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ACCORDING TO THE NCTM’S PRINCIPLES AND
Standards for School Mathematics (2000), to create
challenging and supportive classroom learning en-

vironments, teachers must begin with worthwhile mathe-
matical tasks, then decide—

what aspects of a task to highlight, how to organize and orches-
trate the work of the students, what questions to ask to challenge
those with varied levels of expertise, and how to support students
without taking over the process of thinking for them and thus
eliminating the challenge. (p. 19)

Research over the last decade has documented the chal-
lenges that teachers face as they endeavor to take on these
new roles in the classroom. For example, teachers strug-
gle with relinquishing authority in the classroom (Wood,
Cobb, and Yackel 1991), ensuring that students feel suc-
cessful as they work on more challenging mathematical
tasks (Smith 2000), knowing when to ask questions and
when to provide information (Romagnano 1994), and sus-
taining student engagement at a high level during enact-
ment (Stein and Smith 1998). These studies and others
clearly show that taking on new roles and responsibilities
is not easy. As Cohen and his colleagues (1990, p. 163)
stated, “Changing one’s teaching is not like changing
one’s socks”; rather, it requires a deep-seated change in
belief about what it means to teach and learn mathematics.

To make the changes in practice that researchers advo-
cate, teachers need a broad range of knowledge—about
mathematics, about pedagogy, and about students as
learners. One recently proposed approach to developing
knowledge that is central to teaching is through analyzing
real situations in which the knowledge is used (Ball and
Cohen 1999). Rather than have educators learn theories

and apply them to the
practice of teaching,
this view holds that
theories or general
pr inc ip les  emerge
from closely examin-
ing practice. Teachers

study cases, that is, narratives that vividly convey the com-
plexity of events, actions, and thought that are comprised
in the moment-by-moment experience of classroom life.
This case method serves as a vehicle for examining prac-
tice and has gained popularity in the last few years.

Research on cases to date, although limited, has high-
lighted their potential to facilitate teachers’ development of
content knowledge, support inquiry into classroom prac-
tices (Merseth and Lacey 1993), and enhance teachers’
pedagogical thinking and reasoning skills (Barnett 1991).
By examining instructional episodes, teachers are invited
to wrestle with essential issues of practice, such as how to
make sense of what students are doing and thinking and in
what direction class discussion might be guided to be
most fruitful.

Over the last few years, my colleagues and I have used
cases with both preservice and practicing teachers as a
way to examine teacher actions and interactions in the
classroom and the impact of these actions on students’
learning of mathematics. The rest of this article focuses on
the use of one case and highlights how a case can help
teachers reflect on their teaching of mathematics and
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Reflection: 
What challenges have you faced
as you have tried to take on
new roles in your classroom?

Using Cases
in Mathem
Using Cases
in Mathem
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begin to identify essential features of their roles in a
reform classroom.

Setting the Context

THE EPISODE DESCRIBED HERE TOOK PLACE IN A
graduate-level mathematics methods course that fo-
cused on proportional reasoning in the middle
grades. The participants included prospective ele-
mentary school and secondary school teachers
completing a final requirement for a master of arts
degree in teaching and subsequent certification.
During a class session near the end of the course,
the teachers read Exploring Problems Involving Ra-
tios and Percents: The Case of Janice Patterson
(COMET, forthcoming). This case is one of a set
that is being created by the COMET (Cases of
Mathematics Instruction to Enhance Teaching)
project, an effort funded by the National Science
Foundation and codirected by Margaret Smith,
Mary Kay Stein, and Edward Silver. The project
creates materials for teacher professional develop-
ment in mathematics. The cases are based on the
data, framework, and findings of the QUASAR
(Quantitative Understanding: Amplifying Student
Achievement and Reasoning) project. This case fea-
tures a teacher who is trying to help her students
make sense of mathematics by developing nonalgo-
rithmic approaches to solving problems. In the
case, Patterson has asked her students to complete
the three problems shown in figure 1. All the prob-
lems involve reasoning about quantities and rela-
tionships, but none of them can be solved by apply-
ing a simple rule. Patterson’s students are not
familiar with the algebraic approaches that are gen-
erally used to solve problems of this type. She be-
lieves, however, that diagrams and sketches can
help students solve problems that they encounter
by giving them tools to make sense of situations
and communicate their mathematical thinking.

