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Well-defined problem: a 
problem that has a clearly defined 

goal state and constraints

Ill-defined problem: a problem 
that lacks a clearly defined 
goal state and constraints
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Figure A Sudoku Puzzle11.1

from the current state to the goal state. Consider three parts of our opening story that may 
be considered problems. Getting dressed in the morning involves the need to move from 
the state of undress (the current state) to getting dressed for the day (the goal state). On 
normal days you may not consider this a problem since you probably have a ready solu-
tion available. However, in our story special circumstances require a different solution, 
one in which you can dress appropriately for both a job interview and a workout at the 
gym. Rather than using your usual dressing solution, you have to come up with an alter-
native plan. Solving the puzzle in the morning paper is also an example of a problem. 
Consider the Sudoku puzzle in Figure 11.1 (the solution is found in Figure 11.16 at the 
end of the chapter). A Sudoku puzzle is typically a nine-by-nine grid with some of the cells 
blank and the others containing numbers. Your task is to complete the grid by filling in 
the empty cells with numbers, with the constraint that each row, column, and three-by-
three cell doesn’t have any repeated numbers. Sudoku puzzles are set up so that there is 
only one correct solution. These features make the Sudoku a well-defined problem. This 
doesn’t mean that it is necessarily an easy problem to solve but rather that the goals and 
constraints are known, and by applying particular procedures a correct solution can be 
found. In contrast, the problems of getting a job, getting dressed for the day, or even 
arranging your day so that you can get milk, work out, and go to class and a job interview 
don’t typically have a single correct solution. Problems like these are considered ill-
defined problems. Ill-defined problems lack clear paths between the current and goal 
states. As a result, ill-defined problems are often much more difficult to mentally repre-
sent, identify solution strategies for, and solve. Goel (2010) argues that performance pat-
terns of brain-damaged patients (particularly those with frontal lobe lesions) suggest that 
there are neuropsychological differences between well- and ill-defined problems.

Try to fill in the empty cells with numbers from 1 to 9. Each three-by-three box,  each row, 
and each column may not have any repeated numbers  (each may only have the numbers 1 
to 9 in them).
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Defining and  
Representing Problems

Defining and representing a problem is the pro-
cess of stating the scope and goal of the problem 
and organizing the knowledge needed for 
addressing the problem. This knowledge includes 
mentally representing the current and goal states, 
the rules or constraints, and the allowable opera-
tions available to solve the problem.

For example, consider the pennies in Figure 
11.2. The problem is to move two pennies so that 
all of the pennies are touching three and only 
three other pennies. Give the problem a try. Can 
you find the solution? The solution, given in 

Figure 11.3, is the same for initial states (a) and (b). People typically find the problem 
difficult to solve because they represent the problem in two dimensions, as if sliding the 
pennies on a table. As a result, they don’t consider lifting the pennies and stacking them. 
In other words, they don’t consider moving the pennies in the third dimension an allow-
able operation. Initial state (b) is usually found to be more difficult than (a) because in 
(a) there are no places where they can slide a penny so that it touches three other pen-
nies. As a result, people are quicker to change their representation of the problem in (a) 
to allow for stacking of the coins. In contrast, people who start with (b) typically main-
tain their two-dimensional representation of the problem longer because there are some 
places where they can move the pennies that touch three others, suggesting that they are 
getting closer to the final goal state.

Consider another problem illustrated in Figure 11.4. The task is to determine 
whether you can cover an eight-by-eight checkerboard with dominos. Each domino can 
cover two checker squares. The catch is that the checkerboard has been distorted by the 
removal of the two diagonal corner squares. Give it a try. Can you cover the entire board 
with dominos (the dominos can’t hang off of the edges or be altered in any way)? If you 
aren’t certain of your answer, consider the same problem but with Figure 11.5 instead. 
Most people find the problem much easier to solve when they alter their representation 
of the problem this way. Here you can easily see that both of the removed squares are 
white and that each domino will cover one red square and one white square. However, if 
two white squares are removed, then there are thirty-two red squares and thirty white 
squares and no way to cover the entire board with the dominos.

11.1.	 Make a list of some of the problems you have already 
faced today.

11.2.	 For each problem in Stop and Think 11.1, identify the 
initial and goal states and how you went about solving the 
problem.

11.3.	 Which of the problems in Stop and Think 11.1 would you 
classify as well-defined and which as ill-defined? What 
characteristics of the problems led you to classify them in 
that way?

Stop and Think

Moving Pennies Activity

Figure Pennies Problem: Is There a Way to Move Two Pennies  
	 Such That All of the Pennies Touch Three and  
	 Only Three Other Pennies?

