CH1
-cognition: is constructive/active
	-depends on the brain
	-is ‘good enough’ for  us, but not perfect
	-often looks different in lab vs real world
	-is made up of inter-related, yet somewhat independent domains

Cognition involves perception, attention, memory, problem solving, reasoning, decision making
	-all include “hidden” processes we aren’t aware of

Cognitive Science: an interdisciplinary study of the mind drawing from components of psych, neurosci, computer sci, anthro, linguistics, philosophy

Reverse Engineering the Mind
-figuring out what’s going on inside the mind may be one of the most difficult problems in all of science
-imperfect solutions: introspection, inferences from behaviour

The mind: creates and controls mental functions (perception, attention, memory, thinking, language, etc)
	-creates representations of the world so we can act within it to achieve goals

Cognition: the mental processes that are what the mind does

Cognitive psych: branch of psych concerned with scientific study of mind

Introspection: examining & observing own mental and emotional processes in response to stimuli
-close your eyes, try to observe your own thought processes
-it’s still valid
-start from first principles (assumptions), reason from there
-problem: what if we all come up with different insights?
-insight may be poor; cog processes often too fast or opaque
-everyone’s mind may work differently
-insights into our own cognition may be limited
-Goldstein
	-know what you know: meta-cognition (self-awareness, accurate judgement about own cognition)
	-don’t mistake ease and familiarity for knowing: recognition vs recall, gist vs detail

“Common Sense Psychology”
-’sensible’ can be nonsensical
	-inconsistencies: ‘out of sight, out of mind’, ‘absence makes the heart grow fonder’
	-post-hoc (based only on past observations)
	-not predictive

Inferences from behaviour
-scientific inquiry (the scientific method) is a process and set of activities, common to all sciences, seeking empirical answers through making systematic and repeatable observations. These results are predictive

Scientific Inquiry
-facts: based on direct observation. Objective.
-theory: explains facts.makes hypotheses (new factual predictions)
-hypothesis: the falsifiable prediction

Steps of scientific inquiry
-observe some interesting event
-theory that might explain
-test theory: make hypotheses
-collect evidence to test hypotheses
-if evidence goes against hypothesis, you reject the theory and either modify it or generate a new one

A good theory...
-accurately describes what happens, and predicts what will happen next
-fits with other things we know about the world
-parsimonious: simplest adequate explanation
-rules out other explanations: make sure no confounds (only one thing different between experimental and control, and it’s the variable of interest)

Experimental |studies
-most direct way to test hypothesis about cause-effect relationship between variables
-experimenter controls IV, DV observed and measured
-control over all other variables (no extraneous, confounding variables)

Correlational Studies
-relationship between variables studied without controlling one or the other
-observe/measure variables in parallel
-analyze mathematical relationships (as one variable changes, does the other?)
-pros: measures strength of relationship, can use one variable to predict the other, can be used in variety of settings, quantifiable data
-cons: IV can’t be randomly assigned. No control, so there’s higher risk of results being influenced by something else. Ie possible 3rd variable that is causing changes in both?
-can’t establish directionality of relationship

Scientific Inquiry
-data collection methods
	-self-report: rate/describe behaviour, mental state, perceptions, etc 
		-questionnaires, surveys, rating scales
	-observational: researchers directly observe and record behaviour (naturalistic, testing)

DVs in cog psych
-methods in cog psych often deceptively simple
-even simple measures can be hard to interpret

Cognitive methods
-two main DVS: speed of response, and accuracy
-speed of response: usually, faster is better
-accuracy: greater accuracy, fewer errors is better
Speed-accuracy tradeoff: many paradigms require us to take both accuracy and RT into account to clearly interpret performance

HISTORY
Donders: late 19thc
	-mental responses can’t be measured directly but can be inferred from participant’s behaviour
	-mental chronometry: measuring how long cog processes take
	-reaction time experiment: measures interval between stimulus presentation and person’s response
	-simple RT task: participant pushes button after light appears
	-Choice RT task: participant pushes one button if light on right side, another if on left
	-Choice RT- Simple RT= the time required to make decision
	-if choice RT is 1/10th second longer than simple RT, infer it takes 1/10th sec to make decision
	-why is there a difference between choice and simple RT?
		-processing the alternative (noticing, comparing)
		-keeping instructions in mind
		-deciding
		-motor response

