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[bookmark: _Toc22920301]THEME 1 – COGNITION INTRODUCTION
[bookmark: _Toc22920302]What is Cognitive Psychology? 
· the experimental study of cognitive abilities in humans and animals (based a lot on testing ideas with experiments)
things that you are going to test/study:
· Learning
· Memory
· Attention
· Problem solving 
· Language 
· Applied cognition
· Expert real world tasks 
· Things that some people are good at 
· Non expert real world tasks (chest players, people that fly planes)
· Non expert real world tasks
· Things that people tend to be bad at (bad drivers – things where people have difficulties, ex: difficulty learning)
· Sources of error
· Hot cognition (study cognition involving:
· Emotions (how to cognitive affect emotions)
· Motivation
· Social relationships - social cognition 
· Culture 
· Mental illness
· Cognitive therapy (is huge now – 20 years ago that it started being big – very old goes back to 1950s)

[bookmark: _Toc22920303]What is Cognition?
· Cognition refers to information processing (treat everything as info processing – different from other areas of psych if in personality psych you will mostly use statistic models – personality tests), schizophrenic people process more information/think more than normal people, evolutionary psych will make a evolutionary story (asking where it came from)
· Neuroscience: how did the brain implement this, what is the brain doing, how did the brain get neurons to do that
· Cognition: what Is happen, how did it add that info to memory (computer code – pseucode)
· It is a way of thinking about things
· Brain = Information Processor = Computer (comparable to a laptop – emotions is cognition from a cognition point of view because it is information processing) neurons process information
· Cognition is the use of information processing to explain the human brain 
· All of the brain and all of Psychology
· Not a metaphor - brain “literally” = computer
· IDM, Stanford are coming out with neurochips – computer chips that operates essentially like a brain
[bookmark: _Toc22920304]
What if the brain is not a computer? 
· Brain = computer is a metaphor (does the brain behave like a computer? Yes – we have a lot of things in common like a computer (Ex: learn skills, memory) it predicts quite while what people will do in experiments
· We sometimes act as if we are a computer
· Information processing can help us understand some things 
· But ultimately it is the wrong way to think about it 

[bookmark: _Toc22920305]Departments related to Cognition (information processing)
· Cognitive Neuroscience (most neuroscience have the belief that the brain is works like a computer)
· Cognitive Psychology 
· Cognitive Science (interdisciplinary department)
· Linguistics 
· Computer Science (AI – Artificial Intelligence)
· Philosophy (considered with the issue what does it mean to be human?)
· Anthropology 
[bookmark: _Toc22920306]Is the brain a computer?
· It is built like a computer (built like highly parallel computer – can build things that operate like neurons)
· We behave like a computer 
· language (English language to load into brain, for computer – computing language)
· memory
· input/output (speech and hearing)
· (social) networks (networks of computers are very social now whereas before they were very isolated)
· Is there anything we can do that computers cannot?
· Learning?
· Emotions?
· Consciousness? This is where people draw the line – consciousness of emotions/thoughts, that computer is acting really upset but its not conscious of the feeling
[bookmark: _Toc22920307]Systems levels in computers
· Computers are understood at different levels
· Hardware: How the computer physically works
· Operating system: Systems for specific functions
· E.g., mouse, keyboard, screen
· System for storing information
· (very important as it organizes the hardware, puts a pattern to make more patterns – ex: this pattern tells me where to store things, it is design to exist in the physical system as a organizational pattern), if you put Lennix on a PC or a Mac it will work the same – only thing that is different is the physical (at the level of the operating system it seems the same), system levels are designed so that they operate and you don’t have to refer to what’s below them (ex: you have a document for a class and you open it up on your phone, mac, pc – at this level is it identical)
· Data and programs
· Stored information
· Data – information about tings
· Programs – information about how to do things
· Internet
· Information from other computers
[bookmark: _Toc22920308]Systems levels in humans
· Alan Newell applied this idea to the mind and noticed an amazing similarity
· Neural level
· How the brain physically works
· Cognitive level
· Systems for specific basic functions
· E.g., language, emotions, vision
· Data storage and retrieval system
· Learning system
· Extremely powerful in humans
· Knowledge level
· Declarative – information about things
· Procedural – information about how to do things
· Social level
· Information from other humans
[bookmark: _Toc22920309]How do system levels relate to other areas of study?
· Neuroscience
· Two separate problems
1.      How does the brain physically create the cognitive system?
2.      How does that cognitive system work?
· The rest of psychology
· Most everything else in Psychology will be the product of the cognitive level interacting with the knowledge level
· Both of these will be influenced by the biological level (physical) and the social level (information)
· Consciousness is the only mental phenomena that is hard to explain this way
· Linguistics
· Most linguists believe that language is a special type of cognition that can be studied independently of the rest of cognition
· Computer science
· Computer science is a way of making artificial cognition (or intelligence)
· Building AI is a way of testing our ideas about human cognition
· Most of AI is inspired by trying to achieve human intelligent abilities
· Now building not-so human intelligence
· Philosophy
· The question of whether or not we are computers
· Anthropology
· The idea that culture is constrained and influenced by the underlying system in which it exists (human brains)
[bookmark: _Toc22920310]Are system levels real?
· Levels go all the way down to quantum physics
· Physics
· Chemistry
· Bio chemistry
· Biology
· Neurology
· Cognitive
· Knowledge
· Culture
· Levels are produced by emergence
· Emergence occurs when an underlying system is organized so that only high level products of that system need to be considered when explaining things above
· There is a discontinuity at the cognitive level
· Below is physical
· Above is informational
· Information processing is the science of representing and manipulating information in physical systems
· Information = patterns in a physical medium
· Neurons
· DNA 
· Books
[bookmark: _Toc22920311]Distinction between feelings and emotions
· We don’t directly experience emotions – we experience feelings (what we’re conscious of our feelings), 
· Meditation (mindfulness) can train you to be more mindful of your feelings – training yourself to become more conscious of something

[bookmark: _Toc22920312]THEME 2 – CONSCIOUSNESS
· Cognition: Brain is an information processor (information processing)
· We don’t really know what consciousness is
· Spaun is the world most largest functional brain (simulated brain), getting the neurons to produce a holographic space, it makes similar mistake to humans, it can think any thought that you give it, not nearly close to the complexity of humans (vision, language), it can also do system 2 thinking, based on highly realistic simulated neurons, it runs on a regular system quite slow
· Chris – holographic theory: the brain operates as a holographic system (3D)
· When you search something on google images (ex: kittens) and you stay on the page it sends a message to google that the right images have appeared in google images
· There has been an increased efficiency in google images because of the University of Toronto (when you search kittens there are only kittens, a couple years ago when you searched kittens all things that were “tagged” kittens appears (women wearing a kitten outfit))
· Neurons tends to do statistical learning
· System 1: basic system available to humans, animals
· System 2: think according to rules, symbols, language, interpretation
[bookmark: _Toc22920313]Consciousness and the computer metaphor 
· The information processing model has been incredibly successful in explaining everything from neurons up to complex actions 
· In Principle 
· Although there is much we have not figured out yet (brain is most complex object that we know of, no computer that comes close to it, neuromorphic chip is like a brain – smaller and faster, these chips are hard to program – one way to program them is to use spaun)
· In principle, the information processing approach can work 
· Consciousness is the exception 
· We do not understand consciousness
· What is it is 
· What it’s for 
· How it evolved
· It is not clear if the information processing approach will work 
· It might
· It might not
· There is no, in principle approach that we agree on 
[bookmark: _Toc22920314]Examples of behavior associated with consciousness
· Awakeness - you are awake not asleep
· Introspection - you are aware of your inner thoughts and feeling
· Reportability - you report to others what you are thinking
· Self-consciousness - you are thinking about yourself, you are aware of yourself 
· Attention - you are paying attention to something
· Voluntary control - you guide your actions
· Knowledge - you are aware of some knowledge (you know your name, I think therefore I am)
· When we are conscious we can remember what it’s like to be in it
[bookmark: _Toc22920315]The Cartesian Theatre
· Daniel Dennett
· Consciousness seems like a 3D movie (everything you see is in your head, light hits your eyes and causes neurofiring which we experience as vision)
· Google can’t see objects very well (challenge)
· The movie is constructed by our brains 
· Cinematography 
· Saccades (your eyes are moving)
· Object recognition (when you’re young – you learn how to play with objects, if you don’t while you’re young you won’t be able to recognize objects later)
· Attention (text while driving had more accidents than drunk drivers)
· Sound 
· Fourier transforms (we hear distinct words that our brain parses the words because of human language)
· Phonetics
· Linguistics 
· Story
· A lot of knowledge and cognition (when you’re driving and think you see a dead animal but it was just a plastic bag)
· May be specific neural structures 
·  Touch
· Parallel worlds 
· Real world (vision and motor talk all the time and it’s being coordinated)
· Simulated world 
· Example of cartesian theatre: If you see smoke and there’s a large bang (ears tell you it happens here), your brain will sync a movie and associate the bang with the smoke (move the location of the bang)
· “We don’t see the world – we interpret it”
[bookmark: _Toc22920316]Awareness versus consciousness
· Awareness definition - we have access to information that we may use in some way that makes sense (operational definition)
· When some entity is conscious of something it is aware of it (we are aware of our surroundings and our computers as well – when you’re typing they can translate what you’re saying)
· When we are conscious of something – we are definitively aware of it; but when you’re aware of something it does not mean that you’re conscious of it
· Cocktail party phenomenon – you listen to people talk but not attentively but when someone mentions your name you turn aware – you were aware of the conversation
·  When some entity is aware of something it is not necessarily conscious of it
·  For example, the computer is aware of your typing, but does that make it conscious?
· Another example, when you put your hand on something hot your hand will leap off before you consciously feel the pain. To do this your system needed to be aware of the pain, but you were not conscious of it until latter.

