COGNITIVE SCIENCE NOTES 
The Cognitive Level

Learning at the sociological level: Fijian Food Taboos
· “Food Taboos for pregnant and lactating women in Fiji selectively target the most toxic marine species, effectively reducing a woman’s chances of fish poisoning by 30% during pregnancy and 60% during breastfeeding”

Learning at the psychological level: Eating some fish can make you sick
· An individual might notice that after eating a certain kind of food, people get sick. 

Learning at the Cognitive Level: Adjusting parameters on productions
· One cognitive theory is that the mind does what it does by firing little information processing rules called “productions”
· If you are hungry, AND you see a blue fish, THEN eat it
· When something good or bad happens, the productions used to get to that state of affairs are made more or less likely to fire in the future
· Note that the cognitive level deals with information and how it is processed

Learning at the Biological Level: Synaptic Changes
· Synapses are the spaces between neurons, where communication happens. Synapses get more efficient with repeated use. This is the “Hebb Theory.”
· Neurons that fire together, wire together. This is how associations are learned. So, if you have some neurons representing the concept of poison, and others representing the eating of a certain kind of fish, then those neurons will be more likely to co-activate in the future. 

Learning at the chemical Level:
· Synaptic changes in taste receptors to tolerate bitter foods
· Children often vomit when eating some bitter foods that adults enjoy
· This happens, in part of synaptic changes

Learning at the physical level:
· Not a good level of description for learning yet.
· Some people believe (e.g. Roger Penrose) that quantum effects are directly related to consciousness but most cognitive scientists do not take this position seriously. 

How do we know if a level is legitimate?
· If it can successfully make casual predictions using the ontology of that level. 
· Ontology: A set of things said to exist



Why are Scholars often dismissive of levels above the one they work at?

· Because they believe that the regularities found at higher level are or will be deducible from lower-level regularities.
· This is one form of “reductionism” 

Why do we need sociological level?

· Certain groups behaviour phenomena such as a group going on strike, are difficult to explain with individual psychology

Why do we need the psychological level?

· We need it in addition to the sociological level because some behaviours are not heavily influenced by their social context (e.g, baby face recognition)
· We need it in addition to the cognitive level because we need a place for non-casual, statistical models (nutrition influences IQ)

Why do we need the cognitive level?

· We need it in addition to the psychological level because the explanation of certain behaviours without the language of information processing is too vague (e.g, how do people do multiplication)
· We need it in addition to the biological level because mental states and processes are defined functionally, not anatomically.
· E.g. you and I are both happy to be here, even though our brain states are quite different 

Why do we need the biological level?

· We need it in addition to the cognitive level because sometimes the biological structure influences behaviour in ways that the information processing perspective cannot explain. E.g. number/colour synthesis because co-located gyri.
· We need it in addition to the chemical level because certain brain structures appear to be used for particular things
· (e.g., the hippocampus and short-term memory)

Why do we need the chemical level?

· We need it in addition the other biological level because chemical can affect behaviour (e.g. drug effects)
· We need it in addition to the physical level because physics doesn’t tell us much about human behaviour. 

Proximate and ultimate descriptions in cognitive science:

· Proximate explanation: we eat because it satisfies our hunger and it foods taste good.
· Ultimate explanation: we eat because we need nutrition to stay alive.

The cognitive level is the information processing level:

· Cognitive science prefers descriptions of information, and how it is represented and changed.
· For example, cognitive scientists have theorized that individual memories have “activation level” that determine how easily they can be retrieved from memory.
· We accept the idea of an activation level if it helps us predict behavior. We also like it if we find some biological basis for it.
· Another way to put this is that cognitive scientists prefer to describe the workings of a mind at a level so detailed that one could get a computer to execute the task in the same way. 
· The metaphor for cognitive science is not that the mind is a computer, but a computer program.
· Programs are information processing instructions, and computers have all kinds of hardware that have all kinds of hardware that has nothing to do with minds or brins. And the nature of this hardware changes oer time and across computers.

