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Lecture Notes: Cognitive Science and the Real World
Cognitive Science in Law – Lineups  
What is a Lineup?
· A lineup is people standing and witness/victim picks out a suspect. 
· It has been proven that simultaneous lineups are not as effective sequential lineups.
· Sequential lineups re-jog their memories whereas simultaneous lineups tend to compare people. 
False Memory
· False memory occurs when people take a suggestion as an actual memory when it isn’t.
· Police interviews often times cause false memory potentially due to pressure.
· Implanted memories of child who believe they were abused have landed many innocent people in jail. 
Case-Based Reasoning 
· Case-Based Reasoning (CBR) – The artificial intelligence paradigm that reasons about what to do based on previous cases that are similar. 
· In law it is based off of previous precedence or previous cases. 
Earliest forms of Artificial Intelligence  
· Some of the earliest forms of AI were designed to diagnose patients in hospitals.
· “Expert Systems” which are AI’s, intended to mimic and replicate the behavior of human experts. They were designed to… 
· To perform diagnosis 
· Retrieve and record medical information
· Perform image recognition/interpretation
· Human-Computer Interaction (HCI)
· HCI is judged on their Usefulness, Usability, and Learnability.
· Usefulness – How effective is the computer/software at what it does. 
· Usability – How user friendly and easy is the software to use.
· Learnability – How easy is it to learn how to use the software.
Politics: Metaphors 
Metaphor Theory – We think about abstract concepts as metaphors with more basic, often times bodily concepts. 
· An example of this would be “It has been a long time since we seen one another”.
· Time is not a length, long is used to describe the duration of time. 




Consumer Behaviors:  Behavioral Economics
Classical Period – Economics that allied with phycology.
Neo-Classical Period – Viewed that humans behaved and thought rationally. 
Homo Economics – The assumption that people are “rational”
· Psychology and cognitive science influences have shown that there is a flaw in the homo economics’ assumption. 
Visual Analytics – Creating visual interactions to help in solving a underlying problem. 

Lecture Notes: Perception 
What is Perception? 
· Perception is the interpretation and organizing of sensations to produce a meaningful experience in the world. 
Typical Sensory Modalities 
· Physical Signals includes light, air vibrations, physical pressure, chemicals, and body position. 
· Perceptual Modality includes vision (seeing), audition (hearing), echolocation, haptic (touching), taste, olfaction, kinesthetic, and proprioception. 
· Light turns into vision.
· Air vibrations turn into Audition, which is hearing, and Echolocation.
· Physical Pressure turns into Haptic (touching) 
· Chemicals turns into Taste and Olfaction (smell)
· Body position turns into Kinesthetic and Proprioception 
· Olfaction = smell, think “Old factory” since they smell bad. 
· Proprioception = senses where your body is without even seeing it.
· “Phantom Limb” – believing that a limb is still there even though it is gone. 
· People need phantom limb in order for their artificial limbs to be effective. 
Extramission and Intromission 
Extramission – Rays of light emanating the eye combined with the light in the world allow us to see. 
Intromission – Rays of light reflected through an object into the eye so that we can see. 
Rods and Cones on the Retina 
· When the image hits the retina it is severely distorted and inverted. 
· Rods – The most light sensitive photoreceptive cell in the retina, used for night vision and peripherals. 
· Cones – There are three types of cones each has a corresponding color.
· Short Wavelengths – Blue 
· Medium Wavelengths – Green
· Long Wavelengths – Red
· Cones work best in bright light; fewer cones exists for peripherals. 
Depth Perception 
Size – The bigger the object usually means the closer it is to you, and the smaller an object the further away it is. 
Perspective – Things are smaller on the fovea as they move further away. 
Occlusion – When something is standing in front of another object partially or entirely blocking it from view.
Texture, Shading, and Saturation – The closer an object is to you the more textured, shaded, and saturated that object is and vice versa. 
Multiple Images – Includes motion and binocular vision, helps you tell how big it is by seeing it move. 
Dorsal and Ventral Stream 
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Dorsal Stream – It is the “Where” Pathway. Associated with motion and representation of object locations. Also controls both sets of arms and eyes.
· Located on top of the brain, like the dorsal fin of a shark.
Ventral Stream – it is the “What” Pathway. Associated with for recognition and object representation also known as your imagination. The ventral stream also plays a role in the storage of long-term memories.
Audition: How does it work?
How does audition work?
· Acoustical energy (sound waves) vibrates you eardrums in the air, or your bones when under water. 
· Localization – Determining where objects are from the differences in sound between your ears.