This case was se-
lected at this point
in the mathematics
method course for
several reasons: (1)
the tasks featured
in the case involved
aspects of propor-
tionality that were
c e n t r a l  t o  t h e
course; (2) student

thinking in the case is explicit and was likely to dif-
fer from the way teachers think about the prob-
lems; and (3) Patterson assumed a nontraditional
role in the classroom, facilitating rather than direct-
ing students’ learning. The course instructors, who
were the author and a graduate student, thought
that the case had the potential to raise questions
about what it means to teach mathematics.

Reflection: 
Can you solve each of these
problems using a diagram
or a sketch? How could
students benefit by solving
these problems without
using more formal 
algebraic notation?

Fig. 1  The three problems assigned to the students in Janice
Patterson’s class

The ratio of the length of a rectan-
gle to its width is 4 to 3. Its area is
300 square inches. What are its

length and width?

A length of string that is 180 cm
long is cut into 3 pieces. The second
piece is 25% longer than the first, and

the third piece is 25% shorter than the 
first. How long is each piece?

If 50 gallons of cream with 20% but-
terfat is mixed with 150 gallons of
milk with 4% butterfat, what percent

butterfat is the mixture?

Source: Bennett, Maier, and Nelson (1988)
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The Case of Janice Patterson

AS THE STUDENTS IN JANICE PATTERSON’S CLASS
worked in pairs on the problems shown in figure 1, Patter-
son walked around the room, asking them to explain the
rationale for a particular approach, to propose alternative
approaches, or to provide evidence that a proposed solu-
tion met the conditions of the problem. After students
completed each of the first two problems, Patterson in-
vited them to share their solutions at the overhead projec-
tor. She encouraged different approaches to solving the
problems, asked questions of the presenters to clarify
their explanations, and encouraged those students who
did not understand the explanations to question the pre-
senters directly. 

Consider, for example, the range of solutions presented
for the first problem. The first pair, Lamont and Richard,
used a guess-and-check strategy that gave them the cor-
rect answer, but they were not able to explain how they ar-
rived at it. The second pair, Kevin and Maria, constructed
a table in which they “kept multiplying 3 and 4 by larger
and larger numbers” until they arrived at two numbers
that gave a product of 300. The third pair, Kalla and Robin,
solved the problem using the diagram shown in figure 2.
They reasoned that 3 and 4 represented the ratio of the
length to the width, rather than the actual length and
width of the rectangle, and that the interior of the rectan-
gle would have 12 squares because 3 times 4 equals 12.
The pair concluded, therefore, that the 300 square inches
that made up the area of the rectangle must be equally dis-
tributed among the 12 squares. By dividing 300 by 12, they
determined that each of the 12 squares would contain 25
square inches. From this point, they concluded that each
of the 12 squares would have a side of 5 inches, which
would result in a length of 20 inches and a width of 15
inches. A more expanded version of this solution can be
found in Silver and Smith (1997).

During the lesson, Patterson drew on knowledge
gained from her observations of pair work to ensure that
specific strategies were made public and that misconcep-

tions were brought to light
for whole-class discussion.
Perhaps more important,
Patterson worked hard to
support student engage-
ment without removing
the demands of the task.
Her attempts are most evi-
dent in the third problem,
which was particularly
challenging for the stu-
dents. The following ex-
cerpt from the case shows

how Patterson used a disagreement between students as
the basis for a whole-class discussion.

With less than 10 minutes left in class and consider-
able confusion about how to proceed, I thought that a
whole-class discussion of the issues that were being
raised by Jason and Angela would be helpful. I asked
Jason if he would like to explain how he and his partner
were thinking about the problem. I wasn’t looking for a
solution at this point, just a starting point for the discus-
sion of the problem. Jason began by saying that he had
thought it was 24% but that Angela said that it would be
smaller. David asked, “Why would it have to be smaller?”
Angela explained, “It’s 4% of 150. That’s a little percent of
a big amount. It’s 20% of 50. That’s a big percent of a
smaller amount. So if you mixed the 50 gallons and the
150 gallons together, you get 200 gallons. The 20% that
was in the 50 gallons is now mixed in the whole amount.”
David then asked, “So what percent would it be if it is not
24%?” Angela said that she didn’t know yet but that it had
to be more than 4% but less than 20%. I asked Angela if
the answer would be closer to 4% or to 20%. She re-
sponded, “I think it will be closer to 4% because the 150
gallons has only 4% butterfat now, so when you mix in the
50 gallons of cream the 20% butterfat gets stirred into the
whole mixture. So now that 20% gets spread out over the
whole mixture of 200 gallons. It will give you more but-
terfat than the 4%, but it has to be a lot less than 20%.”