[bookmark: _Toc22920317]The hard problem and the easy problem (David Chalmers) 
· The easy problem is explaining the functional properties associated with conscious behavior 
· Chalmers calls this the easy problem because it does not raise any major philosophical issues in that most people agree that it is about figuring out how the brain perceives, stores, and processes information 
· Actually the easy problem is quite difficult, but the hard problem is much harder 
· The hard problem is to explain the phenomena of consciousness 
· This is very difficult because 
· We do not know what its function is (appears to be passive, we have a living experience)
· We do not know what it is made of
· We cannot measure it directly (we can’t localize it)
· This problem has been described as one of the last great scientific challenges 
· This lecture is about understanding what the hard problem is  

[bookmark: _Toc22920318]Thought Experiments on Consciousness 
· The Evolution Problem 
·  The problem is that in theory you only need awareness to survive
·  Because of this consciousness is usually viewed as an epiphenomena (something we got as a byproduct, we evolve something for a particular reason and produced something as a biproduct) 
· That is, consciousness is a by product of something useful 

· The Zombie problem
· Look at the person next to you, are they conscious or just aware (i.e like a robot or a zombie). How can you tell? 
· We cannot tell who is conscious 
· You can kill as many zombies as you want because they’re not conscious, zombies do not appear to have complex thoughts, it can’t experience any pain/can’t feel suffering
· You would not have empathy is you’re not conscious

·  The Label problem 
· Both you and the person next to you look at something that is red. Assume that they are conscious for now. Can you tell if you see the same color? 
· We cannot tell if conscious experience is the same across people 
· If someone sees blue but was told to call it red (you can’t know that the person sees blue because they are giving an accurate response)

· The Complexity problem
· How complex does something need to be to be conscious? 
· thermostat (you can’t prove the thermostat is not conscious, it reacts to the temperature trying to keep things at a moderate level)
· single cell (will try to stay in a comfortable suit – move away from heat and cold)
· ant
· mouse 
· dog 
· dolphin
· why should complexity matter? 
· Different perspectives: You have to have language to be conscious, higher level thoughts, you can have levels of consciousness, some people associate it with knowledge of self,

· The Homunculus problem
· What we consciously experience is sort of like watching a movie
·  Who is watching the movie?
· A homunculus is an imaginary little person who lives in your head and watches the movie
· Problem - then the homunculus would have a movie in its head and would need a smaller homunculus in there to watch it, who would then have a movie in its head, and so on

· The Binding problem 
· We have integrated conscious experiences, like a movie we experience everything as one event, e.g. sound, sight, our feelings and reactions 
· But where is this theatre of the mind located? 
· Neurological studies show clearly that different sensations, and even different aspects of a single sensation, are processed in different parts of the brain 
· For example, hearing and vision are processed in different parts of the brain, and color and shape are processed in different parts of the brain 
· There is no apparent nerve pathway system connecting all of these areas to a central place where it all comes together 
· Qualia
· When we see a banana we see a yellow shape and smell the banana smell 
· But if you open the brain there is no banana inside
·  There is no yellow paint and there is no banana smell
·  But how do you get the experience of Yellow, or the smell of the banana? 
· Related to the label problem
· How blind people read braille – they recruit the area of their visual cortex that is used to sees thing – they see through touch, these areas can be repurposed for other things
[bookmark: _Toc22920319]Materialist versus Functionalist views 
· Materialist (material existence)
· Only biological brains can be conscious 
· Not information processing
· Computers cannot be conscious
· Searle 
· Chinese room argument (responds to Chinese characters) - to all of the questions that the person asks, it makes appropriate responses, such that any Chinese speaker would be convinced that they are talking to another Chinese-speaking human being.
· Argument that qualia cannot arise from information processing 
· Argument from absurdity 
· Criticism
· Requires a material substance for consciousness 
· Magic dust problem 

· Functionalist (function)
· Consciousness arises from information processing (function)
· Consciousness is a result of the way the human brain functions 
· Which functions produce consciousness? 
· Function not material matters 
· The mechanical neuron argument (replace neurons in your brain with identical mechanical neurons)
· If adding things together would cause consciousness – our calculator would be conscious because it adds up things
· Functions are patterns of activities across physical time
· What we know? Human brains report consciousness but we don’t know about animals and computers, we are computing complex functions that animals can’t
· Anything that functions in a certain way will be conscious, regardless of the hardware on which it is implemented 
· Computers can be conscious 
[bookmark: _Toc22920320]Types of functional consciousness 
· Neurological processing 
· E.g., The Churchlands; Crick & Koch
· Focused on neural function
· For example, Crick & Koch believe that the binding problem is solved by different parts of the brain having brain waves at the same frequency (40Hz)
· For these guys the answer is to be found in the way the brain functions physically
· However, they also believe that if a machine functioned in the same way as the brain it would be conscious 
· Symbolic processing 
· E.g., Dennett
· Purpose of neurons is so make symbolic processing available
· Having elaborate symbolic processing is what makes you conscious
· Cartesian theatre is actually an illusion that the brain has – the brain creates false memories that everything occurred together, believes that everything is out of sync
· Focus on higher level cognitive factors such as the way memory works, language, and our ability to interpret events
· For example, Dennett explains the binding problem according to a theory of how memory works called the Multiple Drafts model (no binding problem – it’s an illusion)
[bookmark: _Toc22920321]Dualism
· Religious dualism
· E.g., Dali Lahma, Pope
· Idea that conscious, in some form, does not reside in the physical universe (does not reside/rooted in our brain)
· After you die, you’re consciousness does not die
· Soul, spirit, heaven, reincarnation
· Consciousness does not disappear when the information processing mechanism 
· No longer functions (consciousness after brain death) 

· Material Dualism 
· Consciousness is a product of the physical universe 
· But not a product of neural processing
· Quantumm processing 
· Penrose & Hameroff
· He believes in Maths
· Argue that consciousness and some forms of problem solving cannot be solved using a normal information processing approach. The argument is based on 
· Godel's proof and the history of math – Godel’s was a mathematician working at Princeton who made a proof that for any given system there will always be things that will be true about that system that the system will not know about (there will always be something about brains that brains don’t know) – he proved his theory with maths
· They believe that consciousness arises from activity at the quantum level, inside the microtubules of the neurons
· Quantum level effects can violate normal physical laws and they believe this is necessary to explain consciousness
· Therefore, a normal computer could not be conscious but a quantum computer could be

· Material Dualism (FUNCTION)
· Chalmers 
· Nothing magical about quantum – it’s the function
· The brain can be a quantum computer
· Agrees with Searle that qualia cannot arise from information processing
· Agrees with Dennett that the brain is an information processing device
· Believes that consciousness must therefore be a phenomena that attaches itself to information processing mechanisms
· Essentially he argues that consciousness has its own existence and is a missing element in physics (e.g. consciousness exists on its own just as light exists on its own) 
· He argues that thermostats can be conscious and he also argues on the level of consciousness (thermostat does not have the same complex level of conscious tan the human brain)
· Double slit experiment
[bookmark: _Toc22920322]THEME 3 – EVOLUTION
[bookmark: _Toc22920323]Natural Selection
· The environment is limited which results in competition (the environment is very important)
· People that that evolution would undermine morality because it was all about survival and reproductivity
· The capacity of the environment to sustain any species is limited
· Results in competition for resources
· Species copy themselves with some variability
· Results in certain individuals being more “fit” than others
· The fit are more likely to survive and reproduce
· Therefore, species change across time to be better adapted

[bookmark: _Toc22920324]Charles Darwin
· He did not invent the theory of Evolution – he created the theory of natural selection
· Evolution: the idea that species gradually evolve into species was around well before, evolution has the “story-telling component”
· Darwin created the theory of natural selection
· On the origin of specifies, 1859
· Natural selection is a mechanism for evolution
· Other people were also developing similar ideas – this is why he wanted to publish his book
· Why does Darwin get all the credit???
· Darwin developed the SCIENCE of evolution (collected lots of data, he was able to test the data, it was not just an idea)
· Use of systematic evidence from nature
· Clearly defined mechanism