Echolocation 
Bisonar – Sending out a sound and determining where it is by the information retrieved from the echo. 
· Used by both bats and dolphins. 
Haptic (touch)
· This is critical for the manipulation of objects, particularly in combination with perception. 
· Sensors are directly in your skin. 
· Active perception includes; Haptic (touch) and Vision. 
Olfaction (Smell)
· When detecting chemicals there is no clear energy continuum, you just kinda smell it.
· Most of out taste come from smell.
· Animals use smell to…
· Establish territory, particularly with dogs. 
· Fertility 
· Food traces – Ant pheromone traces.
Gustation (Taste) 
· Your tongue taste flavor profiles including sweet, salty, sour, bitter, and umami.
· When you eat spicy food your pain receptors are responding to the spiciness.
· The experience of food is really complex it is combined with…
· 
· Temperature 
· Color 
· Texture 
· Feel 
· Smell
· Pain 
· 
· Interoception – The perception of hunger, the need for digestive elimination (pooping), your heart rate, the need to sneeze, breathe, etc…
· The sense of the physiological condition of the body 

Lecture Notes: The Cognitive Level
Adjusting Parameters on Production 
One cognitive theory is that the mind does what it wants by firing little information processing rules called “productions”.
· IF you’re hungry, AND you see food, THEN your mind will tell you to eat it to satisfy your hunger. 
· When something good/bad happens, the productions used to get to that state will make it more/less likely to happen again.
Learning at the Biological Level: Synaptic Changes 
What are Synapses?
Synapses – The spaces between neurons, where communication happens.
· Synapses become more efficient with repetition, this is referred to as “Hebbian Theory”.
· Neurons that fire together wire together that is how associations are learnt. 

Learning at the Chemical Level 
· Synaptic Change in your taste receptors helps you tolerate bitter foods. 
· Children detest bitter foods that adults would find enjoyable. 
Learning at the Physical Level
· Not a good level of description for learning 
How is a Level Legitimate?
· A level is legitimate if it can successfully make casual predictions using the ontology (set of things said to exist) of that level. 
· Ontology is the philosophical study of the nature of being, becoming, existence, or reality, as well as the basic categories of being and their relations.
Why are Scholars often dismissive of levels above the one they work at?
· Often times the regularities found in higher levels are or will be deducible from lower level regularities.
· This is a form of “reductionism” 
· Something that is “deducible” can be deduced.
· A deducible conclusion is one you’re able to obtain through means of reasoning – general purpose.
Why do we need the Sociological Level?
· We need this to help explain group behavior such as strikes – this is difficult when examining individual behavior 
Why do we need the Psychological Level?
· We need this in addition to the sociological level since some behaviors cannot be explained by their social context.
· On addition with the cognitive level, because we need a place for non-casual statistical models like “How nutrition influences IQ”.
Why do we need the Cognitive Level?
· We need it in addition to the psychological level, because it provides a means of explanation for certain behaviors that without the language of information processing would be too vague. 
· An example of this is asking “How do people do multiplication?”
· We need it in addition to the biological level since mental stats are defined functionally NOT anatomically.
· Anatomically - of or pertaining to anatomy
· An example is that two people are happy even though they have completely different states of mind. 
Why do we need the Biological Level? 
· We need it in addition to the cognitive level since sometimes biological structures influence behavior I ways that information processing perspective cannot explain.
· We need it in addition to the chemical level since certain brain structures are used for particular things. 
Why do we need the Chemical Level?
· We need it in addition to the biological level, because can affect behavior through certain things such as drugs. 
· We need it in addition to the physical level since physics doesn’t tell us much about human behavior.
Proximate and Ultimate Description in Cognitive Science
Proximate Explanation – We eat because it satisfies out hunger and it taste good. 
Ultimate Explanation – We eat because it is necessary for survival and we need the nutrients to fuel out bodies. 
Cognitive Level = Information Processing Level 
· Cognitive science prefers descriptions of information, and how it is processed/represented and changed. 
· Cognitive scientist have theorized that individual memories have “activation levels” that determine how easily a memory can be activated.
· Metaphors for cognitive science is not the mind of the computer, but the computer itself.