Ebbinghaus: studied nature of memory and forgetting
-used measure called savings to measure forgetting
-savings= original time to learn - time to relearn after delay
-savings curve: a plot of savings vs time, which shows that forgetting occurs rapidly in first 1-2 days after original learning

James: first psychology textbook
-some observations still valid today
-no experiments; reported observations of his own experience
-paying attention to one thing involves withdrawing from others

Wundt (1897): structuralism approach
-structuralism: our overall experience is determined by combining basic elements of experience called sensations
-first lab of scientific psychology
-analytic introspection: participants trained to describe experiences and thought processes in response to stimuli
-introspection requires training so subjects can describe elementary mental elements


Watson
-noticed two problems with Wundt’s introspection
	-extremely variable results from person to person
	-results difficult to verify: invisible inner mental processes?
-proposed behaviourism
	-eliminate the mind as a topic of study
	-instead, study directly observable behaviour
-Watson’s “little albert” experiment
	-behaviour can be analyzed without any reference to the mind
	-examined how pairing one stimulus with another affected behaviour
-his ideas associated with classical conditioning
-classical conditioning: pairing one stimulus with another affects behaviour

-skinner
	-interested in determining relationship between stimuli and responding
	-operant conditioning: behaviour strengthened by positive or negative reinforcers
	-argued children learn language through operant conditioning (correct speech rewarded)
	-operant conditioning: behaviour is strengthened by presentation of positive reinforcers or withdrawal of negative reinforcers

Decline of behaviourism

-Chomsky(1959)
	-critiques skinner’s work
	-children don’t only imitate. They say things that they’ve never heard and things that are incorrect, and they aren’t rewarded for that
	-language isn’t determined by imitation or reinforcement
	-language is determined by inborn biological program

Tolman: evidence for ‘cognitive maps’
-animals can learn facts, ie complex representation of a space, rather than ‘turn left, then right, then...’
-not just learning automatic responses triggered by environment
-latent learning: rewards affects overt behaviour, not what they learn
	-animals can learn connections between stimuli, don’t need any explicit biologically significant event to make learning occur
-rat develops cognitive map: rather than just turning right, it knows where it is in the maze and uses the sensory information to know where to go
	-plop it down in different parts of maze. It knows where the food is in the maze (not by smell). It will find it


The cognitive revolution
-1950s were decade of cog revolution: shift from behaviourism to approach whose main goal is to understand mind’s operation
-today:
	-measure observable behaviour (legacy of behaviourism)
	-consider what this behaviour says about how the mind works (ie make careful inference)
	-accept introspection under certain circumstances
-information processing approach
	-a way to study the mind created from insights associated with digital computer
	-processed information in stages: how much info can mind absorb? Attend to just some incoming info?

Flow diagrams for mind
-beginning in 50s, researchers interested in describing how mind deals with incoming info
-Cherry: presented dichotic listening, leading broadbent to produce first flow diagram
Broadbent’s filter model of attention:
Many inputs> filter> detector>memory

Artificial intelligence: making a machine behave in ways that would be called intelligent if a human were the one doing the behaviours

Logic theorist: a program created by Newell and simon
	-program was able to create proofs of mathematical theorems that involve principles of logic
	-”thinking machine”

Beilock: studies phenomenon of choking under pressure. Phenomenon illustrates how research progresses from one question to the next, and how the results of behavioural experiments can be used to infer what’s happening in the mind
-working memory holds info in memory as it is manipulated

Modern research
-begins with what is known, then ask questions, design experiments, obtain and interpret results
-models: representations of structures or processes that help visualize & explain them
	-structural models: represent structures in brain involved in specific functions
	-process models: illustrate how a process operates
	-play essential role in cognitive psych

CH2: The brain
-brain is anchor of cognition
-neural activity correlated with behaviour
-functional neuroimaging tells us little about structure and functioning of mind
-how do you know that activity in a particular region is causally related to cognition? Could it just be ‘along for the ride’?