What is a function? 
· A function is a purpose and it does something. We as human beings see function everywhere.
· Ex: Electrons go around atoms, it’s not their function (they were not designed for that) – that description is descriptive

Intentional stance (Daniel Dennett)
· A way of looking at things that human do where we assume everything has intentions

[bookmark: _Toc22920325]Lamarckianism
· You inherit acquired characteristics (if you study a lot – you will have a smarter baby)
· Darwin and his contemporaries did not know how characteristics were transferred from parents to offspring
· At the time it was widely believed at the time that characteristics acquired through experience could also be transferred to offspring
· This idea is named after Jean-Baptiste Lamarck, who wrote about evolutionary ideas 50 years before Darwin, including the idea of acquired characteristics
· Lamarckianism is generally regarded as a gigantic mistake that was overturned by Darwin’s natural selection. But:
· Lamarck did not invent the idea of inheriting acquired characteristics
· Darwin did not reject the idea of inheriting acquired characteristics
· Some forms of Lamarckian evolution may be possible through epigenetics 

[bookmark: _Toc22920326]Genes
· The claim that acquired characteristics cannot be inherited came from August Weismann’s theory of inheritance (what is being copied is what you got from your parents – you can’t change it – it is something definitive)
· Weismann’s theory of inheritance was wrong but the idea of no inheritance of acquired characteristics survived
· Darwin also developed a theory of inheritance, called Pangenisis, but this was proven to be wrong by his half cousin, Francis Galton, by doing blood transfusions between rabbits

[bookmark: _Toc22920327]Galton
· Inspired by Darwin’s work he studied how traits are inherited in humans
· To do this he invented statistical techniques we still use today
· He also invented the idea of eugenics also known as social Darwinism 
· Idea of selectively breeding superior humans (if we put really smart and physically fit people together – these people will have super babies)
· Based on IQ scores amongst other things

[bookmark: _Toc22920328]Genetics
· The term “gene” was coined but Wilhelm Johannsen, a Danish Botanist (approx. 1911)
· A gene is defined as the basic unit of heredity
· He also introduced the concepts:
· Genotype (your genetic potential – i.e. how tall could you be)
· Phenotype
· How you actually turn out
· Given the environment
· I.e.: did you get a lot of food? Could impact your height
· The structure of DNA was discovered in 1953 by Watson and Crick
· Gene = a sequence of nucleotides in DNA or RNA

[bookmark: _Toc22920329]Are genes actually genes?
· Since the discovery of DNA we have learned that genes work by interacting with the microbiology of cells in very complex ways
· Evelyn Fox Keller wrote: 
The gene has lost a good deal of both its specificity and its agency. Which protein should a gene make and under what circumstances? And how does it choose? In fact it doesn’t. Responsibility for this decision lies elsewhere, in the complex regulatory dynamics of the cell as a whole. It is from these regulatory dynamics and not from the gene itself that that the signal (or signals) determining the specific pattern in which the final transcript is to be formed actually comes (Keller, the century of the Gene, p63) 

[bookmark: _Toc22920330]Epigenetics (above genetics)
· Looks at what happens to your genes over the course of your life and if these genes can be transferred down to your children
· Very young science (1970s)
· Computer metaphor
· Hardware: DNA (going to be the same through your entire life – physical thing)
· Software: Biochemical dynamics (tells hardware what to do)
· The idea that the genes are a set of instructions is not true (genes are a set of instructions but there a parameters on these instructions)
· The biochemistry around the DNA turns things on and off and up and down
· Epigenetic is influenced by biochemical effects from the environment and from our parents environment
· Very important for the genetics of abnormal psychology
· Stressed out mice example
· Previously, genes that did not code for proteins were called Junk DNA
· The word genes now means two things
· Reflected now (sort of) in Google Dictonary (2019)
1) In formal use: a unit of heredity which is transferred from a parent to offspring and is held to determine some characteristic of the offspring
· “proteins coded directly by genes”
2)  In technical use: a distinct sequence of nucleotides forming part of a chromosome,  
      the order of which determines the order of monomers in a polypeptide or nucleic 
      acid molecule which a cell (or virus) may synthesize
· Merriam Webster Dictorinnary (2019)
· A specific sequence of nucleotides in DNA or RNA that is located usually on a chromosome and that is the functional unit of inheritance controlling the transmission and expression of one or more traits by specifying the structure of a particular polypeptide and especially a protein controlling the function of other generic material

[bookmark: _Toc22920331]Epigentic landscape
· [image: ]A way of visiualizing the complex ways that genes interact with each other and with other microbiological processes
· Pegs are genes (DNA)
· Ropes are chemical process caused by genes
· The path of the ball through the landscape is the development of a trait
· Both of the pegs and ropes together create a landscape on the top but if you remove on peg – it will have effects all over the place

[bookmark: _Toc22920332]THEME 4 – EVOLUTION AND HIGHER-LEVEL HUMAN BEHAVIOR
[bookmark: _Toc22920333]Sociobiology
· Apply evolution which is going to ground psychology
· They with the selfish gene model – evolution is selfish, therefore, human behaviour is selfish
· Try to explain everything in terms of genetic evolution
· Logical if it is the case that all behavior is ultimately determine by natural selection
· Essentially assumes all human behavior is ultimately based on a desire to pass on our genes
· Explain all human behavior by explaining how it is related to passing on your genes
· Clearly this is true for some behaviors
· E.g. sex drive

[bookmark: _Toc22920334]Problem areas associated with Sociobiology
· Selfishness problem
· All humans acts are viewed as selfish
· All acts of altruism have to be explained as selfish
· Altruism explained through
· Reciprocity
· Helping them because you are expecting them to help you back – it’s like an insurance policy (not out of goodness – it’s selfish)
· Helping kin (help your family – help people who carry the same gene as you do)
· Gender problem
· Sperm is cheap
· Therefore, all men want to have sex with as many young women as possible
· Eggs are expensive (9 months being pregnant) 
· Therefore, all women want to marry a rich husband (women are gold-diggers)
· This has led to some unfortunate statements
· No does not mean no, it may mean a women is holding out for more money, gifts, etc.
· Men are selected to beat their wives because it is a good strategy to control them and keep them from being impregnated by another man
· The mistake is getting too carried away – you end up killing them but you wanted to beat them
· Race problem
· Sociobiology would also explain differences between racial groups as being due to evolution
· E.g. explain the gap between races on IQ scores as being genetically based
· Falsifiability problem
· Sociobiological theories are not falsifiable
· It’s always possible to make up a story/theory
· It is always possible to make up a sociobiological story
· But some things require more convoluted stories
· Celibacy
· Birth control
· Adoption
· Unselfish altruism
· It is equally true a story that culture and learning produced an affect can also always be made up
· So why would be prefer the sociobiology story?

