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Problem
 Solving

H
w

k 5 due today.
H

w
k 6 available; due 4/16
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hat is Problem

 Solving?
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ypes of Problem

s

IV
.  Strategies for Solving

V
.   Insight problem

s

V
I.  E

xpertise

I.  W
hat is Problem
Solving

•
W

hat m
akes a problem

 a problem
?

–
G

oal State - outcom
e

–
Initial State - different from

 goal state

–
O

perators - actions, processes to get
from

 Initial to G
oal

•
A

 problem
 state is a description of

the current status of all the elem
ents

of a problem
.

•
E

xam
ples?

–
D

oing H
W

 5

–
G

etting up in the m
orning

–
B

eing happy

–
D

oing a crossw
ord puzzle

II. Problem
 Space

•
Solving a problem

 then involves
m

oving from
 initial state to goal

state.

•
A

t each step, an operator is applied.

•
V

isual depiction of states and
transitions leads to problem

 space,
the set of all possible problem

 states
and their operator connections

G

I

A

B

C

D

F
E

•
Functions of O

perators
–

D
escribing the Problem

 Space
•

O
perators generate the  space of

possible states from
 initial to goal

state.

•
P

roblem
:

–
For the follow

ing T
O

H
 problem

, define
the space of possible states.

–
G

et all 3 disks on the 3rd peg
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III. T
ypes of K

now
ledge

used in Problem
 Solving

•
D

eclarative vs Procedural

•
E

xplicit vs Im
plicit K

now
ledge

Problem
 solving can involve various

types of know
ledge depending on

the type of problem
 being solved

and the expertise of the problem
solver
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H
ow

  psychologists C
lassify Problem

s

•
K

now
ledge R

ich vs L
ean

–
R

ich - requires specific, dom
ain

know
ledge.

–
L

ean - no specific dom
ain

know
ledge required

•
Insight vs routine
–

 Insight - C
ognitive R

estructuring,
sudden solution

–
R

outine - fam
iliar, know

n pathw
ay

or types of operators to solution

W
hen you aren’t

fam
iliar w

ith the dom
ain

•
Solver doesn’t know

 a relevant
algorith

m
,  a defined set of steps

guaranteed to find a solution

•
M

any problem
s (esp know

ledge
lean) m

ay be solved by heuristics,
generic strategies for solving
–

W
orking forw

ard: onw
ard &

 upw
ard

–
W

orking backw
ard: from

 the goal

–
M

eans-ends analysis (see slide)

–
G

enerate-and-test: trial &
 error

–
H

ill-clim
bing (see slide)

V
. Strategies for solving:
M

eans-E
nds A

nalysis
W

hat is the biggest difference

betw
een current &

 goal state?

C
an w

e im
m

ediately elim
inate that

difference w
ith an operator?

If yes &
 operator can be applied, :)

If yes but obstacle to applying oper,

then new
 subgoal is to get situation

w
here operator can be applied

E
xam

ple: h s student ->
 $$$

C
urrent state: _____________

G
oal State: ______________

1
B

iggest difference: ______

2
O

perator to elim
inate? _____

3
O

bstacle preventing operator? ___

4  N
ew

 subgoal: _____________

R
epeat at step 1, w

ith new
 subgoal

T
ow

er of H
anoi P

roblem

Initial

G
oal

B
iggest difference? ____________

O
perator to elim

inate difference? _________
O

bstacle preventing this operator? ________

B
iggest difference? _____________

O
perator to elim

inate difference? ____________
O

bstacle preventing this operator? ________

N
ew

 S
ubgoal

B
iggest difference? ____________

N
ew

 subgoal

O
perator to elim

inate difference? _________
O

bstacle preventing this operator? ________

N
o…

 then just apply operator; subgoal achieved!

N
ew

 current state

P
revious S

ubgoal

B
iggest difference? _____________

O
perator to elim

inate difference? ____________
O

bstacle preventing this operator? ________
N

o…
 then just apply operator...
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P
revious S

ubgoal

B
iggest difference? _____________

O
perator to elim

inate difference? ____________
O

bstacle preventing this operator? ________

N
ew

 current state

D
o you rem

em
ber the (sub)goal before this?

B
iggest difference? _____________

O
perator to elim

inate difference? ____________
O

bstacle preventing this operator? ________
N

o…
 then just apply operator...

N
o…

 then just apply operator; subgoal achieved!

N
ew

 C
urrent S

tate

W
hy care?

