense of pride you feel when you excel in an exam, to the knowledge you’ll 
gain from reading this article, is consciousness. How, then, does the brain, the 
most complex piece of active matter in the known universe, turn its electrical 
activity into the feeling of life itself?

Although the emergence of consciousness on the evolutionary timeline is 
unclear, it is widely accepted that the existence of a sufficiently complex com-
munication system is necessary for its existence. In biology, this communication 
system often takes the form of a nervous system, and in our case, a brain. The 
idea that the brain acts as the seat of consciousness does not seem revolution-
ary. Yet, it is less obvious that it might first appear. After all, many internal 
organs, such as the liver, contain excitable tissues, much like the brain. Our 
digestive system is host to its very own enteric nervous system, consisting of 
~150-200 million neurons, and yet we do not ‘experience’ digestion in the same 
way as a lengthy dog walk, for example. In fact, large amounts of excitable 
neural tissue, such as that of the spinal cord and cerebellum, are essentially 
redundant when it comes to the generation of human consciousness. Quadri-
plegic patients, suffering from full body paralysis induced by trauma of the 
spinal cord, often retain an entirely normal consciousness despite loss of con-
scious motor control below the injury.

So, which regions of the brain are necessary for consciousness? All available 
evidence points to key involvement of the cerebral cortex – the outer surface 
of the brain. It is a laminated sheet of intricately interconnected nervous tissue, 
the size and width of a 14-inch pizza. Two of these sheets, highly folded, along 
with their hundreds of millions of wires – the white matter – are crammed into 
the skull. Recently, scientists have investigated the contribution of different 

cortical regions to consciousness by electrically stimulating the surface of the brain in live, 
conscious patients. During the activation of different cortical regions, patients reported a di-
versity of distinct sensations and feelings, including flashes of light, geometric shapes, distor-
tions of faces, auditory or visual hallucinations, a feeling of familiarity or unreality, the urge to 
move a specific limb, and so on. Although consciousness is dependent on the cumulative ac-
tivity of the entire cortex, one region appears to stand out: the ‘posterior hot zone’. Activity 
in this area of cortex, located at the back of the brain, is normally associated with visual pro-
cessing and sensory integration, but may also qualify as the minimal requirement for the 
generation of human consciousness. Further research will be necessary to tease apart the contri-
bution of this area to different aspects of consciousness, such as how we see, think and feel.   

Although the cortex may have all the pieces of the ‘puzzle’ of human consciousness, it 
requires another region of the brain to put them together. This coordination is provided by 
the thalamus, which acts as a ‘relay centre’ for neural information, conveyed through innu-
merable synapses connecting neurons to each other. The importance of this connectivity could 
help explain how human consciousness develops during the transition to adulthood. Although 
human foetuses can react to sensory stimuli, and even exhibit the ability to alter their facial 
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expression, these responses are likely pre-pro-
grammed, and of a subcortical origin. Even after birth, 
infants display only a minimal level of consciousness. 
However, during postnatal development, the brain 
undergoes enormous change, and as it matures, so 
does the consciousness it gives rise too. A burst of 
growth dramatically enhances connectivity between 
structures in the brain, giving rise to essential routes 
of communication between the thalamus and cortex 
known as ‘thalamocortical connections’ – an impor-
tant step towards the generation of complex con-
sciousness seen in adults. At the same time, these 
connections are refined during a process known as 
‘synaptic pruning’, continuing well into adolescence, 
in which unnecessary connections between struc-
tures within the infant brain are eliminated, much 
like a potter who continually adds and strips away 
unnecessary clay from their sculpture to create the 
perfect shape. 

As well as the maturation of our consciousness 
during our transition into adulthood, our subjective 
experience of the world constantly fluctuates on a 
24-hour cycle. Every night, all humans feel the need
to crawl into bed, close their eyes, and fall uncon-
scious – the need to sleep. Curiously, in certain phases
of the sleep cycle, neural activity begins to resemble
that of an awake human. Magnetic scanning of the
human brain during sleep has showed that the pos-
terior hot zone ‘lights up’ during dreaming, suggest-
ing that a basic level of consciousness can be experi-
enced during certain stages of sleep. The functional
benefits of dreaming, in which we consciously per-
ceive a world constructed from our own memories
and imagination, often extending beyond the realms
of physiological realism, are unknown. Some believe
that dreaming provides a way of consolidating our
subjective experience of the past period of wakeful-

ness or even regulate our mood, whilst others believe it is 
simply a restorative process necessary for the maintenance 
of normal activity in the brain. 