Functionalism:

· Holds that mental states and processes are determined by their functional properties (i.e. what they do) rather than by their physical properties (i.e. anatomy)
· Other people
· Other animals 
· Extra-terrestrials
· Computer programs 
· Distributed cognitive systems


The Fields That Compose Cognitive Science

Historically Core Fields:
· Psychology 
· Philosophy 
· Computer science 
· Linguistics 

Contemporary Core Field:
· Neuroscience (esp. cognitive neuroscience)

Secondary fields:
· Education
· Anthropology 

Psychology: Characterized by:
· Subject matter: natural minds, mostly human broadly interested in cognitive functioning, even when it is erroneous. 
· Methods: laboratory experimentation, statistical analysis, computer cognitive modeling
Subfields:
· Cognitive psychology: Broad field of basic research in human internal metal processes
· Human factors/ Human- computer interaction (HCI): How people psychologically interact with artifacts (human-designed things) such as user face interfaces
· Evolutionary psychology: how our evolutionary history has made our minds what they are
· Psycholinguistics: studying language with experiments
· Comparative Psychology: animal cognition, sometimes comparing it to human
Critiques:
· Not enough model building: you can’t play 20 questions with nature and win 
· Dustbowl empiricism: Not enough theory, there are no theoretical psychologists
· Methodologically limited: cognitive science is possible because psychology wont innovates to embrace the methods of the other fields
· They underestimate the complexity of language 

Philosophy: Characterized by subject matter
· Subject matter: usually big questions, what our concepts mean, otherwise quite broad
· Methods: Thinking and writing 
· Thought experiments conceptual analysis 
· Argumentation 
· Theorizing from evidence from other fields and common-sense observations 
Subfields: 
    Philosophy of mind:
· Can machines be conscious?
· Functionalism vs identity theory 
· Qualia 
· Which animals feel pain?
    Philosophy of science: 
· How should science be practised?
· How is science practised?
· Philosophy of psychology (the science)
· What mental categories are scientifically legitimate?
   Philosophy of Language
· How do words connect to meanings? 
· How can a word refer to something that does not exist?
Critiques:
· They don’t pay enough attention to empirical study
· They sometimes think that the existence of a word implies the existence o its indented referent 
· They are concerned with too many unimportant problems 

Computer Science
· Subject matter: how mental processes can work on machines, and how computers can effectively interact with humans
· Methods: building and testing computer programs 
Subfields
· Artificial intelligence: Building mental processes with computer programs and to understand and create mental systems
· Human-computer interaction: To design computer interfaces that humans can effectively use 
AI Critiques
· Insufficiently concerned with natural intelligence 
· AI researchers usually don’t care I their programs work the same way that people or animals do
· Even those doing psychological AI don’t know enough about empirical findings, or don’t try to build in the mistakes people make 
· They are overly optimistic about the future of AI

Linguistics
· Subject matter: human spoken or signed natural language 
· Not computer or animal language 
· Not written language 
· Methods: i analysis, grammar creation, corpus analysis
· Most cognitive science subfields are defined by their methods, but linguistics is strongly characterized by both its subject matter and methods
Subfields
· 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 time?”)
Critiques
· They build models of language and then don’t know what to do with them 
· They are not familiar with, nor do they try to interact with, other findings about the mind.
· They only concern themselves with one part of cognition 

Neuroscience
· Subject matter: how the brain processes information and creates cognitive processes. The biological functions of mental phenomena.
· Methods: neuroimaging, single-cell recording, anatomical observation, computer modeling, pharmaceutical effects, genetic analysis, etc
· Overlaps with biological and physiological psychology, neuropsychology, and the rest of neuroscience 

Critiques 
· Underestimate the complexity of language and other thought processes
· Completely unable to shed light on many of the processes everyone else is interested in
· They tend to be dismissive of other approaches or reductionist 
· Lean too far toward nature on the nature/nurture debate

Education

· Subject matter: how people/children learn, and how we can design education to help them effectively do it 
· Methods: naturalistic observation of case studies, empirical studies 
Critiques

· Case studies are worthless or close to it
· It’s too applied and not telling us enough about basic cognitive processes 
· The controlled studies are poorly done
· They only deal with one part of cognition 

Cognitive Anthropology
f
· Subject matter: social organization, human culture, enculturation, cultural change and cognition, situated cognition
· Methods: field works, ethnographic observation and interviewing. Emphasis on qualitative study
· Anthropology includes things like archeology. Cultural anthropology includes cognitive

ANALOGY

Steps of analogy
Retrieval: finding something good in memory to make an analogy with

Mapping: finding correspondence between elements of the two analogues

Transfer/adaption: 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 


Transfer:
· my friend Wallace is like a bear 
· what would you infer about Wallace?
· Richard Darwin’s has been called “Darwin’s pit bull” 
· What would you infer about Darwin’s?
· The inference is analogical transfer 

Evaluation:
· upon evaluation, one might go back and make different choices for retrieval, mapping, transfer, or adaption


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?

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 has fallen sharply”

Language and Communication

Language: What it is 

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   

Animal Communication 

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

Human Communication

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

Language is a Brain Interface

· Like a computer programming language, natural languages allow interfacing between what might be two very different brains

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?”

