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· Language and Thought

· Neuropschology of Language

What is Language?

· System of communication using sounds or symbols

· Express feelings, thoughts, ideas, and experiences

· Hierarchical system

· Components that can be combined to form larger units

· Governed by rules

· Specify ways components can be arranged

What is Language? 

· Language

· The use of an organized means of combining words in order to communicate

· Makes it possible for us to communicate with those around us and to think about things and processes we currently cannot see, hear, feel, touch, or smell

· Communication

· Exchange of thoughts and feelings

· Not all communication is through language (gestures, glances, touches, pictures)

Studying Language

· Noam Chomsky

· Syntactic Structures

· Human language coded in the genes

· Underlying basis of all language is similar

· Children produce sentences they have never heard and that have never been reinforced

Studying Language

· Psycholinguistics

· The psychology of acquiring and processing language as it interacts with the human mind

· 3 components of language

· Comprehension

· Speech production

· Acquisition 

Universality of Language

· Deaf children invent sign language

· All cultures have a language

· Language development is similar across cultures

· Languages are “unique but the same”

· Different words, sounds, and rules

· All have nouns, verbs, negatives, questions, past/present tense

Properties of Language

1. Communicative

· Language permits us to communicate with one or more people who share our language 

2. Arbitrarily symbolic

· Language creates an arbitrary relationship between a symbol and its referent: an idea, a process, a relationship, or a description

· Arbitrary relationship -- lack of any reason for choosing a particular symbol to refer to a particular thing

· Ex: different languages have different words for the same concept

3. Regularly structured

· Language has a structure; only particularly patterned arrangements of symbols have meaning, and different arrangements yield different meanings

· Ex: grammatical phrases that are necessary for meaning 

4. Structured at multiple levels

· The structure of language can be analyzed at more than one level 

· Ex: sounds, meaning units, words, phrases, sentences, discourse, context

5. Generative, productive

· Within the limits of a linguistic structure, language users can produce novel utterances, and the possibilities for creating new utterances are virtually limitless

· Ex: can state the same idea/concept in many different ways, which is why it isn’t necessary to plagiarize! 

6. Dynamic

· Languages constantly evolve and change

· New words are introduced into our lexicon, sometimes due to necessity (ex: computers, email) or slang (googled, facebooked) 

Fundamental Aspects of Language

· Comprehension of language 

· Receptive comprehension and decoding of language input 

· Deriving meaning from what you hear or read

· Production of language

· Expressive encoding and production of language output 

· Transforming our thoughts into a form that can be expressed as linguistic output – speech or writing

Fundamental Aspects of Language

· Comprehension and production contain the following components: 

· Phonemes

· Morphemes

· Syntax

· Semantics

· Discourse

Phonemes

· Smallest unit of speech sound in a language that can be used to perceptually distinguish one utterance in a given language from another 

· Building blocks of speech sounds

· /b/, /p/, /a/

· Humans recognize only 100 such basic sounds

· Different languages use 20-80 phonemes (English = 40) 

· Differentiating phonemes: 3 month old v. 6 month old infants.

· 2 - 3 month old infants: can differentiate between phonemes from different languages 

· By 6 months they lose this ability and can only differentiate phonemes from their own language

Morphemes

· Morpheme 

· The smallest unit that denotes meaning within a particular language

· 80,000 English morphemes

· Root words, prefixes, and suffixes

· Content morphemes 

· The words that convey the bulk of the meaning (e.g. charge in recharge)

· Functional morphemes 

· The morphemes that add detail and nuance to the meaning of the content morphemes or that help the content morphemes to fit the grammatical context (e.g. re in recharge)

· Ex: suffix for ‘run’ changes the meaning by indicating time (ran, running)

Lexicon

· Mental Lexicon

· The entire set of morphemes in a given language or in a given person’s linguistic repertoire 

· English speakers have a lexicon of 80,000 morphemes

· Contains the information about meaning, phonological form, orthographic form and syntactic properties of a particular word

· Vocabulary 

· The repertoire of words created by combining morphemes

Syntax

· Syntax

· The way in which users of a particular language put words together to form sentences

· It is the structure of our utterances

· A sentence comprises at least two parts:

· Noun phrase which contains at least one noun

· Verb phrase which contains at least one verb and whatever the verb acts on

· Syntax

· System of rules that specify how words can be arranged into sentences

· Syntax is acquired at about age 4 (forms of it appear at earlier ages)

· Knowledge of syntax is largely implicit - nearly every English speaker can identify syntactically anomalous sentences 

· But we can’t explain the rules!

· Our syntax/grammar is extremely complex, yet 4 year olds can do it:

· Experimenter showed children pictures of people performing unusual actions.  Then said “This is a wug. This is another one. Now there are two ____.”

· Children as young as 4 could respond “wugs,” demonstrating that they understood syntax

Syntax

· Properties of Syntax

· Complete sentences require at least 1 noun phrase and 1 verb phrase

· We tend to parse a sentence (or interpret the syntax) in the simplest way

Semantics

· The study of meaning in language

· How words express meaning

· How language interacts with conceptual structure

· Propositions - second type of semantic constituent

· Express the meaning of thought or intent

Discourse

· Discourse

· Encompasses language use at the level beyond the sentence, such as in conversation, paragraphs, stories

· Studies the interactions between the context and language

Language Comprehension

· Semantics 
· Denotation

· We sometimes refer to the strict dictionary definition of a word  

· Connotation

· We refer to a word’s emotional overtones, presuppositions, and other nonexplicit meanings 

Language Comprehension

· Syntax
· Systematic way in which words can be combined and sequenced to make meaningful phrases and sentences

· Grammar
· Prescriptive grammar – prescribes the “correct” ways in which to structure the use of written and spoken language

· Descriptive grammar – describes the structures, functions, and relationships of words in language regardless of what is considered to be correct by prescriptive grammar

Lexical Processes in Reading

· Lexical access 

· The identification of a word that allows us to gain access to the meaning of the word from memory

· Word superiority effect

· Letters are read more easily when they are embedded in words than when they are presented either in isolation or with letters that do not form words

· Sentence superiority effect (Sentence context effect)

· When a word (e.g. “window”)  is standing by itself it is more difficult to recognize than when it is preceded by a sentence context such as “There were several repair jobs to be done. The first was to fix the ________.

· Word Superiority Effect

· Reicher (1969) & Wheeler (1970)

· Letters are read more easily when they are embedded in words

· Is it actually easier to see the letters in a word context? Or can they just be guessed more easily even if you miss one of the letters? 