11.2

Photo of penny: Photos.com/Photos.com/Thinkstock

(a) (b)

Dominos and a 
Chessboard Activity
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Figure Domino and Distorted-Checkerboard  
Problem 	

11.4

Photo of domino: Hemera Technologies/PhotoObjects.net/Thinkstock

Figure Solution to the Pennies Problem11.3

Photo of penny: Photos.com/Photos.com/Thinkstock

(a) 
Initial states

Potential moves
There are no locations where the 
moved penny touches three other pennies

Solution
The solution is that the moved 
pennies may be stacked on 
top of the other pennies.

(b) 

There are some locations where the moved 
penny touches three other pennies, but these 
locations do not result in all of the pennies 
touching three pennies

�����������������������������������������������������

Imagine that you have a checkerboard with two diagonal corner squares removed. Can you 
place dominos that cover two squares each and completely cover the checkerboard?
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Figure Variation of the Distorted-Checkerboard Problem11.5

Photo of domino: Hemera Technologies/PhotoObjects.net/Thinkstock

Functional Fixedness

Consider the following problem. You are hanging decorative strings of lights on your 
back porch. After you finally manage to screw the two strings of lights to the eaves, you 
climb back down to the deck only to realize that when standing on the deck you can’t 
reach both sets of dangling lights. To make them work you need to plug them into each 
other. You don’t want to climb back up with your screwdriver and take one down. Is 
there a way to grasp both ends of the lights without going back up the ladder? Many 
people are stumped by this problem. Here is a hint: The screwdriver is the key to the 
solution. When most people think of a screwdriver, they think about the function of 
turning screws. However, for this problem, the screwdriver can be used for a different 
function. The solution is to tie the screwdriver to one of the strings of lights and swing it 
back and forth (see Figure 11.6).

Functional fixedness is focusing on how things are usually used, while ignoring 
other potential uses. Gestalt psychologists identified this bias as a common barrier to 
our ability to solve problems (Maier, 1931). When faced with a problem, we retrieve 
information about the objects in it (e.g., string lights, ladder, screwdriver) and search 
for similar problems involving similar objects. When we start developing potential 
solutions, they are based in part on what functions the objects can perform. In the case 
of the screwdriver, based on how we’ve used it before, the functions that we consider 
probably involve turning screws, not using it as a weight for a pendulum. As a result, the 
representation of the problem space may not even include using the screwdriver in this 
way as a potential solution.

These three problems demonstrate that the way we represent problems can have a 
powerful impact on our ability to solve problems. In the pennies problem, if we don’t 
represent the problem in three dimensions, then the solution (stacking the coins) isn’t 
going to be a possibility we consider. In the checkerboard example, representing the 
problem without colors doesn’t preclude finding the correct solution, but it also doesn’t 
highlight the importance of considering neighboring squares as an important feature of 

Functional fixedness: focusing 
on how things are typically used 
and ignoring other potential 
uses in solving a problem

Two Strings Problem Activity

Overcoming Functional 
Fixedness
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the problem. The addition of colors to both the 
board and the dominos spotlights this character-
istic, often making it much easier to find the cor-
rect solution. In other words, how we mentally 
represent a problem can both help or hinder 
finding the solution. The next section describes 
how we find solutions to problems.

Developing Solutions to 
Problems: Approaches and 
Strategies

Consider again the Sudoku problem in Figure 
11.1. Go ahead and try to solve the puzzle, but 
while you do talk out loud about how you are 
trying to find the solution. What sorts of things 
did you find yourself saying? This method of 
thinking aloud is a commonly used methodology in research on problem solving. Unlike 
many of the cognitive processes discussed in this book, many of the processes underlying 
problem solving may be accessible to internal introspection. By having people think 
aloud while solving problems, researchers may gain insights into how people represent 
the problem, what information they are attending to, and what strategies they attempt to 
use. However, one needs to be cautious and keep in mind that some of the processes may 
not be consciously accessible, and furthermore, people may not report all of what is con-
sciously available (e.g., they may not report strategies they began to consider but then 
rejected). Consider your own verbal reports of how you tried to solve the Sudoku puzzle. 
Do you feel that you were able to describe everything that went through your mind as 
you solved the puzzle? The next sections describe some of the strategies researchers pro-
pose we use to solve problems.

11.4.	 Consider the following problem. You have a jug of apple 
juice and a container of water. After putting both the 
apple juice and the water into a large pitcher, the apple 
juice and water remain separate. How does this happen?

11.5.	 As you consider potential solutions to the problem in 
Stop and Think 11.4, think about how you mentally 
represent it. What assumptions about the problem does 
your mental representation lead you to make?

11.6.	 A solution to the problem in Stop and Think 11.4 is that 
the water is frozen in the form of ice cubes. Do you think 
that you would have thought of the solution if the problem 
had stated “a tray of water” instead of a “container”?