Lecture Notes: Analogy 
Reasoning About Corresponding Parts of Things:
· Relating features of one object to that of another unrelated object based on the fact that they are alike in feature, position, or size.
What is an Analogy?
· A comparison between two things, typically on the basis of their structure and for the purpose of explanation or clarification. 
The steps in Analogy:
1. Retrieval – Finding something good in memory to make an analogy with.
2. Mapping – Finding correspondences between elements of the two analogues.
3. Transfer/Adoption – Using and changing knowledge of one analogue to lean/invent something in the other analogues.
4. Evaluation – Determine if the transfer of perception fulfilled what you wanted it to. 
5. Storage – Indexing the memory so that it can be recalled on successfully in the future.
Analogies 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.
Metaphor 
Primary Scene – Cognitive representation of experiences that everyone has, such as basic functions like chewing and swallowing.
Correlation-based Metaphor – Base metaphor is sensory, target is abstract, as in “The prices have fallen sharply”.

Lecture Notes: Language and Communication 
Language: What is it?
Structural Description – A set of symbols that can be arranged in a particular way.
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 birdcalls as a language. 
Natural language – Created by the 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 referred to as “Zoosemiotics”.
· Works through gestures, expressions, gaze, following, olfactory, and vocalization. 
· Animals use communication to establish dominance and territory.
· Velvet monkeys use calls to alert of threats to other monkeys.
Human Language
· It has a structure, but the structure is implicit. 
· We all know how to speak, but we don’t know how we speak – we have to study it like other phenomenon.
· Our knowledge of how to speak is implicit, not explicit.
Disciplines on Languages 
Phonology – How sounds are organized and used in language.
Morphology – How sound and meaning interact in words
· i.e. different woods derived from the same root word have different meaning sleep (sleeping, slept).
Syntax – How sentences are put together in language. 
Semantics – Meaning in language. 
Pragmatics – How sentences interact with context to change meaning.
· When someone asks, “What is the time?” they are expecting you to tell them what time it is rather than telling them, “Yes”. 
Syntax: Parsing
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“John hit the Ball”
· Noun phrase (NP)
· Verb phrase (VP)
· Determiner (Det)
· Verb (V)
· Noun (N)





Logic
· Logic is the formal, normative system of reasoning- how people should think.
· Symbolic logic specifies ways that sentences can be represented unambiguously.
· For all x(if cat(x)) then mammals(x)
· Typical logic is very limited in its semantics.

Lecture Notes: Cognitive Science Myths 
We only use 10 percent of our brains 
· We actually use ALL of our brain.
· If any part of your brain is damaged, you may suffer deficits.
· Evolution would not “waste” energy vast parts of your brain that you don’t use!
Why do people believe this? 
Availability Cascade – A repeated idea becomes much more plausible. 
Wishful thinking – Want to believe something even though it probably isn’t true, people like to believe in the paranormal.
What is true about our brain?
· You can lose whole hemispheres of your brain and still function relatively normally
· Our brain has redundancy, where we can use other parts of our brain to backup functions that are controlled in other parts of the brain.
· If you remove 70 percent of your neurons, you may still act perfectly. 
Extra Sensory Perception (ESP)
· This is NOT true.
· There are several cognitive biases that make us believe that is true.
· Confirmation Bias – You accept, seek out, and remember things that support your views.
· Neglect of Negative Results – Ignoring previous cases that aren’t supportive of your views
· Wishful Thinking – Wanting to believe in the paranormal.
Listening to Mozart makes Babies Smarter
· We hope that this is true, because we generally want our kids to grow up to be smart.
· The effect is small, short term, and only based on arousal. 
IQ test are biased
· If they are biased, they would under predict the success of certain groups and over predict for others. This DOES NOT happen.
· Scientist have concluded that IQ test are NOT biased.
· Item Analysis is used to identify bad test questions.