Neurons: small units that create & transmit info about our knowledge & experiences

Nerve net: continuous system, like  highway where all streets directly connect to others

Neuron doctrine: individual cells transmit signals in NS, and these cells aren’t continuous with other cells as proposed by theory 

Synapse: small gap between end of neuron’s axon and dendrites or cell body of next neuron

Neural circuit: not connected indiscriminately to other neurons. Connections formed by specific neurons

Receptors: have axon, specialized receptors that pick up info from environment

Signal transduction
-each AP travels down axon without changing height or shape
-when signals reach synapse at end of axon, neurotransmitter released

Principle of Neural Representation
-mind is a system that creates representations of world so we can act on it to acheve our goals
-everything a person experiences is based not on direct contact with stimuli, but on representations in that person’s nervous system
-feature detectors: neurons that respond to specific stimulus features, ie orientation, length. 
	-ie there are neurons specialized to react to temperature, pain, neurons that fire when we see faces, etc
-hierarchical processing: info progression from lower to higher areas of brain
-sensory code: refers to how neurons represent various characteristics of the environment
-specificity coding: an object can be represented by firing of a specialized neuron that only responds to that object
	-a number of neurons are involved in representing an object
-population coding: representation of an object by the pattern of firing of a large number of neurons
-sparse coding: occurs when object is represented by pattern of firing of only small group of neurons, with majority of neurons remaining silent

-Brain imaging & localizing function
-fusiform face area: on underside of temporal lobe
-PPA: perceiving pictures representing indoor and outdoor scenes, info about spatial layout
-EBA: activated by bodies, not faces

Distributed representation: the idea that specific cog functions activate many areas of brain
	--remembering event can elicit association with other knowledge, as well as visual, auditory, smell, taste perception associated with that memory

Diffusion tensor imaging: based on detection of how water diffuses along length of nerve fibers

Cognitive neuroscience: study of psychological basis of cognition

Levels of analysis: topic can be studied in a number of different ways, with each approach contributing to its own dimension of understanding

Many imaging studies use donder’s method
-brain activity during one condition subtracted from another condition
-condition 1: eyes closed, resting
-condition 2: eyes open, seeing words on screen
-difference between two conditions= brain activity associated with “seeing” that stimulus
-infer this brain region is active when seeing

Dissociation: when manipulation A affects process X but not Y
	-ie divided attention/multitasking impairs episodic memory much more than semantic memory
-problem: what if operation that has been more affected is just more difficult, so it’s affected because it requires more brain power

Double dissociation: when manip A affects process X but not Y, and manip B affects process Y but not X
	-must balance with parsimony
-from neuropsych:
	-medial temporal lobe damage affects memory much more than problem solving
	-frontal lobe damage affects problem-solving much more than memory
	-therefore, we think of memory and problem-solving as relatively independent cog domains
-different mechanisms in different areas of brain, operating independently from each other

“Big picture” problems in cog psych
-nature vs nurture
-lab vs real world
-group tendencies vs individual differences
-jargon: ie what does ‘working memory’ mean?
-vague definitions: is my definition the same as yours?
-modularity vs integration
	-modularity: cognition is carried out by separate, independent, domain-specific modules, inaccessible to our consciousness. Somehow, operations of these modules are bound together
	-integration: the binding problem. Many domains interact in interesting ways, ie memory and attention. Do some cognitive constructs (ie iq) cross boundaries?

CH3: Perception
-sensation: psych experience associated with a sound, light, or other simple stimulus
	-initial info-processing steps by which sense organs and neural pathways take in stimulus info from environment
-perception: recognition, organization, and meaningful interpretation of sensory stimuli
-cognition: info stored and activated in mind. Thoughts, beliefs, memories

Peter Gray: critic of standard educational systems

Speech segmentation: able to tell when one word ends and another begins

Direct pathway model: pain occurs when receptors in skin (nociceptors) are stimulated, and send signals in direct pathway from skin to brain
	-a bottom-up process (receptors to brain)
	-pain can be influenced by what you expect (top-down), how you direct attention, and type of distracting stimuli present


Why is it difficult to design a perceiving machine?
-Inverse projection problem: task of determining object responsible for a particular image on retina. 
-objects can be hidden/blurred
-objects look different from different viewpoints


Bottom-up processing: brings the individual stimulus features recorded by the senses together, forming a perception of the larger object/scene
	-the environmental energy stimulates receptors

Top-down processing: brings preexisting knowledge/expectations about an object/scene to act upon the perception of that object/scene
	-what we know influences what we perceive
	-ie napa wine better than ohio law