Stop and Think

Figure The Two String Problem11.6

Sudoku Activity

Jays and Youngsters 
Solve Aesop Problem
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Insight
Using the think-aloud method, Gestalt psychologists noticed that people often get the 
feeling that the solution to a problem suddenly occurs to them, a kind of “aha” experi-
ence, rather than gradually developing over multiple attempted solutions. In our open-
ing story the solution to the problem, to carry the clothing in a cooler, suddenly came 
upon the person. Think back to when you tried to solve the earlier pennies and checker-
board problems. If you were able to come up with the solution, did you experience it as 
an “aha” moment, or was it the result of a more gradual solution process?

Not all problems are solved using insight. Insight problems are typically those in 
which solvers cannot initially find a solution and have often stopped consciously 
thinking about the problem, when suddenly the correct solution emerges into con-
sciousness (e.g., Duncker, 1945, Maier, 1931, Metcalfe & Wiebe, 1987). Gestalt psy-
chologists theorized that we unconsciously continued to process the problem, 
searching for solutions during the incubation period following initial attempts to solve 
the problem. Much of their research attempted to describe which conditions promoted 
insightful solutions. They argued that insightful solutions often result when particular 
barriers to problem solutions are overcome. Some of the barriers they identified are 
discussed later in this chapter. For example, in our pennies example, the solution 
required changing from representing the problem as one in a two-dimensional space 
(so only sliding the coins was allowed) to one in a three-dimen-
sional space (allowing for the coins to be stacked). In this case, 
insight happened when you suddenly realized that you could 
restructure how you represent it and the solution to the problem 
became apparent.

While the work of the Gestalt psychologists described the condi-
tions under which insightful problem solving may occur, what exactly 
insight is has been a controversial research question (e.g., Weisberg, 
1988; Weisberg & Alba, 1981). Researchers have proposed a number 
of processes that may underlie insight problem solving (e.g., Kaplan 
& Simon, 1990; Knoblich, Ohlsson, Haider, & Rhenius, 1999). For 
example, Janet Davidson and colleagues (e.g., Davidson, 1995; 
Davidson & Sternberg, 1986) proposed three mental processes 
involved: selective encoding, selective combination, and selective 
comparison. Selective encoding contributes to restructuring so that 
information originally viewed as irrelevant becomes viewed as rele-
vant. For example, in our checkerboard example, when you mentally 
added color to the board and domino, the critical information about 
the importance of neighboring squares becomes relevant. Selective 
combination is when a previously nonobvious framework for rele-
vant features becomes identified. The realization that the pennies can be moved in three 
dimensions, not just two, is an example of selective combination. Selective comparison 
is when you discover a nonobvious connection between new information and prior 
knowledge.

Let’s consider another problem. Look at the dots in Figure 11.7. Your task is to con-
nect all of the dots using four straight lines. Go ahead and give it a try. If you are having 
trouble, think about our solution to the pennies problem where we had to restructure the 
problem and break outside the boundaries of two dimensions. The key, as in the pennies 
problem, is to represent the problem without borders (you can find the solution in Figure 
11.8). In the pennies problem the borders limited the problem space to two dimensions. 
In the nine-dot problem, the borders limit the figure to the implied edges of a square 
made by the arrangement of the dots. If you were able to recognize the similarity between 
the two solutions (to “think outside the boundaries”) to these problems, you were using 
the process of selective comparison.

Insight: suddenly realizing 
the solution to a problem

Figure The Nine-Dot Problem:  
	 Connect the Dots With  
	 Four Straight Lines

11.7

9-Dot Problem Activity

John Kounios: The Neuroscience 
Behind Epiphanies

Creativity Test: Insight Problems
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The difficulty of the nine-dot problem has been linked to a 
variety of factors that influence how we mentally represent the 
problem. Gestalt psychologists argued that perceptual grouping 
principles (see Chapter 3 for more details) make us think of the 
nine dots as grouped as a single figure and that the white space 
around it is background (Maier, 1930). Our attempts to solve the 
problem are biased such that we limit the lines we draw to stay 
within the borders of the figure. Disrupting the likelihood of 
grouping the dots as a single figure can increase the solution rate 
(Chronicle, Ormerod, & MacGregor, 2001; Kershaw & Ohlsson, 
2004). Giving problem solvers the first line or two, reducing the 
number of possible solutions, increases the solution rate 
(MacGregor, Ormerod, & Chronicle, 2001). Past experience with 
problems with similar solutions also can increase solution rates 
(Kershaw & Ohlsson, 2004; Weisberg & Alba, 1981).

Past experience can be critical for solving problems. If you have 
encountered a problem before, and were able to solve it, then you can 
probably solve the current problem using that same solution (in 
which case you may even think “not a problem”). You have probably 
done this yourself. When you are working on homework problems 
assigned at the end of a chapter, do you go back and look at a sample 
problem that was worked through earlier in the chapter?

