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your local needs.

Building Teacher Leadership in Mathematics Institute

TheBuilding Teacher Leadership in Mathematics Instituie designed to bring together present and future
leaders from around the country in order to:

For more information and to receive registration materials please contact:
BRC Conference Coordinator, Education Development Center, Inc., 55 Chapel Street, Newton, MA 02458;
brc@edc.org; (617) 618-2431.

Announcement

February 8-9, 2002
Cambridge, MA

EDC invites you to attend a two-day institute on February 8-9, 2002 to learn about the design and implemenitation
of Building Regional Capacity. THguilding Teacher Leadership in Mathematics Institutgill take place in
Cambridge, Massachusetts. Funding for the two-day institute is provided by a grant from the NSF. Participants’
lodging and some meals are covered by the grant, and some travel stipends are available. The number of
participants will be limited to about 50 people.

= Address the challenges of improving the teaching and learning of mathematics in our middle and high s¢hools
= Help participants think differently about how mathematics professional development programs are designed

= Describe a successful mathematics professional development program, and discuss ways to adapt it to mmeet

Contact Information for Immersion in Mathematics Projects for Teachers

UNH Master of Science for Teaching
http:/Mww.math.unh.edu/ mathadm/mst/
Steven Bensonshenson@edc.org

PROMYS for Teachers
http://math.bu.edu/people/promys/pfteachers.html
Glenn Stevensghs@math.bu.edu

Building Regional Capacity
http://www.edc.org/BRC/
Kenneth Levasseur: Kenneth_Levasseur@uml.edu

EDC
Nancy Antonellis:nantonellis@edc.org
Al Cuoco: alcuoco@edc.org
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University of New Hampshire Master of Science for Teachers:
A Mathematics Degree for Mathematics Teachers

by Steven R. Benson, Center for Mathematics Education, Education Development Center

Background and Overview own studies rather than having to split their attention
between study and teaching as they would have to do in
The Master of Science for Teachers (MST) program at than academic year program. In addition to the
University of New Hampshire began about 40 years ago mathematics, an important aspect of our program (as
as an NSF Summer Institute hosted by the UNH reported by the teachers) is the camaraderie engendered
Mathematics Department. In the 1970s, when the NSF by being thrust together in such an intense situation.
stopped funding such institutes, the program became self=very single teacher mentioned the friendships he or she
supporting. The MST is a three-summer residential had made, when asked what was the most important
program, although some teachers commute from the locahonacademic aspect of the MST. Many expressed hope
area. The summer sessions are 7 weeks long. Each yeathat, through e-mail correspondence, they could keep
between 50 and 65 teachers are enrolled in the program,these relationships intact after graduation:
with about the same number of male and female teachers.
The majority of our participants come from the Northeast “Meeting and making the close and meaningful
US (most from New England), but we have had studentsfriendships at MST is something | never expected. Thank
from just about every state, including Hawaii and Alaska, goodness email is available to most of us. With the time
as well as from Canada, Turkey, Saudi Arabia, Nigeria, difference, it's practically the only means of
and Brazil. communication for me. | will miss not heading off to the
East Coast this summer because it means | will not be
In addition to their geographical diversity, MST teachers living with [friends in the program].”
come with a wide variety of educational backgrounds and
teaching experience. The vast majority of teachers who Except for the years during which the MST was an NSF
are admitted are high school teachers. Although it is Institute, no financial aid, other than student loans, has
relatively unusual for middle and elementary school been available to our participants. However, many are at
teachers to have the prerequisite mathematical experiendeast partially reimbursed by their schools or districts.
to enroll in our program (the equivalent of a mathematics Furthermore, we are proud to announce that 2001 is the
minor), some middle school teachers have successfully initial year of funding the James R. C. Leitzel scholarship
completed the MST program. We continue to explore theby the UNH Foundation. Each year, an MST student will
feasibility of developing options specifically targeted be chosen to receive the award, given in memory of our
toward this population of teachers. friend and colleague, Jim Leitzel, who was involved
deeply in improving mathematics education, particularly
What attracts teachers to the MST program? In a recentteacher education.
survey of current and past MST teachers most of the
teachers replied that they were interested in pursuing an As curriculum goes, much of our program is similar to
advanced degree, but wanted to learn more mathematicsother content-based mathematics programs for teachers.
(many respondents expressed frustration and While the majority of our courses focus on content,
disappointment in the education courses they took as  instructors use a variety of approaches and pedagogical
undergraduates). One teacher summed up the opinionssifles and seek to build connections between the
many: “l had been looking for a masters program for mathematics they are teaching and the mathematics the
several years. | did not want to enroll into a program thatparticipants teach. The program, which requires teachers
focused on math curriculum or teaching methods. | felt to complete 30 units of course work, is typically
my credential program (at the graduate level) and summerompleted in three summers. Eighteen of the units
workshops | had attended covered these areas sufficientlyequired for graduation must come from the “core” of 2
| wanted to ‘beef up’ my mathematics background. | readGeometry, 2 Algebra, and 2 Analysis courses, which are
the ad for MST in thélathematics Teachemd applied offered each Summer. In addition, new participants often
immediately.” complete a transition course, titisththematical Proof
and Problem Solvingyhich typically includes a review
Many teachers also appreciated the fact that the MST is a
summer program, which allows them to focus on their
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of proof techniques, basic Logic and Set Theory, and  they have it.