· Task: Stimulus presented then covered with a mask  

· Forced choice: Which did you see, K or D? 

Word Superiority Effect

· Reicher (1969) & Wheeler (1970)

· Participants didn't know which letter in the word would be tested

· Important note: Both ---D and ---K make possible words

· Result: 10% improvement with the whole word relative to single letter

· Conclusion: It is easier to identify a letter in the context of a word than in isolation

· Addition result: Some benefit for pronounceable non-words like REET, MAVE, WORP

Language Comprehension

· Word frequency effect

· Respond more rapidly to high-frequency words than low-frequency words 

· Look at low-frequency words longer 

· Lexical ambiguity

· Words have more than one meaning

· Context clears up ambiguity after all meanings of a word have been briefly accessed

· Lexical decision task

· Read a list of words and non-words silently

· Say “yes” when you read a word

Speech Perception

· We are able to perceive speech with amazing speed
· Whereas we can perceive as many as 50 phonemes per second in language we can perceive only about one (or less) phoneme per second of nonspeech sounds

· One explanation – coarticulation
· Phonemes are produced in a way that overlaps them in time, making one or more phonemes begin while other phonemes still are being produced

· Reason why automated recordings sometimes sound weird – numbers and words are put together from single recordings 

Speech Perception

· The view of speech perception as ordinary
· Speech perception is ordinary use of general perceptual principles of feature-detection and Gestalt psychology to explain how listeners understand speech

· There is nothing domain specific about speech perception


Speech Perception

· Phonemic restoration
· It was found that the *eel was on the axle.  (wheel)

· It was found that the *eel was on the shoe.  (heel)

· It was found that the *eel was on the orange.  (peel)

· It was found that the *eel was on the table.  (meal)

· In this study 19 out of 20 subjects heard the phoneme as being consistent with the context, and they also didn’t notice the missing phoneme 

Speech Perception

· The view of speech perception as special
· Speech perception is special because it lies within the domain of language and is governed by principles that are different from general principles of perception

· Categorical perception
· Although the speech sounds we actually hear comprise a continuum of variation in sound waves, we perceive discontinuous categories of speech sounds

· Although the tokens of speech sound were physically equal in acoustic distance from one another, people only heard the tokens that also differed in phonetic label

McGurk Effect

· The McGurk Effect is an auditory illusion produced by a visual experience 

· Videos

· To produce the effect, the talker is recorded saying the syllable “ma”, and videotaped while saying the word “ka” 

· “ma” (auditory) + “ka” (visual) = “na” 

· One of the strongest combinations to produce the effect 

· “ba” (auditory) + “ga” (visual) = “da” 

· Again, “ba” is produced with closed lips, while “da” and “ga” are produced with open lips

· Not everyone experiences the McGurk illusion 

Stages of Language Acquisition

· Prenatal

· Responsive to human voices

· First 6 months

· Cooing – cooing of infants around the world, including deaf infants, is indistinguishable across babies and across languages

· After 6 months

· Babbling – comprises the distinct phonemes that characterize the primary language of the infant; deaf children can not babble 

· Stages of Language Acquisition

· 1 to 3 years of age

· One-word utterances, telegraphic speech

· Telegraphic speech – describes two or three word utterances

· Overextension errors 

· e.g. general term for man is “Dada”

· Stages of Language Acquisition

· 3 to 4 years 

· Expansion of vocabulary

· Overregularization 
· Using regular inflection for irregular verbs e.g. “goed”

· 4 years

· Basic adult sentence structure

· Vocabulary continues to increase

Language Acquisition: Nature vs. Nurture

· Language acquisition device (LAD)

· Innate biological equipment for fast language acquisition

· Because learning second language is much harder than first language

· There seems to be a critical period for language acquisition – time of rapid development during which a particular ability must be developed if it is ever to develop adequately

Language Acquisition: Nature vs. Nurture

· Imitation

· Children do exactly what they see others do

· Modeling

· Motherese
· Parents and other adults tend to use a higher pitch than usual, to exaggerate the vocal inflection of their speech, and use simpler sentence constructions when speaking with infants and young children

Language and Thought

· Does language shape thought?

· Linguistic Relativity Hypothesis (Sapir-Whorf)

· The assertion that the speakers of different languages have differing cognitive systems and that these different cognitive systems influence the ways in which people speaking the various languages think about the world

· Language shapes thought

· Major proponents: Edward Sapir and Benjamin Lee Whorf

Language and Thought

· Linguistic Relativity Hypothesis (Whorf, 1956)

· Intuit Indians have “many” different words for snow 

· Therefore, they must be able to perceive and recognize subtle differences = different thought processes

· Actually, Intuits only have about 4 words for snow!

· Several English words for snow too, such as flakes, flurry, frost, slush, blizzard, ice, etc.

Language and Thought

· Can you think of examples where you think without the use of words?

· We now believe that language does not define thought, otherwise we would never have a problem “putting our thoughts into words”

· Dani – remote tribe in Papua New Guinea who only have two words for color = light and dark

· However, the Dani perceive colors the same way we do and are able to learn shades of colors

Language and Thought

· Linguistic universals

· Characteristic patterns across languages of various cultures

· Example

· Languages name colors quite differently, but the languages do not divide the color spectrum arbitrarily

· All languages seem to take their basic color terms from a set of just 11 color names organized into a hierarchy of five levels: (1) black, white; (2) red; (3) yellow, green, blue; (4) brown; and (5) purple, pink, orange, gray

· If a language names only two colors they will be black and white, if it names three colors, they will be black, white and red

Bilingualism

· Bilinguals

· People who can speak two languages

· Monolinguals

· People who can speak only one language

· Simultaneous bilingual

· Learn two languages from birth

· Sequential bilingual

· First learn one language and then another

Bilingualism

· Additive Bilinguals

· Learn a second language without loss to the native language

· Subtractive Bilinguals

· Learn a second language that interferes with the native language

Bilingual Studies 

· Early research argued that learning two languages was harmful

· Problems with early research

· Lower class bilinguals were compared to middle class monolinguals

· IQ and achievement tests were usually in the monolinguist’s language

Bilingual Studies

· Research showing advantages

· Bilinguals acquire more expertise in their own language

· Bilinguals are sensitive to subtle aspects of language

· Bilinguals perform better on tests of nonverbal intelligence that require recognition of verbal patterns

Factors Influencing Bilingualism Fluency

· Age

· The earlier in life a second language is learned, the more fluent the speaker will become

