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Rachel Wing DiMatteoinforming practice

sStudents who pursue careers in 
business, medicine, engineering, or 
architecture need robust mathemati-
cal backgrounds, with a particularly 
strong emphasis on problem solving. 
For example, when civil engineers are 
asked to determine the best place-
ment for a cell phone tower, some of 
their thinking is related to school-
based mathematical procedures and 
concepts. However, for the most part, 
they problem solve, using computer 
programs to construct mathematical 
models that relate the three-dimen-
sional topography of the earth and the 
availability and cost of property for 
tower placement. 

To provide a clear picture of where 
education has been and where it needs 
to go in terms of problem solving, 
three questions will be addressed: 

1. What does it mean to be a good 
problem solver?

2. What does a good problem-solving 
activity look like?

3. What should teachers keep in 
mind as they bring problem-solv-
ing activities to the classroom?

What IS a good  
probleM solver?
At one time, the activity of math-
ematical problem solving was seen as 
a means to an end; context was simply 

intended to add motivation as students 
engaged in carefully crafted problems 
that afforded opportunities to practice 
new skills and techniques. Students 
were taught formulas and algorithms 
in decontextualized situations.

They practiced the newly mastered 
ideas while solving word problems us-
ing the learned procedures. Under this 
conceptualization of problem solving, 
being a good problem solver meant 
fluently and efficiently finding the 
answer to canned word problems. 

The next theme in mathematical 
problem solving came in response to 
NCTM’s Agenda for Action. During 
the 1980s, problem solving was seen as 
an important activity in and of itself, 
and emphasis was placed on students 
learning specific skills and strategies 
that would facilitate their problem 
solving in messy real-life situations. 
Pólya-type heuristics (such as work 
backward, identify the given, consider 
a similar problem, draw pictures, and 
guess and check) were championed as 
the keys to good problem solving (Pó-
lya 1957). However, research eventu-
ally revealed that simply having more 
problem-solving heuristics did not 
make students better problem solvers 
(Lester and Kehle 2003). 

Perhaps Pólya’s heuristics are more 
valuable when used to guide students’ 
reflections while looking back on how 
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they solved a complex problem (Lesh 
and Zawojewski 2007), since teaching 
students what to do did not necessar-
ily make them experts when they were 
grappling with a difficult question. 

The current perspective on prob-
lem solving recognizes that it is more 
about interpreting, describing, explain-
ing, and modeling situations math-
ematically than about learning a set 
of strategies. For students to improve 
their problem-solving abilities, they 
need to gain experience constructing 
their own understandings of messy 
meaningful mathematical situations 
(Stein, Boaler, and Silver 2003). 

One current conceptualization of 
problem solving that has drawn atten-
tion and interest is the model-building 
approach (Lesh and Zawojewski 
2007). Students learn how to describe 
mathematical situations in the form 
of explicit conceptual systems called 
models. Problems that require students 
to construct models place a lot of em-
phasis on the process of interpreting a 
problem. Although students can draw 
on previously taught procedures as they 
work on these types of activities, simu-
lations of real-life problems are not 
immediately understood because no 
prescribed strategy, procedure, or rule 
maps onto the situation. The process 
of interpreting usually involves several 
iterative cycles of creating, testing, and 
revising mathematical representations.

What does good probleM 
solving looK liKe?
Since the mid 1990s, a number of 
curricula embodying the ideas of 
teaching math through problem 
solving have been developed. In 
these curricula, students engage with 
complex tasks, often in real-world 
contexts, and the tasks promote deep 
conceptual understanding. Research 
has shown that teachers with prob-
lem-oriented instructional practices 
produce students who have a greater 
conceptual understanding than those 

who follow more traditional curricula, 
and that these gains have not come 
at the expense of students’ basic math 
skills (Huntley et al. 2000; Stein and 
Lane 1996). 

One type of problem-solving 
(model-eliciting) task that has been 
used and studied extensively with 
middle-grades students is illustrated 
with the Big Foot activity (Lesh and 
Harel 2003). This task asks students 
to develop a model that can be shared 
with other students and reused for 
situations with different data.

For the Big Foot activity, students 
develop a procedure (i.e., a model) 
that allows police detectives to predict 
a person’s height from measuring a 
shoe imprint in soil. The procedure 
needs to be available for use by any 
police officer at various crime scenes. 
Students are given footprint outlines 
and told that they can measure the 
feet, the strides between feet, and 
anything else they deem important. 

Most students and groups cannot 
immediately produce a solution, so 
they cycle through a process of pro-
posing, testing, and revising models. 
At first, many students think additive-
ly about this problem, pursuing the 
idea that the difference in the lengths 
of the footprints corresponds exactly 
to the difference in the heights of the 
individuals (i.e., if two feet differ by 
two inches in length, the heights of 
the two individuals will differ by two 

inches as well). Students typically ex-
plore this idea, trying to verify it with 
existing data or their own footprints 
and heights. Before long, the additive 
perspective is abandoned. 

