Analogy

Steps of analogy

· Retrieval
· Finding something good in memory to make an analogy with
· Mapping
· Finding correspondences between elements of the two analogues
· Transfer/adaptation
· Using (and changing) knowledge of one analogue to learn 
   or invent something about the other.
· Evaluation
· Determining if the transfer did what you wanted it to do
· Storage
· Indexing the memory so that it can 
  be used successfully in the future


Structure Mapping: Gentner and Forbus

Transfer
·  My friend Wallace is like a bear. 
· What would you infer about Wallace?
· Richard Dawkins has been called “Darwin’s pit bull.” 
· What would you infer 
    about Dawkins?
· That inference is analogical transfer. 

 Adaptation
· Example from James Clerk Maxwell.
Faraday’s iron filings observation



Evaluation
Upon evaluation, one might go back and make different choices for retrieval, mapping, transfer, or adaptation

Storage
New information is stored in memory and indexed appropriately. 
· How many words can you think of that start with “k” or “r?”
· How many can you think of that have “k” or “r” as the third letter?




Analogy and Perception
· Where does perception end and analogy begin?

Could Analogy Be the Core of Cognition?
· How could analogy be used to do the basics of cognition?
· Hofstadter
· Davies

Analogy by Other Names
· Exemplar-based reasoning
· Reasoning based on particular examples rather than on prototypes or rules
· Memory-based reasoning
· Reasoning from memories as opposed to using more abstract reasoning rules 
· Instance-based reasoning
· Same as exemplar
· Case-based reasoning
· An AI field that reasons from  “cases” in memory
· Analogical reasoning

Metaphor
· Primary Scene
· Cognitive representation of experiences everyone has, such as swallowing.
· Correlation-based metaphor
· Base metaphor is sensory, target is abstract, as in  “prices have fallen sharply.”
Love Is A Journey
Note: JOURNEY. See File: LongtermAction.
Progress In The Relationship Is Forward Motion 
- 1 They are at a crossroads in their relationship.
- 2 This relationship isn't going anywhere.
- 3 They're in a dead-end relationship.
The Relationship Is A Moving Object. 
- 1 Relationships, like sharks, have to keep moving to stay alive.
- 1 This marriage is on the rocks.
- 1 This relationship has been spinning its wheels for years.
- 1 Their marriage has really gone off the track
              





Language and communication. 

What is language?
· Structural description: a set of symbols that can be arranged in certain ways
· Functional description: a complex code by which agents can communicate information
· We say “complex” because we don’t want to include animal communication, such as bird calls, as language
· Natural Language: Created 
   by cultures of humans
· Artificial Language: Created 
   by individuals or small teams
· Computer Language: artificial 
   language for communication 
   with computers, typically 
   lacking in ambiguity


Computer language
· A human writes “code” which the computer reads. It follows the human’s instructions. 


Animal communication

· Also called “Zoosemiotics”
· Works through gesture, expression, gaze following, vocalization, olfactory communication, and electric, colouration
· Function: dominance, courtship, ownership, food alert, alarm, metacommuniation

Human Language
· It has a structure, but that structure is implicit. 
· We all know how to do it, but we don’t know how we do it, so we have to study it like any other  phenomenon. Our knowledge of how to  speak is implicit, not explicit.









Disciplines of Linguistics (review)

· Phonology
· How sounds are organized and used in language
· Morphology
· How sound and meaning interact in words
· Syntax
· How sentences may be put  together in a language
· Semantics
· Meaning in language
· Pragmatics
· How sentences interact with context to change meaning (e.g., “how are you?” or “do you have the time?”)


Syntax: ParsingS <- NP + VP
NP <- (Det) + (Adj*) + Noun
VP <- (Adv) + Verb + (NP)




Semantics from Cyc

(#$relationAllExists #$objectActedOn (#$SubcollectionOfWithRelationToTypeFn #$HeartValveRepair-SurgicalProcedure #$objectActedOn #$AorticValve) #$OrganismPart) 
"Every aortic valve repair affects some organism part." 

Logic
· Logic is a formal, normative system of reasoning.
· Symbolic logic specifies ways that sentences can be represented unambiguously
· For All x 
   (if cat(x) then mammal(x))
· But typical logic is very 
   limited in its semantics.

Teaching Animals Human Language
· Chomsky says that getting non-human animals to try to talk is like 
   trying to teach bees to build beaver dams.
· Linguists agree that animals do not have language – 
   what they do is so primitive compared to what humans do 
  that it is not even deserving of the word. 


Intra-Brain Communication: The Language of Thought
· Jerry Fodor put forward the notion that our minds use “mentalese,” or a Language of thought. 
· The fact that you have trouble sometimes expressing what you want 
   to say supports this view. 
   How could you know what you wanted to say if the internal language were natural language?
It remains controversial.



Cognitive Biases

Anchoring
· The “anchor” is what you compare to when you evaluate. 
· Restaurants will put a very expensive item on the menu, to make the others look reasonable. 
· What is a good life in 
   Ottawa? In the Congo? 

Bandwagon effect and Herd instinct
· You believe things because everyone around you believes the same thing. 
· This is why cults try to keep you from talking to people not in the cult. 
· The herd instinct is believing what everyone else does to avoid social 
   conflict. 
· E.g., someone is vegan just because their  boyfriend is.


Confirmation Bias

· You accept, seek out, and remember things that support your views. 
· You also interpret things in a way that support your views.  

Contrast Effect / Context Effect
· If men look at lots of pictures of beautiful women, they will rate their wife as less attractive. 
· If you are observing two things at the same time, you will focus 
   more on their differences when evaluating.` 
· Distinction bias: Things appear more different when viewed simultaneously

Endowment Effect / Loss Aversion
· People will demand more to give up an object than they were willing to pay to get it. 
· Once you own something, you find it more valuable. 
· My experience with 
  Proceedings and scanning




Hostile Media Effect

· When you watch the news, you tend to think they are hostile to your political views. 

Temporal Discounting
· We value things in the future less than things now. 
· Asking for Favours
· Chaotic environments

Moral Credential Effect
· Thinking of yourself a having acted morally can make you allow yourself to behave badly. 
· People will compensate to reach an equilibrium in many 
   contexts:
· Bike helmets
· Dieting

Negativity Bias
· People pay more attention to negative information.
· Perhaps because it’s been more important in our evolutionary history. 

Omission Bias
· We think that doing harm is worse than not doing something that causes equal harm. Is this rational?

Outcome Bias
· Judging a decision based on what ended up happening rather than on the information available at decision-making time.
· Is it right to punish a person who kills someone while driving drunk more 
   severely than another drunk driver who gets lucky and doesn’t kill anyone?