· Bahrick & colleagues disagree

· Vocabulary and fluency is acquired just as well in older participants

· Bilingualism

· Single-system hypothesis

· The two languages are represented in just one system

· Dual-system hypothesis

· The two languages are represented somehow in separate systems in the mind

· When recovery of language after trauma is studied, sometimes the first language recovers first, sometimes the second language recovers first

Bilingualism and Dialects

· Language Mixtures and Change

· Pidgin

· When people of two different language groups are in prolonged contact with one another, the language users of the two groups begin to share some vocabulary that is superimposed onto each group’s syntax

· Creole

· When pidgin develops into a distinct linguistic form (new language) with its own grammar, it becomes a Creole

· Dialect

· A regional variety of a language distinguished by features such as vocabulary, syntax, and pronunciation

Language and Thought

· Slips of the Tongue

· Linguistic errors in what we say, which may occur at any level of linguistic analysis: phonemes, morphemes, or larger units of language

· e.g. Spoonerisms at the phonological level

· “you have hissed all my mystery lectures”

· e.g. Substitution at the semantic level 

· “after it is too late,” when you meant “before it is too late”

Language in a Social Context

· Pragmatics 

· The study of how people use language, including sociolinguistics and other aspects of the social context of language

· Direct speech acts

· The speech act is expressed directly (e.g. “Shut the door!”)

· Indirect speech acts

· We accomplish our goals in speaking in an oblique fashion (e.g. “Could you please shut the door?”)

Pragmatics

· Knowing what to say, how to say it, and when to say it or how to be around other people (Bowen, 2001) 

· The study of discourse and conversational skills

· The study of the situational determinants of the use of language

· Establish common ground

· Introduce a topic in order for the listener to fully understand 

· Take into consideration previous knowledge of a person, what they’re familiar with, background, experiences, etc.

· Maintaining a topic 

· Or change topic appropriately 

· Or interrupt politely

Pragmatic Skills

· Appropriate eye-contact

· Not too much staring

· Not too much looking away 

· Distinguishing how to talk and behave towards different communicative partners

· Formal with some (boss)

· Informal with others (friends)

· Responding to gestures and non-verbal aspects of language

· Direct Speech Acts

· Taxonomy of direct speech acts (Searle, 1975)

· Representative

· A speech act by which a person conveys a belief that a given proposition is true 

· e.g. “My students are smart!”

· Directive

· An attempt by a speaker to get a listener to do something, such as supplying the answer to question 

· e.g. “You must take the exam on time.”

· Direct Speech Acts

· Searle (1975)

· Commissive

· A commitment by the speaker to engage in some future course of action

· e.g. “I am teaching this class next semester.”

· Expressive

· A statement regarding the speaker’s psychological state

· e.g. “I’m happy that I taught this course.”

Direct Speech Acts

· Searle (1975)

· Declaration

· A speech act by which the very act of making a statement brings about an intended new state of affairs

· e.g. “I now pronounce you husband and wife.”

· Indirect Speech Acts

· Speaking in an oblique fashion using indirect requests

· Make a request without doing so straightforwardly

· Examples

· May I... ?  Can you... ?  Do you know how... ?  I’d appreciate it if... 

· Used to express politeness or anticipate potential obstacles

· Gives the listener the option of a negative answer (at least formally)

· Although it’s typically used in a way where you don’t expect the person to say no

· Indirect Speech Acts

· Direct speech acts are often considered rude because of their directness, and tend to be avoided in formal situations and conversations

· Open the window. (direct)

· I’d be grateful if you opened the window.
· Could you open the window?
· It would help to have the window open.
· It’s getting hot in here. 
· Indirect Speech Acts

· Can also be used to pressure the listener by invoking a sense of propriety or obligation

· Difficult to directly contradict them

· Ex: This is the messiest room I’ve ever seen.
· Ex: Grandma would love it if you could come down for the weekend.
Grice’s Conversational Maxims

1. Quantity (informativeness)

· Make your contribution to a conversation as informative as required but no more informative than is appropriate

· If someone asks, “How are you?”, don’t give a two hour monologue

2. Quality (truthfulness) 

· Your contribution to a conversation should be truthful

· You are expected to say what you believe to be the case

· Jokes are ok if listener can get them

· Grice’s Conversational Maxims

3. Relation (relevance) 

· You should make your contributions to a conversation relevant to the aims of the conversation

· We often use irrelevant information to get out of talking about a touchy subject, which provides a cue to change topics 

4. Manner (clarity) 

· You should try to avoid obscure expressions, vague utterances, and purposeful obfuscation of your point

· Grice’s Conversational Maxims

· Grice’s maxims can be violated:

· Inadvertently, by unskillful conversationalists

· Intentionally, to convey additional meaning 

· Ex: Introducing an unrelated topic to signal you don’t want to talk about the subject at hand

Neuropsychology of Language

· Aphasia

· Disruption of language caused by brain damage

· 2 types:

· Broca’s Aphasia

· Wernicke’s Aphasia

Neuropsychology of Language

· Broca’s Aphasia
· Difficulty with speech production

· Lots of stops, starts, and stuttering

· Difficulty producing correct syntax, e.g., omission of function words, ‘of’, ‘to’ etc.

· However, meaning is still intact
· Cinderella story:

· “One time long ago (4 sec) Cinderella (5 sec) mother and one two sisters (4 sec) “what’s wrong?” “you stay home you stay home Cinderella” (3 sec) one two sisters at the ball (3 sec) a magic wand a nice lady (2 sec) fairy godmother… 

· http://youtube.com/watch?v=f2IiMEbMnPM 

Neuropsychology of Language

· Wernicke’s Aphasia
· Difficulty with conveying and interpreting meaning

· Fluid but empty of meaning 

· Cinderella story:

· “In ancient times we go through Cinderella upstairs in the attic and we have uh we have uh mopping and the baking and the but all these dresses were very rags and really sad…and the other mother and the other girls were all mothers not all but he was like uh cousins I think…old beautiful dress but real nose…”

· http://youtube.com/watch?v=aVhYN7NTIKU 

Language and Neuroscience 

· Language and ERPs

· ERPs are an index of the electrical activity generated from active neurons 

· Good temporal resolution (poor spatial resolution)

· Differences in electrical activity between conditions imply that they are processed differently:

· Either different locations

· Level of analysis or difficulty

ERPs and Language Processing

· N400 component

· Indicates that participant has detected a semantic anomaly 

· Patients with sentence comprehension deficits may not show this effect that subjects with no impairments show

