Problem solving

 Using background knowledge
» Analogical problem solving and access
* Case-based reasoning

When is aproblem not aproblem?

* Solving the 9-dot problem ® ® ®
—You just saw thislast class
—You canjust retrieve the solution

* Problems are only problems if ® e
you do not already know the
solution. L [ ) ()
Connect all 9 dots with
four lines without lifting
your pen from the page.
Using background knowledge

» The new problem need not be identical to
one seen before.

Using twelve coins, create a Q O O Q
square that has five coins

along each side. : :
When you saw this problem O O

for thefirst time, it ledto a
reminding of a previous

similar problem. Q O O Q




Weak and strong methods

¢ Previous classes focused on “weak” methods
— Domain-general ways of solving problems
— Useful when aproblem is unfamiliar
¢ Now we look at “strong” methods
— Domain-specific solutions
« Often derived from past experience
¢ Why are these strong?

— Itisaways easier to solve a problem you have
solved before.
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How good are we at
finding relevant prior
experience?

Using background knowledge
¢ Gick & Holyoak (1980)

— Had people read a story about a general attacking a
fortress.

— Theroads around the fortress were mined
— General split up hisforces and had them converge on
the fortress from many directions.
 Later in the study, they were given Duncker’s
radiation problem
— Doctor with patient who has an inoperabl e tumor

— Rays strong enough to kill the tumor would damage
the healthy tissue

« What should the doctor do?




Access failure

¢ About 10% of people solve the radiation
problem spontaneously

¢ About 30% of people solveit if they first
read the story about the general
— Not much of again.

¢ |sthis an access problem or a use problem?

« |f givenahint to use the earlier stories,
about 90% of people solve the problem.
— Suggests that it was an access problem.

Analogical access

¢ Finding relevant background knowledge is hard

¢ There are many possible experiences that might be
relevant

— Which ones are most likely to be relevant?
¢ Situations that are similar to ones you have seen

Similarity is good

¢ In many cases, using highly similar background
knowledge is good.
 Purchase decisions

— Knowing what brand of pickles you buy will not
help you decide what ketchup to buy.

¢ Science (Dunbar)

— Microbiologists use results from one bacterium to
decide what studi es to do on another bacterium.

¢ |tisrarethat distant similarities are useful.




Retrieving analogs
* Gentner, Rattermann, & Forbus

— People read astory
« Hawk gives feathers to hunter for arrows in exchange for hunter,
not shooting hawk.
— Later, people read another story:
« Similar (S): Eagle gives feathersto archer...
* Mere Appearance (MA): Eagle flies near archery tournament

« Analogy (AN): One country gives missile guidance systems to
another in exchange for not attacking it.

« No Match (NM): One country has rivers, another does not.
* People given S and MA retrieve story
» Peoplerate Sand AN assimilar

Models of access

» How do we access anal ogies?
— Many model s have been devel oped
— Most of them are two-stage models.
e Stage 1. Search through memory to find things
that are generally similar
— Things from the same domai n are often retrieved
— Only asmall number of items pass thisfilter
e Stage 2: Find things that are analogous
— Determining analogi esis effortful
— Do thistask only on items that pass stage 1

Access and use

» Similarities may also affect use of knowledge
— Word probl ems (Ross)

Type: Example Similar Cross-mapped Other domain
Context Golf Golf Golf Pizza

Thing assigned Caddies Caddies Players Children
Who assigned to Players Players Caddies Cups

* Retrieval affected by domain similarity
— Both similar and cross-mapped examples retri eved

* People found it hard to apply cross-mapped
examples.




Overcoming access problems

» Experts are better at analogical retrieval

— They are better at finding good anal ogies

— They are less influenced by cross-mappings

Forming a schema may help access

— Comparing afew analogs during learning helps
retrieval

* Learning about subgoals may help access

— An example may be indexed by the sub-problems that
it helpsto solve.

Case-based reasoning

An Artificial Intelligence technique

— Solves probl ems based on known episodes
* Stages of Case-based reasoning

— Access

— Adaptation

— Evauation

— Updating of memory

CHEF. Anexample
Szechuan cooking (Hammond)
Had a failure cooking beef and broccoli
— Broccoli came out soggy
Retrieve past knowledge about similar failures
— Other cases of soggy vegetables
Find a case of beef and snow peas
— When cooking beef, notice that meat sweats

— Solutionin that case: Cook vegetabl esfirst, put them
aside, then cook beef.

» Adapt case to current situation




Summary

Background knowledge is important for
solving problems (Strong methods)

Accessing background knowledge is hard

Analogical access
— Driven by surface simil arities
Case-based reasoning