*it’s a two-way street

-recognition by features, components, elements
	-break apart whole into parts
	-analysis
	-re-integration (binding problem)

Gestalt’s Laws of Perceptual Organization
-recognition by gestalt rules
	-whole is different form sum of parts
	-mind groups patterns according to laws of perceptual organization
	-not conscious, controlled, deliberate
-law of similarity
-law of good figure


Helmholtz’s theory of unconscious inference
-likelihood principle: perceive the object that is most likely to have caused the stimuli pattern (ie person with knife most likely to be the one who killed all the dead bodies we see)
-unconscious inference: the process of judging what is ‘most likely’
	-our perceptions are result of assumptions we make about surroundings
-EXAMPLE: you see two shapes. It looks like one rectangle over another. You assume that’s the most likely, when it actually could just be two shapes next to each other (ie instead of a second rectangle, it’s a shape with 6 sides)
-idea that perceptions form by adding up sensations

Gestalt principles: 
-gestalt psychologists wanted to explain how we perceive objects, but different approach to helmholtz
-approach was partly a reaction to structuralism
-perceptions are formed wholistically. The whole is different than te sum of the parts
-idea originated when Wertheimer observed apparent movement
-apparent movement: although movement is perceived, nothing is actually moving. It’s just the stimulus being presented in different positions rapidly, ie shawarma sign. We see movement in between the two lights even though it’s only darkness in between
-conclusions to be drawn from apparent movement
	-it can’t be explained by sensations and stimuli alone, because there is nothing in between the light- the two lights (parts) don’t add up to the whole, which is the sensation of movement
	-the whole is different from the sum of the parts. Stationary images caused perception of movement.

The gestalt principles
1) Good continuation: points that, when connected, result in a straight line or smooth curve, are seen as belonging together. 
a) Parsimony: you’ll ‘group’ the points together in such a way as to follow the smoothest path, ie like a connect-the-dots
b) Ie you perceive a coiled rope as being continuous, since it smoothly curves. Vs perceiving it as separate strands
2) Pragnanz: the law of good figure, simplicity, and conciseness
a) Parsimony: every stimulus pattern seen in such a way tat the resulting structure is as simple as possible
b) Law of closure: Ie like with helmholtz’ likelihood shapes, when you see a shape that looks almost like a circle but is interrupted, you still assume it’s a circle. When you see an image of a human but the limbs are obscured, you still assume it’s a human rather than a humanoid monster with tentacles
c) See olympic symbol as linked circles, not funky shapes
3) Similarity: similar things appear grouped together, ie colour, size, shape, orientation
a) Ie perceive a pattern of dots in rows and columns as either horizontal or vertical (has to do with good continuation), but if the rows alternate colours and columns are all same colour consistently all the way down, you group the columns together instead of the rows, and see them as vertical
4) Proximity: things near to each other appear grouped together
5) Law of common fate: things moving in same direction appear to be grouped together (ie flock of birds moving in same direction)
6) Law of closure: relates to pragnanz. Brain perceives forms and figures as complete images even when one or more parts are absent. Ie circle drawn with broken lines is still perceived as circle.

Gestalt laws often provide accurate info about stimuli and environment
-they reflect experience (top down processing), are used unconsciously
-they can occasionally be misleading; it’s heuristics
-heuristic: a rule of thumb taht provides a best-guess solution to the problem.
	-it’s fast, and often correct

Vs algorithm: guaranteed correct answer, but more time-consuming 

Taking regularities of environment into accoutn
-physical regularities: regular physical properties of environment
	-there are more horizontal and vertical lines than oblique orientations
	-oblique effect: people can perceive horizontalsand verticals more easily than other orientations
	-light from above assumptions: light comes from above
-semantic regularities: characteristics associated with functions carried out in different types of scenes
	-semantics: meaning of words or sentences
	-scene schema: knowledge of what a scene typically contains

Bayesian inference: our estimate of probability of an outcome is determined by
	-prior probability: our initial belief about probability of an outcome
	-likelihood: the extent to which available evidence is consistent with the outcome
-reinstates helmholtz’ idea that we perceive that which is most likely to have created the stimuli we experience

Experience-dependent plasticity: structure of brain changed by experience. If animal is reared in specific environment, neurons in its brain change to respond more strongly to the specific aspects of that environment