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

Animals require hundreds of trials 

· They have to use associative learning to associate a sound or picture with a concept. With humans, they do it naturally.

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

Perception

What is perception?
· The process by which agents interpret and organize sensation to produce a meaningful experience of the world.
· From a cognitive science perspective, it means turning information from one form into new, meaningful representations

Human Vision

· Extra mission Theory
· Rays of light emanating from the eye in combination with light in the world allow us to see 
· Intromission Theory
· Visual perception is accomplished by rays of light reflected from objects into the 
eyes 

Human eyes 

· Light is reflected into the eye and focused on the retina 
· Light stimulates the rod and cone receptors 
· Transduction of light into electricity 

Rods and Cones on Retina 

1.) The image is severely distorted and inverted 
2.) Rod: the most light sensitive photoreceptive cells in the retina (night vision);
1.) 100 times more sensitive then cones;
2.) information is received by a convergence or pooling from many rod cells resulting in a loss of visual acuity;
3.) convergence of information makes peripheral vision sensitive to movement ( seeing something vague out of the corner of your eye).


3.) cone three types: 
1.) correspond to short(blue), 
2.) medium (green) and 
3.) long wavelengths (red); works best in bright light; fewer cone cells exist for peripheral vision 

Depth Perception

· Size: we know how big things are 

· Perspective: things are smaller on the fovea as they get farther 

· Texture, shading, saturation: closer things are more saturated. Texture gradients 

· Multiple Images: Including motion and binocular vision 

Dorsal and ventral streams

· Dorsal stream: ”where” pathway; associated with motion, representation of object locations, and control of the eyes and arms, especially when visual information is used to guide saccades or reaching
· Ventral stream: “what” pathway; associated with form recognition and object representation. It is also associated with storage of long term memory  

How audition works

· Acoustical energy (sound waves) vibrate the eardrum (in air) or bones (underwater or through your own body, as when you hear your voice)
· Localization is done by examining the differences between the sounds in the two ears, somewhat like how depth is done with binocular vision 

Echolocation 

· Biosonar: send out sound, determine spatial information from echo 
· Bats, toothed whales, dolphins, and two kinds of bird 

Haptics (touch) 
· Critical for manipulation of objects, particularly in combination with proprioception 
· Sensors are in the skin 
· Active perception
· Haptics 
· Vision 


Olfaction

· Detection of chemicals- no clear energy continuum as there is for light and sound waves
· Some similar chemicals smell different; smell different chemicals smell the same 
· Much of what we experience as taste is actually smell
· This is why food tends to taste bland when you have a stuffy nose 
· Smelly t-shirt studies 
· Women detect immune system compatibility 
· Men detect ovulation 

Smell for Animal Communication 

· Territory 
· Fertility 
· Ant pheromone traces

Gustation (Taste)

· Chemical receptors in taste buds last for a week or two then wear out 
· The tongue detects flavours such as salty, sour, bitter, umami, and sweet
· Pain receptors react to spicy foods
· The experience of food is very complex, involving feel, temperature, taste, smell, and pain 

Kinesthesia, proprioception, and the Vestibular system 

· Proprioception and kinesthesia are how you know where your body parts are and how they are moving
· Sensors are in the inner ear, and in muscles 
· Phantom limb 
· Motion sickness and the vestibular system

Interception

· Perception of hunger, need for digestive elimination, heart rate, the need to sneeze, breathe, or cough, etc


Cognitive Science Myths 

We Only Use 10% of Our Brains 

· 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 We 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 

Psychic Powers are Real

· Unfortunately, its not 
· Recommended: Susan Blackmores book adventures of a parapsychologist 
· There are several cognitive biases that make us believe that its real 
· Confirmation bias
· Neglect of a negative results 
· Wishful thinking 

Listening to Mozart Makes Babies Smarter

· We believe it because we hope its 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 Stephan king book

IQ Tests are Biased

· If they were biased, they would under-predict later success for certain groups, and over-predict 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), the 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; Mysteries
· “almost Implemented.”
· Our economy would probably collapse without the findings of AI researchers 

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-experiment’s are observations in the real world. Most political science lessons are learned from quasi-experiments

Results and Statistics 

·  Hypotheses and falsiability 
· significant means probably not sue 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 cant look at a he list of numbers and know I they are different.