Whilst the loss of consciousness during sleep is almost 
certainly followed by the regaining of consciousness in 
healthy humans, the same cannot be said for some pa-
tients. Severe brain trauma can lead to patients existing 
in non-communicative states – ‘comas’ – in which their 
ability to engage in any physical movement is 
massively compromised. Yet, some of these 
patients retain their consciousness. Trapped 
in their own bodies, these patients be-
come ‘locked-in’, capable of hearing, 
seeing and feeling, but without the ca-
pacity to respond. Discerning how con-
scious these patients are is essential 
when considering how to manage 
their long-term healthcare. One pio-
neering technique involves creating 
electrical ‘echoes’, which can be re-
corded as they pass through different 
regions of the brain. When patients are 
unconscious, during dreamless sleep, 
for example, the echoes that are pro-
duced are simple. But in the conscious 
brain, the echoes are complex and spread 
widely over the surface of the cerebral cortex. 
In the future, by comparing the complexity of these 
echoes, we may be able to determine whether patients 
are ‘locked-in’, or truly unconscious. Similarly, the need to 
reliably detect how consciousness is altered in patients 
under general anaesthesia is becoming increasingly urgent. 
Every year, thousands of patients become conscious while 
under general anaesthesia, known as ‘dysanaesthesia’, 
during live surgical operations. They cannot move or speak, 
but they might be able to hear voices or equipment nois-
es, and to feel pain. The experience can be traumatic and 
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is fraught with ethical and legal ramifications for the doc-
tors who are caring for them. By monitoring changes in 
their consciousness, doctors may be able to develop meth-
ods of communicating with unresponsive patients, as well 
as ways of looking for signs of discomfort in such people. 

Clearly, the mystery of human consciousness is still very 
much a mystery. But there is one thing we can be certain 
of: consciousness is not static – it evolves. Our conscious-
ness is malleable. As well as its Darwinian evolution, con-
sciousness evolves as we grow into adults, it wanes and 
ebbs as we sleep, and it can be snatched away in dramat-
ic fashion as we fall to general anaesthesia or brain injury. 
As our technology advances and human consciousness 
becomes increasingly relevant to clinical practice, research 
will continue to unravel the neurobiology of consciousness, 
and how a 3-pound lump of grey matter, floating in a bony 
cage of fluid, can give rise to the essence of life itself.

Tom Johnson, 4th year Medicine student at St John’s College

FURTHER RESOURCES

Lovely, well-illustrated 
introduction to human 
consciousness, 
provided by TED-Ed. 

An interesting overview 
of the problem of 
human consciousness by 
The Economist on 
YouTube. It effectively 
introduces some key 
scientists/ philosophers 
in the field and their 
take on the matter.

Advanced (lengthy) lecture 
into the role of the brain in 
the generation of 
consciousness, presented by 
Christof Koch (Chief Scientist 
and President of the Allen 
Institute for Brain Science).

‘How to make a consciousness 
meter’, written for Scientific 
American by Christof Koch. 
The article offers an insight 
into the latest research into 
the creation of a 
‘consciousness meter’ for 
measuring consciousness in 
a medical setting. 
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The question of consciousness, and what makes a person a person, is a subject 
of huge debate not only in biology, but also in other subjects such as philos-
ophy and computer science. One area in which this question will become in-
creasingly important as technology improves is in robotics. Back in Class 3, we 
introduced you to the Oxplore question ‘Is a robot a person?’ Now that you’ve 
learnt a bit more about the evolution of the human mind, we’d like to return 
to this question. If you’ve not already had a chance to do so, take a look through 
the Oxplore resources on this topic.

After exploring the resources on Oxplore, write 
a 300 word essay in response to the question ‘Is 
a robot a person?’ You may also want to bring 
what you have learnt about human conscious-
ness into your answer!
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