· P600 component

· Indicates that a participant has detected a syntactic anomaly 

Language and Neuroimaging

· ERPs and brain imaging studies have shown syntax and semantics are associated with different mechanisms

· The N400 and P600 are separate components providing neurological evidence that semantic and syntactic processing occur separately
Language and Neuroimaging

· Activated areas during a speech production task

· Notice that there are several different areas activated – not just one language area…

· But this can’t tell you WHEN these different activations occurred

Language and Neuroimaging

· Imaging study comparing actual movements to naming words involved with those movements

· e.g., moving foot and naming “kick”

· Significant overlap between movements and action words

· Implications for how knowledge is stored and organized

Ch. 12 - Problem Solving 

1. The Problem-Solving Cycle

2. Types of Problems

· Well-Structured Problems

· Ill-Structured Problems 

· The Role of Insight

3. Expertise

Problem Solving

· The process of overcoming obstacles to answer a question or to achieve a goal

· A dealer in antique coins got an offer to buy a beautiful bronze coin.  The coin had an emperor’s head on one side and the date 544 B.C. on the other.  The dealer examined the coin, but instead of buying it, he called the police. Why?

Problem Solving

· What is the next letter in the following sequence?
O  T  T  F  F  S  S  ?

The Problem-Solving Cycle

1. Problem identification

· We have to recognize that we have a goal or that the solution we had in mind does not work

· Identifying that we have a problem is often difficult

· Ex: What topic will my research paper be on?

2. Problem definition and representation

· We have to define and represent the problem well enough to understand how to solve it

· Ex: I must define my topic with enough detail to determine the research papers I will need to read

Problem Representation

· The importance of determining what information is relevant and what information is irrelevant 

· People pay attention to the wrong information and do not focus on the right information

3. Strategy formulation

· We have to plan a strategy for solving the problem which may involve

· Analysis – breaking down the whole of a complex problem into manageable elements

· Synthesis – putting together various elements to arrange them into something useful

· Divergent thinking – you try to generate a diverse assortment of possible alternative solutions to a problem

· Convergent thinking – you narrow down the multiple possibilities to converge on a single, best answer 
Strategy Formulation

· Select a strategy to solve the problem

· Analysis
· Breaking into sub goals

· Study for exam sub goals

1. Read textbook & class notes

2. Identify most relevant topics

3. Create study questions & answers on note cards

4. Learn all concepts on note cards

5. Test self with note cards

6. Recycle through learning and testing until mastery is achieved

· Select a strategy to solve the problem

· Synthesis
· Organize to aid solution

1. Symbols

2. Matrixes

3. Diagrams 

4. Organization of information

· You have to organize the available information in a way that enables you to implement the strategy

· You organize the information strategically, finding a the most suitable representation 

· Ex: I will use an outline to organize the information in my research paper 

5. Resource allocation

· We have limited resources (time, money, equipment, space, etc.) and we have to decide how much we want to invest into problem solving

· Better problem solvers (and students) tend to devote more of their mental resources to big-picture planning, while novices tend to allocate more time to detail-oriented planning

· Ex: I will spend most of my timing researching, organizing, and planning my paper

6. Monitoring

· It is necessary to monitor the process of solving the problem to make sure that we are getting closer to the goal

· We need to reassess what we are doing to be able to compensate for possible flaws

· Ex: Am I making good progress on my research paper?  If not, why?

7. Evaluation

· You need to evaluate your solution after you have finished

· New problems can be recognized, the problem may be redefined, new strategies may come to light, and new resources may become available

· Ex: I will likely have several rough drafts before the final revision of my research paper 

Problem Solving Methods

· Error analysis or reaction time

· Global measures of performance

· Verbal protocols

· Participants speak their thoughts out loud while solving problems

· Strategies become evident in protocols

· Computer simulation

· Create models that can recreate human data

Types of Problems

· Well-Structured Problems

· Problems with clear paths to their solutions

· Ex: math problems and anagrams 

· (x-7)(x+7) = 15

· Desperation = 

· Mother-in-law = 

· Ill-Structured Problems

· There is no clear, readily available path to solution

· Ex: finding an apartment, writing a book, etc.

Well-Structured Problems

· Computer simulations

· Problem space 

· The universe of all possible actions that can be applied to solving a problem

· Algorithms

· Sequences of operations that may be used recursively (repeated over and over again) and guaranteed to find a solution

· Ex: list all possible words starting with “q”

· Computer program would start qa, qb, qc, etc.

Well-Structured Problems

· Humans use heuristics

· Useful rule of thumb based on experience 

· Informal, intuitive, speculative strategies that sometimes lead to an effective solution and sometimes do not

· If we store in long-term memory several simple heuristics that we can apply to a variety of problems, we can lessen the burden of our limited-capacity working memory

· Ex: list all possible words starting with “q”

· We have heuristic that says after “q” put “u” 

· Knowing “qu” saves a lot of time

Types of Problem Solving Heuristics

1.    Means-ends analysis

· Analyze the problem by viewing the end (the goal to be sought) and then try to decrease the distance between the current position in the problem space and the end goal in that space

· Break a problem down into smaller sub goals 

· To win at Monopoly…

· You start by buying properties, continue to buy until you get a set, buy houses, then buy hotels, wait for others to land on spaces, etc. 

· May not work if sub goals cannot be identified

2. Working forward

· Start at the beginning and try to solve the problem from the start to the finish

· Ex: Math problems 

· (2 + 6)/(4 * 1) = ?

· Complete the math inside parenthesis first, then divide the quantities to get to solution

3. Working backward

· The problem-solver starts at the end and tries to work backward from there

· Ex: You have lost your keys

· Try to remember the last time you used them and work backwards

4. Generate and test

· The problem-solver generates a list of alternative ways of action, not necessarily in systematic way, and then notices in turn whether each course of action will work

· Trial and error strategy

· Create possibilities, test them and discard the ones that are incorrect 

· Ex: your car will not start

· Wait a moment and try again, may be flooded

· Check to see if there is gas, if no success

· Check to see if the battery is charged… etc.  

· This may not be the most efficient strategy

Tower of Hanoi

· Move all the discs from the left peg to the right one. Only one disc may be moved at a time. A disc can be placed either on an empty peg or on top of a larger disc. The goal is to move all the discs using the smallest number of moves possible 

· http://www.mazeworks.com/hanoi 

Transformation Problem

· Hobbits & Orcs 

· Three hobbits and three orcs come to a river and find a boat that holds two. If the Orcs ever outnumber the Hobbits on either bank, the Hobbits will be eaten. 

