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A cricket and a horsehair worm

• https://www.youtube.com/watch?v=D7r1S6-
op8E

https://www.youtube.com/watch?v=D7r1S6-op8E


Parasites

• Parasites hijack the body of a host 
organism in order replicate 
themselves.

• Often they harm the host in the 
process:
– E.g., Horsehair worms
– E.g., Viruses and bacteria

• But sometimes they don’t. Indeed, 
sometimes they are even beneficial.
– E.g., Human gut bacteria
– E.g., The algae in fungi that create 

lichen 



Behaviour-altering parasites

• Some parasites boost their own ability to 
replicate by altering their host’s behaviour. 
Sometimes they even cause their hosts to 
engage in risky or suicidal behavior. 



Example: 
toxoplasmosis

• Mice and rats infested 
with toxoplasmosis lose 
their instinctive fear of 
cats, and crave the smell 
of cat urine.

• This suicidal behaviour 
helps the toxoplasmosis 
parasites get into the 
stomach of a cat, and 
complete their life cycle.

• It also infects about 40% 
of human New 
Zealanders. It is possibly 
correlated with risky 
behaviour (e.g., car 
crashes.)



• Cholera causes diarrhea, 
which, while often 
killing its host, also 
helps cholera spread 
(since cholera is spread 
by water and food 
contaminated with 
feces). 

Another example: cholera



The topic of this talk is a type of thing 
that survives and replicates by 

parasitizing human beings

Memes



What are memes?

• They are units of cultural transmission
– They are ideas and behaviours that spread from 

human to human.

• They include:
– Beliefs

– Scientific theories

– Ideologies

– Religions

– Ways of doing things

– Learnt patterns of behaviour



• “Examples of memes are tunes, 

ideas, catch-phrases, clothes 

fashions, ways of making pots or of 

building arches. Just as genes 

propagate themselves in the gene 

pool by leaping from body to body 

via sperms or eggs, so memes 

propagate themselves in the meme 

pool by leaping from brain to brain 

via a process which, in the broad 

sense, can be called imitation.”

Richard Dawkins



• “If a scientist hears, or reads 

about, a good idea, he 

passed it on to his colleagues 

and students. He mentions 

it in his articles and his 

lectures. If the idea catches 

on, it can be said to 

propagate itself, spreading 

from brain to brain.”

Richard Dawkins



What makes a meme virulent, and 
good at spreading?

1. Being useful

– E.g. the meme, “put soap on a screw to lubricate 
it”



What makes a meme 
virulent, and good at 

spreading?

2. Being supported by 
evidence

• E.g., the meme, 
“E=mc2”



What makes a meme 
virulent, and good at 

spreading?

3. Being able to explain away 
contrary evidence. 

E.g., Conspiracy theories, 
which include within them the 
idea that the government, or 
the media, or scientists, are 
conspiring in a giant cover-up.





What makes a 
meme virulent, and 
good at spreading?

4. A meme can be 
especially virulent if it 
contains the idea that 
the meme should be 
accepted on faith
rather than justified by 
rational inquiry.

• This idea is a 
common component 
of religions.



What makes a 
meme virulent, and 
good at spreading?

5. A meme can also 
gain virulency by 
containing the idea that 
it should be taught to 
children at a young and 
impressionable age.

• Again, this idea is a 
common component 
of the world’s 
religions.



What makes a meme virulent, and 
good at spreading?

6. A meme will also tend to be virulent if 
it contains the idea that those who don’t 
accept the meme, or who accept only a 
watered-down or modified version of the 
meme, should not be exiled, punished or 
persecuted.

• Again, this idea has sometimes been 
found in the world’s religions. It has 
also been a component of some 
political ideologies (e.g., some 
versions of communism).



What makes a 
meme virulent, and 
good at spreading?

7. Another possible source of 
virulency is the idea that people 
who sacrifice their possessions or 
their lives to help spread and 
protect the meme will be 
rewarded in an afterlife, or win 
great glory for themselves and 
their family. 

• Once again, this is a common 
component of religions and 
political ideologies. 



Another factor that can help a 
meme gain virulency

8. A meme is likely to 
gain wide currency if it 
tells people what they 
want to be true (even 
if it isn’t true).







The internet and the political 
weaponization of memes

• Social media is the ultimate 
breeding ground for memes, in 
the form of viral videos and fake-
news stories.

• In the last few years, multiple fake 
news outlets and troll farms have 
sprung up (especially in Russia) 
devoted to producing propaganda 
and disinformation, and to 
disseminating it on platforms like 
facebook.



The weaponization of memes also has 
a corporate history



Our situation

• We are assailed on all sides by memes, vying to have us accept 
them.

• Many of them are very appealing to the human mind. (If they 
weren’t so appealing, they wouldn’t still be around.)

• Some of them are ideas that are true, or behaviours that are useful 
or good for us.