Planning Fallacy
· We underestimate how long it will take us to complete tasks in the future. 
· Makes it easy for us to overbook ourselves. 
· Unexpected things happen– since we don’t know what they are going to be, we don’t expect them to happen. 

Wishful Thinking
· Believing something because you want it to be true. 
Innocence of someone you care about

Availability Heuristic
· Assuming that things that are most easily brought to memory are more common or probable
· A problem is that vivid and emotional things are easier to bring  to memory.
· So when the news shows you only murders, you tend to think that murders  are more common than they are.


Base Rate Neglect

· If a test for a disease is 90% accurate, and someone gets a positive result, what is the probability that they have the disease?
· “Explaining Bayesian Probability with 
   Visualization” 2:20

Belief Bias
· If rain is wet then my roof is wet.
· My roof is wet.
· Therefore, rain is wet.
· Is this argument valid?

Conjunction Fallacy
· What is more common, a person who wears Birkenstocks or a hippy who wears Birkenstocks?

Gambler’s Fallacy
· When flipping a coin over and over, which outcome is least probable?
· A: HTTHTTTTHHHTHHTHTT
· B:  HHHTTTHHHTTTHHHTTT
· C: HHHHHHHHHHHHHHHHH
· 
Pareidolia, clustering illusion, illusory correlation
· Different ways for us to see patterns where none actually exist

Primacy and Recency Effects
· We remember the beginnings and endings better than the other parts of things.
· Tested with colonoscopys. 

Just World Phenomenon
· If you think the world is ultimately a just place, you will have a tendency to look for reasons to blame victims of inexplicable injustices. 

Actor-Observer Bias
· The tendency to explain the behaviour of others in terms of stable traits, 
· And to explain one’s own actions in terms of reactions to the situation.




Risk Compensation
· Seatbelts
· Drivers are a bit safer, but deaths passed on to others
· Bike Helmets
· Cars drive on average six inches closer to you
· Dietary supplements make people eat more poorly and exercise less
· To hear more about my 
   analysis of bike helmets,
   listen to my on “The Reality Check” podcast
Cognitive Myth

We only use 10% of our brain

· We use all of our brains.
· If any part of your brain gets damaged, you will suffer deficits.
· Evolution would not “waste” energy building vast parts of your 
   brain you don’t use.

Why would you believe that?

· Availability Cascade
· Wishful Thinking
· People like to believe in the paranormal
· People want to make money from you

What is true?
· People can lose whole hemispheres and still function relatively normally
· The brain has redundancy
· If we removed 70% of your neurons randomly, we’re not sure 
   How badly off you’d be

ESP is real

· Unfortunately, it’s not. 
· Recommended: Susan Blackmore’s book Adventures of a Parapsychologist
· There are several cognitive biases that make us believe that it’s
   real.
· Confirmation bias
· Neglect of negative results
· Wishful thinking

Listening to Mozart Makes Babies Smarter

· We believe it because we hope it’s true
· The effect is small, short term, and only based on arousal. 
· You can get the same effect from hearing a scary passage from a 
   Stephen King book. 


IQ Tests are Biased

· If they were biased, they would underpredict later success for certain groups, and overpredict for others. This does not happen. 
· Huge panels of scientists 
   with widely varying 
   viewpoints concluded that 
   they are not biased.
· Item analysis is used to 
   identify bad test questions


Happiness

· Money and Happiness
· Money correlates with happiness until you’re making about $75k per year (in our society), then it levels off.
· Life events don’t affect happiness much
· Winners of lotteries and people who become paraplegic have happiness changes that only last months
· Things that do affect us: divorce, 
   getting fired
· Much of your happiness 
   (roughly 60%) is genetic
· There are two kinds of 
    happiness:
· Pleasure, day-to-day
· Life satisfaction

Childhood Abuse Leads to Psychological Disorders

· It’s very weakly correlated. 0.09 (close to zero)
· A conflict-ridden home is much more likely to cause anxiety, depression, eating disorders, etc.

Artificial Intelligence is a Failure

· Moving goal posts; Mysterians
· “Almost Implemented.”
Our economy would probably collapse without the findings of AI researchers

The Full Moon Makes People Act Differently ?

· Confirmation bias
· The bankrupt gravity explanation
· A mosquito on your arm has more gravitational effect on you
· The fact that you’re mostly water has nothing to do with it





How Science Works

· Generation of a theory
· A theory is an explanation that typically suggests the existence of theoretical entities that cannot be measured directly
· Theories make predictions about the real world.
· These predictions become “hypotheses” that can be tested with experiments and quasi-experiments.
· Experiments have control over participants and conditions. They 
   manipulate something.   
· Quasi-experiments are observations in the real world. Most political science lessons are learned from quasi-experiments
      
Results and Statistics
· Hypotheses and Falsifiability
· Significant means probably not due to chance. <0.05 is the typical threshold or “alpha level”
· This means that 1 out of 20 experiments will turn out finding significance just by  chance!
· We can’t look at a huge list 
   of numbers and know if they
   are different. That’s why we 
   need statistics.

Science As a Culture
· Replicability
· Science’s self-correcting nature
· Publishing makes it public
· Other scientists will attempt to disprove your theory. This is good. 
· Science as an epistemology
· No other knowledge- generating enterprise 
  (e.g., religion) has a rigorous,  self-correcting mechanism





Dreaming

Sleep and Dreaming

· Dreaming can occur in REM and non-REM (NREM) states
· 75% of our sleep is NREM 
· NREM dreams tend to be short, dull, and undreamlike
· REM sleep is characterized by Rapid Eye Movement, 
   muscle atonia, and often dreaming

Interference of the world 

· Dreaming you need to urinate
· Speculative: dreaming of teeth falling out caused by tooth grinding  (which 70% of people do during sleep)

The dreaming brain

· The brainstem is very active, sending information forward
· The DLPFC (involved with executive function) is deactivated, 
· perhaps explaining our reduced reasoning ability during dreams, 
· Not noticing what’s weird
· But also our difficulty in 
   remembering dreams

Dream recall

· We typically forget dreams
· Correlates with visuospatial skill and individual differences in working memory
· Animals and infants cannot 
   report dreams
· Commonly people assert
   that there was much more 
   to their dream than they    can report.

How to record dreams

· Ask people what their dreams tend to be like
· Ask people to keep a dream diary
· Ask people every morning to report their dreams
· Wake people up during 
   sleep at many points 
   during the night and get 
   reports (scientifically best way
What Are Dreams Like?