Happiness 
Happiness and Money 
· Money correlates with happiness until you’re making about $75k per year (Canada), after that your happiness levels level off.
Life events don’t affect happiness much
· Winners of lotteries and people how become paraplegic have happiness chances that only last a matter of months. 
· Things that do affect us include: divorce and getting fired.
· 60 percent of our happiness is determined by genetics.
There are two (2) kinds of happiness 
1. Pleasure (day to day)
2. Life Satisfaction (Long term) 
Childhood Abuse Leads to Psychological Disorder 
· It is very weakly correlated with a coefficient of 0.09, which means there really is no connection between the two.
· A conflict-ridden home is much more likely to cause anxiety, depression, eating disorders, etc…
Artificial Intelligence is a Failure
· AI is joked about being “Almost Implemented”
· Our economies would fail without the findings that AI researchers have provided to society. 
The Full Moon Makes People Act Differently 
· Confirmation Bias – People want to believe this so you seek out things to support it such as crime rates are increased during a full moon.
· This theory is not true. 
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 test with experiments and quasi-experiments.
· Experiments have control over participants and conditions, they also manipulate environments. 
· Quasi-Experiments are observations in the real world. 
· Most political science lessons are learned from quasi-experiments. 
Results and Statistics
Hypotheses and Falsifiability  
· Falsifiability or refutability is the logical possibility that an assertion could be shown false by a particular observation or physical experiment. That something is "falsifiable" does not mean it is false; rather, it means that if the statement were false, then its falsehood could be demonstrated.
· Significant means that “probably not”, due to a chance <0.05 is the typical threshold or “alpha level”.
· This means that 1 in 20 experiments with find something significant by chance.
Science as a Culture 
Replicability – Scientist try to repeat experiments to disprove them to ensure that they are true.
· Science has a self-correcting nature where it filters out all the wrong theories. 
· Publishing your work makes it so that everyone can see it can judge your work.
· This causes other scientist to try to disprove your theory which is good! 
· Science as an epistemology (how we know things).
· No other knowledge generating enterprise has a rigorous self-correcting mechanism. 

Lecture Notes: Cognitive Biases
Anchoring
· The “anchor’ is something you compare to when evaluating.
· Restaurants do this when they add a really expensive item to the menu not hoping you buy it, but to make everything else look cheaper.
Bandwagon Effect and Herd Instinct 
· You believe things because everyone around you believes the same thing – there is comfort in believing what everyone else’s thoughts are.
· The Herd Instinct is believing what everyone else does to avoid social conflict.
· Cults try to keep you from talking to people outside of the cult – this is to keep you around like minded people and remove outside influences. 
Confirmation Bias 
· You accept, seek out, and remember things that support your views or ideas. 
· You also interpret things in a way that will support you views. 
Contrast Effect/Contrast Effect
Contrast – comparing one thing in relation to another you focus on their differences.
Distinction Bias – Things appear more differently when viewed simultaneously.
Endowment Effect/Loss Aversion 
· People will demand more to give up an item than they paid, because it is worth more now that it is theirs. 
· Something is more valuable when you can call it your own.
Hostile Median Effect 
· You think that something is hostile to your political views.
Temporal Discounting 
· We value things in the future less than we do in the present 
· Chaotic environments – more rational discounting, looks more into the present day since the future is uncertain. 
Moral Credential Effect
· Thinking of yourself as morally correct makes it easier for you to act unmorally.
· People will compensate to meet an equilibrium 
· While on a diet you workout, and because you worked out you believe that you can eat more this is the moral credential effect.
Negativity Bias 
· People will pay attention to negative information.
· This could be due to that fact that our prehistoric ancestors needed to pay attention to the negative information as most of the time this information threatened their lives. 
Omission Bias 
· It is the tendency to judge harmful actions as worse, or less moral than equally harmful omissions (inactions) due to the fact that actions are more obvious than inactions.
Outcome Bias 
· Judging a decision on the outcome of the act, rather than the information provided during the time of the decision-making. 
· Drunk driving is a good example of this – One driver kills someone, another just got pulled over they were both drunk but one’s punishment is much more severe. 
Planning Fallacy
· We underestimate how much time it takes to complete a certain task in the future. 
· This makes it easy for use to overbook our schedules 
· Unexpected things happen that could set our schedules back. 
Wishful Thinking 
· You believe something because you want it to be true. 
· A mother believes that her son is not a killer, even though all the evidence shows otherwise. 
Availability Heuristics 
· The more you hear something the more common and probable it is – you start believing in it.
· The problem with this is that vivid and emotional subjects are easier to bring to memory.
· News networks make us believe that there are a lot more murders since that is all that they broadcast even though crime rates have gone down. 
Base Rate Neglect 
· When the statistics make us believe something that may not be true. 
· An illness is eliminated from earth, a test on the illness is 90% accurate. From a 100 people does that mean 10% will get the disease? 
Belief Bias 
· Believing something because a statement is said to be true.
· If rain is wet then my roof is wet. My roof is wet, therefore rain is wet.
Conjunction Fallacy
· The belief that something’s are more common than the other, but really isn’t 
Gambler’s Fallacy 
· The belief that an outcome will be different based on previous outcomes, even though each outcome is completely different. 
· If you get 3 heads and you select heads again since you believe that the previous tosses have an impact. 
Primacy and Receny Effect 
· We remember the beginning and the end better than we do all the stuff in between. 
· This has been tested with colonoscopy’s – make it more comfortable in the end to promote more pleasant recalls. 
Just World Phenomenon
· You believe that the world is a “just” place and that all victims did something to deserve their miss fortune even if they aren’t guilty. 
Actor-Observer Bias 
· The tendency to explain the behavior of others in terms of stable traits.
· You’re hungry and you lash out.
· Actor – You were hungry that’s why you lashed out.
· Observer – What an asshole!
Risk Compensation 
· The safer you feel the more likely that you will act risky.
· Certain attributes affect the amount of risk you are willing to take. 
· I.E. you drive more recklessly on a perfect summer day than you would during a snow storm. 
Lecture Notes: Cognitive Science of Religion 
Origins of Religious Belief and Ritual and Mental Illness:
· In traditional societies mental illnesses like schizotypal (milder version of schizophrenia) and epileptics were often perceived to be blessed and set the society’s religious tone. 
· We used religion in the traditional days to explain mental illness. 
· People with schizophrenia were seen as wise and valuable to society. 
Obsessive-Compulsive Disorder (OCD)
· OCD is characterized by compulsive rituals such as checking, cleaning, entering and leaving spaces, hoarding, and hoarding numbers.
· This affects about 2% of people. 
· Hyper-religiousity is a major feature of OCD.
· Orthodox religions are replete with food, body cleansing, repetition of mantras, numerology, and portal rituals.
· Failing to engage in the ritual causes a feeling of dread in OCD patients. 
Schizotypal and Schizophrenia
· Schizotypalism affects about 3% of people. 
· These feature hallucinations 