· How do you get them all to the other side? 

Well-Structured Problems

· Isomorphic Problems

· Two problems are isomorphic if their formal structure is the same, and only their content differs

· Ex: games that involve constructing words from jumbled or scrambled letters

· Reed (1987) found that participants have difficulty recognizing that a past problem’s solution will help them to solve the current problem

· Difficulty in recognizing crucial commonalities

· Surface features of the problem are distracting 

· Problem of Problem Representation

· A major determinant of the relative ease of solving a problem is how the problem is represented

Ill-Structured Problems

· Ill-structured problems do not have well-defined problem spaces, and problem solvers have difficulty constructing appropriate mental representations for modeling these problems and their solutions

Role of Insight

· Insight

· A distinctive and sometimes seemingly sudden understanding of a problem or of a strategy that aids in solving the problem

· Often, an insight involves reconceptualizing a problem or a strategy for its solution in a totally new way

· Insight can be involved in solving well-structured problems, but it is more often associated with ill-structured problems

Insight and Problem Solving

· Insight is the apparent sudden solution to a problem some time after the problem has been presented  

· Metcalfe & Weibe (1987)

· Participants were given either insight or algebra problems to solve

· Algebra: (3x2 + 2x = 10)(3x) = ?

· Insight: A prisoner was attempting escape from a tower. He found in his cell a rope which was half long enough to permit him to reach the ground safely.  He divided the rope in half and tied the two parts together and escaped. How could this be?

· Metcalf & Wiebe (1987) Results

· Participants indicated how close they were to solution every 15 seconds

· 1 being very cold to 7 being very warm

· On the insight problem there is a sudden shift in warmth rating 

· On the algebra problem there is a consistent getting warmer pattern

Gestalt View of Insight

· The Early Gestaltist View

· Insight problems require problem solvers to perceive the problem as a whole

· Wertheimer

· Sudden rearrangement of elements creates “insight”

· Productive thinking goes beyond previously learned associations

· Kohler

· Animal Model of Insight

· Sultan stacked boxes to get banana

Insight

· The Neo-Gestaltist View

· Insightful problem solving can be distinguished from noninsightful problem solving in two ways:

· When given routine problems to solve, problem solvers show remarkable accuracy in their ability to predict their own success in solving a problem

· When given insight problems, problem solvers show poor ability to predict their own success prior to trying to solve the problems

Insight & Incubation

· Incubation

· Putting the problem aside for a while so it can be processed subconsciously

· Time away from a problem provides new insights or otherwise facilitates the problem solving process

· Release from functional fixedness 

· Retrieval of new information by changing context 

· Recovery from fatigue

· The benefits of incubation can be enhanced in two ways:

· Invest enough time in the problem initially

· Allow sufficient time for incubation to permit the reorganization of information

Obstacles to Problem Solving

· Mental set 

· Functional fixedness 

· Incorrect or incomplete representation of the problem 

· Lack of domain knowledge 

Mental Set

· Seeing a problem in a particular way instead of other plausible ways due to experience or context 

· This usually causes you to adopt an ineffective strategy and can prevent problem solving 

· Make assumptions without realizing it 

· Difficult to approach the problem in a new way

Mental Set 

· Without lifting your pencil or re-tracing any line, draw four straight lines that connect all nine dots

· To solve the problem, you have to break your mental set

Mental Set

·  2   3  10  12  ??  ??  ??  ?? 

· Most people get stuck in the same rhythm

· Only view problems in terms of math formulas

· Need to break out of this mental set to solve the problem

Functional Fixedness

· An inability to assign new functions and roles to elements of a problem 

· Two string problem

· Duncker’s candle problem

Functional Fixedness

· Two strings are suspended from the ceiling

· Goal: Tie the strings together

· Problem: Too far apart to hold one and reach for the other

· Materials: 

· chair

· piece of paper

· pair of pliers

· What is the Solution?

Functional Fixedness 

· Using only the objects present on the right, attach the candle to the bulletin board in such a way that the candle can be lit and will burn properly

· Most people do not think of using the box for anything other than it’s normal use (to hold the tacks)

· To solve the problem, you have to overcome functional fixedness

Transfer 

· Positive Transfer

· Solving earlier problem helps to solve later problem

· Gick & Holyoak examine factors contributing to positive transfer

· Negative Transfer

· Solving prior problem makes it more difficult to solve later problem

· Negative Transfer

Negative Transfer

· Tendency to solve problems in a particular way when a different approach might have been more productive

· Problems 1-7: B-2C-A

· Problems 6-8: A-C 

· Problem 8 can’t be solved B-2C-A

· 80% who see all 8 problems use B-2C-A

· 1% of controls use B-2C-A

· 64% fail to solve #8 vs. 5% of controls

Positive Transfer

· Gick & Holyoak (1980)

· Give participants one problem to read, with a solution 

· Then give them a second problem, which can be solved using a similar solution

Positive Transfer

· A small country was controlled by a dictator.  The dictator ruled the country from a strong fortress. The fortress was situated in the middle of the country, surrounded by farms and villages.   Many roads radiated outward from the fortress, like spokes on a wheel.  To celebrate the anniversary of his rise to power, the dictator ordered his general to conduct a full-scale military parade.  On the morning of the anniversary, the general’s troops were gathered at the head of one of the roads leading to the fortress, ready to march.  However, a lieutenant brought the general a disturbing report.  The dictator was demanding that his parade had to be more impressive than any previous parade.  He wanted his army to be seen and heard at the same time in every region of the country.  Furthermore, the dictator was threatening that if the parade was not sufficiently impressive he was going to strip the general of his medals and reduce him to the rank of private.  But it seemed impossible to have a parade that could be seen throughout the country. 

· The general, however, knew just what to do.  He divided his army up into small groups and dispatched each group to the head of a different road.  When all was ready he gave the signal, and each group marched down a different road.  Each group continued down its road to the fortress, so that the entire army finally arrived together at the fortress at the same time.  

Positive Transfer

· Suppose you are a doctor faced with a patient who has a malignant tumor in his stomach.  It is impossible to operate on the patient, but unless the tumor is destroyed the patient will die.  There is a kind of ray that can be used to destroy the tumor.  If the rays reach the tumor all at once with sufficiently high intensity, the tumor will be destroyed.  Unfortunately, at this intensity the healthy tissue that the rays pass through will also be destroyed.  At lower intensities the rays are harmless to the healthy tissue, but they will not affect the tumor either.  What type of procedure might be used to destroy the tumor with rays without destroying the healthy tissue?