· Scene shifts are common
· Tend to be narrative
· Tend to be experienced “first person”
· Dream emotion tends to match content
· Dreams can be bizarre,but not often in this way

What else are dreams like

· They are always animated.
· Dreams are rarely bizarre, but when they are we often do not really notice it until we are awake  
· Selection bias: bizarre dreams 
  are easier to remember and   
  are more often talked about

what are dreams not like
· Films, visual images, recent social situations, and pre-sleep behaviour are rarely incorporated into dreams.
· Recent episodic memories, even salient ones, are rarely
   Incorporated

Threat Simulation Theory (TST)

· By philosopher Antti Revonsuo
· A major function of dreaming is to practice dealing with threats that were common in our ancestral environment



Support for TST

· Animal dreams are highest in kids and decreases with age
· Negative emotions appear twice as often as positive ones
· The only kind of recurring 
   dream with any frequency 
   is being threatened by 
   animals, monsters, people, 
   or natural disasters, and 
   the response was watching, 
   running, or hiding

· Westerners dream of things we rarely experience
· Ancestral threats are overrepresented
· People react appropriately to dream threats 94% of the time

How You Can Affect Your Dreams

· Pre-sleep attention to a specific concern 
· This is called “dream incubation”



AIM Model of Conscious States

· Activation
· Basic level of brain activation
· Information Flow
· Sensory input vs. internal, fictive input
· Mode of Info Processing
· -Aminergic-cholinergic neuromodulation
· Activation-Synthesis   Hypothesis:
-Dreams are the cortex trying to 
   make sense of chaotic inputs
   from the brainstem

AIM Model

· Activation
· Information flow
· Mode of information processing
· 
Support for the Activation-Synthesis Hypothesis

· Dream emotion seems to shape dreams, not the other way around
· An “anxiety dream” will often shift from one anxiety producing scene to another. 
· Dream recall cessation is almost always caused by forebrain lesions

Dreams in waking state

· People who have no dream imagery (visual anoneria) tend to also have a waking deficit in imaging memories (visual irreminiscence)

Lucid dreaming

· When you know you’re dreaming and can control your actions, and sometimes other dream content.
· You can only control your eyes in the real world
· Could be a reactivation of the DLPFC, which allows you to see dream content for what it is, and control yourself.
· Training: dream diaries, reality checks

Sleep paralysis

· You feel awake
· You might feel chest pressure
· You can’t move
· It’s a carryover of muscle atonia from sleep to waking
· You have hallucinations, 
   often of the presence of a 
   malevolent character
· You feel abject terror


Why do we have morality

· They evolved to help us take care of the other people in our groups. But not so much people outside our groups.


The expanding circle

· Self-interest: I care about myself and my family.
· All animals have instincts for gene-preservation (with exceptions) 
· Friendship: I care for historical cooperation partners
· Shared with chimps
· Sharing food used to be a life-and-death matter for us
· Tribalism: I care about us, but not them.
· Tragedy of the commons
· Evolved morals in humans took  care of this.
· Anthropological survey shows that  ethnocentrism is universal
· I care about all people or creatures 
    that can have positive or negative 
    experiences.
· The tragedy of commonsense morality
-Requires abstract reasoning and values




How do we know morality is evolved

· In general, evolved and well-learned behaviours work faster than deliberate ones.
· When you force people to play a prisoner’s dilemma game 
   quickly, they are more likely to cooperate.
Footbridge/Trolley Explanation

· Greene’s experiment reveals that there are two competing systems for our moral considerations:
· The first is some kind of rational, utilitarian calculus which makes switch cases permissible.
· The second is an emotional
   reaction caused by a dislike 
   of “getting our hands dirty”
· Utilitarianism vs. deontology

Haidt’s Moral Foundations Theory

· Care/Harm
· Liberty/Oppression
· Authority/Subversion
· Fairness/Cheating
· Loyalty/Betrayal
· Sanctity/Degradation
· Mnemonic: CLAFLS 
   (Chah-fuls)


Disgust

· People who disgust us (hippies, the obese, people we view as “trashy”) we judge more harshly for purity-related moral infractions.
· Such as keeping your cubicle clean
· Versus not tipping a server
· Police are more likely to arrest obese people for purity related crimes, such as drugs, prostitution, and lewdness


Moral Dumbfounding

· A man brings buys a ready-to-cook chicken, brings it home, has sexual intercourse with it, then cooks and eats it.
· Did he do something morally wrong?
· Most people say yes, but 
   can’t really explain why. 



Should you trust your instincts?

· People look to their feelings to judge whether something is moral or not.
· You can make people think something is more immoral with bad smells or bitter drinks.
· Feeling vs. principles


Politics and Morals

· Right-wing people tend to have all six moral foundations fairly strong.
· Left-wing people tend to have only care/harm and liberty/oppression strong.
· Libertarians tend to only 
   have liberty/oppression 
   strong.
· This is mostly genetic, 
   which means your politics 
   is mostly genetic. 


Animal Morality

· Prosociality
· Empathy and Condolence
· Fairness, Reciprocity,
    friendship in chimps
· Chimps will kiss and 
   embrace after a fight. 




Cognitive architecture 

What is a model?

· Across fields, it’s a representation of something that excludes unimportant detail and information
· A scale model of a home made of cardboard
· A categorization scheme for the students in my class
· A simulation of a hurricane
· 

What is a Cognitive Model?

· Typically, it’s a computer program that models some aspect of thought. 
· For example, it might model how people do categorization, or how a mouse learns to navigate a maze
· Model makes predictions that can then be compared to data
· If the predictions match the data, it supports the theory underlying the model

What is cognitive architecture?

· A programming environment or set of tools for making cognitive models
· Typically, it includes constraints on how cognition works in all people– speed     of learning, memory retrieval….

    Kinds of Cognitive Architectures
· Symbolic
· Operates at the level of discrete symbols
· Sub-symbolic
· Operates using number representations, which in aggregate constitute symbols 

· Brain
· Models cognition at the level of biology, but speak to cognitive issue Symbolic Architectures

· Production systems (if, then)
· For example (assuming words beginning with capital letters are variables, and other words are constants):
If	[Person, age, Number] &
	[Person, employment, none] &
	[Number, greater than, 18] &
	[Number, less than, 65]
then 	[Person, can claim,
	Unemployment benefit].