I asked the class if what Angela said make sense to
them. I saw most of the 25 heads in the room nodding
in the affirmative. “Okay,” I said, “now that we know
that the answer needs to be in the range of 4% to 20%,
and maybe closer to 4%, how can we figure it out?” At
this point, Dametris said, “We have two different per-
cents and two different amounts so we gotta make them
alike somehow.” I said that this sounded like a good
suggestion and asked if anyone had any ideas about
how to make them alike. Crystal said, “We could find
out how much 20% and 4% is gallon-wise.” I asked her to
explain what she meant by “gallon-wise.” She went on
to say that we should find how many gallons of butterfat
were in 50 gallons of cream and in the 150 gallons of
milk before we mix them together.

Reflection: 
What does Kalla and
Robin’s solution reveal
about their understanding
of proportional reasoning?
How could the teacher
develop more formal
approaches from their
strategy?
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Fig. 2  The diagram produced by Kalla and Robin as they solved the
first problem
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I asked her how she thought we could do this.
Crystal said that she would draw a diagram. I in-
vited her to the overhead to do so. She began by
drawing a rectangle, indicating the rectangle rep-
resented all 50 gallons of cream. She then ex-
plained, “It says that 20% is butterfat. That is 1/5
so I divided the rectangle into five equal pieces
and shaded the amount of butterfat.” [See fig. 3.]

“Each of these pieces must contain 10 gallons.
So that there are 10 gallons of butterfat in the 50
gallons of cream.” I asked if anyone had any
questions for Crystal. Leon said, “Can’t you just
multiply 50 times point 20 without a picture of it?
I did it that way and I got 10 gallons too. I don’t
see why you need a picture.” Crystal responded
by saying that maybe you didn’t need the picture
to multiply, but that she needed the picture in
order to figure out what to do. At this point I said
that I wanted students to go back to their pairs
for the remaining 5 minutes of class and see if
they could discuss how they could finish the
problem by building on Crystal or Leon’s ap-
proach or by trying some other approach to the
problem. For homework, I explained, they were
to complete the problem and provide an explana-
tion of how they solved it.

Discussing the Case 
in the Methods Course
THE PARTICIPANTS IN THE COURSE WERE FIRST
asked to complete the three problems and to share
their solutions publicly. The participants presented al-
gebraic solutions for each of the three problems, but
solutions that involved diagrams were also presented
for the second and third problems. Throughout the
course, the participants were encouraged to use non-
algorithmic approaches to solving problems. Follow-
ing a discussion of the various solution strategies,
and after the introduction of a few additional strate-

gies by the instruc-
tors, the teacher-
participants were
given the following
question to discuss:
“Did Patterson re-
a l l y  t e a c h ?  S h e
seemed to do and
say very little dur-
ing this class. What
was her role in this
lesson?”

The goal of this
discussion was to challenge the teachers’ beliefs
about the meaning of teaching and what they take
as evidence of teaching. One teacher-participant
initially said that Patterson did not teach “because
she didn’t sit there and lecture.” This comment led
her group, and eventually the entire class, into a
discussion of the meaning of teaching. Although
the discussion initially focused on aspects of Pat-
terson’s teaching, it extended beyond the confines
of the case to define teaching more generally. Sug-
gested components of the definition included the
following: the students learned something; the
teacher met her objectives; the classroom had es-
tablished norms and practices, seen in the fact
that the students worked in groups, felt comfort-
able in the class, and bounced ideas off one an-
other; the teacher created a positive environment,
evidenced by students’ communicating with one
another, sharing solutions, and at times, disagree-
ing; the teacher kept students on task; the teacher
provided guidance to overcome confusion; and the
teacher built on previously learned knowledge.

The methods-course participants agreed that
such a list could be used as criteria to judge
whether or not a teacher was actually teaching. The
participants decided, however, that the most impor-
tant component of the definition was the connection
between teaching and student learning. According
to Kyle, one teacher-participant in the course, “If
they [students] learned something as a result of the
action of the teacher, then they [the teacher] taught
them something.” As other course participants
said, if students did not learn what was intended,
then the action can best be described as “ineffective
teaching” or “a failed attempt at teaching.”

In characterizing
Patterson’s role, the
participants used
such metaphors as
“stage director,”
“mediator,” and “fa-
cilitator.” As Jackie,
one of the partici-
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Reflection: 
How do you think Crystal
would complete the 
problem? Do you agree
with Patterson’s decision 
to end class without 
providing any additional
direction about how to
solve the third problem?

