Transition to a Problem-Solving Curriculum

“How are we
supposed

to learn
anything if
you don’t
tell us what
we need to
know?”
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ow are we supposed to learn anything if you don’t
tell us what we need to know?” My new students
sat there staring at me, possibly considering
whether I was insane. They were about to embark
on an interesting and challenging adventure with
me as I attempted to expose them to a problem-
solving curriculum (PSC) for the first time. “What
do you mean these problems aren't from the book?”
and “You can’t think I can do any math problems
without having a teacher explain them to me first”
were statements that I often heard during those
first few weeks. [ was asking students who were
accustomed to a traditionally run mathematics
classroom to think creatively and independently;
and some of them were being asked to do so for the
first time. My goal is to share this experience,
which has been enlightening, educational, and at
times sobering. However, I have been encouraged
and pleased that, for my students, a transition to a
PSC is under way.

CONSIDERING A PROBLEM-SOLVING
CURRICULUM

There has been much talk in recent years about the
benefits of a PSC. Magdalene Lampert’s method, as
discussed in Teaching Problems and the Problems
of Teaching (Lampert 2001), offers such an
approach. While I read this book, I saw her grap-
pling at the elementary school level with the same
issues that I encountered in my high school classes.
I also greatly appreciated her comment that in
writing her large case study, she sought “to con-
tribute to a conversation about the nature of the
work that school teachers do” and not to “argue in
favor of a particular approach to teaching” (Lampert
2001, p. 7) I wish to offer my experience in the
same spirit.

What does having a PSC mean? In my view, it en-
tails teaching students that they have the freedom
to solve problems with a set of given tools and knowl-
edgeable guidance and that the goal is to further
develop their mathematical tool kit. It means having
problems that lead students in the right direction
for discussion and practice of new topics discovered.

To commit to this method, an educator must first
commit to the premise that helping students devel-

op their ability to solve problems independently is
the major goal of mathematics education. This
premise comes first, before any curricular or con-
tent priorities; otherwise, the method conflicts in
too many ways with time, curriculum, or dictated
district standards. If we can assume that indepen-
dent problem-solving skills are truly important, we
can clearly understand what is necessary to attain
that goal. In fact, we can more easily justify to stu-
dents why they are studying mathematics in the
first place. The question “when will we ever use
this?” becomes answerable in a life-skills way.
When daily topics in mathematics are introduced
as problems to solve, students no longer believe that
we are spoon-feeding or talking at them. Their
ideas that are relevant to solving problems begin to
count as part of the formation of their knowledge
and their deeper understanding of the topics. For-
mulas no longer act as abstract lists of signs and
symbols that are waiting for numbers to be plugged
in but are the outcomes of students’ individual and
collaborative work. The ownership linked to these
ideas creates a confidence and understanding in
students that is contagious and invigorating.

INITIATING A PSC

In fall 2001, T began teaching at a school that did
not traditionally use a PSC in its mathematics
classes. I had come from a school where a PSC was
the teaching method of choice for the entire mathe-
matics department. I knew that my decision to con-
tinue to use a PSC would be a challenge for me, but
as an educator I needed to be true to myself and to
my own beliefs about teaching mathematics. One
of my first challenges in beginning the transition
for my new students was to find a way to incorpo-
rate the problems from the PSC at my old school
without making the experience tremendously
uncomfortable for my students. I believed that they
needed to transition at a comfortable pace to this
new way of learning.
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I decided that for the first year, eliminating the
textbook altogether was probably too radical. As a
compromise, students had a textbook to use as a
resource when they believed that using it was nec-
essary, but the main focus of the curriculum came
from what I called motivational problems. I had
been using the PSC problems developed by the fac-
ulty at Phillips Exeter Academy. These problems
explore topics concurrently, instead of using the
typical textbook approach, which has chapters out-
lined by topic. As part of each homework assign-
ment, the PSC problems served as a source to stim-
ulate class discussions the following day. These
assignments encouraged students to grapple with
new ideas or to practice concepts that we had dis-
cussed in class. Although I strongly believe that
learning topics concurrently is an important part of
a PSC, the change would be a large one for stu-
dents transitioning to this way of learning. I fol-
lowed the basic outline of the course, but I gave my
motivational problems instead; some were from the
Phillips Exeter Academy curriculum, and some
were my own problems. '

A typical homework assignment consisted of five
to seven problems from the motivational problems
sheets or the problem book from the PEA curricu-
Tum. The purpose of these problems varied. Some
obviously introduced new ideas in the curriculum,
some tested whether students could apply ideas
learned, and some were practice. The students’
assignment was to come to class the following day
prepared to discuss their own ideas and the direc-
tions in which those ideas led them. I required stu-
dents to provide some evidence in writing that they
had made an attempt to work on every problem.
This requirement allowed for the fact that a prob-
lem’s goal might only have been to start students
thinking about a topic. For example, early in the
year in a ninth- and tenth-grade geometry class,
before the class discussed transformations or sym-
metry, I assigned the following problem:

Figures that have exactly the same shape and
size are called congruent. Dissect the region
shown below into two congruent parts. How
many different ways of doing this can you find?
(Phillips Exeter Academy)

This problem introduced students to the term
congruent, and they started investigating ways to
dissect the region. The next day, many students
had drawn lines that partitioned the figure into two
congruent parts, Discussion followed:
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Ms. S. How many lines did you find that would
create congruent parts of this figure?