Typical characteristics of symbolic architectures

· Declarative/procedural memory distinction
· Justifications: HM and other brain damaged patients
· Our inability to consciously retrieve and reflect on procedural memories.  
· Goals are subset of declarative memory 
· Production compilation models automatization




Subsymbolic: Associative Network

Uses Hebbian learning to learn patterns.
When it gets incomplete input, it can complete it based on the weights Between the nodes. 
It is unsupervised learning

Subsymbolic: Early Connectionism


Subsymbolic: Connectionism

Supervised Learning Uses back propagation Great for classification Needs thousands of Examples to work, Unlike human beings



Subsymbolic: Neural Modeling
· Nengo and Spaun



Why cognitive science is the most important thing in the world

-Making the world better
-Part of that is reducing problems


What Are the World’s Probems

· Problems on the decline:
· War and Torture
· Crime
· Starvation
· Disease
· Short life span
· Inequality


· Problems getting worse:
· Environmental damage
· Social capital
· Read “Bowling Alone” by Robert Putnam


How Do We Fix Climate Change?

· Reduce Carbon Emissions
· Technological Solution: Come up with an alternate, safe energy source.
· Fund science and engineering to do it.
· Get more people to care so our representatives will make it happen.
· Market the problem.
· Get money to market the problem.
· How?


· Reduce Carbon Emissions
· Social Solution: Convince people to use (much) less oil.
· Market the problem.
· Get money to market the problem.
· How?





All Problems Are Intellectual
· The reason we can’t solve all the problems in the world is, ultimately, because we don’t know how to do it.
· Figuring out how to do it requires thinking and problem  solving.

· Guess what field is best suited to study thinking and problem solving?
· E.g. Artificial blood vessel

Cognitive Science and Problem Solving

· The human modeling side of cognitive science studies how people actually solve problems, and all of the other cognitive functions it takes to do it.
· The AI engineering side of cognitive science triesto make programs that 
   can solve problems for us, often better than us.


Ways AIs Are Better Than Us

· Stock Trading
· Arithmetic and Statistics
· Scheduling
· Search Engines and Aggregating
· Many games


Ways we are still better than AIs

· Language
· Physical Movement
· Creativity (arts, science, etc.)
· Science
· Social interaction
· Vision
· Many games
· Most everyday tasks, etc.
· However, AIs and other programs can make humans more effective, used as tools


Perhaps Cognitive Science Can Help Us Solve All of These Problems

· Even if there is some other problem you think is more important, you can apply cognitive science to the problem solving in that problem. 
· That’s what I did for a time.

Protein structure prediction (Triptyc

Richard Dawkins’s TED talk on the “Queer Universe”

· We are evolved to understand the world in certain ways
· We evolved to think of certain kinds of things as real


Carleton’s Cognitive Science Major

· There are currently about 220 majors
· Small classes
· Honours project or extra course
· Also a non-honours 3 year degree
· About half of our graduates go on to graduate school, and the other half goes to work









Cognitive development

Language development

· U-shaped grammar curve
· Went, goed, went
· Universal Grammar theory
· The mind has a bunch of switches that get set when you learn a language as  a child
· E.g., “subject omission switch”
· In Spanish you can omit the subject of a sentence, but in English you cannot.


Critical Stage: 3-5

· During this time children learn 2-4 new words per day to their productive vocabulary, and twice that for understanding. 
· That’s 1 every one or two hours awake for years.
· They are learning words that they don’t hear that day. 
· How is this possible?
· Recall suddenly understanding  a joke you heard years ago


Jean Piaget’s Developmental Stages

· Sensorimotor (birth – 2)
· Preoperational (2 - 6)
· Concrete Operational (7 - 11)
· Formal Operational (11 – death)


1. Sensorimotor Stage (birth-2)
· Simple reflex action to symbolic processing.
· Progress is seen on 3 fronts:
· Adapting to and exploring the environment
· Focus on intentional behavior
· Understanding objects
· Object permanence
· Using symbols
· For example, waving and gesturing





2.Preoperational Stage (2-6)

· Use of symbols to represent objects and events
· Characterized by:
· Egocentrism: difficult in seeing world from another’s viewpoint
· Centration: narrowly focused thought (only one part of a 
 problem, no conservation of liquid)


3. Concrete Operational Stage (7-11)

· Mental operations to solve problems and reason: e.g., induction
· Problems thinking abstractly and hypothetically


4. Formal Operational Stage (11 and up

· Can apply mental operations to abstract entities
· Abstract and hypothetical thinking


Piaget’s Lasting Contributions

· The study of cognitive development at all
· Constructivism: that children are active participants in their own development
· Counterintuitive discoveries, puzzles that other scientists needed 
   to solve

Problems with Piagetian Theory

· Underestimates infants, overestimates adolescents
· Vague on processes and change mechanisms
· Does not account for variability (stages are not that clear cut)
· Underestimates social and cultural influences

Lev Vygotsky
· Focus on social and cultural

· Intersubjectivity: shared understanding among participants of an activity

· Guided participation: cognitive growth results from children’s’ 
   Involvement in structured activities with others who are more skilled

· Zone of proximal development: the difference between what a child can do alone from with help

· Scaffolding: teaching style that matches the amount of assistance to the learner’s needs. 
· 
· Private Speech: comments not directed to others but intended to 
   help children regulate on their own

· Inner speech: thought, internalized private speech, serving the same function


Self-Control

· The Marshmallow Test
· http://youtu.be/6EjJsPylEOY
· The kids who could pass it were the ones good at distracting themselves.
· They turned out to be more successful in the future. 
· Related to discounting the  future?


Information Processing Perspective

· Children improve in the following ways:
· Better strategies
· Increased working memory
· Better inhibitory and executive functioning
· Increased automatic processing
· Increased speed of processing



Core Knowledge Theories

· Distinctive domains of knowledge, some of which are acquired early
· Explains why kids learn language but not calculus easily
· Against the general intelligence approach to development and cognition
· Suggestions: language, objects, people, living things

Core-Knowledge Theory: Objects

· 4.5 month olds have object permanence
· http://youtu.be/lKZ9IPRKkkU
· Objects move in continuous paths
· Objects can’t move through other object
Core-Knowledge Theory: Living Things

· 12-5 mo. Can tell the difference between animate and inanimate objects
· Movement
· Growth
· But don’t consider plants to be 
· alive until 7 or 8 years of age
· Internal parts
· Inheritance
· Illness
· Healing



Core-Knowledge Theory: People

· Naïve psychology 
· Theory of mind at 2-5 yoa




Evolutionary psychology


Evolution

· Occurs whenever these three things exist:
· Generation of diversity
· Mutation, crossover
· Selective reproduction and
· Survival and reproduction of the fittest
· Transmitted change
· Genetic, taught, imitated


Karl Sims’s Simulated Evolution

- Evolved Virtual Creatures, Evolution Simulation, 1994


Biological evolution

· Natural Selection
· Sexual Selection
· Artificial Selection (e.g., breeding)


Peppered Moth Evolution

Originally, the “typica” moth (right) flourished in England, because it blended in with the lichens on trees. During the industrial revolution, the trees became covered with soot, resulting in the flourishing of the darker “carbonaria” (left). When England cleaned itself up, “typica” made a comeback.