Interaction between Perceiving and Acting
-movement facilitates perception: seeing objects from different viewpoints provides added information that gives more accurate perception
-coordination occurs between perceiving stimuli and taking action towards them
-continuously take into account the perception of a cup’s handles to pick it up

Brain ablation: study of effect of removing parts of brain in animals

Object discrimination problem: a monkey shown an object, then provinted  a two-choice task with target and distractor object. If the monkey chooses the target object, it receives a reward

Landmark discrimination problem: pick the food well that is closer to the landmark object

Perception pathway: from cortices to temporal lobe
Action patway: from cortices to parietal lobe

Acting on perception to pick something up
-perception of object
-action
-action pathway: lift with correct amount of force
-perception pathway: our perception of cup handle

Perception and memory
-neurons in hippocampus that respond to both seeing images and remembering them later


Signal detection theory: predicts how and when we detect presence of faint stimulus amid background stimulation

Decision-making
-top-down
-same cognitive and neural bases as semantic memory, episodic memory, problem-solving

Chapter 4: Attention


Visual attention: location or object based
-location based: move attention from place to place. Parietal lobe
-object based: attention directed to one place on an object (or set of features). Temporal lobe


Attention: process of external stimuli forming internal conscious representations
	-ability to focus on specific stimuli or locations

Distraction: stimulus interfering with processing of other stimulus

Divided attention: paying attention to more than one thing at a time

Attentional capture: rapid shifting of attention, usually captureed by stimulus (ie loud noise

Visual scanning: movement of eye from location or object to another. saccades

Selective attention: utilizes cog processes to focus on relevant targets on input, thoughts or actions while neglecting irrelevant input sources
	-react selectively to certain stimuli when several are occurring simultaneously
	-voluntary attention is top-down, it’s the aspect over which we have control
	-Sustained attention: direct and focus cog activity on specific stimulus. 



switching/divided attention:
	-in vision, saccades and fixations for overt
	-direct attention to a point to increase efficiency of processing tat point. Decrease attention to unwanted/unhelpful input sources
	-use your processing capacity most efficiently
		-overt vs covert switching
	-voluntary shifts: endogenous
	-involuntary shifts: exogenous

Exogenous attention
-bottom-up
-externally attracted (ie flashing lights, sirens)

Endogenous attention
-top-down
-internally controlled and intentional

Overt vs covert
-overt: you fixate on the thing you are paying attention to. Saccades from one target to next. 
-covert: change attention without eye movement. Ie looking at something in your periphery while staring straight ahead

Attention without eye movement
-spatial cueing: we can easily select which area of space to attend to, allowing us to respond more quickly to objects that appear there, even without moving our eyes to fixate on that location

Stimulus salience: areas/objects with certain physical properties (ie guiding attributes) that stand out and attract attention
	-this is bottom-up, ie ‘pop-out’ effect
-initial fixations are on high-saliency areas

Scene schema: you know what is contained in typical scenes because they are the things present in your schema for that situation. This helps guide your fixations from one area of the scene to another
-Memory: people explore familiar, old scenes less thoroughly than new or altered ones, because they are relying on preexisting memory of the scene


Inattentional blindness: fail to detect unexpected stimulus that is fully visible in display
	-attention focused on one feature/level of scene, causing you to miss changes in another
	-you can be looking at somehting and not apprehending it
	-unedpected but distinctive objects

*Think of vision attention like a spotlight, hearing like a filter

Auditory selective attention: focus on one messsage, ignore others

Researching this: dichotic listening
-one message in left ear, other to right
-participant “shadows” one message, to ensure she attends to that message.
	-shadowing: repeat what you just heard out loud
-as a result, participant can’t report the content of unattended message

Cocktail party phenomenon: ability to pay attention to one message and ignore all others

Broadbent’s filter model, also called bottleneck model. Filter restricts info flow
-sensory memory: holds all incoming info for second, transfers all to filter
-filter: identifies attended message based on physical characteristics. Passes it along
-detector: processes all info to determine higher-level caracteristics
-short-term memory receives output. Holds info for 10-15 seconds, then transfers to long-term memory

Modifying Broadbent’s model
-selection occurs in two stages
-attenuator: analyzes incoming message in terms of phys characteristics, language, meaning
-dictionary unit: contains words stored in memory, each of which has threshold (smallest signal strength) for activation. 