Chi and Snyder (2012) examined the role of past experience for 
solving the nine-dot problem. They used a tech-
nique called transcranial direct current stimula-
tion (tDCS) to temporarily inhibit their 
participants’ right anterior temporal lobe (tDCS 
can also be used to temporarily stimulate as 
well). tDCS is a noninvasive procedure in which 
a weak direct current is applied directly to the 
scalp (see Chapter 2). Chi and Snyder (2012) 
gave their participants nine minutes to solve the 
nine-dot problem, three minutes before stimu-
lation, three minutes during stimulation, and 
three minutes immediately after stimulation. 

Participants were randomly assigned to either the stimulation condition or a “sham” 
control condition (in which they did not receive stimulation). They found that 40 per-
cent of the participants who received stimulation were able to solve the problem. In 
comparison, none of those in the control condition solved it. Chi and Snyder proposed 
that the stimulation temporarily inhibited their participants’ reliance on past experi-
ences, which in this case corresponded to the participants viewing the dot patterns as 
being bounded by a square. In other words, the stimulation essentially allowed them to 
think outside of the box and find the solution to the problem.

Mental Set
Luchins (1942) presented people with the following problem. Imagine that you have 
three containers of water. You want to end up with 100 cups of water. You start out with 
three different-sized containers: Container A holds 21 cups, Container B holds 127 cups, 
and Container C holds 3 cups. How can you measure out 100 cups? The solution is to fill 
up Container B (127 cups), then remove water from Container B with Container C twice 

Figure The Nine-Dot Solution:  
	 The Key Is to 

Represent the Problem  
	 Without Borders

11.8

11.9.	 Have you ever experienced that “aha” feeling when 
solving a problem? If you can remember what the 
problem and your solution was, do you think it was the 
result of changing the way you represented the problem?

Stop and Think

Cups and Water 
Problem Activity

Begin at top left dot and follow the arrows.



281CHAPTER 11  •  Problem Solving

some of the problem space (not all of the possible moves and intermediate states are 
shown in the figure). While there are many paths that will result in the final solution, the 
most efficient solution path is indicated by the red arrows.

Newell and Simon argued that we solve problems by mentally working our way 
through the problem space. However, as we can see, even relatively simple problems can 
result in very large problem spaces. Rather than search every possible path through the 
space, Newell and Simon proposed that we guide our search through the space using 
particular heuristic strategies. The following section briefly describes three of the many 
heuristic search processes that have been proposed.

Means-Ends Strategy
Newell and Simon’s GPS computer program used the means-ends strategy. The means-
ends strategy guides the search through the problem space by repeatedly comparing the 
current state of the problem to the goal state, identifying the differences and developing 
subgoals. As each subgoal is achieved, the intermediate state gets closer to the goal state. 
Newell and Simon’s story about driving their son to school is an example of using this 
strategy. The Tower of Hanoi problem can be broken down in a similar way. All of the 
discs need to be moved onto the final peg, but only one peg can be moved at a time. To 
move the purple disc, the green disc needs to be removed. To move the green disc, the 
red disc needs to be moved. So the first subgoal is to move the red disc. Once the red disc 
is moved, then the green disc can be moved onto the empty peg. However, now there is 

Goal StateInitial State

Problem:  How can you move the discs to go from the
initial state to the goal state?

Figure The Tower of Hanoi11.9

Initial State

Figure The Problem Space for the First Move of the Tower  
	 of Hanoi Puzzle

11.10

Operator: You may move one 
disc at a time, but only onto 
either an empty space or a 
larger disc.

Sub-goals: Need to move the 
purple disc. To move the purple 
disc, need to remove the green 
disc. To move the green disc, 
need to move the red disc.

Means-ends strategy: a problem-
solving strategy that involves 

repeated comparisons between the 
current state and the goal state

Monster Problem 
Demonstration
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not a spot to move the purple disc. To free up a peg for the purple disc, the red disc can 
be moved onto the green disc (not onto the purple disc because that would prevent the 
purple disc from being moved). Once the red disc is on the green disc, then the purple 
disc can be moved onto the third peg. Continuing the search through the space in this 
manner arrives at the goal state, providing the solution to the puzzle.

Hill-Climbing Strategy
You may have noticed that the means-ends strategy provided a straightforward solution 
that worked, if in the initial step the red disc was moved onto the third peg (see the left 
side of Figure 11.11). However, if the red disc was initially moved onto the middle peg, 
which satisfies the subgoal of freeing up the green disc, then the search through the 
problem space will take much longer to reach the final goal state (see the right side of 
Figure 11.11). So how do we decide which move to make on our first turn? One possibil-
ity is to look ahead at the impact of making the two choices. If the problem space is small 
enough, this may be possible, but even in this small problem, that would require think-
ing through many possible solution paths. An alternative is to use the heuristic of hill 
climbing. The hill-climbing strategy is to select the operator that results in a change 
most similar to the goal state. On the first move, the red disc could be moved to either 
the middle or third peg. Moving it to the third peg is more similar to the goal state than 
moving it to the middle peg. In this case, this turns out to lead to the shortest path 
through the problem space.