[bookmark: _Toc22920335]Evolutionary Psychology
· Difference from sociobiology
· Focus on explaining brain modules rather than behaviours
· Sociobiologists are focused on behaviour whereas evolutionary psychologist focused on brain modules
· Modules = evolved functions
· Analogy to organs in the body whereas sociobiologists look at animals
· Brain modules like organs
· Does not resolve sociobiology issues
· Tends to avoid focusing on problematic areas of sociobiology
· But it does allow a greater variety of theoretical explanation
· Can come up with a model of jealousy
· Falsifiability problem
· Still a problem
· But more focus on testing theories
· Make prediction
· Look up statistics
· Do experiment
· However, still usually possible to create an alternative theory based on learning
· Cognitive psychology experiments are very replicable and applicable cross-culturally
· Big question
· Did we evolve a lot of specialized modules
· Genetics determine many traits
· Did we evolve a generalized learning device
· Learning and culture explain most traits
· Very hard to resolve this
· It is possible to brainwash someone in a weekend (i.e. religious cults)
· Baldwin effect
· Clever ideas can hasten or direct evolution (clever ideas come randomly)
· When an individual finds a good trick, individuals who can learn it faster have an advantage
· Therefore, the ability to learn the trick is genetically selected for
· If this happens enough, the ability to learn is selected for
· Copy as an enormous advantage – learning is copying
· The tower of Generate and Test
· Daniel Dennet
· Darwinian creatures (they learn through evolution – the creatures can’t learn but they are improved through evolution)
· All behavior built in by genes
· Behaviors killed off by killing off the genetic line that produces them
· Skinnnerian creatures
· Learn from experience – reward and punishment
· Can kill off a behavior without killing themselves
· I.e. you ate something and you were sick – you will no longer eat that item again
· Popperian creatures
· Can test behaviors by imagining outcomes
· Requires a model of the world
· Thinking = simulation
· I.e. when you are in the mood for Italian food (you simulate the food)
· Gregorian creature
· Creatures that use mind tools
· E.g. words, math (language is a tool for learning, counting change)
· Each level creates an advantage
· Higher levels retain the types of thinking from lower levels
· Cultural evolution
· Idea that ideas and beliefs evolve
· Considers memes and other methods of cultural evolution
· “Do ideas evolve?”
· Created by Richard Dawkinds
· Memes
· Idea of Richard Dawkins
· Further developed by others – Daniel Dennet, Susan Blackmore
· Ideas are replicators
· They replicate by passing from person to person
· There is some variability when they replicate
· They exist in a competitive environment (which ones get in your head?)
· Therefore, they evolve
· Memes versus genes (memes comes from genes – as they are something that evolves)
· Complex relationship
· Memeplex: a bunch of memes that go together
· Both need people as carriers
· So memes or genes that are bad for the survival of people should die out (memes/genes can be carried out by humans and possibly live on forever)
· Things that distinguishes humans from animals – animals can’t understand/don’t have memes
· Memes can deal with some things that evolutionary psychology has problems with
· Celibacy – a celibate priest can devote his time to spreading his (religious) memes
· Birth control – allows women to focus on spreading memes rather than raising children
· Adoption – can pass on your memes to adopted children
· Memes can exploit genetic traits
· i.e. using sex in advertising
· Memes may have influenced genetic evolution
· if having memes is an advantage then there should have been a selection pressure for the ability to copy and try new ideas
· The following can be understood in terms of supporting meme evolution:
· Language
· for copying memes into other people
· language is very powerful amongst humans
· you can also use it internally to organize things
· Curiosity
· motivation to copy memes
· curiosity causes us to seek out information from other humans
· Cognitive dissonance
· the need to avoid having contradictory ideas in one’s brain
· we don’t like holding contradictory ideas in our heads
· hypothesis cognitive bias: 
· Social dissonance
· the need to have others agree or you’re not happy
· we don’t like it when other people disagree with us
· Fame
· a mechanism for indicating who to copy or follow
· a quality that animals do not have
· Coolness
· a mechanism for trying new things that other people are also trying
· to try out new things – you can’t be “cool” if you’re doing something someone is already doing – it becomes famous once everyone copies it
· Fanaticism
· willing to devote or give your life for a cause (instead of to yourself) 
· your death helps the meme
· Blank slate: We come into the world “blank” and the world paints you
· Social construction: A trait was constructed by us interacting and using our blank slate, there’s a gene for jealousy module – they believe that jealousy is in us
[bookmark: _Toc22920336]THEME 5 – IMPORTANT EVOLUTIONARY CONCEPTS
[bookmark: _Toc22920337]Genes eye view
· Richard Dawkins
· Gene centred view of evolution
· Only genes evolve
· Not everyone agrees about this
· Selection only occurs in individuals because only individuals have genes (you can’t have high-level selection – it’s all about who’s carrying the DNA)
[bookmark: _Toc22920338]Selfish Gene
· Richard Dawkins
· Genes evolve
· We are merely the carriers
· Genes that care only about themselves if they could think
· Emergent property of evolution is that gene act in a selfish way
[bookmark: _Toc22920339]Blind watchmaker
· Richard Dawkins
· Evolution should produces what is working out best at the time
· Evolution doesn’t have a direction (blind tinkering to satisfy the present – just tries to pass on the gene)
· There are no higher levels of evolution (i.e. we, as humans, are not higher evolved than a banana)
· It isn’t random – i.e. being a big dinosaur is better than a small dinosaur (whatever happens to randomly start to work usually starts to get propagated)
· It does not go from dumber to smarter
· It does not go from simple to complex
[bookmark: _Toc22920340]Satisfying
· Herb Simon
· Evolution does not build something to perfection – it only makes you good enough and there isn’t no pressure to evolve afterwards
· Evolution does not optimize
· It sacrifices
· Finds solutions that are good enough
· I.e. human child birth (your giant head is so advantageous that having a few babies or mothers die is okay as long as it satisfies – there’s no real pressure to fix this)
[bookmark: _Toc22920341]Two watchmakers
· Story about two watchmakers (both make very good watches but they both have different ways to make watches)
· One does all the low levels part (hierarchal manner) – phone rings and only the lower levels falls apart – much more effective
· Other watch maker builds one watch from beginning to end – phone rings and everything falls about
· Evolution tends to build on top of things
· Suggests that evolution tends to produce systems levels (physical system, operating system)
· Not everyone agrees about this
[bookmark: _Toc22920342]Sexual selection
· Reproduction is based on two sexes (originally there was not two sexes – it was just some reproducing cells)
· Two sexes is optimal for evolutionary program
· Social selection (does not require two sexes)
· Joan Roughgarden
· Alternative theory
· Reproductive transactions

[bookmark: _Toc22920343]THEME 6 – HISTORY OF COGNITION
[bookmark: _Toc22920344]Influences
· Philosophy (historically– psychology was philosophy)
· What is the mind
· What can be known about the mind
· Physics (early physics was the model for psychology)
· Mathematical models
· Experiments
· Evolution (later influence – not a major influence in the beginning)
· The study the behaviour of species
· Functional analysis
· Biology (later influence – not a major influence in the beginning)
· The brain can be understood
· The brain is evolved not created
· Computation
· The invention of thinking machines
· Cognitive Psychology is a bridge between the hard sciences and the humanities
· Gets criticized from both sides
· Issue for hard sciences
· Can you do science on non-physical things
· Thoughts, memories, emotions, attention, etc. 
· Issue for humanities
· Can the mind be understood as a physical thing?
· A computer made out of meat

[bookmark: _Toc22920345]Invisible things
· In cognition, we infer the existence of invisible things
· E.g. memory, attention, universal grammar, and so on
· These are referred to as constructs in Psychology
· Other sciences have inferred the existence of invisible things and later found them
· DNA
· Higgs Boson
· Gravity (still not found) – invisible force is physics and we don’t know what it is
· Are we looking for permanent physical thing in Psychology? Not looking for neurons (neuroscience), looking for what the neurons do/the function on the neurons

[bookmark: _Toc22920346]Brief History
· NOTE – In almost all cases, important scientific ideas were not developed by a single individual. However, it is often the case that a single individual ends up formally defining the idea and so they get the credit

[bookmark: _Toc22920347]Philosophical distinctions
· Realism
· Something exists independently of our thoughts and/or perceptions
· Ontologically independent of the observers epistemology
· I.e. I believe this room exists (whether I am in it or not)
· Idealism
· Nothing exists independently of our thoughts and/or perceptions
· I.e. This rooms rely on my thoughts/perceptions to exist
· Monism
· Everything should be explained through one system (set of ideas)
· E.g. atomic structure – believe that everything is built from atoms and they’re nothing else
· Dualism
· Two completely separate systems are required to explain everything
· Associated with spiritualism
· Natural (world), supernatural (God). You can do science on the natural but not on the supernatural
· Material dualism: consciousness not part of the brain
· Materialism
· A form of realism
· All things, including mental events and consciousness, are the product of physical interactions
· A type of monism, rejects dualism (material dualism)
· Material Dualism: in the case of the mind this is a rejection of the idea that everything about the mind can be explained by the brain
· Correspondence (true)
· According to this view, a proposition is true if some fact in the world (realism) corresponds to it
· Realist view – refer to physical world
· Foundationalism (true)
· Asserts that truth has to be grounded in some form of foundational content (realism)
· Higher truths must be built up form foundational building blocks
· Otherwise there would be some form of infinite regress
· Things are built on things – truths are built on truths
· Refers to physical world
· Coherentism 
· Truth has to be logically coherent across content and levels
· Implicit in foundationalism but usually put forward as an alternative to foundationalism
· Do not need foundational truths
· Does not refer to the physical world, to do with logic, truth can’t contradict themselves
· Understanding something by understanding all the logical connections
· Reductionism 
· Understanding is based on
· Understanding what something is made of
· Understand how it is put together
· Generally associated with materialism and foundationalism
· Understand something by digging down (what’s it made of?)