• But some of the are ideas that are false, or behaviours that are bad 
for us. 

• And some of them have been deliberately fabricated to undermine 
our trust in our democratic institutions.

• How are you to decide which to accept and which to reject?



What is needed

• A bullshit detector…



What’s the best bullshit detector we 
have?



Questions

• Which field of science studies the material composition of 
our planet?

• Which field of science studies life?

• Which field of science studies human behaviour?

• Which field of science studies science itself, including the 
scientific method?

• Scientology?

• NO!

• Science does not study science or the scientific method. 

– That job belongs to philosophy. 

– The ‘philosophy of science’ is one major field of philosophy, 
along with others like ethics, aesthetics, logic and metaphysics.



The two major messages from the 
philosophy of science

1. We are astonishingly fallible. The human mind is 
easily taken in. 

– But, forewarned is forearmed. The key to 
overcoming the mind’s limitations is being aware of 
them.

2. When you are asked to accept a meme that is a 
factual claim about the world, ask yourself not 
“What is the evidence for it?”, but “What would 
be evidence against it, and has such evidence 
been looked for and found?”



THE FALLIBILITY OF PERCEPTION



The following is a quote from Chapter 1 of "The Psychology of 
Intelligence Analysis", by J Richards Jr. -- a book written for and used 

by the CIA.

Of the diverse problems that impede accurate intelligence analysis, those 
inherent in human mental processes are surely among the most 
important and most difficult to deal with. Intelligence analysis is 
fundamentally a mental process, but understanding this process is 
hindered by the lack of conscious awareness of the workings of our own 
minds.

A basic finding of cognitive psychology is that people have no conscious 
experience of most of what happens in the human mind. Many functions 
associated with perception, memory, and information processing are 
conducted prior to and independently of any conscious direction. What 
appears spontaneously in consciousness is the result of thinking, not the 
process of thinking.

Weaknesses and biases inherent in human thinking processes can be 
demonstrated through carefully designed experiments. They can be 
alleviated by conscious application of tools and techniques that should be 
in the analytical tradecraft toolkit of all intelligence analysts.



Perception seems simple

Look at the above photo. What is this a photo of?

By what process do you determine the answer to this question?



A common view: the human visual 
system works like a camera.



It’s not that simple!
(If it were that simple, then there would need to be an infinite 

number of homunculi in the brain, each inside the next!)



Subconscious perceptual mechanisms  

• Your brain is an incredibly complex biological 
machine. Large chunks of it are dedicated to 
extracting useful information from the vast 
quantities of noisy and ambiguous data 
produced by your sense organs.



• Before information from your senses reaches 
conscious experience it has been heavily edited, 
reconstructed, and interpreted by subconscious 
processes operating without any conscious 
oversight on your part.



• These subconscious processes make educated 
guesses about what’s in the world outside 
your brain, based on the sensory data that are 
getting from your eyes, ears, etc... 

• They have been designed and refined by 
millions of years of evolution, and so their 
guesses are usually pretty good. 

• But they still make mistakes.  

• When they make mistakes this will result in 
you seeing something that’s not really there, 
or failing to see something that is really 
there. 



The influence of expectation
and priming

• What does this say? 



Grouping effects





















Seeing differences in images that 
don’t exist



Seeing differences in images that 
don’t exist



Seeing differences in images that 
don’t exist



Seeing differences in images that 
don’t exist



Seeing differences in images that 
don’t exist



Seeing differences in images that 
don’t exist



























What kinds of animals are these?



What kinds of animals are these?



There is a point of similarity 

between these two images. 

What is it?

Antelopes
Pelicans



Both images contain the following 
creature—the ‘antelope-pellican’



• Half the audience are to close their eyes



What do you see? (Don’t say it aloud!)



• Now the other half of the audience is to close 
their eyes.



What do you see? (Don’t say it aloud!)



• Everyone can  open their eyes.



This is what was seen



A related example: the famous “duck-
rabbit”



Auditory illusions

• Backmasking.

– http://jeffmilner.com/b
ackmasking/

– Or

– http://youtu.be/zGsUc
PdPWBg

http://jeffmilner.com/backmasking/
http://youtu.be/zGsUcPdPWBg


The McGurk Effect

• One half of the room are to listen carefully 
with their eyes closed.

• The other half of the room are to listen and 
watch carefully, then write down what is said.

• Video:  
https://www.youtube.com/watch?v=eQoYKuN
cCpU&feature=player_embedded

https://www.youtube.com/watch?v=eQoYKuNcCpU&feature=player_embedded


• What is going on?

• The voice says “ba”.

• The man in the video mouths “ga”.

• We hear “da” (if we see the video). 

• “Da” is what the brain decides you must be 
hearing if you see the mouth saying “ga” while 
your ears hear “ba”. 