Susan. I found five lines. (Susan then went to the
board to draw the picture and share with the class
the five lines she found that worked; Alex went to the
board and added a few more lines.)

Joyce. All these lines seem to intersect at like a
“center” point in this figure.

Susan. That means there are 360 of them.

(This statement caused much confusion and dissent
among the students in the class, and Susan clarified
how she arrived at her conclusion—she knew that
360 degrees are in a full circle.)

Annie, But there are an infinite number of posi-
tions that the line can be in, not just 360.

Ms. S. (after Annie clarified her statement) What What.
do you think is the importance of that “center” does it
point? (After some discussion, the students conclud- mean to
d that all lines that creat ent part
ed that all lines that create congruent parts go have a PSC?

through the same point.)

Ms. S. (following up on their group decision) How
can we say that there are an infinite number of
lines that will create congruent regions?

This conversation finished with the students dis-
cussing the rotation that occurs around that center
point justifying any line through the center, there-
by introducing to the class rotation as an isometry.
I made sure that this idea was summarized. '

That night’s homework assignment included
some problems in which students practiced the new
idea, rotation as an isometry, that they discovered
that day in class, as well as two or three more prob-
lems to spur the class discussion the next day. Such
“homework” is more than practice. It provides
important time for reflecting on concepts learned,
as well as experience in independent problem solv-
ing while students struggle with new concepts in
preparation for discussion the following day.

OVERCOMING
THE HURDLES OF A PSC

In my experience transitioning to a PSC during the
past eight years, I have encountered many hurdles.
One of those hurdles is that the choice of assess-
ments must be appropriate to evaluate progress
toward independent problem solving. I found myself
rewriting tests to make questions more “authentic”
(Wiggins 1990), so that I could assess what I was
valuing in my classroom. I base test questions on
ideas discussed in class, but they are not mere rep-
etitions of homework. Since I place high value on
the problem-solving process, I give less credit for a
lone correct answer than for the ideas, concepts,
and work shown as a valid problem-solving method.
I value students’ original thoughts, so I began
having them reflect on their problem-solving
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processes in journals, These reflections also add
opportunities for improving written descriptions of
their problem solving. Oral assessment has become
an important daily interaction between the stu-
dents and me. To allow for this assessment opportu-
nity, [ have restructured class time so that students
have regular opportunities to speak and write their
ideas, and I give them constructive feedback and
interactive guidance.

Another large obstacle that I encountered was
my own comfort level with all aspects of mathemat-
ics. I had to be ready for the possibility that a stu-
dent would come up with an idea that I had not
considered and for which I might not be able to give
valid feedback. I needed to be able to admit when I
did not know the answer to a question. I am now
very good at doing so. I became exceptionally
resourceful and became a better problem solver.
Inherent in my understanding of a PSC is the
knowledge that students are constantly using the
tools that they have and discovering new ones. If
the teacher is not secure in all levels of mathemat-
ics, the process of questioning and answering
becomes extremely difficult and even misleading for
students. The teacher’s job includes helping students
identify productive ideas and set aside other ideas.

I have also had to become very comfortable with
the risk-taking skills needed for good problem solv-
ing and to model that behavior in class discussion. I
had to clearly indicate to my students that I value
the importance of a wrong answer, as well as stu-
dents’ ability to recognize errors on their own. One
of my favorite teaching methods is using an incor-
rect method as a learning tool. A student who has
made an error in front of his or her peers then has
an opportunity to correct it; or in an atmosphere of
openness, respect, and trust, he or she receives con-
structive criticism from the class. As the confidence
of the class increases, problem solving becomes a
more natural part of the daily routine. Students do
not magically become able to discover new ideas or
solve problems themselves, but they form the habit
of inquiry. The stereotype of mathematics as a sole-
ly computational discipline begins to be eliminated,
and the plug-and-chug setting changes to an open
discussion forum.

I had to be confident enough in my goals to be
flexible in planning lessons. In a geometry class, for
example, a homework assignment introduced some
transformations. I had planned on focusing the next
day’s class on finding image points by reflecting points
over a line. Discussing this multistep process was
scheduled to take up most of the class time that day.
However, one homework problem asked students to
identify simple reflections of a line segment over the
x- and y-axes. When we discussed this question, stu-
dents needed a visual tool, and I could see that some
dynamic work on the computer might illustrate

these reflections. Soon, this problem led students to
discuss the possibility that the composition of two
reflections was a rotation. Eventually, the students
were deciding how to find the center of rotation in
any rotation. During this evolving lesson, I became
concerned that we were not going to address the
planned work about images under reflection, but
that concern did not last. I could easily see that the
students’ discussion was not only productive but was
also in-depth and student-initiated. This result was
exactly what I wanted from my students and was in
line with my goals for a discussion-based PSC.

