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best operation! The ideal operation depends on what researchers call 

a problem’s search space. With a simple search space— if there were 

very few turns in this maze— it might actually be easier to solve it ran-

domly than to donate brainpower to the planning and execution of a 

more nuanced operation. Likewise, if it took nanoseconds to test each 

path, it might be faster to randomly try them all rather than thinking 

about how to try them. So: Random search is best when trying paths 

is quick, easy, painless, and likely to lead to a solution more quickly 

than extensive planning. For example, imagine the power is out in your 

house at night— if your goal state is the bathroom across the hall 

from your bedroom, random search should do it. But if your goal state 

is the leftover carrot cake in the fridge downstairs, the more complex 

search space may require more than random search: it may require 

a fl ashlight. (This extra layer is referred to as “subgoaling,” and we’ll 

look at it more later.)

On the next maze, do a depth- fi rst search. Still without looking 

ahead, follow one path to its absolute dead end, and if that end is not 

the goal state, back up to the most recent junction and try the path not 
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previously chosen, following it to its end. If that isn’t the goal state ei-

ther, continue retreating to each previous junction and trying the next 

path. On a paper maze, your pencil shows which branches of the 

search space you’ve exhausted, and possibilities are likely few enough 

to remain manageable. But in life and in many other puzzles, like chess, 

a depth- fi rst search quickly requires massive memory. So: a depth- 

fi rst search is usually best when possibilities are few or when you 

don’t have enough information to nix unlikely branches of the decision 

space. (In the language of problem solving, a rule that allows you to 

chop out a portion of the search space is called a heuristic; adding 

heuristics to depth- fi rst searches can be a powerful strategy.)

Try again, this time with a breadth- fi rst search. Go to the fi rst 

junction. Look down the left path. Does it eventually branch again? If 

so, it remains a possibility: draw a small arrow pointing down that 

left path. Now go back to check the right path. Does it eventually 

branch? If so, it also remains a possibility: draw a similar arrow 

pointing down this right path. Now go back and check each of those 
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branches in turn to see if it branches again. If not, make an X instead 

of an arrow— this path is closed. A depth- fi rst search allows you to 

get lucky, to serendipitously fi nd a path that snakes all the way from 

initial state to goal state. But is it the best path? In a maze it doesn’t 

really matter. But in life, a breadth- fi rst search keeps all options in 

play until they are absolutely nixed. Instead of following one thread to 

its lucky or unlucky end, a breadth- fi rst search explores all paths at 

once a little at a time and so may lead to multiple answers, some bet-

ter than others.

Finally, try a means- ends analysis. This solution strategy explores 

the differences between the initial state and the goal state and tries to 

chip away at each difference until none remain. It’s how water would 

trickle down through a jumble of rocks, always fl owing toward its goal 

even if the fl ow is along a slope of only one degree. In a maze, the dif-

ference between the initial state and the goal state is the difference 

between x and y coordinates, so at every turn, take the branch that 

heads most toward the goal. Unfortunately, in mazes, as in life, it’s 
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frequently necessary to move away from your goal so that you can 

eventually move toward it— without the ability to fl ow upward, water 

may get stuck in a cupped boulder and never reach the ground.

Here’s where we get to subgoals. Your subgoals may initially ap-

pear to be parallel to or even headed away from the goal state, but in 

combination they’ll get you there— and unlike the convoluted path from 

initial state to goal state, the path to each subgoal can be straightfor-

ward (or at least much less twisty!). Chimps set subgoals, too. In 1927 

German psychologist Wolfgang Köhler placed his prize chimp, Sultan, 

below a bunch of bananas with two sticks just too short to reach them. 

Sultan quickly saw the subgoal— he needed a tool long enough to reach 

the bananas and so hooked the two short sticks together.

In a maze, subgoals may be bottlenecks through which the path 

obviously must pass. Or you can create subgoals by working 

backward— starting at the goal state and retreating to the fi rst am-

biguous turn provides a subgoal for use when switching to working 

the maze from the initial state.
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