· People who have delusions tend to be more religious beliefs 
· Schizotypal are likely to be treated as having a blessing as their hallucinations were believed to be visions of the future. 
Person Permanence 
· Person Permanence is the belief that people’s sprits still exists even when they are dead.
· This does not shut off immediately after someone dies – leading to the belief that his or her mind still exists. 
· Studies show that most people, even self-described atheists attribute mental states to the dead.
Is this learned or innate? 
· If something is learned then we predict that it gets stronger during enculturation. 
· Enculturation - the gradual acquisition of the characteristics and norms of a culture or group by a person, another culture, etc. 
· The opposite happens though when attributing states to the dead.
· We do this more when we are younger than older. 
· This suggests that there is an innate component
· Are we natural duelists?
Pascal’s Theory of Counterontology Theory 
· This theory is described as; A thing that would make something human like with one human attribute (Often biological) but have aspects that make them paranormal and not human. 
· A ghost or god is a person without a body.
· Zombies have a human body but no human brain. 
· Subsystems for understanding different things in the world: contagion, persons, living things, tools, physical object. These form “ontologies”.
· One human aspect makes it more plausible to believe in, but once it is greater than one it makes it more unbelievable.
· A zombie that feels love makes its unbelievable.  
Old Brain and New Brain 
· Our old brain is intuitive, we are conscious of its outputs, not it’s processing. 
Dead Bodies are Naturally Counter Ontological 
· We are fascinated with corpses, because they bring up intuitions from different systems that are contradicting.
· Religion comes in to fill the gap left by these intuitions.
· Our contagion system fears dead bodies as they bring illness and disease, our natural instinct. 
· Our theory of mind makes us think the person is still alive and we might feel love.
· This helps use cope with losses 
Explaining Duel Funerals 
· The second burial signifies the acceptance that the person is gone and will only exist in their memory.
· The first burial is to remove the body for health purposes. 

Theory: Religion Encourages Pro-social Behavior
· Imagine how a monkey’s reputation can be hurt by stealing a banana.
· Without language, the monkey’s reputation can only be hurt in the mind of those who directly see you. 
· With language, a reputation can spread and affect someone for years.
· One theory states that people evolved to have beliefs in the supernatural agents to keep us from behaving poorly when no one was watching.
· This requires group selection which is controversial.
· Group Selection - Group selection refers to one mechanism of evolution in which natural selection acts at the level of the group instead of at the more conventional level of the individual.
Evidence 
· People are more pro-social when primed with supernatural concepts.
· People think that gods have “strategic” knowledge.
· Gossip is theorized to have a similar function, and it also focuses on strategic knowledge.
Why are Individuals Religious?
· Religiousity is about 50% genetic and 50% environmental, specifically;
· 47% genetic 
· Environment 	
· Family upbringing = 11%
· Non-family environment = 43%
We create or call upon religious ideas when we encounter something strange 
· Humans see patterns in completely random events and use religion to explain them.
· i.e. there is a drought and people blame it on angry gods.
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