Science as a culture 

· Replicability 
· Science 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 un-dreamlike 
· REM sleeps characterized by rapid eye movement, muscle atonia, and often dreaming 

Dream and Waking States 

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

Dream Recall 

· We typically forget dreams 
· Correlates with visuospatial skill and individual differences in working memory 
· Animals and infants cannot report dream s
· 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 any 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 

Interference from the world 

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

How you can affect your dreams 

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

Threat Stimulation 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 deceases 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 

More support

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


Play and Phobia 

· Ancient survival behaviours are also over-represented in play and in phobias 
· Animals play appropriately for what they need to learn to do 

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 whats weird 
· Un-Inhibited behaviour 
· But also our difficulty in remembering dreams 

AIM Model of conscious states 

· Activation 
· Basic level of brain activation 
· Information flow
· Sensory input vs internal, fictive input 
· Mode of information processing 
· Aminergic- cholinergic neuromodulation
· Activation-synthesis hypothesis: dreams are the cortex trying to make sense of chaotic inputs from the brainstem 

Support for the Activation-synthesis hypothesis 

·  Dream emotion seems t 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 



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 cant 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 


The Cognitive Science of drea

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 common sense 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 here 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 dirt” 
· Utilitarianism vs. deontology 

Haidt’s Moral Foundations Theory 

· Care/harm
· Liberty/ oppression
· Authority/ subversion
· Fairness/ cheating 
· Loyalty/ betrayal
· Sanctity/ degradation
· Mnemonic: CLAFLS (Cha-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, cooks it, and eats it 
· Did he do something 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 oral foundations fairly strong 
· Left wing people tend to only have care/harm and liberty/ oppression strong 
· Libertarian tend to only have liberty/oppression strong 
· This is mostly genetic which means your politics is mostly genetic

Animal Morality 

· Pro-sociality 
· Empathy and condolence 
· Fairness, reciprocity, friendship in chimps 
· Chimps ill kiss and embrace after a fight 


The Cognitive Science of Religion 

Pascal Boyer’s Counter Ontology 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 

Person Permanence

· Our belief 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?

The old brain and the new

· The old brain is intuitive. We are conscious of its outputs, not its processing 
· Peoples implicit reasoning about the supernatural can be at odds with what they believe 

Dead bodies are naturally counter ontological 

· 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 makes 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 r 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 Pro-social 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 

Origins of Religious Belief and Ritual and Mental Health 

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

OCD

· Characterized by compulsive rituals: checking, cleaning, entering and leaving spaces, hoarding, numbers. Affects 2% of people 
· Hyperreligiousity 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 religious, 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 schizotypal 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 1-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 collapses 
· Fishing people and the lagoon 
· Karma 


Imagination

What is 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 imagining has 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 for imagined 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

Evidence that long term memories are not pictures
· Degraded memories are not blurred or pixelated 
· “attack formation” on 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 PTSD
· 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 eye 

Schizophrenia and Hallucination
· Almost all (hospitalized) schizophrenics hear hallucinatory voices
· So, do about a third of non-schizophrenics, but with schizophrenia theyre 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, colours or patterns, but never people or objects 
· More complex: faces, notation (music or text) 
· More complex: costumed people marching around 
· Never interactive, never familiar, never emotional, never meaningful
· Problem in V! and V2, low level visual brain areas
· Usually not believed 
· Do not lead to delusions 
· We can get many CBS symptoms from sensory deprivation 
· Occipital cortex
· Early level
· Hallucinations: shapes, orientation, patterns
· Infratemporal cortex
· Later level 
· Hallucinations: Animals, objects, letters, faces 
· Imagination has more activation in the frontal areas associated with executive control
· Hallucinations originate somewhere else
· 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 hallucinatory or doesn’t (participant vs. spectator)

Daydreaming 
· Thinking about things unrelated to your current task
· People mind-wander about 47% of the time 
· Lovemaking seems to be only activity that people don’t daydream during 
· People are happier when thinking about what they are doing, even if the task isn’t fun 
· 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 more anxious and scared 
· It depends on whether you feel a part of the imagined situation, or contrast your life with it

Imagination as 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 could be increased by 30%
· 20 minutes is the optimal amount of time for mental practise
· less and it doesn’t stick 
· more and you lose too much 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 its helping, not hurting 

Why do kids have them?
· There isn’t always a clear reason 
· Being alone or neglected

Are kids confused?
· 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 

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

Coherences
· SOILIE takes in a word and generates a list of co-occurring labels. But this list is sometimes incoherent 
· Coherences looks at the co-occurrence of the things in the list, and replaces the labels that has the lowest co-occurrence with other labels 
· It does this until the whole set is coherent




Consciousness

Meanings 
· Awake 
· Conscious of something
· Awareness of an oncoming car
· We are aware of much less then we think
· Conscious of self
· Descartes’s “I think therefore am”
· Awareness of what is doing the action or having the experience 

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 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 our 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 
· old brain processes are mostly impenetrable 