Face detection

• For our ancestors in the Pleistocene, few 
abilities would have been more important than 
that of rapidly detecting the bodies and faces of 
other human beings.

• Just as digital cameras now have face detectors 
built into them, so does the human brain.

• Our face-detectors are set on a hair-trigger. 



• When you see 
this, you see it 
as a face, not as 
a three circles 
and a line.

• The part of your 
brain that deals 
with faces is 
activated.

• It doesn’t take 
much to your 
face detector 
off!



Face detection













A Mother Teresa Cinnamon Roll



Jesus on a grilled cheese sandwich



Jesus, on a dog’s behind



The face on mars

A low resolution image, from the Viking orbiter of the 

1970s. 



The face on Mars

A high resolution image, from the Mars Global 

Surveyor (2001) 





Facial recognition is less efficient when 
the face is upside down



Facial recognition is less efficient when 
the face is upside down



Facial recognition is less efficient when 
the face is upside down



Facial recognition is less efficient when 
the face is upside down



Facial recognition is less efficient when 
the face is upside down



Face detection in the natural world



HOW OBSERVANT ARE WE?



Question. Why do some animals have 
vertical pupils, and others have 

horizontal pupils? 



One obvious theory

• Vertical pupils are better for gathering 
information in the vertical plane (up and down), 
and will be especially useful for ambush 
predators that need to have very good depth 
perception so that they can judge distances 
accurately.



• On the other hand, horizontal pupils are 
better for collecting information along the 
horizontal plane (to the left and the right). 
They are thus more adaptive for for grazing 
herbivores, who need to keep a careful 
lookout on all sides for predators.



Question: What is an obvious problem 
with this theory?

• Answer: Grazing herbivores spend most of their 
day grazing. When they graze they have their 
heads angled down at the ground.  This means 
that their pupils will also be angled down at the 
ground, instead of being angled horizontally.

• So it seems that the theory would predict, not 
that grazing herbivores will have horizontal 
pupils, but that they will have pupils angled at 
(roughly) 45 degrees. 



• Watch the YouTube clip on this page: (video 4)
– http://www.iflscience.com/plants-and-

animals/revealed-why-animals-pupils-come-different-
shapes-and-sizes/

• In August 2015, it finally occurred to scientists to 
carefully watch what happens to the eyes of 
grazing animals as they put their heads down to 
eat.

• It turns out that the eye-ball rotates as the 
animal lowers and raises its head, in such a way 
as to keep the pupil horizontal at all times.

• This had obviously been seen millions of times 
over the centuries, by countless people. But no 
one properly noticed it, until they were guided to 
notice it by a theory about pupil shape. 

http://www.iflscience.com/plants-and-animals/revealed-why-animals-pupils-come-different-shapes-and-sizes/


Some YouTube clips that illustrate the 
theory-ladenness of observation

• Watch videos 5 - 10.

• https://www.youtube.com/watch?v=vJG698U2Mvo

• https://www.youtube.com/watch?v=IGQmdoK_ZfY

• https://www.youtube.com/watch?v=v3iPrBrGSJM

• https://www.youtube.com/watch?v=wBoMjORwA-4

• https://www.youtube.com/watch?v=ElLnNalL4xY

• https://www.youtube.com/watch?v=JlevdGvGcJM

https://www.youtube.com/watch?v=vJG698U2Mvo
https://www.youtube.com/watch?v=IGQmdoK_ZfY
https://www.youtube.com/watch?v=v3iPrBrGSJM
https://www.youtube.com/watch?v=wBoMjORwA-4
https://www.youtube.com/watch?v=ElLnNalL4xY
https://www.youtube.com/watch?v=JlevdGvGcJM


An example of a meme that flourishes because 
of our selective attention and poor memory –
the theory that full moons are associated with 
high admissions to emergency departments.

• If you are a medical professional working in 

an emergency department who thinks that 

admissions go up on a full moon, then you will 

naturally tend to notice and remember cases 

where there are high admissions on a full 

moon, but not notice cases with high 

admissions on a new moon, or low 

admissions on a full moon.

• Why?

• Because a fully moon grabs your attention. A 

new moon doesn’t. And because high 

admission grab you attention, while low 

admissions don’t.



KARL POPPER AND FALSIFIABLITY



• Einstein’s theories of 
special and general 
relativity made few 
predictions that could 
be easily tested with 
the technology of the 
early Twentieth 
century. 

• But one such 
prediction concerned 
gravitational lensing.



Gravitational lensing



• Question: what is the problem with making observations as per the 
above diagram?

• Answer: you can’t see stars next to the Sun, because the sun is too 
bright.

• Class question: how might this difficulty be overcome?
• Answer: wait for a total solar eclipse.



Sir Arthur 
Eddington’s 

eclipse 
experiment

• This was conducted 
in 1919, and made a 
huge impression on 
the young Popper.