The Beak of the Finch: A Story of Evolution in Our Time

· By Jonathan Weiner (1995)
· Finch beaks evolve with the weather!
· One of my favourite books


 Evolutionary Psychology

· Explaining psychological traits as evolutionary adaptations. 
Adaptationism: theorizing about evolutionary causes for phenotypes

· Evolutionary psychology generates hypotheses, but these must be tested. 
Many people will believe an evolutionary story without evidence


Different Kinds of Genetic Influence

· Predetermination
· Mostly independent of environment (e.g., eye colour)
· Some traits are useless
· Male nipples. 
· Nipples form before sex is determined. They are useful for
   females but only constitute a  minor nutritive cost for males.
· Vestigial organs (e.g. appendix.)

· Exaptation
· Something evolved for one purpose is used for another (e.g., female orgasm in primates, bird feathers, jaw bones exapted to inner ear bones in humans).


· Overridable
· E.g., bitter foods and drinks, such as coffee
· Baldwin Effect (predisposition)
· We evolved to learn something easily
· E.g., language
· Cortical & Neural Recycling
· We like the taste of aspartame, which has no nutritive value
· Cultural feedback loops
· Less hair leads to fewer pests, making fire and clothing allows
  it to happen

Neoteny in Humans

· Small jaw
· Upright posture
· Big head
· Less developmental change
· Less aggression
· Sexual & natural selection
· More violent people get killed
· 10% of people in hunter  gatherer societies are killed through capital punishment
· We domesticated ourselves


Biological Evolution

· http://www.radiolab.org/2009/oct/19/new-nice/
· (9:43) Evolution in Action: The Silver Fox Experiment
· If you’re interested in learning more about the silver fox experiment,
   listen to this RadioLab   episode, “New NiceThe Mind From the Perspective of Evolutionary Psychology

· Our minds evolved, mostly during the Paleolithic (the Environment of Evolutionary Adaptation, or EEA)
· Our minds are a collection of special-purpose mechanisms for dealing with specific kinds of problems. 
· It is “modular,” rather than “general purpose.”
· These adaptations might no longer be beneficial


Morality

· Recall the Trolley Problem. 
· What is the evolutionary explanation for this?


Mate Selection
· Evolution predicts that men will be most attracted to healthy women who can bear children, and women should be most attracted to men who will provide resources to help raise the offspring.
· Men like a low waist-to-hip ratio (.7), and low ratios produce smarter children and healthier women.  


What Women Want

· Smelly T-Shirt experiment
· Women want compatible immune systems
· Men prefer shirts of ovulating women
· Testosterone makes men look more masculine (too much interferes with the immune system)
· Women prefer masculine faces when ovulating
· Women prefer more feminine faces when not ovulating
· Women guess that more masculine faced men will be poorer parents.
    Testosterone correlates with divorce,  infidelity, and violence

What Women Want

· Women prefer high prestige men for long-term commitments, and dominant men for short-term sexual affairs
· 3-4% of babies come from extra-pair copulations


Memory

· Prediction: we should remember better things for survival.
· In a word memory test, this was found to be true. 


Selfish Genes and Kin Selection

· Married people show modest correlations (.2) for:
·  breadth of nose
·  length of earlobe
·  wrist measurements
·  distance between eyes
· lung volume
· Length of middle finger correlates a whole .61.  Similarity in general predicts 
   marital success. 
· Anybody put a specific lung volume on their lavalife profile? 

Our Taste in Food

· Fat, salt, protein and sugar are important nutrients that were rare in the vast majority of our evolutionary history.
· Now we live in a society that has abundant fat and sugar. 
· We didn’t evolve to deal with massive quantities of it– never had to. 

Cosmides and Tooby

· Watch only up to 6:40
· http://youtu.be/nNW_B8EwgH4
· “Stone Age Minds: A conversation with evolutionary psychologists 
Leda Cosmides and 
John Tooby “





Social Cognition and The Evolution of Intelligence


Evolution of Cognition

· What we know of our ancestors’ bodies come from fossils, but there are two problems with this
· 1. Behaviour is not fossilized.
· Thus we rely on scant artifacts, but even those appear relatively recently.
· 2. Fossils are very rare.
· It is thought that one bone in a billion becomes fossilzed.	
· That means: for the population of Canada at 34 million, six of the   human bones around today will end up getting fossilized.
·  That’s bones, not skeletons!
· And that’s not even to say they’d ever be found. Human fossils are incredibly rare. 


Difficulty in finding fossils 

· Keep in mind we share 70% of our DNA with mice.
· http://www.ted.com/talks/louise_leakey_digs_for_humanity_s_origins?language=en
· Louise Leakey TED talk. 
· Watch only up to minute 12…

How long have humans been around?

· The oldest fossils of fully-formed humans are only 50k-100k years old.  That’s only 2500-5000 generations of 20 years.
· If language is an instinct, like Chomsky says it is, then it probably had to have been evolving for longer than humans have been around.
· Australopithecines had hands evolved for manipulation. We 
   don’t know that they didn’t use  tools. 
· However, only stone & metal  tools last, most modern hunter-gatherer societies of today have more biodegradable  tools than stone ones.


Standard Timetable for Human Evolution

· We differentiated from something100k-200k years ago.
· We differentiated from chimps much longer ago.
· We know this because a mitochondrial eve, which is the most distantly historical female that is the ancestor of all living humans. 
· She need not be human herself. 
· Mitochondria are weird– they have their own DNA. They were probably once a parasite.
· (They were the inspiration for “midichlorians” in Star Wars…)
· 
· The oldest human fossils were found in Africa, from about 100,000 years ago. 
· However, some stuff found in Zaire has modernish-looking tools, but they were dated 75k years ago. 
· This is like finding a car in da Vinci’s attic. 

· Most living things leave no record at all. 
· It is estimated that 1 in 10 thousand species ever gets fossilized.
· Most creatures don’t die in sediment. 
· 95% of fossils are from marine creatures in shallow parts of the  waters.


How Did Humans Get So Smart?