DISADVANTAGES OF A PSC

Of course, a PSC has some disadvantages. Without
the structure of a lecture, the class period can easily
fall into chaos if it is not organized in a way that
invites students into the problem-solving process
together. I often remind students to take notes in
my classes, because they become so engrossed in the
discussion that they do not keep track of the ideas
that they are discussing. Journal writing serves as
an organizational tool for the important ideas or
problems that have been discussed in class. It allows
the students the necessary time for reflection. Also,
I believe that to have a successful lesson, I must
create closure on a problem. I need to be sure that I
clearly articulate the important pieces of the problem-
solving process that were discovered or make sure
that a student offers a clear and correct summary.

Many students are accustomed to regular practice
in applying newly discovered mathematics topics. A
PSC might not include such practice. Although rote
repetition of similar problems may not instill under-
standing, it at least reinforces a method that a stu-
dent needs to add to her or his tool kit. If a PSC is
based on carefully sequenced and well-written
problems, the need for repetition should not occur,
since an idea learned will be used again in future
problems. Students must be able to recall an idea,
apply it, and not merely repeat the same process.
For example, an initial problem in a geometry les-
son whose purpose is to introduce the use of the
distance formula to show whether a triangle is
isosceles is as follows:

The sides of a triangle are formed by the graphs
of 9y —4x =222y +3x=1,andy=x-2.Is
the triangle isosceles? How do you know?
(Phillips Exeter Academy)

In a subsequent problem, students encounter a
brief definition of the altitude of a triangle and are
asked to do some algebra:

Consider the triangle whose vertices are A =
(0,0), B=(8,0), and C = (4, 12). Find the
equation for the line that contains the altitude
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from A to segment BC and the equation for the
line BC. Find the coordinates of the point
where the altitude from A meets segment BC.
What is the length of that altitude? (Phillips
Exeter Academy)

In solving that problem, the student may recall a
by-hand, algebraic method to find the intersection
point of the line that contains the altitude with the
line that contains the side, or he or she may recall a
method that uses a graphing calculator. Either way,
finding an intersection point is necessary to com-
plete this problem.

A SUCCESS STORY

Improved creativity is a hidden benefit of a PSC.
In my precalculus class, I assigned a problem that
required the students to simplify the expression
(4 + 3)/(1 + i). We had discussed using the conju-
gate of a complex number to rewrite reciprocals of
complex numbers in a + bi form, but I had not given
an example using conjugate multiplication as the
method of “dividing” complex numbers. However,
we had discussed the transformational ramifications
of the multiplication of complex numbers being a
rotation and dilation of the complex number.
Stephanie and Kara went to the board with their
solution, although they were sure that their method
was incorrect. They had collaboratively extended
those transformational ideas to division, assuming
that the simplified complex number resulted from a
clockwise rotation (subtracting the angles) and
reduction of the radius (the new radius was the
quotient of the two old ones). The rest of the class
was impressed with the students’ ingenuity and the
use of the tools to which they had already been
exposed. Catie then suggested using conjugate mul-
tiplication, and Stephanie and Kara were surprised
that the two answers were the same in rectangular
form. This anecdote illustrates the creativity that
comes with this type of curriculum, since Stephanie
and Kara had really come a long way from the
beginning of the year. They were known for saying,
“T have no clue,” but they had been able to develop
an innovative method for solving the problem.

CONCLUSION

Of course, each teacher will find different challenges
in transitioning to a PSC. The ability and maturity
levels of students can affect the success of such a
program, and the size of a class can affect the suc-
cess of a structure around discussion-based learn-
ing. At the schools in which I have taught, I have
had the freedom to try new ideas and research dif-
ferent types of pedagogy. More important, I have
had the time and support for this type of explora-
tion. I have attempted this transition with a range
of levels, including geometry, a two-year algebra 2
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sequence, precalculus, and calculus. Overall, I believe
that the PSC has been successful in developing
independent problem solvers who are interested in
and curious about mathematical questions. It instills
the value of what Principles and Standards for
School Mathematics calls the Learning Principle:
“Students must learn mathematics with under-
standing, actively building new knowledge from ex-
perience and prior knowledge” (NCTM 2000, p. 11).
I have seen students adapt well and take advan-
tage of the way that a PSC allows them to learn.

Students appreciate the responsibility that a PSC Improved
gives them for their own learning, and they value v e .
the outcomes that it so obviously holds as important. crealivity 1s
I am still experimenting and learning about what a hidden
does and does not work. I look forward to many new ben eﬁt Of a

challenges and rewards as my transition continues.
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