Working-Backward Strategy
Another strategy is to try searching through the problem space backward, starting from 
the goal state (working-backward strategy). Again, consider the Tower of Hanoi prob-
lem. The final state has the purple disc on the final peg. To get it there we need to move 
the green and red discs to the middle peg, so that the purple disc can be moved to the 
final peg. If the green and red discs are both in the middle, the green disc needs to be on 

Goal State

Initial State

Figure Some of the Problem Space for the Tower of Hanoi  
	 Puzzle

11.11

Hill-climbing strategy: a 
problem solving strategy that 
involves continuous steps 
toward the goal state

Working-backward strategy: a 
problem-solving strategy that involves 
beginning with the goal state and 
working back to the initial state
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problem we can process. These limits constrain how much information about the 
problem is available and the search through the problem space (Chein & Weisberg, 
2014; Thomas, 2013).

Look at the problem in Figure 11.13. Imagine that the problem is made up of 
matchsticks arranged like a math problem. However, the math problem as stated is 
wrong and needs to be fixed. How can you fix the problem so that it is true by only 
moving a single matchstick? The solution to the problem is given below it. Gunther 
Knoblich and colleagues (1999) have examined how people solve matchstick arithme-
tic problems like these. When we first encounter a problem like this we retrieve infor-
mation about math and Roman numerals. Part of our math knowledge includes rules 
about how we can or cannot manipulate numbers and formulae. Based on our past 
experience, we construct our initial problem space in a way that is constrained by 
these rules. Due to working-memory constraints, we probably also initially represent 
the elements of the problems as meaningful information chunks (see Chapter 5 for 
more details). For example, rather than representing VII as four matchsticks, we think 
of it as the number 7. The same is true for the mathematical operators for equals, addi-
tion, and subtraction. However, some chunks may be “tighter” than others. For exam-
ple, the Roman numerals III and VI are compositional, made up of three ones and a 
five and a one, respectively. In contrast, the numerals V and X cannot be decomposed 
in the same way. Knoblich et al. (1999) argued that the inclusion of these math rules 
and chunks is what makes solving these problems difficult. Furthermore, they pre-
dicted that the difficulty of the problems should vary as a function of how much the 

Figure Potential Solutions in the Problem Space of the Sudoku Puzzle Given in  
	 Figure 11.1

11.12

(a) Attempting a 2 in the upper-left space (b) Attempting a 3 in the upper-left space
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Potential solutions in the problem space of the Sudoku puzzle given in Figure 11.1. The yellow box indicates a possible 
locations for a potential solution number.  The red boxes indicate reasons that rule out that possible solution.
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solution depends on the ease with which we can relax our representations of the rules 
and decompose the chunks.

Figure 11.14 offers a few more of these problems for you to try (some solutions are 
presented in Figure 11.15). Chances are that you will be able to solve the first problem in 
(a) fairly quickly. Problems like this one require decomposing a loosely chunked Roman 
numeral and relaxing a fairly low-level rule of math. Additionally, the solution is similar 
to the first example you saw. The second problem in (b) was probably harder because it 
requires decomposing the equals sign, which is more tightly chunked. The third problem 
in (c) is the hardest, requiring the decomposition of a tightly chunked representation of 
X. Knoblich et al. (1999) had participants solve problems like these, systematically vary-
ing the level of rule and degree of chunking needed for the solution. These two variables 
correctly predicted how quickly their participants were able to solve the problems.

In a follow-up study, Knoblich, Ohlsson, and Raney (2001) examined the eye move-
ments of participants trying to solve matchstick math problems. Since people tend to 
stare (fixate) at things they are thinking about, the researchers predicted that their eye 
movements would reflect how their participants were trying to solve the problems. Eye 
movements tended to look similar when participants 
first encountered the problems. They tended to focus 
on the Roman numerals, rather than the mathematical 
operators, suggesting that their initial problem spaces 
were biased to consider only some elements of the 
problems. Additionally, for the difficult problems, such 
as (b) and (c), the longer they worked on a problem, the 
longer their fixations became, suggesting that they had 
reached an impasse and were considering fewer poten-
tial solutions. However, at later stages of problem solv-
ing the eye movements of participants who were able to 
solve the problems changed. These participants shifted 
their gazes to the critical elements of the problems (e.g., 
the plus sign or the individual parts of decomposable 
Roman numerals). The researchers interpreted these 
patterns of data as consistent with the theory that the 
initial representation of the problems led to an inability 
to focus attention on the critical aspects of the problem, 
leading to an impasse. However, participants who were 
able to relax the constraints imposed by typical mathe-
matical rules and could decompose the initially chun-
ked representations could rerepresent the problems. 
The re-represented versions of the problem then 
allowed them to attend to the critical parts of the prob-
lem and find the solution.