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
· Blind sight (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 commisurotimy)   
· Thought alienation (believing that the thoughts in your head are not your own)

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

Bears’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 compare for control over other parts of your mind 
· There is no set point at which is something becomes conscious

Cognitive Architectures

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 stimulation 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 (ignoring cultural and other learned aspects)
· In some way’s it is easier to make a model in architecture, and harder in other ways 

Kinds of Cognitive Architectures
· Symbolic
· Operates at the level of discrete symbols 
· Sub-symbolic 
· Operates using number representations, which in aggregate constitute symbols 
· Hybrid symbolic/ sub symbolic 
· Brain
· Models cognition at the level of biology, but speak to cognitive issues

Symbolic Architectures
· Production systems 
· For example (assuming words beginning with capital letters are variables, and other words are constants):

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 model’s automatization

Symbolic: 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 

Sub-symbolic: Connectionism 
· Supervised learning. Uses Backpropagation. Great for classification. Needs thousands of examples to work, unlike human beings 

Cognitive Science and the Real World

Law: False Memory
· False memory is when people mistake suggestions by an interviewer (scientists, policeman, or therapist, for example) as actual memories
· “lost in the mall” Scenario 
· There are lots of people in jail because of implanted memories of childhood abuse caused by well-intentioned therapists
Law: Case-based Reasoning 
· Case-based reasoning (CBR) is an artificial intelligence paradigm that reasons about what to do by retrieving similar situations from memory
· Lawyers need to find similar legal cases to the case they’re working on 
· These can be retrieved by using a case, keywords, or principles as a query 
· CBR has also been successful for help desks 

Medicine and AI

Diagnosis
Medical information
	Retrieval 
Image recognition and 
Interpretation

Many are  not used because they do not fit in with how the medical establishment works

· Some of the earliest AI programs were made to diagnose patients. They are “expert systems,” which are Ai’s intended to mimic the behaviour of human experts.

Human- computer interaction (HCI)
· Usefulness 
· How effective is the computer/software at what it is supposed to do?
· Usability 
· How easy is the software to use?
· Learnability
· How easy is it to learn how to use the software?

Politics: Metaphor
· George Lakoff has a popular theory that we think about abstract concepts as metaphors with more basic, usually bodily concepts
· E.g., love is a journey characterized by “the relationship was not going anywhere,” etc. 
· His book Moral Politics describes how conservatives use a “strict father” metaphor of government and liberals use a “nurturing parent” metaphor 

Consumer behaviour: Behavioural Economics 
· Classical period: economics allied with psychology 
· Neo-classical period: view that humans were rational: Homo economics, or “rational man” assumption 
· Psychology and cognitive science influence (beginning with Tversky, Kahneman, and Herbert Simon) shows the flaws in the homo economics assumption


Watson Playing Jeopardy
· Part of a tradition of game-playing Ais 

AI playing chess
· “they make a lot of a counterintuitive, even absurd-looking, moves that on closer inspection can turn out to be outrageously creative… By generating countless new ideas, they are expanding the boundaries of chess, enabling top players to study the game more deeply, play more subtly” John Watson, international chess master 

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 

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

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 

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

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

Temporal Discounting 
· We value things in the future less than things now 
· $100 today or how much a year from 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 
· Also called self-licensing or moral licensing 

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

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

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

Polleverywhere
· Omission bias

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 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 your 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?

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 hippie who wears Birkenstocks?

Gamblers Fallacy
· When flipping a coin over and over, which outcome is least probable?

Pareidolia, Clustering Illusion, Illusory Correlation
· Different ways for use to see patterns where none usually exist 

Primary and Recency Effects 
· We remember the beginnings and endings better than the other parts of things 
· Tested with colonoscopy’s 

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 term of subtle traits, and to explain one’s own actions in terms of reactions to the situation








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 behaviour 
· Understanding objects 
· Object performance 
· Using symbols
· For example, waving and gesturing 
2. Preoperational Stage (2-6)
· Use of symbol 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 
· Underestimate infants, overestimates adolescents 
· Vague on processes and change mechanisms 
· Does not account for variability (stages are not that clear cut)
· Underestimate social and cultural influences 

Lev Vygotsky 
· Focus on social and cultural 
· Intersubjectivity: Shared understanding among participants of an activity 
· Guided participants: 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 

Vygotsky
· Scaffolding: teaching style that matches the amount of assistance to the learners 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
· The kids who test 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 
· Looking paradigm 

Core-Knowledge Theory: Objects 
· 4.5 month olds have object permanence 
· objects move in continuous paths 
· objects can’t move through other objects 

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 
· [bookmark: _GoBack]Theory of mind at 2-5 year old


