· Pinker’s Vision Theory
· Relying on vision is important because it is inherently 3D, unlike olfaction.
· Olfactory animals, such as dogs, keep their heads close to the ground 
   much of the time.
· It’s a “two-dimensional flatland viewed through a one-dimensional peephole.” (From How the Mind Works) 
· 3D thinking requires more brainpower.
e
· Group Living Theory
· Dunbar’s paper that you read
· Human lives differ from other primates mostly in terms of their social environments.
· We evolved smart brains to:
· Communicate important  information
· Keep track of everybody else and maintain social relationships
· Results in a social cognition arms race

· The Hand/Walking upright theory
· Walking upright allowed us to exapt our hands for different functions, which could make good use of more intelligence. 
· Hands allow us to carry things,Which allows us to create complex objects with parts  from different geographical Areas. 
· Requires planning, imagination,working memory
· These things work in a positive feedback loop.

· However, there is no evidence of artifacts from the million and a half first years of bipedality.
There are 12 theories of why humans became bipedal.

· More on Upright Posture
· Upright posture puts pressure on pelvis to be small.
· To maintain the intelligence arms race, evolution discovered a different strategy of altriciousness
· Altriciousness means more infant care by parents
· More infant care mean more male attention and   pair-bonding

· Hunting theory (ecological hypothesis)
· In general, carnivores are more intelligent than herbivores.
· It takes more brains for a wolf to hunt a rabbit than for a rabbit to hunt a lettuce head. Mental map size.
· Meat is nutritious. Relying on meat allowed brains to trust that 
   nutrition will be in the environment, allowing brains to grow bigger
· Big kills encourage socialization. Meat from a wild bull can feed 
1000 people. Make a deal with your neighbors, so they’ll share with you when they get lucky.

          Consciousness

Meaning

· Awake
· Not asleep
· Conscious of something
· Awareness of an oncoming car
· We are aware of much less than we think
· Conscious of self
· Descartes's “I think therefore I am”
· Awareness of what is doing the action or having the experience
We will be discussing consciousness of the latter two types. It is possible to be conscious in the latter sense whilst not being awake (i.e., dreaming).

Automatization

· As we get better at things, they become easier to do, and faster, and we can think about other things while we do them.
· Driving is a good example. 
· We become less conscious of the activity.
· It gets so fast that making yourself conscious of it will mess up performance.
· Perhaps babies are more conscious than we are, because they are habituated  to nothing. Consciousness is not the Main Event

· Much of what the brain/mind does is not available to consciousness, or does not require consciousness.
· It is like an iceberg – only a small part of the mind is available to reflect on or control
· AI has the potential to do all kinds of stuff without consciousness. 
· We just don’t know enough about it to know.
· Another possibility – the rest of the brain is conscious but not available to “us” – we see that this is possible in the case of split-brain patients.

Intuition

· When we perceive or decide or believe something without having a notion of how the idea came about.
· Can be caused by automatization.
· We have genetic and learned intuitions.
· We cannot tell the difference. 
· When can we trust it?
· Old brain processes aremostly impenetrable. 
· Video: Neuroscience and Free Will (3.36min)


Qualia

· The “qualities” of consciousness – “what it is like” to see, hear, taste, etc.
· An example of a “quale” (plural qualia): What the colour red looks like, or what pain feels like.
· There is a debate in philosophy regarding whether qualia are reducible to physical processes and states. 


Weird Consciousness Disorders

· Blindsight (ability to guess above chance aspects of visual stimuli in absence of perception)
· Hemisphere neglect (damage to the brain causing deficit of awareness of one side of space)
· Severed corpus collosum (split-brain or commisurotomy)
· Thought alienation (believing that the thoughts in your head are not your own)

Zombies

· In philosophy, a zombie is a being that is like a human but has no conscious experience.
· Behavioural Zombie: behaves just like a human
· Neurological Zombie: 
· a behavioural zombie, the brain states of which are indistinguishable from a human
· If zombies are possible, then perhaps some form of dualis is correct.
· Dualism is the belief that there is some kind of mental substance that is not physical

Baars’s Global Workspace Model

· Consciousness highlights certain parts of memory, that are viewable by other processes.
· Similar to a “blackboard architecture” in AI.

Dennett’s Multiple Drafts Model

· There are multiple processes in the mind that interpret things. These are like multiple drafts of the same story, such as picking up a glass of water. 
· They compete for control over other parts of your mind. 
· There is no set point at which something  becomes conscious. 


Imagination


· Creativity in general
· Sensory-like experiences based on internal rather than external information
· To distinguish it from perception

Frequency
· On average, people think about the future once every 16 minutes


We use memory to make imaginations

· People who have trouble remembering (e.g., the elderly, Alzheimer’s patients) also have trouble imagining the future. 
· Many of the same brain areas are active for both tasks (the “default  network.”)


Imagining the Future

· Future imaginings have less detail, and are more prototypical.
· Impact bias: we think that future emotional reactions will be stronger than they really will be. This is true even for imagined past events!
· Imagine the steps to achieve a goal, not the achievement of it.

Kinds of Sensory Imagination

· Visual
· Auditory
· Olfactory/Gustatory
· Haptic
· Emotional
· Enteric/sexual/hunger, etc.
· Motor/kinesthetic

Imagination vs. Mental Imagery

· Aphantasics have no conscious experience of sensory imagination. But is it right to say they have no imagination at all?
· Can you imagine a polygon with 3 sides? How about 1280?
Dreaming about somebody who looks like someone else but you “know” is your mother

[image: ]

Evidence that Long-Term Memories are not Pictures

· Degraded memories are not blurred or pixelated.
· “attack formation” on a chess board is not a visual property
· We can retrieve based on word queries
· Missing objects are not blank spaces

How Hallucinations Differ From Imagination
· Often involuntary (though sometimes imagination is also involuntary, as in post-traumatic stress disorder)
· Often believed (though not always)
· Often “projected” on the real world (though imagination can do this too, as with imaginary companions, and sometimes hallucinations track the eyes)

Schizophrenia and Hallucination

· Almost all (hospitalized) schizophrenics hear hallucinatory voices.
· So do about a third of non-schizophrenics, but with schizophrenia they’re often threatening, jeering, or persecuting.
· Delusions and Hallucinations
· Difficult to disbelieve

Hallucinogenic Drugs

· LSD, Hashish, mescaline, Artane, psilocybin mushrooms.
· Multi-sensory and meaning rich, often pleasant.
· Sometimes believed


Epilepsy

· Depending on where in the brain the seizures happen, different hallucinatory effects will result. 
· In higher brain levels (parietal and temporal lobes) one might have cartoony figures. 
· At even higher levels, one might hallucinate a complete hallucinatory world
· At lower levels, you just get simple things like spinning lights