· The ray can be divided into several low-intensity rays, no one of which will destroy the healthy tissue.  If these several rays are positioned at different locations around the body and focused on the tumor, their effect will combine, thus being strong enough to destroy the tumor.

Positive Transfer

· Gick & Holyoak (1980) Results 

· 3 groups of participants 

· Control group that only tried to solve the radiation problem 

· A group previously given the analogous General/Fortress problem & solution 

· A group given the General/Fortress problem and told that its solution would help in solving the radiation problem 

Gick & Holyoak (1980) Results

· Number of examples exposed to makes a difference

· Gick and Holyoak conducted a study in which the dictator story was just one of three other stories participants heard before radiation problem

· Only 20% got the problem correct

· Schema for problem has to be activated

· If the two problems are separated by a delay or if they are presented in different contexts, almost none of the participants use the analogy 

How to Improve Your Problem Solving

· Follow a systematic plan

· Draw inferences

· Develop sub-goals

· Work backwards

· Search for contradictions

· Search for relations among problems

· Reformulate problems

· Represent problems graphically

· Define boundary conditions

Expertise

· Not a general ability

· Experts have an extensive knowledge that they use to organize, represent, and interpret information in their environment

· This affects their abilities to remember, reason, and solve problems 

· Knowledge is organized so it can be accessed when needed to work on a problem

Expertise

· Experts solve problems in their field faster and with a higher success rate than beginners

· Experts spend more time analyzing problem

· Experts are no better than novices when given problems outside of their field

· Experts are less likely to be open to new ways of looking at problems

Expertise

· Chase & Simon (1973) & DeGroot (1965) 

· Participants were chess masters and beginning chess players

· Studied a chess board that had the pieces randomly displayed or a chess board with pieces in the middle of a game 

· Beginners and experts had to recall as many pieces as they could

Experts Differ From Novices

· Master chess players and beginning players recalled a similar number of pieces from the random board

· Master chess players remember significantly more chess pieces from the game board in play than did the beginning chess players

Experts Differ From Novices

· Better schemas

· Well organized knowledge in specific domain

· Less time to set up problem

· Select more appropriate strategies

· Faster at solving problems

· More accurate

Ch. 13 – Decision Making and Reasoning

1. Decision Making

· Classical Decision Theory

· Heuristics and Biases

2. Deductive Reasoning

· Conditional Reasoning

3. Inductive Reasoning

Decision Making

· The goal of judgment and decision making is to select from among choices or to evaluate opportunities

· 2 different types of models for decision making

· Prescriptive models

· Models describing the best way to make a decision

· Descriptive models

· Models describing the way decisions are actually made

· Cognitive psychologists are interested in how people actually make decisions

Decision Making

· Classical Decision Theory (Economic Utility Theory) 

· Based on the assumption of rationality

· People make their choices so as to maximize something of value, whatever that something may be

· Mathematical models of human decision making

· Too restricted, does not take into account the psychological makeup of each individual decision maker

Classical Decision Theory

· Assumed decision makers 

· Knew all the available options

· Understood pros and cons of each option

· Rationally made their final choice

· Goal was to maximize value of decision

Classical Decision Theory

· Subjective expected utility theory

· The goal of human action is to seek pleasure and avoid pain 

· Actual judgment of pleasure and pain is made by each decision maker (subjective) 

· This theory is based on the belief that people seek to reach well-reasoned decisions based on

· Consideration of all possible known alternatives

· Use of a maximum amount of available information

· Careful weighing of costs and benefits and calculation of probability

· A maximum degree of sound reasoning

· However, human decision making is more complex than even this modified theory implies

Decision Making

· Dunn & Story (1991)

· Examined overconfidence of students

· At beginning of the semester students were given 37 items like the ones on the previous slide

· Dunn & Story (1991) Results

· Results indicated that all students exhibited large tendencies toward overconfidence

· Confidence influences how we make decisions, yet our confidence may not be based on a realistic estimate of events or skills

· Why is this a problem?

Heuristics and Biases

· Amos Tversky and Daniel Kahneman 

· People may be far more likely to make decisions based on biases and heuristics (short-cuts) than earlier decision-making research had suggested 

· These mental shortcuts lighten the cognitive load of making decisions, but they also allow for a much greater chance of error 

Heuristics and Biases

· Heuristics and biases influencing decision making

· Representativeness heuristic

· Availability heuristic

· Anchoring & adjustment heuristic

· Overconfidence bias

· Illusory correlation

· Hindsight bias

· Confirmation bias

· Framing effects 

Representativeness Heuristic

· Example

· All the families having exactly six children in a particular city were surveyed 

· In 72 of the families, the exact order of births of boys and girls was GBGBBG

· What is your estimate of the number of families surveyed in which the exact order of births is BGBBBB?

· Representativeness Heuristic

· Example on the previous slide

· First birth order is considered to be more representative of the number of females and males in the population

· However, either birth order is equally likely to occur by chance 

Representativeness Heuristic

· Judgment strategy in which we make estimates on how similar (or representative) an event is to its population

· Coin toss:  Which is more representative?

· HTHTHTTHHT

· HHHHHTTTTT

Representativeness Heuristic

· When we use the heuristic of representativeness, we judge the probability of an uncertain event according to: 

· How obviously it is similar to or representative of the population from which it is derived

· The degree to which it reflects the salient features of the process by which it is generated (such as randomness) 

Representativeness Heuristic

· Frank is a meek and quiet person whose only hobby is playing chess.  He was near the top of his college class and majored in philosophy.  Is Frank a librarian or a businessman?

· Consistent with librarian stereotype, but there are many more businessmen, so base rates make it much more likely that Frank is a businessman.

Representativeness Heuristic

· Linda is 31 years old, single, outspoken, and very bright.  She majored in philosophy.  As a student, she was deeply concerned with issues of discrimination and social injustice and also participated in antinuclear demonstrations.

· List the likelihood that the following statements about Linda are true.

· Linda is an elementary school teacher. 

· Linda works in a bookstore and takes yoga classes. 

· Linda is active in the feminist movement. 

· Linda is a psychiatric social worker. 

· Linda is a bank teller. 

· Linda is an insurance salesperson. 

· Linda is a bank teller and is active in the feminine movement.

Representativeness Heuristic

· Conjunction rule

· Probability of two events cannot be higher than the probability of the single constituents 

Representativeness Heuristic

· Judge probability of an event based on how it matches a prototype 

· Can be accurate 

· Can also lead to errors 

· Most people overuse representativeness

· i.e. Frank’s description fits our vision of a librarian, Linda seems to be more of a feminist

· Gambler’s Fallacy

· Suppose you are at a roulette wheel and the last 8 spins have come up red 

· Do you bet on red or on black for the next spin? 