[bookmark: _Toc22920348]History of Cognition
[bookmark: _Toc22920349]Dualism – Rene Descartes (1596-1650)
· Dualism
· The belief that the body is physical while the mind is something else (e.g. spirit, mental energy, …)
· Not popular now within science
· But almost all people believed this before the modern age and most people still do believe this
· Actually, Descartes was trying to create the foundations for modern Science
· Influenced by anatomy and machines
· Body, including the nervous system, is a biological machine – mechanistic explanation
· One of the first person to say the brain controls the body
· The mind (volitional action, rational thought) is not physical
· Mind controls the body through the nervous system
· Brain is used to communicate between mind and nervous system
· Pineal gland (how your brain got the thoughts from your non-physical rational system)
· Why did Descartes feel the mind should be non-physical?
· Descartes was religious, so this is one reason
· But also there was no such thing as a machine that could think at that time
· So it was hard to see how a mind could be a machine, like the body
· He said: “I think, therefore, I am” – relied upon philosophy as well

[bookmark: _Toc22920350]Modern Physics – Newton (1642-1727)
· Newton is also a dualist
· Was a very religious man. His writings on theology and alchemy were much thicker than his writings on physics. Newton didn’t like the Trinity (did not believe that was rational). He wanted on God and one set of rules. That is why he didn’t become a priest. He was studying the natural world as a way of getting at God’s rules.
· It was generally believed that magic existed. There was black magic, white magic and so on. Newton was interested in what was called at that time ‘natural magic’. Natural magic was the magic of the natural world (i.e. fairies, pixies). Magic is an invisible force that causes something
· Natural magic included alchemy (and chemistry) and astrology (and astronomy)
· Newton was using the idea of forces, which was viewed as magical and reject by some natural philosophers. Newton was willing to postulate forces we couldn’t see.
· He would try to find the nature of things (i.e. the nature of a rock is to fall)
· Newton’s laws of forces such as gravity are laws that describe behaviour of the world. He then said these forces are real things, even though they are invisible.
· E.g. Gravity is a construct applied to the natural world, we still don’t know what it is

[bookmark: _Toc22920351]Gustav Fechner: Physicist
· First to articulate the idea of doing science on the mind
· William Wundt
· First to create a psychology department, an institution of psychology
· Fechner had a nervous breakdown, woke up and realized we can have a ‘physics of mind’, or ‘psychophysics’ we can do science on the inner space, on the mind
· ‘Fechner Day’ the day that Fechner woke up – October 22nd (the day he woke up and believed in the physics of the mind)
· First one to connect experiments to building a model of the mind with mathematics (he came up with mathematical equations – light, perception, loudness)
· Fechner argued: Given the success of Newtonian physics, can we have success understanding the mind in the same way? According to laws and constructs?
· Fechner used an analogy to Physics, studied the mind to find laws, to infer invisible forces

[bookmark: _Toc22920352]Wundt
· Wundt used introspection whereas Fechner used experiments
· Wundt also used an analogy to physical science, but based on chemistry instead 
· He wanted to find the basic elements of mental activity and use introspection to see how they contribute to form more complex mental activity – similar to the periodic table
· Modern Experimental Psychology is based on Fechner’s ideas
· However, Wundt created the first psychology department and is therefore usually listed as the founder of psychology

[bookmark: _Toc22920353]Ebbinhaus (January 24, 1850 – February 26, 1909)
· Influenced by Fechner
· First memory experiments
· Fechner used physical stimuli and simple comparison judgements
· Essentially he treated humans as a measuring device
· Ebbinghaus used symbolic information (words) for both inputs and outputs
· He did not measure anything physical
· Good results but tested only himself (his results continue to hold up to this day)

[bookmark: _Toc22920354]William James
· Believed Fechner results are not going to lead to anything important
· James did not think that experiments would tell us anything of significant important
· Similar to Wundt he focused on introspection as a source of data
· Stream of consciousness technique
· Modern Experimental Psychology is based on the Fechner/Ebbinhaus approach
· James’s impact was on how we think about Psychological
· Functionalism
· Study the function of something, not what it is (Contrasted it with materialism)
· Psychology is the study of function – not study of material
· “Function of something is not what it is – it’s what it does”
· Invisible things are fine
· Agnostic towards the materialism/dualism question
· Do not need to know how something is made in order to scientifically study it
· Can study psychological constructs without knowing how they are constructed
· Pragmatism
· Based on the argument that we (humans) cannot achieve realism
· What is true is what currently works the best given a specific goal
· Truth is goal relative
· Truth is empirically tested
a) Instrumentalism
· View that truth is what has been revealed so far through empirical experimentation
· b)   Operationalism
· The view that people can define whatever they want as real
· Provided that is defined in a way that can be tested 
· Related to operational definitions in Psychology
· Epicycle: circles within circles orbiting in circles
Popper
· Pseudoscience – theory not falsifiable
· Rationality principle

Statistics introduced – Francis Galton, Karl Pearson
· Used in physics to get better measurement of real physical things
· Averaging reduces measurement error
· Not the same thing to average across people
· Everyone is different
· Average describes something about a population, not a person

[bookmark: _Toc22920355]S.S. Stevens (1906-1973)
· Psychophysicist (follower of Fechner)
· Physicists in Britain objected to psychology as a science on the grounds that psychology can’t do proper measurements
· In Physics, measurement is defined by having two physical events interact and measuring the outcome (e.g. a balance scale)
· Psychologists cannot physically manipulate what they are measuring because it’s not physical
· Stevens redefined measurement
· Measurement is what we can reliably put number to. As long as it is systematic, it’s a measurement
· Descriptions of measurement methods are referred to as Operational Definitions
· NOIR: nominal, ordinal, interval, ratio
· Nominal: we can just name things (systematically assigning numbers)
· Ordinal: like a race, 1st, 2nd, 3rd, etc. We don’t know the distance between the items
· Interval: Psychologists, when they ask “how happy are you?” from 1 to 10 – that’s interval, we assume the distance between the numbers is constant but there’s no actual zero (e.g. like 0 degrees C)
· Ratio: Physicists like measurements that have a zero, an absence of thing = 0 (e.g. 0 degrees K means there is not heat).  It’s hard for us to know was zero means (how hard does that sounds? Zero)
· This tells you what kind of math you can do
· Duncan Luce also showed that you could contrast psychological responses in the same way that physicists contrast physical events and get the same types of measurements
· But since Stevens changed the definition of measurement this had little impact

[bookmark: _Toc22920356]Watson – Behaviourism
· Another reaction against assuming invisible things
· Stimulus and behaviour (or responses) only are visible and measurable
· So they are OK
· Watson
· Idea that we should avoid talking about the mind at all
· Creates behaviourism as a movement
· Everything to be explained in terms of inputs and outputs
· Rejects theories of what goes on in the head as unscientific
· Because it cannot be directly observed
· Pavlov
· Classical conditioning
· Learning about associations
· Skinner
· Operation conditioning
· Learning about reward and punishment
· But – classical and operant conditioning are in the brain
· Not all behaviourists were on the same page
· Some limited inferring that conditioning was in the brain
· Really, what they were hoping for was:
· Brain is really quite simple
· Complexity arises from learning
· Learning can be understood abstractly by looking at inputs and outputs
· Without inferring anything in the brain

[bookmark: _Toc22920357]Alan Turing (1912-1954)
· 1936 – invents Turing machine
· The idea of a computer and computing
· 1950 – Turing test
· The brain is Turing machine
· We can program other computers to be the same as the brain

[bookmark: _Toc22920358]Cognitive Revolution
· Need to infer and test models of inner structure
· Models can be expressed in terms of information processing
· Chomski
· Children learn language without reinforcement
· Universal grammar
· Miller
· 7 plus or minus two
· Information channel limitation
· Garcia
· Biological/evolutionary constraints on learning
· E.g. we are faster to learn to avoid a food if we throw up tan if we are shocked
· Simon & Newell
· Symbol System Hypothesis
· The purpose of the brain is store and process symbols
· GPS – General Problem Solver
· First computer program to think independently of how it was programmed
· Newell – can’t play 20 questions with nature and win
· Cognitive architectures (computer models of the brain/mind) can provide unification
· Hierarchal organization
· Idea that functions are built on smaller functions
· Newell’s system levels analogy with computers is an example
· Modularity
· Noam Chomsky, Jerry Fodor
· Idea that the mind is made up of specialized modules

[bookmark: _Toc22920359]THEME 7 – SCIENCE
[bookmark: _Toc22920360]Science
· Science is a method for learning about the world
· Assumes an objective reality
· Cause and effect relations
· Assumes we do not have direct knowledge of the objective reality
· Noumenon – reality (what actually happened in the world)
· Phenomenon – what we perceive
· This is literally meant to be true
· This idea is essentially the same as what was portray4ed in The Matrix
· We live in a world generated by our mind (phenomena)
· On way to demonstrate this is that we can insert images, music, voices or even smells into this world using imagination (note there are large individual differences in this abilities to do these things)
· When we interact with the noumenon it seems like we can perceive it directly but this is because there is usually a close correspondence between noumenon and phenomenon
· Aneorexia example
· Anorexics see themselves as fat while others see them as too thin, who is right?
· For this we can take physifal measurements to decide. E.g. we can weigh them and compare their weight to the weight of other people of the same height and build
· Bad hair example
· What is someone dislikes their haircut while others think it looks good?
· No way to physically measure this, but we can still study it

[bookmark: _Toc22920361]Logical empiricism
· Empiricism
· Get data from the world
· Observation and measurement
· Logical
· The use of rules to draw conclusions from facts
· Scientific process
· Use a theory to make a prediction
· Make observations to obtain data
· Test the prediction to verify the theory
· Confirm, alter, or abandon theory
· Repeat process