Students then experiment with 
ways to strengthen their idea, which 
can sometimes mean brainstorming 
a completely new model. For one 
group of students, in particular, the 
next move was to ask their classmates 
to line up against the wall and order 
themselves from shortest to tallest. 
The group constructed a concrete 
graph of sorts and noticed that shoe 
size and height had a proportional 
relationship. The graph they created is 
depicted in figure 1. 

When students were given a large 
footprint, they determined the owner’s 
height by placing the footprint in 
its appropriate place along the foot 
portion of the graph and drawing a 
vertical line to the height portion of 
the graph. The large footprint was 
Shaquille O’Neal’s. One student 
commented that Shaq’s feet were 
huge; another student said that they 
were not too large for Shaq, a rather 
insightful comment alluding to a 
proportional relationship. After ex-
perimenting for a while, this student 
noticed that Shaq’s height was six 
times his shoe length. Then he tested 
this model for his own shoe length 

Fig. 1 Students note that shoe size and 
height have a proportional relationship, as 
shown by this graph prepared by students.
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and height, and it held; he, too, was 
six times his shoe length. This exam-
ple demonstrates students’ modeling 
cycles. Their first way of describing 
something is rarely their last. 

Such model-eliciting activities 
allow teachers and students to see 
how concepts and strategies develop 
and allow classmates to challenge a 
group’s model. For example, a teacher 
or classmate might find fault with the 
proportional-reasoning model that 
the group found. The teacher might 
suggest that she has had the same size 
foot since she was 12 years old but her 
height has increased 6 inches since 
then. With this new information, the 
group could return to the cycle of 
revising and testing their model. 

hoW do YoU bring probleM 
solving to the classrooM?
Problem-solving activities can give 
students experience dealing with 
complicated, real-life situations. The 
following pointers are for teachers 
who wish to implement these activi-
ties in their classrooms: 

1. Maintain the level of difficulty. Re-
searchers found that it can be chal-
lenging for teachers to maintain 
task complexity and that numer-
ous support factors prove helpful 
(Stein, Boaler, and Silver 2003). 
Teachers should—

 (a)  select activities that build on 
students’ previous knowledge, 

 (b) scaffold students’ thinking, and 
 (c)  persist in asking students to en-

gage in sense making through-
out the problem-solving process. 

For example, to keep the cognitive 
demand high in the Big Foot exercise, 
students can be asked to explain how 
their models address the problem. As 
students listen to classmates sharing 
their models, they can be asked to 
compare and contrast their own models. 

2. Ask students to generate solutions that 
can be shared and generalized. Many 
problem-solving activities describe 
a particular situation. If students 
are required to build solutions 
that must be shared and reused, it 
encourages them to generalize.

3. Encourage students to use a variety of 
media to express their solutions. Mid-
dle-grades students often include 
spoken language, written symbols, 
graphs and graphics, and experi-
ence-based metaphors. In school 
and beyond, students will need to 
use and understand problem-solv-
ing solutions expressed in a variety 
of representational media. Giving 
them ample experience in school 
will serve them well to develop 
their fluency and their ability to 
use, interpret, and translate among 
a variety of media. 

4. Require students to problem solve 
with their peers. Classmates can 
give one another feedback and 
work together to test and revise 
their thinking until all concerns 
are satisfied. Working with peers 
also pushes students to express 
their thinking in a form that oth-

ers can understand, fostering the 
representational fluency referred 
to previously. For example, when 
groups present their models to 
one another, as done with the 
Big Foot activity, they should be 
required to make sense of differ-
ent ways of thinking or reasoning 
about the problem situation. In so 
doing, they will gain representation 
fluency as they listen, explain, and 
converse about their understanding 
of their classmates’ presentations. 
The social context of within-
group and across-group discussion 
provides an opportunity to use a 
variety of media and to enhance 
students’ representational fluency. 

5. Assess student progress on problem-
solving activities differently than 
simply checking an answer in a story 
problem. Take advantage of the fact 
that the types of problem-solving 
activities promoted in recent reform 
curricula make students’ progres-
sion of thinking much more visible 
than with traditional story prob-
lems. The solutions that students 
generate often reveal the relation-
ships, quantities, and patterns that 
are familiar to students. Their solu-
tions usually evolve over iterative 
cycles. Therefore, teachers should 
consider how student-generated 
assumptions and constraints evolve 
and change, rather than merely 
checking if an answer is correct. 

sUMMarY
Previous perspectives on problem 
solving relied heavily on prescribed 
procedures and strategies. However, 
research has repeatedly indicated 
that teaching students mathemati-
cal procedures and problem-solving 
strategies has not made them better 
problem solvers (Lester and Kehle 
2003). The current conceptualiza-
tion of problem solving places the 
emphasis on understanding and 

The process of 
interpreting usually 
involves several 
iterative cycles of 
creating, testing, 
and revising 
mathematical 
representations.
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representing realistic situations 
mathematically rather on execut-
ing learned techniques. Present-
ing messy real-life questions and 
encouraging students to find a way 
to bring mathematical order and 
structure to the situations will lead 
to deeper conceptual understand-
ing. Activities that require models 
are one way to bring this type of 
problem solving to students. 
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