Charles Bonnet Syndrome

· Only visual
· Most people hallucinate shapes, colors or patterns, but never people 
	Brain area
	Level
	Hallucinations

	Occipital cortex
	Early
	Shapes, orientation, patterns

	Inferotemporal cortex
	Later
	Animals, objects, letters, faces



· objects.
· More complex: faces, notation (music or text)
· More complex: costumed people marching around.
Never interactive, never familiar, never emotional, never meaningful


Problem in V1 and V2, low level visual brain areas
· Usually not believed.
· Do not lead to delusions.
We can get many CBS symptoms from sensory deprivation

																													Imagination has more activation in the frontal
areas associated with executive control.
Hallucinations originate elsewhere.
The part of the visual system that is impaired
predicts what kinds of hallucinations you will 
have



Migraines


· Migraine auras are hallucinations that can accompany migraine headaches.
· Often they start as one thing and turn into another—such as zigzag lines into checkerboard patterns.
· It tracks the progress across the brain. 















































































































































































































































































































































































































































































































































































































The Ways Hallucinations Differ

· voluntary-involuntary
· come full-formed or are assembled bit by bit
· meaningful or meaningless
· believed or not believed
· sensory, delusory, or both
· simple or complex
· vividness 
· detail
· projected onto external space or just in the visual field
· reacts to hallucinator or doesn’t (participant vs. spectator)

Daydreaming

· People mindwander about 47% of the time.
· Lovemaking seems to be the only activity that people don’t daydream during
· [bookmark: _GoBack]People are happier when thinking about what they are doing, even if the task isn’t fun
· Thinking about things unrelated to your current task. Pilots daydream when they have nothing to do

Maladaptive Daydreaming

· Intense, compulsive daydreaming that interferes with one’s life
· People get grumpy if they can’t daydream
· Might go on for many hours

Counterfactuals

· In general, thinking about how your life could be worse (downward counterfactuals) make you feel better, and vice-versa.
· But not always– downward counterfactuals that make you think “that could have been me” makes you anxious and scared. 
· It depends on whether you feel a part of the imagined situation, or contrast your life with it.
Imagination as a mental training

· People who imagined putting the ball in the hole putted 30.4% better
· Imagining doing sports makes you better at sports
· finger strength could be increased by 22%, which is almost as much as doing isometric exercise, which increased strength by only 30%.
· 20 minutes is the optimal amount of time for mental practice. 
· Less and it doesn’t stick
· More and you lose too much touch with feedback from reality

Imagination and Fighting Bias

· Imagining fighting the bystander effect helped people fight the bystander effect
· Imagining people doing something counter to their stereotype reduces prejudice


Imagination and Diets

· Imagining eating a food habituates you to it and you end up actually eating less of it.


Imaginary Companions

· What one is
· Hard to differentiate from toys imbued with “life”
· It is common
· 65% of children under 7
· 28% of 16 year olds 
· Harmless
· Though they might be caused by other problems, they are not the problem
· Often it’s helping, not hurting


Why do Kids Have them?

· There isn’t always a clear reason
· Being alone or neglected

Are kids confuse
· Kids don’t actually believe in them
· They are not always friendly. Some are scary
· They are not always under conscious control of the child
· Crying because friend was busy
· 34% of kids sometimes get mad
· Writers and their characters
· Twice as likely to have had
· Imaginary companions as kids

Uses of Imaginary Companions

· Feeling competent in contrast
· or inspiring
· Form of play, which helps regulate emotions
· Expressing emotion
· Scapegoating
· Getting out of chores
· Company



Coherencer

· SOILIE takes in a word and generates a list of co-ocurring labels. But this list is sometimes incoherent.
· Coherencer looks at the co ocurrance of the things in the list, and replaces the 
   label that has the lowest co-occurrence with the other labels.
· It does this until the whole set is coherent.
· This was done by my graduate student Mike Vertolli. 

3D Imagination

· We’d like to do imagination in 3D. 
· Who can imagine in 3D?
· We are using the new 3D labelme database.
· We also made a game…
· You can play it at
·  www.quantygame.com







Cognitive science: history. Present and future


Pre-History of Cognitive Science


· 400 BCE: Ancient Greek philosophers made theories of mind
· At this time science had not yet been invented.
· Little was known about the world; these guys philosophized about a whole lot.
· This is also the pre-history of all disciplines.
· Philosophers dominated the pre-history until about 1800.


1800: Birth of Psychology

· Psychophysics:  relationships between perception and stimuli
· 1875: Wilhelm Wundt opened the first psychology laboratory
· Ebbinghaus did some of the first experiments in memory
· 1890s: Freud and the case-study technique, William James published
   “Principles of Psychology” which is still often quoted today

1913: Behaviourism

· 1908: Pavlov’s salivating dogs experiment
· 1913: John Watson’s manifesto for behaviourism published.
· Held that we cannot directly study mental processes, only stimulus and 
   behaviour
· In response to case studies and introspection
· Tried to make a psychology like physics


Chipping Away at Behaviourism

· 1930: Jean Piaget
· Problems helping pilots who were already experts
· Behaviourism started to try to explain difficult things, such as 
   language…

Early 1900s: Cybernetics

· Analog brain modeling (pre-computer)
· Inspired by colla
· ration of psychologists working with engineers and communications people in war efforts
· Was killed by artificial intelligence, but made a bit of a comeback with neural networks

 pre-computers

· Charles Babbage
· 1821: Difference Engine. Mechanical calculations 
· Analytical Engine (never built)

1940:  Early Computing

· Turing test
· Satisficing
· 1955: Birth of Artificial Intelligence
· Part of why AI was needed for the birth of cognitivism was because 
   before we had computer 
   programs it was hard to 
   imagine how information 
   processors could work


Birth of Cognitivism

· 1957: Noam Chomsky’s review of B.F. Skinner’s Verbal Behavior. 
· A book review more famous than the book it was reviewing
· Introduced concepts:
· Poverty of the stimulus
· Universal grammar
· Chomsky is still alive 
   and working– he came to 
   speak at Carleton in 2010.