Early selection model: messages filtered before incoming info is analyzed for meaning

REASONS FILTERING ISNT RIGHT
-information from ignored channel can grab your attention if it’s highly salient
-if you switch which channel (ie left ear to right) the shadowed sentence is on, they will still ralize the switch and retrieve the words delivered to right ear from short-term memory
-reason 3: if unattended channel provides additional info, this shapes our understanding (river vs money)
Late selection model:
-the ‘river’ ‘money’ experiment
-most incoming info is processed at the level of meaning before selection of the message to be further processed is selected

Selective attention
analyzer-analyzer-analyze-filter-analyzer etc
-successive stages of analysis provide increasingly complex info for the rest of the brain
-filter controls info flow: early analysis provides info available to rest of brain, then info passed to filter, which filters out unwanted info.

Processing capacity: amount of info people can handle at a time
Perceptual load: related to difficulty of task. Higher load= higher processing requirement= using more of your capacity
Task load: how much cognitive resources required to complete tsk (mental energy)
-high load: uses almost all. You have to focus on it completely.
-low load: feels really simple. You can multitask. BUT
	-if might not really be that easy
	-inattentional blineness
	-change blindness: people miss changes to attended objects because they aren’t focusingon or comparing the changed features

Stroop effect: nameso f words cause competing response and therefore you respond to the more salient target (ink colour)

Divided attention: can we really divide it, or are we just rapidly switching?
-isolation: when you do one at a time, perormance is better
-multitasking impairs performance
-higher load increases difficulty associated with multitasking
-practice can make you better at multitasking

Schneider & Shiffrin
-task of dividing attention between remembering target and monitering rapidly presentd stimuli
-when mapping consistent, target are numbers, distractors letters
-over time, learn to divide attention
	-earlier, “refer back” to memory target and don’t do well
	-after hundereds of trials, can deal with targets and test items very quickly and accurately
-varied mapping condition: rules change from trial to trial, so participants can’t learn from practice, andno automatic procesing developed

Automatic processing: faster, unintentional, effortless (onlyuses some cog resources). Non-conscious, easy

Contrlled processing: slower. Intentional. Paying close attention, effortful,tiring, using cog resources

100-car naturalistic driving study: 4X higher risk of acident if using phone

Strayer & Johnson: simulated driving task. If on phone, miss 2X as many red lights, slowed reaction time to brake. 

Load theory: 
-processing capacity: how much info you can handle at a time
-perceptual load: difficulty of task (high or low load)

Attentional plasticity: we are able to learn what things are most likely to be important, so we pay attention to them, and we know how and when to attend to these things
	-it’s controlled initially but as we learn it becomes automatic second nature

Supertaskers: above average ability to multitask
	-no decrease in performance with increased task load and perceptual load

Consciousness: self-aware, ability to reflect on self through introspection
	-perception
	-attention
	-working memory contents
	-retrieval from episodic memory
	-visual imagery
	-global state of mind, and changes to it


Stroop effect: interference alters reaction time for task
	-demonstrates how a powerful, salient task-irrelevant stimulus can capture attention
	-ie colours and colour names. Reduced accuracy and reaction time if they don’t match

Driver inattention: major cause of car accidents. Phone use increases accidence, decreases performance on driving-related task. Hands-free devices aren’t better

Binding: process by which object features (ie colour, form, motion, location) are combined to create perception of a coherent object

Feature integration theory: binding occurs by proposing two stages of processing
	-preattentive processing: first step in processing image. Analyze objects into separate features (ie red ball is red and round)
	-focused attention: we combine the features, once features are combined, perceive object
-objects are analyzed into their features, and attention is necessary to combine these features to create perception of the object
-theory supported by illusory conjunction, visual search, and neuropsychology experiments

Illusory conjucntions: accidentlaly combining features from different stimui, ie accidentally switching colours of objects when verbally recalling a scene or event

Balint’s syndrome: inavility to focus atttention on individual objects. Happened to R.M.
	-parietal lobe damage

Visual search: looking for object

Topographic map: spatial map of visual stimuli on visual cortex. Each point on a visual stimulus causes activity at specific part of visual cortex

Same-object advantage: faster respondig when enhancement spreads through object. 