· Red and black are equally likely – no statistical reason to select red over black (or visa versa) 

·  “Hot Hand” Fallacy

· Common belief that a basketball player’s chances of making a basket are greater after making the previous shot than after missing a shot 

· However, the statistical likelihood (and the actual records of players) show no such tendency 

Availability Heuristic

· In the English language, are there more words beginning with the letter K or more words with K in the third position?

· People often report twice as many words beginning with K

· But there are many more words with K in the third position than in the first 

Availability Heuristic

· The ease of bringing an example to mind is a means of estimating the probability of occurrence (likelihood)

· Frequent events will be easy to recall

· Rare events will be difficult to recall

· Bias – tendency to overestimate rare events 

· Lightening strikes, shark attacks, gambling wins

Availability Heuristic

· We make judgments on the basis of how easily we can call to mind what we perceive as relevant instances of a phenomenon (e.g. words beginning with the letter K)

· Actual frequency influences how easily evidence comes to mind but so do other factors

· Media

· Vividness

Availability Heuristic

· Schwartz et al., (1991)

· Manipulated how many instances participants had to give of previously being assertive 

· One group had to recall six examples of when they had been assertive 

· A second group had to think of twelve examples

· Both groups were then asked to score their assertiveness

· Participants who thought of six examples scored themselves higher than the group that had difficulty thinking of twelve examples

· Pattern of results attributed to the availability heuristic

Base Rate Fallacy 

· Base rate 

· Probability that an event will occur or fall into a certain category

· Did you stop to consider that there are a lot more businessmen in the world than librarians?

· By sheer statistics, there is a greatly likelihood that Frank is a businessman 

· But very few people take this into account and usually underestimate base rates

· Which are you more afraid of?

· Flying in an airplane

· Driving in a car

Base Rate Fallacy

· The actual probability of an event

· How many bank tellers are there in the world?

· How many feminists are there?

· Much research in the 1970s & 1980s seemed to indicate that base rate information in these type of problems were ignored

· Current research focuses on when participants do attend to base rates 

Base Rate Fallacy

· Koehler (1996)

· Base rates are actually used when: 

· Problems are written in ways that sensitize decision-makers to the base rate

· Problems are conceptualized in relative frequency terms

· Problems contain cues to base rate diagnosticity 

Anchoring-and-Adjustment Heuristic

· Participants were asked to calculate in 5 s the answer to one of the following problems:

· 1 x 2 x 3 x 4 x 5 x 6 x 7 x 8 = 512
· 8 x 7 x 6 x 5 x 4 x 3 x 2 x 1 = 2250
· The order of presentation for these two groups had a significant impact on their estimates

Anchoring-and-Adjustment Heuristic

· Begin by guessing a first approximation (an anchor) 

· Make adjustments to that number on the basis of additional information 

· Often leads to a reasonable answer 

· Can lead to errors in some cases 

Anchoring-and-Adjustment Heuristic

· If you are given a series of pieces of information, you will give more weight to early evidence in the sequence 

· Tendency to give undue weight to evidence which occurs early or most recently 

· U-shaped function 

Anchoring-and-Adjustment Heuristic

· People are influenced by an initial anchor value

· Ex: In court cases, the amount of monetary award a plaintiff is awarded depends on how much they ask the jury for

· The more you ask for, the more you will get!!

· However, anchor values may be unreliable, irrelevant, and the adjustment is often insufficient

Illusory Correlations

· An illusory correlation is a perceived relationship that does not in fact exist 

· Illusory correlations are formed by the pairing of two distinctive events

· Redelmeier and Tversky (1996) 

· 18 arthritis patients observed over 15 months

· The weather was also recorded  

· Most of the patients were certain that their condition was correlated with the weather 

· The actual correlation was close to zero 

· What illusory correlations may affect your decisions?
· Problems with stereotyping
Overconfidence

· People tend to have unrealistic optimism about their abilities, judgments, and skills

· Overconfidence

· An individual’s overvaluation of her or his own skills, knowledge, or judgments

· People tend to overestimate the accuracy of their judgments

· Ex: When people were 100% confident in their answers, they were right only 80% of the time

Hindsight Bias

· The memory of how we acted previously changes when we learn the outcome of an event 

· When subjects are asked to predict the outcome of experiments, they are rarely able to do so at better than chance levels 

· However, when subjects are told about the results, they often comment that the outcomes were obvious and could have easily been predicted in advance 

· Ex:  Relationship problems 

Wason Selection Task

· Which cards do you need to turn over to obtain conclusive evidence of the following rule: 

· A card with a vowel on it will have an even number on the other side 


E

K

4

7

· Answer:

· E = search for positive evidence

· 7 = search for negative evidence

· 33% say E only (missing negative evidence)

· 46% say E & 4

· Only 4% search for positive & negative evidence

Confirmation Bias

· Tendency to seek (and find) information that confirms an initial hypothesis

· Ex: Science/Research

· Subjects focus on positive evidence

· Tend to ignore negative evidence (even though equally diagnostic)

· Hypothesis-driven behavior

· Cognitive tunnel vision 

· Lord and coworkers (1979)

· Had those in favor of capital punishment and those against it read the same article

· Those in favor found the article in favor

· Those against found the article against

Sunk Cost Fallacy

· The decision to continue to invest in something simply because one has invested in it before and one hopes to recover one’s investment

· Ex: continuing to fix your old car vs. buying a new one

· Ex: waiting for the elevator instead of taking the stairs

Framing Effects

· Which choice would you make?

· Suppose you have invested in stock equivalent to the sum of $60,000 in a company that just filed a claim for bankruptcy.  They offer two alternatives in order to save some of the invested money:

· If Program A is adopted, $20,000 will be saved

· If Program B is adopted, there is a 1/3 probability that $60,000 will be saved and a 2/3 probability that no money will be saved

Framing Effects

· Suppose you were told that 600 people were at risk of dying of a particular disease.  Which choice would you make? 