• It tested a prediction 
of Einstein’s theory. 
The prediction came 
true.



Karl Popper

• Popper was hugely impressed by the success of Einstein 
and Eddington. 

• He contrasted Einstein’s theory of relativity with these 
theories:
– Marx’s theory of history.
– Freud’s psychoanalysis.
– Alfred Adler’s individual psychology.



• ‘A Marxist could not open a newspaper 

without finding on every page 

confirming evidence for his 

interpretation of history; ... The 

Freudian analysts emphasized that their 

theories were constantly verified by 

their "clinical observations.”

Popper:



Popper: every conceivable case could 
be interpreted in the light Adler's 

theory, or equally of Freud's

• A man pushes a child into the water 
with the intention of drowning it.

• Freud: the man suffers from 
repression (say, of some component 
of his Oedipus complex).

• Adler: the man suffers from feelings 
of inferiority (producing the need to 
prove to himself that he dares to 
commit a crime)



• A man risks his life to 
rescue a child.

• Freud: the man 
achieved ‘sublimation’.

• Adler: the man suffers 
from feelings of 
inferiority (producing 
the need to prove to 
himself that he dared to 
rescue the child).



• ‘The most characteristic element in this 
situation seemed to me the incessant 
stream of confirmations, of observations 
which "verified" the theories in question; 
and this point was constantly emphasize by 
their adherents. 

• A Marxist could not open a newspaper 
without finding on every page confirming 
evidence for his interpretation of history; ... 
The Freudian analysts emphasized that 
their theories were constantly verified by 
their "clinical observations.”

Popper continues…



Popper: every conceivable case could 
be interpreted in the light Adler's 

theory, or equally of Freud's

• A man pushes a child into the water 
with the intention of drowning it.

• Freud: the man suffers from 
repression (say, of some component 
of his Oedipus complex).

• Adler: the man suffers from feelings 
of inferiority (producing the need to 
prove to himself that he dares to 
commit a crime)



• A man risks his life to 
rescue a child.

• Freud: the man 
achieved ‘sublimation’.

• Adler: the man suffers 
from feelings of 
inferiority (producing 
the need to prove to 
himself that he dared to 
rescue the child).



Popper on the difference science and non-
science:

The criterion of the scientific status of a theory 
is its falsifiability, or refutability, or testability.

Science is a process of conjecture and 
refutation.



Astronomy

Astrology

Botany

Creation Science

Plate Tectonics

Chemistry

Evolution

Intelligent Design

Zoology

Psychology

Homeopathy

Relativity

Psychoanalysis

Iridology

Falsifiability



But we are not good at the logic of 
falsification. The Wason Selection Task

"If a card has a vowel on one side, then it has an even number on 

the other side."

You know for a fact that every card has got a letter on one side an 

a number on the other. This being so, which of the following 4 

cards should you turn over to determine if the above sentence is 

false?

A S 4 9



Most people (about 90%)  answer that the A and 
the 4 should be turned over.

6

A S 4 9

7 E M

✓ ✗ ✓ ✓

"If a card has a 

vowel on one 

side, then it 

has an even 

number on the 

other side."



But this is wrong

• Turning over the A is indeed a good idea.

– If it has got an odd number on the other side, you 
have shown the the statement is false.

• But turning over the 4 is not helpful.

– Regardless of whether there is a vowel or a 
consonant on the other side, the result is 
consistent with the statement that “"If a card has 
a vowel on one side, then it has an even number 
on the other side."



The correct answer is to turn over the A and the 
9

6

A S 4 9

7 E M

✓ ✗ ✓

"If a card has a 

vowel on one 

side, then it 

has an even 

number on the 

other side."

✗



George Orwell
Author of Animal Farm and 1984

• In his “Notes on Nationalism” he writes:
• “All nationalists have the power of not 

seeing resemblances between similar sets of 
facts. The nationalist not only does not 
disapprove of atrocities committed by his 
own side, but he has a remarkable capacity 
for not even hearing about them”

• “Every nationalist is capable of the most 
flagrant dishonesty, but he is also — since 
he is conscious of serving something bigger 
than himself — unshakably certain of being 
in the right.”

• “Political or military commentators, like 
astrologers, can survive almost any mistake, 
because their more devoted followers do 
not look to them for an appraisal of the facts 
but for the stimulation of nationalistic 
loyalties.”



In summary

• Social media is full of appealing memes, that 
spread just because they are so appealing, but 
which sometimes gain their virulency at the 
expense of their hosts.

• To help inoculate oneself against harmful memes 
you should:
1. Be cognizant of the limitations of the brain. 

(Forewarned is forearmed!)
2. Be cognizant of the different tricks memes can use to 

gain their virulency. (Which tricks is a meme using?)
3. Apply Popper’s principle of falsification. (Does the 

meme stick its neck out by making risky predictions?) 