•
M

eans-ends analysis seem
s to fit

problem
 solvers’ data

–
It is a strategy people naturally use!

•
M

eans-ends analysis enables
com

puter program
s to solve

com
plex problem

s (A
I)

•
M

eans-ends analysis is a strategy
w

e can all consider to help us
solve difficult (w

ell-defined)
problem

s.
–

Subgoaling helps in com
plex

problem
s!
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V
. Strategies for solving:

H
ill C

lim
bing

–
reduce distance from

 initial state
to goal state

–
If operator doesn’t reduce
distance, discard and find new
operator.

–
E

ach step is local (i.e., can’t
subgoal a priori to figure out
w

hich step in the long run is
going to be closer to the goal)

M
ove gets closer to goal of all disks on 3rd peg

C
loser to goal since P

eg 2 is closer to goal peg

H
ill-clim

bing fails because requires m
oving aw

ay
from

 goal state (reversing previous m
ove)

E
xam

ple: G
et all 3 disks on P

eg 3

Initial
G

oal
Insight Problem

s
•

Insight Problem
s

–
R

equire re-thinking or re-
representation of problem

–
H

ow
 w

e m
ove through problem

 space
depends on how

 w
e represent the

problem
 (i.e., w

hat is in each state,
w

hat the operators are)

–
N

atural representation m
ay produce

com
plex p space (long solution path),

but w
ith new

 representation, new
problem

 space produces short path)

–
T

hink back to m
utilated checkerboard

–
A

nother exam
ple: kids solving balance

beam
 task
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Insight &
 Incubation

–
Sudden solution discovery

•
F

or insight problem
s subjects do not

report being close to solution 15 sec
prior to solving (M

etcalfe &
 W

eibe,
1987)

–
V

erbalization hurts perform
ance

–
T

im
e aw

ay often leads to solution
upon return.  (Incubation E

ffects)

C
onsistent w

/ need to re-represent…

Is insight problem
 solving special?

M
ore on incubation

Silveira’s incubation study (necklace)
–

3 groups w
orked for 30 m

inutes (no break,
30 m

in break, 4 hour break)

–
R

esults - m
ore success w

ith longer break

•
W

hy does it help?
–

U
pon return, it’s easier to get a fresh

view
 (representation) of the problem

–
M

em
ory for operators generated m

ay
decay, letting new

 ones have a chance

W
hat else m

akes
problem

s hard?
•

C
om

plexity of problem
 space:

–
M

ore branches, m
ore possible errors

•
Problem

s w
ith equally com

plex p
spaces can still differ in difficulty
–

P
roblem

 isom
orphs have sam

e pspace

–
W

hen current state &
 operators harder

to rem
em

ber, isom
orph harder to solve

•
M

ental Sets
–

G
et into a “rut” of solving problem

s
one w

ay, it’s hard to see other w
ays

–
F

unctional fixedness - see an object as
having only 1 (typical) function

–
T

hink back to 2-string problem

W
hen you don’t know

the answ
er...

•
Fully explore the problem

 first
–

Spend tim
e exploring different

pathw
ays to solutions, encoding

all the aspects of the problem
.

•
A

llow
 sufficient tim

e for
incubation to occur
–

Step aw
ay from

 the problem

–
R

elax, let your m
ind w

ander

•
W

ill these strategies help m
ore

for ill/w
ell-defined problem

s?
Insight/routine problem

s?

E
xpertise

•
If you w

ant to solve problem
s

better (or teach) …
 ask :

•
W

hat m
akes an expert an expert?

1. K
now

ledge
–

A
m

ount, O
rg’n &

 U
se

–
C

hase &
 Sim

on C
hess E

xperts

–
L

arkin et al - Physics

–
C

hi - D
inosaurs

2. Schem
as

–
L

arge &
 interconnected

–
O

rganization based on deep
conceptual sim

ilarity

–
E

vidence experts’ schem
as different

•
C

lassification of problem
s

•
H

ow
 they determ

ine and describe a
solution m

ethod

3. T
im

e allotm
ent

–
E

xperts spend m
ore tim

e on
determ

ining a representation

–
E

xperts spend less tim
e on

im
plem

enting the solution
strategy

4. O
perator Selection

–
E

xperts w
ork forw

ard

–
N

ovices w
ork backw

ard

5. A
utom

aticity
–

C
onsolidation of sequences of

steps that require little conscious
control.

•
B

enefits
–

Frees up W
M

 for other things, e.g.,
m

onitoring

6.  T
alent or just good practice?