Logic
· Thinking according to rules
· Any set of rules can make a logical system
· Rules that produce intelligent conclusions are the ones of interest
· Logic provided the oldest cognitive model
· Use of the rules
· Take knowledge (knowledge level)
· Act on it with the rules (cognitive level)
· Produce new knowledge (knowledge level)
[bookmark: _Toc22920362]
Abduction 
· Inferring a causal mechanism for a result
· Observe something and make up rules that describe its behaviour (functionalism) or how its constructed (materialism) 
· For cognitive psychology this involves assuming mechanisms or constructs in the brain
[bookmark: _Toc22920363]
Induction
· The process of inferring or aiming at a general principle or law from observation of particular instances
· Apply your theory to all instances similar to what you observed
· E.g. you have a toery based on observation a mouse, so you extend the theory from that specific mouse to all mice
· This is tricky for humans since behavior is a product of knowledge interaction with cognitive mechanisms
· E.g. old lady is means with you – all old ladies are mean
[bookmark: _Toc22920364]
Deduction
· Use a theory to make a prediction
· When people say logic they usually mean deduction
· Combine the facts according to the rules to get new truths
· Any set of rules can form a logical system
· But we tend to focus on rules that seem to apply to the real world
· Usually based on axiom arguments
· Axioms – a self-evident or universally recognized truth
· Facts are based on observation
· But may be biased based on how we observe
· Sometimes facts are assumed
· Examples of deductive systems
· CATEGORICAL LOGIC EXAMPLES
· Inclusion rule: if every A is included in B, then any C included in A is included in B
Everyone who is A is B 
Everyone who is C is A 
So everyone who is C is B 
---------------------------------
Everyone who is A is B 
At least one person who is C is A 
So at least one person who is C is B 

· Exclusion rule: If no A is included in B, then any C included in A is excluded from B  
              No one who is A is B 
              Everyone who is C is A 
              So no one who is C is B 
              -------------------------------------------------
              No one who is A is B 
              At least one person who is C is A 
              So at least one person who is C is not B 
· PROPOSITIONAL LOGIC EXAMPLES 
· Affirming the antecedent 
If P then Q 
P
So Q 
·  Denying the consequent 
If P then Q 
Not Q 
So not P
· SYLLOGISM 
If P then Q 
If Q then R 
So if P then R 
· Disjunctive syllogism 
P or Q 
Not P 
So Q 
Are we good at deduction? 
· That is, do we have these types of rules in us and can we apply them to problems 
· Problem 1: 
· You have a set of cards with numbers on one side and letters on the other. You have 4 cards lying on the table so you can only see what is on the side facing up. They are: 
          A
          B 
          1 
          2 
· You want to prove that for these cards an A card always has a 1 on the other side. Which cards do you need to turn over to prove this rule 
· Problem 2: (we are better at this problem because it is familiar) cognitive system seems to be good a processing logic
· You are a police officer and you have to check to make sure no underage people are drinking alcohol, who do you check 
             A – beer drinker – unclear how old 
             B – milk drinker – unclear how old 
             1 – drink unclear – 50 year old man 
             2 – drink unclear – 15 year old teen ager 
[bookmark: _Toc22920365]Replication 
· Science is a shared, public endeavour 
· In addition to moving on to new studies, it is important to replicated results 
· To show the original results are real
· Could have just been lucky 
· Could have inadvertently done something wrong 
· Could have cheated!!! 
· To replicate something you have to be able to describe what you did so that another person can test it 
[bookmark: _Toc22920366]Humans as scientists
· People use this process all the time to develop theories about the world 
· Children use this process to learn how to move, talk, etc. 
· Adults use this process all the time in social situations 
· If you know someone that means you have a theory about them
· Example of everyday science - I think Ted is cheap (theory) and you can tell if someone is cheap because they tip less than 10% (observable prediction) and when we went out Ted tipped less than 10% (test of prediction). You watch and see, he always tips less than 10% (replication) 
· Biases 
· Hypothesis Confirmation Bias 
· Humans tend to accept information that agrees with what they already think 
· And critically evaluated only things that they disagree with 
· Small numbers 
· Humans will generalize (induction) from very small samples 

[bookmark: _Toc22920367]Proving Theories
· Test the theory in the real world, but..... 
· Cannot prove an theory 
· E.g., can you prove all swans are white or black 
· Can disprove theories though 
· E.g., you observe a purple swan 
· All theories are probabilistic – regardless whether or not statistics were used 
· Theories represent our best guess based on the data 
· Something the legal community does not appreciate 
· OJ and DNA 

[bookmark: _Toc22920368]Examples falsified theories
· The sun orbits the earth
· The planets orbit in circles
· Newtonian physics
· Note that each of these theories was useful but ultimately proved wrong
· Wrong theories are not true but useful if they advance the field or make prediction that are useful

What makes a good scientific theory?
Philosophy of Science
· [bookmark: _Toc22920369]Popper
· If it can be falsified
· Some thoeries make predictions make cannot be falsified
· Compare Newtonian physics and Darwin’s Theory of Evolution
· [bookmark: _Toc22920370]Lakatos
· If it makes progress
· Things that define progress
· If it make predictions
· Some theories are just descriptive but this can also be useful
· E.g., describing worker behavior at a nuclear power plant
· If it can be replicated
· Some things cannot be replicated
· Evolution
· Head trauma
· Predictive of interesting or important things
· Parsimonious – theories that are as simple as possible
· Unifying – theories that unify a different observations and/or experimental findings
· Ideally, ability to falsify

[bookmark: _Toc22920371]Levels in Science 
· John Anderson (famous Canadian Cognitive Psychologist) 
· Scientific ideas can expressed at different levels 
· Frameworks 
· big bold claims about how things work 
· but no details 
· example – symbol system hypothesis 
· theories 
· take a framework and fills in the details 
· shows how a framework actually works 
· models (or hypotheses)
· applies a theory to make a specific prediction 
· sometimes need to add assumptions, especially in psychology 
· can be disproven 
· disproving a model creates problems for a theory 
· but usually does not disprove the theory directly 
· a theory that produces multiple models that are disproven is usually rejected 
· but that usually does not disprove the framework 
· frameworks that produce multiple theories, all of which produce multiple models, which are falsified, are usually rejected 

· Frameworks as perspectives 
· New zietgiest in cognitive science 
· Frameworks are different ways of viewing the same thing 
·  Like waves and particles 

[bookmark: _Toc22920372]Critical Perspectives on Science 
· Since science is a human behaviour we can use the scientific method to examine it 
· Hypothesis 
· Science is not influenced by social factors 
· Observation and experiments 
· Results – the hypothesis is falsified 
· Science is influenced by social factors 
[bookmark: _Toc22920373]Science and social bias 
· Publication and funding may be influenced by factors such as: 
· Gender 
· Institution 
· Country 
· Connections 
· Fame 
· Theory conformation bias 
· What fits the dominant theory requires little evidence 
· Falsification of the dominant theory is resisted 
· Thomas Kuhn 
· Looked at the history of science 
· Argued that science is not just gradual but involves revolutionary paradigm shifts 
· People are this way too 
· Effected by bias, conscious and unconscious 
· Hypothesis confirmation bias 
· We accept what fits with what we think
· We do not question it 
· We question information that does not fit with what we think
· Therefore we can find reason to reject it 
More controversial issues
· Political interference 
· Global warming 
· Ozone layer 
· Evolution 
· Stem cell research 
· The rogue scientist trick 
· Find one scientist who disagrees with everyone else 
More subtle issues
· Observations are theory laden 
·  Theories tell us what to observe 
·  Don’t look where elsewhere 
· Metaphor 
· Arguably plays a role in formulating scientific thought 
· Descartes – influenced by machine metaphor 
· Freud – influenced by thermodynamics 
· Cognitive revolution – influenced by computer metaphor 
· Example of egg fertilization 
· Evelyn Fox Keller 