Reflection: 
How does your definition of
teaching compare with the
definition created by the
participants in the course?

Fig. 3  Crystal’s diagram
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pants, said, “She [Patterson] was still the leader of
the class even though she didn’t lead each individ-
ual conversation.” The participants described Pat-
terson as “a great silent observer” who was “con-
stantly analyzing the situation” and deciding what
to do next, who to call on, and how to bring dis-
putes to the surface. For example, she used the dis-
agreement between Angela and Jason to engage
the entire class in a discussion about whether the
percents could be added together. Through this
discussion, Angela’s argument—that the percents
could not be simply added together—was ques-
tioned and eventually given credence by her class-
mates. By focusing on the dispute between Angela
and Jason, the teacher was able to engage the en-
tire class in a discussion of an important misconcep-
tion. For the second problem, rather than ask for
volunteers to present their solutions, Patterson in-
vited Sasha, who, unlike her classmates, had made
extensive use of a diagram, to share her strategy
with the class. By selecting a student who had
solved the problem in a different way, Patterson
made an alternative method available to students
who had not previously considered it. Both exam-
ples show that by closely watching and listening to
what her students did and said, she made progress
toward her goals for the lesson by building on her
students’ thinking rather than on her own ways of
thinking about the problems.

Generally, the teacher-participants concluded
that Patterson had created an environment in which
students were comfortable questioning one an-
other, as seen in David’s exchange with Angela and
Crystal’s exchange with Leon. The students also
felt comfortable questioning themselves, as Jason
did when he was no longer sure that adding the two
percents was the right thing to do. In addition, in
this classroom, being “wrong,” as Jason was, or un-
able to explain oneself, as Lamont and Richard
were, was not an embarrassment. The students
were given the opportunity to engage in worthwhile
mathematical tasks that required them to think and
reason, and they were given support from the
teacher when needed to continue on a productive
course.

Although the teacher-participants applauded Pat-
terson’s ability to facilitate the lesson rather than di-
rect it, they questioned whether teaching every les-
son in this way was possible. The participants
thought that a teacher also has a role as a “provider
of information” and recognized that although this
role was not seen in Patterson’s case, this definition
of a teacher was both appropriate and desirable.
One of the instructors referred to a discussion of
similar figures that had occurred earlier in the
course and that had introduced the language scale

factor and corresponding sides. Although the
teacher-participants had discovered a relationship
between the sides of an original figure and its en-
largement, they had had a difficult time expressing
the relationship. In this discussion, introducing the
terminology helped the participants explain their
findings.

The discussion gave teachers the opportunity to
reconsider the meaning of teaching mathematics
by analyzing a classroom in which the teacher took
on new roles and responsibilities. By investigating
what Patterson did, the teacher-participants made
connections between her actions and interactions
and her students’ opportunities to learn mathemat-
ics. The case analysis offered insights into the
events that took place in Patterson’s classroom and
served as a springboard for discussing the role of
the teacher in more general terms.

Conclusion

THE GOAL OF A CASE DISCUSSION IS TO CREATE
generalizations that teachers will be able to draw on
in situations outside the case. The point of analyz-
ing a case is for teachers to use it to think about
their own teaching. For example, the discussion
about Patterson’s role in the classroom may give
teachers a new perspective for considering the
characteristics of good teaching and the relation-
ship between teaching and learning. This new per-
spective should make teachers sensitive to similar
decision points in their own practice. In the exit in-
terview at the end of the course, Randi made this
point when she reflected on her own teaching in
light of her experience in reading cases.

Going in and looking at what a teacher does in a class-
room and having to write about it makes me reflect on
what I do in a classroom. . . . I actually find myself think-
ing, “Well, yeah, I do that sometimes.” [Janice Patterson]
had great wait time—just sitting and letting the students
go through [and solve the problems on their own]. And I
have a tendency to jump in. And so, as I’m reading
through the case, I’m, like, “Gosh, I wish I had that pa-
tience in the classroom.” You know, as you’re reading
through, you’re, like, “Wow, OK. It’s OK to just sit there
and wait.” And wait time is a big issue for me. So I know
that is a weakness.

Although this article has focused on the utility of
a particular case in a specific setting, it is intended
to raise more general awareness about the potential
of cases as vehicles for facilitating teacher learning.
Cases can afford teachers the opportunity to reflect
on issues related to mathematics teaching and their
role in the classroom in ways that may affect their
views of what it means to teach and, ultimately,
their own practice.
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