· Risk Averse

· Vaccine A: 200 people will be saved

· Vaccine B: 1/3 chance that 600 people will be saved and a 2/3 chance that 600 people will die (risky choice)

· Risk Seeking

· Vaccine C: 400 people will die

· Vaccine D: 1/3 chance no one will die and 2/3 chance that 600 people will die (risky choice)

Framing Effects

· Suppose you have invested in stock equivalent to the sum of $60,000 in a company that just filed a claim for bankruptcy.  They offer two alternatives in order to save some of the invested money:

· Positive Framing

· If Program A is adopted, $20,000 will be saved (certain outcome)

· If Program B is adopted, there is a 1/3 probability that $60,000 will be saved and a 2/3 probability that no money will be saved (risky outcome)

· Negative Framing

· If program A is adopted $40,000 will be lost (certain outcome)

· If program B is adopted, there is a 1/3 probability that no money will be lost, and 2/3 probability that $60,000 will be lost (risky outcome)

Monty Hall Problem

· Based on the TV game show, Let's Make A Deal, the problem involves 3 doors. Behind one of the doors is a prize. The contestant picks one door. Monty Hall picks one of the remaining two doors to open and shows that the prize is not there. 

· The question is: Do you stay with your original pick or do you change your pick? 

· Monty Hall Problem

· You originally begin with a 1 in 3 chance (0.333 probability) of picking the correct door. Many people think that it doesn't matter whether you stay with your original pick or switch after Monty reveals his door because either way you have a 50/50 chance of winning.

· You are better off always switching; over the long term, you will average 67% correct

· If you always stay, you will average 33% correct over the long term

· If you randomly switch or stay, you will average 50% over the long term

Physiology of Thinking 

· Prefrontal cortex (PFC)

· Important for reasoning, planning, and making connections among different parts of a problem or story

· As reasoning problems become more complex, larger areas of the PFC are activated

· Physiology of Thinking 

· Interferes with ability to act in a flexible manner (important for problem-solving)

· Perseveration: cannot switch from one pattern of behavior to another

Physiology of Thinking 

· Sanfey and coworkers (2003)

· Ultimatum game

· Pretend you are a subject…

· Often rejected low offers because they became angry that offers were unfair

· Less angry with an “unfair” computer 

· More activation of right anterior insula (connected with emotional states), participants more likely to reject more offers

· Emotion is very important in decision-making 

Reasoning

· Cognitive processes by which people start with information and come to conclusions that go beyond that information

· Process of drawing conclusions from principles and from evidence, moving on from what is already known to infer a new conclusion 

· Deductive reasoning

· Inductive reasoning

Deductive Reasoning

· Reasoning from the general to the specific

· For example, start with a general statement (or rule): 

· All cars have tires

· You can apply this general statement to specific instances and deduce that a Ford Escort, a Toyota Camry, and a Cadillac Escalade must all have tires

Deductive Reasoning

· Proposition

· An assertion, which must be either true of false

· “Cognitive psychology students are brilliant!”

· Premise

· Propositions about which arguments are made 

Deductive Reasoning

· Conditional Reasoning
· The reasoner must draw a conclusion based on an if-then proposition

· If p (antecedent), then q (consequent)

· “If you eat pizza, then you will get good grades.”
· “I eat pizza; therefore, I get good grades.” 

· Not necessarily a true fact

· Deductive validity
· Does not equate with truth

· You can reach deductively valid conclusions that are completely untrue with respect to the world

· People are more likely to mistakenly accept an illogical argument as logical if the conclusion is factually true

Conditional Reasoning

· Modus ponens
· The reasoner affirms the antecedent

· If p, then q (If you’re a mom, then you have a kid.)
· p (You are a mom.) 

· Therefore, q (Therefore, you have a kid.) 

· Modus tollens 
· The reasoner denies the consequent

· If p, then q (If you’re a mom, then you have a kid.) 

· Not q (You don’t have a kid.) 

· Therefore, not p (Therefore, you’re not a mom.) 

· Deductive fallacies

· Denying the antecedent
· If p, then q (If a card has a vowel on front side, then it will have an even number on the back.) 

· Not p (Card does not have a vowel on front.) 

· Therefore, not q (Therefore, card does not have an even number on back.) 

· Affirming the consequent
· If p, then q (If a card has a vowel on front side, then it will have an even number on the back.) 
· q (Card has even number on back.) 

· Therefore, p (Therefore, card has vowel on front.) 

Syllogistic Reasoning

· Syllogisms

· Deductive arguments that involve drawing conclusions from two premises 

· Syllogisms comprise a major premise, a minor premise, and a conclusion 

Deductive Reasoning

· Syllogism

· Two statements called premises

· Third statement called conclusion

· Categorical Syllogism

· Describe relation between two categories using all, none, or some
· Linear Syllogisms

· The relationship among the terms is linear, involving a quantitative or qualitative comparison

Syllogistic Reasoning

· Categorical Syllogisms

· Comprise two premises and a conclusion

· The premises state something about the category memberships of the terms

· Example:

· All cognitive psychologists are tennis players.

· All tennis players are athletes.

· Therefore, all cognitive psychologists are athletes.

Deductive Reasoning

· Syllogism is valid if conclusion follows logically from its two premises

· Aristotle’s “perfect” syllogism

· Premise 1: All A are B

· Premise 2: All B are C

· Conclusion: Therefore, All A are C

Deductive Reasoning

· If two premises of a valid syllogism are true, the syllogism’s conclusion must be true.

· Do not confuse “validity” with “truth”

Inductive Reasoning

· Premises are based on observation and we generalize from these cases to more general conclusions with varying degrees of certainty

· Used to make scientific discoveries

· Hypotheses and general conclusions

· Used in everyday life

· Make a prediction about what will happen based on observation about what has happened in the past

Inductive Reasoning

· Reasoning from the specific (example) to the general (rule)

· In inductive reasoning, which is based on our observations, reaching any logically certain conclusion is not possible

· The most we can strive to reach is only a strong, or highly probable, conclusion

Inductive reasoning

· 18   16   14   ??    ?? 

· Rule?  Decrease by 2

· Q: Why inductive reasoning?  

· A: Take SPECIFIC numbers (i.e. 18, 16, 14) and come up with a GENERAL rule (i.e. decrease by 2) 

Inductive Reasoning

· A key feature of inductive reasoning, which forms the basis of the empirical method, is that we cannot logically leap from saying, “all observed instances to date of X are Y” to saying, “Therefore, all X are Y”; it is always possible that the next observed X will not be a Y
Inductive Reasoning
· Causal inferences

· How people make judgments about whether something causes something else

· Errors in inductive reasoning

· Confirmation bias

· Teachers often expect little of students when they think them low in ability

· Causality based on correlational evidence alone

· We fail to recognize many that many phenomena have multiple causes

· Reasoning by analogy