Postmodernist/Deconstructionist thought 
· [bookmark: _Toc22920374]Modernism
· The belief in the presence of some rational, ordering principle underlying the visible world is the essence of modernist though 
· [bookmark: _Toc22920375]Postmodernism 
· Evolved out of deconstructivist thought 
· Language is socially constructed, not neutral 
· All representation is language, including mathematics 
· Any attempt to discourse within a particular language necessarily is shaped and constrained by the nature of that language 
· Claim for science - language does not provide adequate access to “reality” to make truth claims 
· Scientific speech is not any more privileged than literary or religious speech. Each sub- system of language can be view as an internally consistent structure, which only refers to itself 
· Extreme view - The very idea of an external reality is merely a construction of language. 
· Less extreme view – external reality exists but human language could never exactly or objectively describe that reality 
[bookmark: _Toc22920376]Modern Neo Platonism 
· Roger Penrose 
· this is the view that mathematics is not socially constructed 
· Also takes the relationship between language and the ability to describe reality, very seriously 
· Penrose – mathematics can describe reality because it is reality 
· Mathematics is not constructed, it is discovered 
[bookmark: _Toc22920377]Case studies 
· Ulcers and bacteria 
· Discovery by Robin Warren that the helicobacter pylori bacteria causes ulcers 
·  Previous theories held that ulcers were caused by stress and spicy food, and that bacteria did not live in the stomach and even if they did they couldn’t cause any harm 
· Reaction to the finding 
· Warren’s findings were not accepted for years until an overwhelming amount of evidence was accumulated and the media started to pay attention to it
· Why? 
· Because it was not what the established theory predicted 
· Because it could be cured with antibiotics and this would ruin the market for ulcer medication
· String theory 
· Lee Smolin
· The Trouble with Physics
· "Bold, provocative, and, best of all, a joy to read." --Evelyn Fox Keller, Professor of the History and Philosophy of Science, MIT
· Analysis of why String theory dominates physics 
· Brain areas
· Brain plasticity resisted by the medical model framework 
· ADHD
· Lots of psychologists don’t believe it is real 
· Math cognition
· Educational experts believe that doing calculations in the head is bad for learning math 
· Self esteem
· Education theory puts a premium on boosting self esteem
· No evidence that this has any positive effects 
[bookmark: _Toc22920378]THEME 8 – SUPPLEMENTAL NOTES ON SCIENCE
· Constructs
· Theoretical entities believed to be real
· Expected to be predictable
· Operational definitions
· Define how to measure a construct
· [bookmark: _GoBack]Global versus Local
· Local: construct is used to understand phenomena tightly associated with it
· Global: construct is seen in terms of its interactions with other constructs
· Constructs can work locally but fail globally
· Fail to predict
· Inconsistent with other constructs

[bookmark: _Toc22920379]Scientific Realism
· Focal point – hard sciences
· Science reveals reality
· Scientific constructs (with evidence) should be considered as real
· Areas of study can be compartmentalized
· Local truths can be established
· Neo Platonism
· Extreme form of scientific realism

[bookmark: _Toc22920380]Pragmatism
· Focal point – social sciences
· Science reveals our current best bet
· Scientific constructs (with evidence) should be considered as useful
· Can be used to achieve goals
· Areas of study cannot be compartmentalized
· Except for purposes of achieving specific goals
· Local truths are contingent on the goal
· Goal is contingent on more global factors

[bookmark: _Toc22920381]Post Modernism
· Focal point – humanities
· Science is a social activity
· All constructs can be deconstructed
· Can be seen as having been constructed to serve more global purposes
· Areas of study are language games
· Languages compete for dominance
· Local truths can be considered a form of tyranny
· There is no arbiter of truth
[bookmark: _Toc22920382]THEME 9 - REPLICATION
· Replication Crisis: Humanities don’t replicate things – they write about them (cognitive psychology has much higher replicability than all other departments of psychology – replication is 50% and above – comparable to medical fields)
· P-hacking (statistics problems):
· Adding subjects
· Pilot testing (trying a bunch of pilots and not reporting them because they didn’t work but then when you do a pilot that works – you report it; it’s not fair because you didn’t report the ones that didn’t work)
· Small details
· Demand characteristics (lower level of cognitive “basic” – the more likely it is to replicate)
· Hypothesis confirmation bias: tendency to search for, interpret, favor, and recall information in a way that affirms one's prior beliefs or hypotheses
· Humans like to prove something is true
· We operate by choosing something and gathering evidence for it
· We only question evidence that disagrees with us – we don’t really question evidence that agrees with us
· From social psychology and it can be replicated
· Hostile media phenomena: tendency for individuals with a strong pre-existing attitude on an issue to perceive media coverage as biased against their side and in favor of their antagonists' point of view.
· Publishing: Psychology journals don’t publish replications, replications are “boring”, they won’t publish anything where there fails to be an effect
· Significant results are important as your study can be published
· Operational definition: powerful and a source of enormous confusion

[bookmark: _Toc22920383]THEME 10 – PHILOSOPHE OF SCIENCE
[bookmark: _Toc22920384]Popper
· Science
· Requires falsifiable theories
· E.g., Einstein
· Pseudoscience
· Theory is not falsifiable
· Note that this does not make it false
· Can be useful if it predicts
· E.g., Freud
· Also some modern psychology
[bookmark: _Toc22920385]Feynman
· Cargo Cult Science
· Confusing the outer trappings of science with science itself
· E.g., lab coats make people feel more like something is science
[bookmark: _Toc22920386]Lakatos
· Science is defined by progress – improvements
· Areas of improvement
· More predictions
· More replications
· More predictive of interesting or important things
· More parsimonious – theories that are as simple as possible
· More unified – theories that unify different observations and/or experimental findings
· Ideally, surviving more attempts to salsify
[bookmark: _Toc22920387]Kuhn
· Looked at the history of science
· Argued that science involves revolutionary paradigm shifts
· Human’s do not like to let go of established paradigms
· Science is affected by social and political bias

[bookmark: _Toc22920388]THEME 11 – RATIONALITY
[bookmark: _Toc22920389]Rationality
· Thinking based on logic
· But which logic?
· And what truths do we put into the logic

[bookmark: _Toc22920390]Bounded Rationality
· Herb Simon
· We need to specify
· The truth 
· The goal
· Then we can judge if something is rational (e.g., not sleeping and studying 24/7 = not rational)
· Rationality always has to be bounded (within bounds)

[bookmark: _Toc22920391]Rationality Principle 
· Popper’s idea for salvaging pseudo science
· If you know
· Someone’s goal
· What they know
· What resources they have
· You can predict them
· Rationality principle is not falsifiable
· Popper viewed it as “approximately true”
· True most of the time

[bookmark: _Toc22920392]Principle of Rationality
· Newell
· If a human knows that an action will lead to their goal
· They will choose that action
· Difference from Popper
· Newell argues that the brain is built around this principle
· Claim – Principle of Rationality is true for humans because we are built that way – this is falsiable

[bookmark: _Toc22920393]Social operating system
· Idea that humans need to agree on
· What the goal is
· What is true in the situation
· In order to work in cooperative ways


THEME 12 – BRAINS
[bookmark: _Toc22920394]Materialistic definition of brains
· Brains are something made of neurons (a type of cell)
· Plus all the associated brain chemistry (e.g., neurotransmitters) 
[bookmark: _Toc22920395]Materialistic definition of neurons
· Long cells that connect to each other and also to sensory cells and motor cells
· Sensory cells: cells that react to activity in the environment 
· Motor cells (muscles): groups of cells that can contract, allowing for movement
[bookmark: _Toc22920396]Functionalist definition of brains
· Function of brains is to connect knowledge about the world to actions in the world, such as the actions promote our survival
[bookmark: _Toc22920397]
Functionalist definition of neurons
· Function of neurons is to transmit information in such a way that knowledge about the world leads to effective behavior in the world

DIFFERENT TYPES OF (FUNCTIONALIST) BRAINS
Brains without neurons
1) Plants
· Can follow the sun
· Catch flies

2) Single cell organisms
· Example: Amoeba (lives in our intestines)
· Can move
· Can sense their environment
· Can sense prey and catch it
· Can sense danger and move away
· In these cases, the cells act loyally, there is no network for coordination

[bookmark: _Toc22920398]Brains without thought
1) Simple organisms
· Example: Hydra (very tiny, lives in ponds)
· Neurons translate sensation into movement in a very direct way
· Hydra: more sensory cells and movement cells than neurons
· Human: approximately 100,000 connecting neurons for every sensory neuron

[bookmark: _Toc22920399]Human brains
· Possibly the most complex thing on the planet
· In addition to coordinating movement and perception, human brains can:

[bookmark: _Toc22920400]Brains without biology
· Robots use electronic circuitry to connect sensation (and knowledge) to behavior, in a meaningful way

[bookmark: _Toc22920401] How neurons work
· Dendrites pick up chemical signals from neural transmitters
· If enough signals are picked up the cell fires an electric charge
· The charge travels down the axon to the presynaptic terminals (or buttons) that release neural transmitters into synaptic cleft
· The neural transmitters are detected by dendrites at the synaptic cleft and the process begins again 
· This is what produces all of our intelligence
· Much more specialized cells that amiva