Traditionally, neuropsychologists studying problem 
solving have focused on measuring the impact of brain 
damage (via injury or disease), documenting the cor-
related deficits with localization of brain lesions. With 
the development of modern neural imaging techniques, 
this focus has begun to shift away from localization of 
function toward understanding cognitive mechanisms. 
However, many traditional problem-solving tasks are 
difficult to study using neural imaging techniques  
(Luo & Knoblich, 2007). For example, the nine- 
dot problem, the water jug problem, and matchstick 
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solution depends on the ease with which we can relax our representations of the rules 
and decompose the chunks.

Figure 11.14 offers a few more of these problems for you to try (some solutions are 
presented in Figure 11.15). Chances are that you will be able to solve the first problem in 
(a) fairly quickly. Problems like this one require decomposing a loosely chunked Roman 
numeral and relaxing a fairly low-level rule of math. Additionally, the solution is similar 
to the first example you saw. The second problem in (b) was probably harder because it 
requires decomposing the equals sign, which is more tightly chunked. The third problem 
in (c) is the hardest, requiring the decomposition of a tightly chunked representation of 
X. Knoblich et al. (1999) had participants solve problems like these, systematically vary-
ing the level of rule and degree of chunking needed for the solution. These two variables 
correctly predicted how quickly their participants were able to solve the problems.

In a follow-up study, Knoblich, Ohlsson, and Raney (2001) examined the eye move-
ments of participants trying to solve matchstick math problems. Since people tend to 
stare (fixate) at things they are thinking about, the researchers predicted that their eye 
movements would reflect how their participants were trying to solve the problems. Eye 
movements tended to look similar when participants 
first encountered the problems. They tended to focus 
on the Roman numerals, rather than the mathematical 
operators, suggesting that their initial problem spaces 
were biased to consider only some elements of the 
problems. Additionally, for the difficult problems, such 
as (b) and (c), the longer they worked on a problem, the 
longer their fixations became, suggesting that they had 
reached an impasse and were considering fewer poten-
tial solutions. However, at later stages of problem solv-
ing the eye movements of participants who were able to 
solve the problems changed. These participants shifted 
their gazes to the critical elements of the problems (e.g., 
the plus sign or the individual parts of decomposable 
Roman numerals). The researchers interpreted these 
patterns of data as consistent with the theory that the 
initial representation of the problems led to an inability 
to focus attention on the critical aspects of the problem, 
leading to an impasse. However, participants who were 
able to relax the constraints imposed by typical mathe-
matical rules and could decompose the initially chun-
ked representations could rerepresent the problems. 
The re-represented versions of the problem then 
allowed them to attend to the critical parts of the prob-
lem and find the solution.

Traditionally, neuropsychologists studying problem 
solving have focused on measuring the impact of brain 
damage (via injury or disease), documenting the cor-
related deficits with localization of brain lesions. With 
the development of modern neural imaging techniques, 
this focus has begun to shift away from localization of 
function toward understanding cognitive mechanisms. 
However, many traditional problem-solving tasks are 
difficult to study using neural imaging techniques  
(Luo & Knoblich, 2007). For example, the nine- 
dot problem, the water jug problem, and matchstick 

Matchstick Math Activity

Problems

Solution

Figure Matchstick Problem and Solution11.13

Problems

(a)

(b)

(c)

Figure Matchstick Problems11.14



286 Cognitive Psychology

arithmetic problems rely on different pieces of infor-
mation and vary with difficulty. Also, many imaging 
techniques require multiple trials, but for many prob-
lems once you have an insight and discover the solu-
tion, future versions of the problem may no longer be 
insightful. However, cognitive neuroscientists have 
begun to develop new problem-solving tasks better 
suited for investigation with these imaging technolo-
gies.

John Kounios and Mark Beeman performed a 
series of experiments using both EEG and fMRI to 
examine insight problem solving (e.g., Bowden, 
Jung-Beeman, Fleck, & Kounios, 2005; Jung-Beeman 
et al., 2004; Kounios & Beeman, 2009). Generally 
their studies indicate that insight is the result of a 
series of brain states that operate at different time 
scales. In particular, their results implicate an impor-
tant role of the anterior temporal lobe (ATL) for solv-
ing insight problems. Chi and Snyder (2011) further 
investigated the role of the right ATL by having par-
ticipants solve matchstick arithmetic problems. They 
randomly assigned their participants to one of three 
conditions and used tDCS (described earlier in the 
chapter) to selectively stimulate different regions of 

their brains. One group had their right ATL excited and their left ATL inhibited  
(R+L-), another had their left ATL excited and their right ATL inhibited (R-L+), and 
the third group served as a control comparison group. They found that the R+L-  

participants solved more of the insight prob-
lems than the other two groups. They suggested 
that this was probably due to diminishing top-
down information, the interruption of mental 
set, and potentially improved participants’ set-
switching abilities.