TOTE

· Miller, Galanter, Pribram1960 book Plans and the Structure of Behavior
· Test, Operate, Test, Exit
· Iterative problem solving strategy
Late 1950s: First Neural Network Theory

· Killed in 1969 by Perceptrons book by Minsky and Papert

1975ish

· Developmental and computational linguistics
· Fodor’s The Language of Thought
· Robots

1980s

· Expert systems, case based reasoning
· Brain imaging (fMRI, PET)
· Neural net revival with backpropogation

1990s

· AI getting more mathematical
· Psychology’s “Decade of the Brain”
· Philosophy paying more attention to empirical research
· Expert systems decline
· Embodied and situated 
   cognition


Cognitive Science Present

· Strong Cognitive Science society.
· Conference is growing in size
· Handful of Cognitive Science departments in the world, many more interdisciplinary 
   programs 
· Carleton has the only one 
   in Canada
· Neuroscience a big player
· Lots of subdisciplines 
   breaking off


Ray Kurzweil

· Believes computer programs will be smarter than people around 2045
· The Singularity, and why it’s called that
· Kurzweil has a very optimistic view of the future of brain understanding and AI.
· Brain imaging, processing,
   memory, and nanotech 
   are all accelerating at an 
   exponential rate.
· Bill Joy is as optimistic 
   about tech progress, but 
   has a dystopian view of 
   what it will do to society

Kurzweil’s critics

· Where will these nanobots get their energy?
· The bots would have to be too big
· Etc.
· If you’re interested in
  Kurzweil’s theory, read 
  The Singularity Is Near
· It’s called the singularity
   because we cannot
   predict what would 
   happen beyond it.

· Scientific progress: incommensurability is when one scientific paradigm cannot be understood in terms of another
· Ethical patient: something 
   that deserves to be treated 
   ethically
· Domestication of AI
· Precocious and  altricious development






The cognitive science of religion

Person Permanence

· Our beliefs that people still exist when we can no longer perceive them. 
· It seems that this does not shut off immediately when someone dies, leading to beliefs that their minds still exist. 
· Studies show that most people, even self-described atheists, attribute mental states to the dead. 

Is This Learned or Innate?

· If something is learned, we predict that it gets stronger during enculturation. 
· The opposite happens with attributing mental states to the dead. Kindergarteners were more likely to do this than older children.
· This suggests that there is an innate component. 
   Are we natural dualists?


Pascal Boyer’s Counterontology theory

· We have subsystems for understanding different things in the world: contagion, persons, living things, tools, physical objects. These form “ontologies.”
· We find fascinating things that belong to one category but have one 
   (or close to one) thing from another. 
· A ghost or god is a person with no body.
· A zombie is a person with no mind.
· A crying statue is an object with one biological property.
· Studies show that people find these one-violation concepts the 
    most plausible (Barrett)



The Old Brain and the New

· The old brain is intuitive. We are conscious of its outputs, not its processing. 
· People’s implicit reasoning about the supernatural can be at odds with what they say they believe.
   (Subbotsky 1997;2001)






Dead Bodies Are Naturally Counterontological

· We are fascinated with corpses because they bring up intuitions from different systems that are contradictory. Religion comes in to fill the gaps.
· Our contagion system makes us fear it.
· Our theory of mind make us think the person is still around, and we might feel love. 
· Our biological system tells us it is dead and can’t move.
· As a result, all religions have prescriptions with what to do 
   with corpses. 
· Whereas things like gods or magical objects have to be, in some sense, invented (either by persons or by cultures), corpses are universally  compelling. 

Explaining Dual Funerals

· According to anthropologist Pascal Boyer, these are common: the body is buried, and then some time later it is disinterred, and something else is done. 
· Boyer says this is to make sense of our changing intuitions about the status of the dead person
· The first ritual is to remove the body, even though we believe the person still exists,
· And the second is to mark the change of our acceptance of the
   person being gone, and only existing in our memories.


Theory: Religion Encourages Prosocial Behaviour

· Imagine how a monkey’s reputation could be hurt in a pack. Without language, your reputation can only be hurt in the minds of those who directly see you.
· With language, a reputation can spread, and affect someone for years. 
· One theory says that humans evolved to have beliefs in supernatural agents 
   (such as gods) to keep us behaving even when nobody’s watching.
· This requires group selection, which is very controversial.

Evidence

· People are more prosocial when primed with (shown, reminded of) supernatural concepts.
·  People think gods have “strategic” knowledge. Gossip is theorized to have a similar function, and it also focuses on strategic knowledge. 
· A book that describes this theory in detail (and is one of the best books I’ve ever read) is
·  Jonathan Haidt’s The Righteous Mind. 

Origins of Religious Belief and  Ritual and  Mental Illness

· In traditional societies, schizotypals and epileptics are often perceived to be blessed and set the society’s religious tone.
· Mania
· Obsessive-Compulsive Disorder
· Schizophrenia and  schizotypal personality disorder
· Temporal-lobe epilepsy
· All of the above correlate with religiosity.


Obsessive-Compulsive Disorder

· Characterized by compulsive rituals: checking, cleaning, entering and leaving spaces, hoarding, numbers. Affects about 2% of people.
· Hyperreligiosity is a major  feature of OCD.
· Orthodox religions are replete with food and  body cleansing, repetition  of mantras, numerology, and portal rituals

· Failing to engage in the ritual causes a feeling of dread in OCD patients.
· Participants of religious ritual and OCD patients alike do not know the mechanism that connects the ritual to future events. 
· People with OCD are attracted to religions,  particularly ritualistic  ones such as Catholicism

Schizophrenia and Schizotypy

· Schizotypalism affects 3% of people
· Features hallucinations
· People who experience delusions tend to have more religious beliefs
· Because schizotypals are likely to be treated as having been blessed, their hallucinations can become accepted as divine truth. 
· Amped up pattern  detection

Dopamine and Pattern Detection

· Experiment in which Skeptics are given l-dopa










Why Are Individuals Religious?

· As with most things psychological, religiosity is about 50% genetic and 50% environmental.
· Specifically, 
· Genetics: 47%
· Environment
· Family upbringing: 11%
· Non-family environment: 42%


We Create or Call Upon Religious Ideas 
When We Encounter Something Out of the Ordinary

· Unfortunately, human beings constantly see 
   patterns in truly random processes.
· The termite collapse
· Fishing people and the 
   lagoon
· Karma
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Mental Imagery is the final,
optional stage of imagination

“Imagine a living room”

instruction

(coffee table in front of sofa)
(book on coffee table)
(TV attached to wall)

(cushions on sofa)
(sofa has L shape)
(chair is black)

Aphantasics
stop here.

Mental imagé

Pull from memory things

that belong in a living room:
sofa, chair, coffee table, ceilingj
window, TV...
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“Imagine a living room” 

instruction 

Pull from memory things 

that belong in a living room: 

sofa, chair, coffee table, ceiling,  

window, TV… 

(coffee table in front of sofa) 

(book on coffee table) 

(TV attached to wall) 

(cushions on sofa) 

(sofa has L shape) 

(chair is black) 

… 

Mental image 

Aphantasics  

stop here. 






