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problem such as an inclined plane and a frictionless surface. Experts also spend pro-
portionately more time qualitatively analyzing a problem, trying to grasp or under-
stand it, relative to novices, who are more likely to plunge in and start looking for 
solutions. Finally, throughout the process of problem solving, experts are more likely 
to check for errors in their thinking.

Expertise by itself is not always enough for problem solving, as shown dramatically 
in a case study of an experienced architect with a lesion to the right prefrontal cortex  
(Goel & Grafman, 2000). Patient P.F. was a 57-year-old architect who suffered a grand 
mal seizure and was treated for a stroke. Subsequent magnetic resonance imaging 
(MRI) scans showed a predominantly right hemisphere lesion to the prefrontal cortex, 
a part of the brain previously implicated in deficits in the ability to plan and solve 
problems. Goel and Grafman asked P.F. (and a control architect matched for age and 
education) to come to the lab to develop a new design for their lab space. Both P.F. and 
the control participant regarded this task as relatively easy.

P.F. was observed to have “his sophisticated architectural knowledge base . . . intact, 
and he used it quite skillfully during the problem structuring phase” (Goel & Grafman, 
2000, p. 415). However, P.F. was unable to move from this phase to the problem- 
solving phase, was unable to generate a preliminary design until two thirds of the way 
through the 2-hour session, and created an erratic and minimal preliminary design 
that was never developed or detailed. These authors concluded that the preliminary 
designs represented ill-structured problem solving (of the type described at the begin-
ning of this chapter) and that P.F.’s lesion “has resulted in a selective impairment of the 
neural system that supports ill-structured representations and computations” (p. 433).

THE PROBLEM SPACE HYPOTHESIS........................................................

Researchers studying problem solving often think about the processes in terms of men-
tally searching a problem space (Baron, 2008; Lesgold, 1988; Newell, 1980; Newell 
& Simon, 1972). The main idea behind this problem space hypothesis is that every 
possible state of affairs within a problem corresponds to a node in a mental graph. The 
entire set of nodes occupies some mental area, and this area, together with the graph, 
is the problem space.

Figure 11.9 presents a schematic diagram of a generic problem 
space. Each circle, or node, corresponds to a certain state of affairs 
at some point during the problem-solving process. If the problem 
is to win a chess game, for example, each node corresponds to a 
possible chessboard configuration at each point in the game. The 
node labeled “initial state” corresponds to the conditions at the 
beginning of a problem—for example, a chessboard before the first 
move. The goal states correspond to conditions when the prob-
lem is solved—for example, configurations in which a game is won. 
Intermediate states (unlabeled in this diagram) are depicted by the 
other nodes.

If it is possible to move from one state to another by means of 
some operation, that move can be depicted in any paper-and-pencil 
representation of the problem space by a line connecting the two 
nodes. Any sequence of “mental moves” is shown as a sequence of 
moves from one node to another. Any sequence of moves beginning 
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 Figure 11.9: A generic problem space.