It should be apparent from the research 
reviewed in this section that solving problems 
happens within our cognitive architecture. How 
we identify, represent, solve, and evaluate prob-
lems must involve many (if not all) aspects of 
our cognitive processes. In other words, poten-
tially all of the research and theory discussed in 
the other chapters of this book impact our ability 
to solve our day-to-day problems.

Expertise

Given that past experience has such a dramatic impact on how we solve problems, you 
may ask yourself whether you can become an expert problem solver. The answer is yes, 
at least within particular domains. If you practice doing Sudoku, you will become a bet-
ter Sudoku player. The same is true for other domains, like playing chess, doing physics 
problems, or coaching gymnasts.

Solutions

(a)

(b)

(c)

Figure Solutions to Matchstick  
Problems

11.15

11.14.	 Imagine that the GPS function on your phone is not 
working and you are driving to Disney World. What 
cognitive processes are you likely to rely on as you 
navigate your trip?

11.15.	 Think back to when you were trying to do the Sudoku 
problem in Figure 11.1. Where were you focusing your 
attention as you were considering options? Do you find 
it easier to write down options, or do you try to keep 
them in memory?

Stop and Think

(a) Move first stick to follow the V, (b) rotate one of the sticks of the 
plus sign to create an equals sign, (c) shift the down slanting stick 
over to create a V.
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defensive structure rather than just reacting to a particular move of an opponent) 
(Gobet & Simon, 1996).

One of the most persistent findings in the research on expertise is that experts’ prob-
lem-solving advantages are restricted to problems within their domain of expertise. 
While chess masters can remember where all of the pieces on a chessboard are, they can 
only do it if the pieces are arranged in a meaningful game-related way. Furthermore, if 
you measure chess experts’ ability to remember the location of checkers or cards played 
in a hand of bridge, their chunking capacities will look like those of novices (with com-
parable experience with checkers or bridge). So one question you might have is, outside 
of becoming an expert in a particular field, is there a way to improve your general prob-
lem-solving abilities?

Becoming a Better Problem Solver

Given what we know about the processes that underlie problem solving, what can we do 
to become better problem solvers? A search of bookstores and the Internet yields a vast 
selection of advice. One research-motivated approach is the IDEAL framework pro-
posed by John Bransford and Barry Stein (1993). It is based on the same basic problem-
solving cycle that has guided the structure of this chapter. IDEAL stands for Identify 
problems and opportunities, Define goals, Explore possible strategies, Anticipate out-
comes and act, and Look back and learn. They suggest that effective problem solvers 
view problems as opportunities and actively seek them out. In other words, they gain 
practice recognizing and identifying problems. Defining refers to representing the prob-
lem and identifying the goals and potential operations. Good problem solvers recognize 
that how they represent a problem has an impact on how they try to solve it. One  
effective approach is a willingness to “think outside of the box” and try different ways of 
representing the problem. Additionally, they recognize the possibility of multiple strate-
gies that can be explored to search the problem space for a way to achieve the goal. Good 
problem solvers are willing to try to actively evaluate the effects of these strategies. 
Understanding how and why solutions work is also important because it helps encode 
the underlying structural components of problems rather than the surface features. 
Becoming more aware of the cycle of problem solving and employing strategies targeting 
these stages can lead to better general problem solving.

IDEAL framework: a step-by-
step description of problem-
solving processes
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As you read the following summary of a research study in 
psychology, think about the following questions:

1.	 Which of the approaches to the study of cogni-
tion do you think these researchers used in their 
experiments on problem solving: representation-
alist, embodied, or biological (see Chapter 1 for a 
review of these approaches)?

2.	 What are the independent variables in this study?

3.	 What are the dependent variables in this study?

4.	 In what way might these results be useful for 
everyday problem solving?

Study Reference
Grant, E. R., & Spivey, M. J. (2003). Eye movements and 

problem solving: Guiding attention guides thought. 
Psychological Science, 14(5), 462–466.

Purpose of the study: The researchers examined whether 
participants’ ability to solve Duncker’s radiation problem 
(see the Analogical Transfer section earlier in the chap-
ter) could be improved by manipulating how and where 
they look at the problem.