Some facts
· There are numerous different types of neurons but they are all the same at a certain level
· All are excited by neurotransmitters and this leads to firing a charge down the axon, which released neural transmitters
· Neurons are binary (i.e. they have two states): they either fire or they don’t
· This is similar to computers, which are also binary (but in a different way)
· Human knowledge is not believed to be stored in individual neurons
· e.g. the grandmother neuron – where human knowledge is stored
· Instead it is believed to reside in the pattern of connections and activation between neurons
· Speed of transmission down the axon ranges from approximately 1 mile an hour to 270 miles per hour
· This is much slower than a computer 
· There are estimated to be approximately 100 billion neurons and 100 trillion synapses 
· this is much more capacity than any computer
· The power of the brain comes from (this is how we go fast)
· massive computing power 
· massive parallel processing
· in the brain – all neurons work in parallel whereas computers don’t really work in parallel 
· the brain stores information by 
· Changing the electrical patterns
· Fast 
· Growing new connections and letting old ones die off
· Slow 
· Growing new neurons 
· Mainly in infants and children 
· Now known to occur somewhat in adults 

[bookmark: _Toc22920402]Biological complications
· Electrical synapses
· smaller and faster, can directly stimulate using electrical charge 
· Dendrites
· may be able to boost or attenuate signals
· backpropagating action potentials may play a role 
· Glial cells
· Neurons and glia make up the two chief cell types of the central nervous system 
· Glia outnumber neurons by as many as 10:1, some estimate 50:1 
· Traditionally glia cells have been viewed as a support mechanism for neurons 
· Now known that glia can act and react to neural transmitters 
· Quantum computing
· Roger Penrose has argued that the brain can compute things at the quantum level using particle states isolated in the microtubules of the neurons 
· Question
· These exist but are they used for information processing? 
· Or do they just provide support? 
[bookmark: _Toc22920403]Neural cognitive gap
· We know a lot about our cognitive abilities and a lot about neurons, but...
     But we do not know how neurons function together to produce cognitive abilities 
       such as memory attention and perception 
· Methods 
· Dissecting brains
· Good for finding the connections between areas 
· Single cell recording 
· Not so usable on humans (requires implanting) 
· Limited to single cells 
· Neural imaging 
· fMRI, EEG, CAT scan, etc. 
· shows relatively large areas associated with specific functions 
· Not good for looking at the workings of specific neural circuits 
· Assumes modularity
· Models 
· Build models using simulated neurons on a computer 
· See what kind of information processing they can do 
· Methods are (ideally) used in combination
· Must be also guided by cognitive theory
· Knowing what areas are active during a task does not explain what the brain is doing 
· To make sense of imaging data we need to know what the brain is doing during the imaging – the functions it is carrying out 
· If we have a wrong view of the functions we will interpret the imaging data wrongly 
[bookmark: _Toc22920404]Brain plasticity
· If a part of the brain is destroyed (e.g., by a stroke) those functions can be taken on by other parts of the brain
· This shows
· All of the information needed is not stored within the area
· Different brain areas can do different things
· Makes sense, they are all made of the same stuff – neurons
· They are not like different organs in the body
· Examples of plasticity
· Deaf people
· Have better: Peripheral vision and Motion detection
· Because these are also processed in auditory cortex
· Blind people
· Better at: Reading brail and Verbal memory
· Because these are also processed in visual cortex
· Also use it to process language

· Brain adapts over time to normalize changes
· Drugs
· At first a drug will never have a strong effect but over time the brain will adapt to the drug
· Say you need the drug just to feel normal
· If the drug is stopped then the brain needs time to adapt back to normal functioning
· Stress
· Chronic stress causes you to internally manufacture chemicals that were never meant to be used so much
· This can also cause long lasting effects on the brain
· Sometimes drugs are given to try to get the brain into a more normal state
· E.g. anti anxiety drugs
· Money
· Studies show that people who win the lottery are no happier a year later
· Brain adapts to training
· If we do something a lot the brain assumes it’s important and increases its ability to process along those lines
[bookmark: _Toc22920405]THEME 13 – COMPUTERS 
Turing Machine 
· An imaginary machine
· Invented by Alan Turing as a thought experiment in 1936
· Turing’s ideas on computing were used for cracking the enigma code
· A Turing machine can compute anything that is computable
· Can do anything that the fastest most sophisticated computer can do, only it will be slower

[bookmark: _Toc22920406]Turing machine parts
· Endless tape
· Machine that can
· Move the tape
· Write symbols on the tape
· Erase symbols from the tape
· Machine instructions
· Rules for manipulating the tape
· Stored in the machine

Universal Turing Machine
· Put the instructions for the Turing machine on a section of the tape
· Instructions in the Turing machine are to first read the instructions from the tape, then follow the instructions
· The universal Turing machine can compute anything it is instructed to compute

Modern computers are functionally equivalent to a universal Turing machine
· They can be programmed with instructions for manipulating symbols
· They cannot compute anything that a Turing machine cannot compute
· All they are is faster
· Due to things such as random access memory

[bookmark: _Toc22920407]Turing test
· First person to suggest that humans are information processors – that they are Turing Machines
· Turing argued that brains are Turing machines because brains compute things and anything that computes is a Turing machine
· Turing proposed that a computer could be considered to be programmed the same as a human if someone could ask it questions and it could not be distinguished from a human based on its answers

[bookmark: _Toc22920408]Turing’s life
· Most historians agree that Hitler might well have won the war if it were not for Turing
· However, Turing was gay and after the war he was viewed as a security risk
· He was charged with homosexuality (under the same law as Oscar Wilde), found guilty and sentenced to experimental hormone treatments
· Turing, who was by all accounts shy and sensitive, was also hounded by the secret service
· Turing committed suicide by eating an apple laced with cyanide
· Not everyone believes it was voluntary
· Some people also believe the apple logo is a reference to Turing
· Apple denies this

[bookmark: _Toc22920409]Modern Computers
· Computer = information processor
· Information stored in binary form
· Zeros and ones 
· Physically manifested by switches
· On and off
· Example, how high can you count with 3 switches
· 000, 001, 010, 011, 100, 101, 110, 111
· Computers store data and alter data
· Rules for altering data are stored as data
· Program = a series of rules specifying how to alter the data
· Most computers are mainly serial
· Multiple serial cores
· Change one switch at a time
· Usually a central controller
· Parallel processing
· Throw more than one switch at a time
· No central controller
· The problem is that things get easily out of sync and conflicts arise
· The brain is a massive parallel processor
· So the fact that we do not understand how to build parallel computers tells us we do not understand this aspect of the brain very well

Parrel distrubtion and physical hypothesis (not on test)

[bookmark: _Toc22920410]VonNeuman and Modern computers
· Turing did not solve how to make computer fast and efficient
· John vonNeuman solved this problem
· Another super genius
· Helped Turing find work while he was in the US
· Invented many things
· Random access memory
· How modern computers work
· Basic idea – store programs and data in the same system
· Similar to the post office
· Each piece of information has its own address
· Was a founder of modern economics
· Also invented game theory
· Which is often used as a model of human thought
· Many people still believe this
· vonNeuman worked for the US government (the RAND corporation) where he used game theory to argue that the US should immediately nuke the soviet union
· There are many stories about vonNeuman’s unbelievable mental abilities
· e.g., at parties he would invite anyone to rip a page from the telephone book and then look at it for a few moments, then anyone could ask him any question from the page and he could answer

Godel’s Proof: What can a computer know about itself?
· Published by Kurt Godel in 1931
· Proof that a system can never fully understand itself
· True for computers
· True for humans
· Big question
· Is what we cannot know important
· Godel, Escher, Bach by Douglas Hofstader – good read on this topic

[bookmark: _Toc22920411]Physical symbol system hypothesis
· Newell and Simon
· Physical symbol system hypothesis
· Intelligence can be defined as the manipulation of symbols
· The function of the brain is to represent symbolic information and ways to manipulate it (also stored as symbolic information)
· Data – symbols
· Programs – production systems (sets of if then rules)
[bookmark: _Toc22920412]PDP – Parallel Distributed Processing
· Reaction against the symbol system hypothesis
· Symbols do not exist as discrete physical states in the brain
· Information on the brain is
· Distributed: represented as a pattern across neuronal connections and firing
· Parallel: activating information requires parallel activity across neurons
· Neural networks
· A way of making computers behave in this way
· Neural models
· Actual models of neural systems
· Current understanding – these are different levels at which we can model the brain
1. Discrete symbols
2. Neural networks
3. Neural models
· All of the still use symbolic information
· Choice of modeling system depends on what you are modeling
· Neural models
· Good for understanding what actual neural systems do
· Neural networks
· Good for perception, generalization and some types of learning
· Symbolic
· Good for higher level complex tasks

[bookmark: _Toc22920413]What type of machine is the brain?
· Combinational logic
· Single input and output
· Based on rules
· Finite-state machine
· At any given time the machine is in a state
· An input will change the state according to rules
· Can compute sequences
· Pushdown automation
· Has a stack for storing states
· Can think about the states in the stacks as goals
· Can have subgoals
· Turing Machine
· As described above
· Tape = memory
· Full symbolic thought
· Based on our abilities and the way that neurons work
· We are Turing Machine
· But that doesn’t tell us much
· Need to understand the architecture



image1.png