Method of the study: In the first experiment, the research-
ers examined the eye movements of participants look-
ing at the diagram in Figure 11.17, while trying to solve 
Duncker’s radiation problem. They compared the fixa-
tion patterns of participants who were able to solve the 
problem without hints to those who needed hints. The 
second experiment again examined Duncker’s radia-
tion problem. This experiment compared three groups 
of participants: One group examined the diagram used 
in Experiment 1; the other two groups examined an 
animated version of the figure. One version of the ani-
mated figure was constructed to highlight the regions 
of the figure that the results of Experiment 1 identified 
as a critical feature (i.e., the oval perimeter that repre-
sented the skin subtly pulsing). The other version of 

THINKING ABOUT RESEARCH

(Continued)

Tumor Healthy Tissue

Skin Outside

Figure Diagram Shown to Subjects in the Grant and Spivey (2003) Study11.17

SOURCE: Figure 1, Grant, E. R., & Spivey, M. J. (2003). Eye movements and problem solving: Guiding attention guides thought. Psychologi-
cal Science, 14(5), 462–466.
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(Continued)
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Figure Results From Grant and Spivey’s (2003) Experiment 111.18

SOURCE: Figure 2, Grant, E. R., & Spivey, M. J. (2003). Eye movements and problem solving: Guiding attention guides thought.  
Psychological Science, 14(5), 462–466.

Table Grant and Spivey’s (2003) Study Results11.2

CONDITION SUCCESSFUL UNSUCCESSFUL n

Static (Experiment 1 ) 36% (5) 64% (9) 14

Static (Experiment 2) 37% (10) 63% (17) 27

Animated tumor 33% (9) 67% (18) 27

Animated skin 67% (18) 33% (9) 27

SOURCE: Table 1, Grant, E. R., & Spivey, M. J. (2003). Eye movements and problem solving: Guiding attention guides thought. 
Psychological Science, 14(5), 462–466.
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The general knows that if his entire army could attack the fortress at once it could be 
captured, but the dictator had planted mines on each of the roads. The mines were set 
so that small bodies of men could pass over them safely; however, any large force 
would detonate the mines, destroying the villages. A full-scale direct attack on the 
fortress therefore appeared impossible. The general solved the problem by dividing 
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 charged down a different 
road. All of the small groups passed safely over the mines, and the army then attacked 
the fortress in full strength. In this way, the general was able to capture the fortress 
and overthrow the dictator.

While the surface features of this problem are different from those of the radiation 
problem, the structure of the underlying problems is similar (see Table 11.1). Gick and 
Holyoak found that 70 percent of the people who received the army problem and its 
solution solved the radiation problem using the dispersion solution, compared to only 
10 percent of the people who didn’t get the army problem. Some participants received 
slightly different versions of the army problem. In one variation the general finds an 
unmined road to the fortress, so the solution is to send the entire army down this road 
to attack. This is analogous to a different solution to the tumor problem, aiming the 
radiation beam at the tumor in a way to bypass the tissue (e.g., aiming it down the 
patient’s throat). With the unmined-road initial story, only 10 percent of participants 
arrived at the dispersion solution for the radiation problem, and 70 percent proposed 
an open-passage solution. Another group of people were presented a version of the 
story in which the army general is ordered to parade throughout the entire country. If 
the dictator is not impressed by the parade, the general will be dismissed. This version 

Table Structural Similarities Between the Radiation and Army Problems11.1

RADIATION PROBLEM ATTACKING ARMY PROBLEM
Problem 
statement

Doctor has radiation beams. General has an army.

Patient has a tumor. Country has a dictator.

Tumor is surrounded by healthy tissue. Dictator is living in a fortress sitting at the 
center of country surrounded by villages.

Desired goal Destroy the tumor with beams. Capture the fortress with army.

Problem 
constraints

High-intensity beams destroy tumor and 
healthy tissue.

Entire army can capture fortress, but large 
group detonates mines on road destroying 
army and villages.

Low-intensity beams don’t destroy tumor or 
harm healthy tissue.

Small groups of men can safely pass over 
roads but cannot capture the fortress.

Solution Use several low-intensity beams from 
different directions that converge on the 
tumor and destroy it.

Separate the army into smaller groups 
of men. Send each group down 
separate roads and attack the fortress 
simultaneously.

Goal state Tumor is destroyed. Fortress is captured.

Healthy tissue is unharmed. Army and surrounding villages are intact.

SOURCE: Adapted from Gick, M. L., & Holyoak, K. J. (1980). Analogical problem solving. Cognitive Psychology, 12, 306–355.
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SOURCE: Figure 2, Grant, E. R., & Spivey, M. J. (2003). Eye movements and problem solving: Guiding attention guides thought.  
Psychological Science, 14(5), 462–466.

Table Grant and Spivey’s (2003) Study Results11.2

CONDITION SUCCESSFUL UNSUCCESSFUL n

Static (Experiment 1 ) 36% (5) 64% (9) 14

Static (Experiment 2) 37% (10) 63% (17) 27

Animated tumor 33% (9) 67% (18) 27

Animated skin 67% (18) 33% (9) 27

SOURCE: Table 1, Grant, E. R., & Spivey, M. J. (2003). Eye movements and problem solving: Guiding attention guides thought. 
Psychological Science, 14(5), 462–466.
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