Mathematical Problem Solving. This course has been in

flux the last several years as it has evolved from a The New Concluding Experience

predominantly symbolic logic and set theory course to

one which uses problem solving experiences as avenuesUntil recently, the final requirement for graduation was
to advanced mathematics and proof. We also regularly passing a series of comprehensive examinations in the
offer 3-unit elective courses (recent offerings include core content areas. Starting in the summer of 1997,
Number Theory, Topology, Discrete Mathematics, and however, we introduced the new concluding experience,
Technology in Teaching Mathematics), and 1-unit courseshich was made an official requirement of the program
on topics in mathematics education (topics in 2001 were for those who have enrolled in the program since that

Assessment, Mathematical Software, and Teaching summer. The concluding experience is an assessment
Strategies). Based on this model, we are discussing the tool that is fundamentally different from the
possibility of offering 1-unit content courses that go comprehensive examination format, and the staff and

beyond the core sequence by choosing more advanced teachers alike have found it to be a successful and

topics or covering a specific history of the topic area. appropriate alternative to the exams. As part of the

Most 3-unit courses meet 2 1/4 hours per day, 5 days perconcluding experience, graduates are required to complete
week, for 3 1/2 weeks, and the 1-unit courses typically a mathematical portfolio and to successfully complete a

meet 2 1/4 hours a day, 3 days a week, for 2 weeks comprehensive problem set and associBtetlem

Mathematical Proof and Problem Solvirgoffered 2 Solving Seminar Since this is a unique aspect of our

hours per day, 3 days a week, for 7 weeks. program, we will now take some time to describe it in
detail.

Social Features
Ideally, themathematicaportfolio should represent a
This is a high intensity program due to the compressed chronicle of the teacher's mathematical career during the
time-frame, but the teachers are up to the challenge. As ime he/she was enrolled in the MST program. A brief
recent graduate put it: “I love that the program doesn't summary of the Portfolio requirements follows (for more
seem to sacrifice high expectations just because we meeinformation on creating and assessing mathematical
for a condensed period of time.” Having the teachers liveportfolios, see [2] and [3]):
close to campus (either commuting every day or living on
campus) leads to a strong sense of camaraderie among ST Portfolio requirements
MST participants and staff. In the dorm, there’s nearly
always a group of students discussing homework oran = A letter to the reader outlining the author’s vision and

upcoming exam. One student put it this way: “My goals for the MST program and how the pieces
favoriteacademiart of the program is the intense included reflect these goals.
nightly homework sessions in the dorm. It was niceto = A presentation, talk, workshop, or article, developed
walk down the hall and check with others after working 4 in consultation with a faculty advisor, that brings
hours on my own.” together several mathematical ideas.

= Responses to a set of questions that pre-college
It's clear that the teachers, being willing and able to put students might ask.
up with an intense class schedule, are motivated and = A description and an explanation of the mathematical
dedicated to learning mathematics, but they also take insight that most excited the participant over his/her
some time (however limited) to have fun every now and mathematical career.
then. We typically have barbecues at local parks and = A 1-2 page review of 2 articles, one in mathematics
there have been occasional excursions to the White content at the level dhe American Mathematical
Mountains, a winery, and a brewery in past summers. Monthlyand one in mathematics teaching at the level
Our softball teamCauchy’s Dogsis an enjoyable of theMathematics Teacher

diversion for a number of the teachers. While we've = A collection of ‘best work.’
never won the Summer League Championship, fun is had A mathematical autobiography describing the

by all. One-to-Oneour weekly newsletter, includes teacher’s development as a learner of mathematics.
entertaining accounts of the softball game, = An annotated list of courses taken.

announcements for upcoming excursions, and a problem

of the week (submissions of correct solutions wins a Some of the above items are fairly common components

coupon for ice cream at the UNH Dairy Bar). While free to a portfolio, but some of these are unique, so we discuss
time is a premium, MSTers know how to spend it when them here. The required responses to a set of questions

4
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that a precollege students might ask were motivated by A piece of the portfolio that has been especially
Mathematical Questions from the ClassrobyCrouse successful is the collection of best work. In this section,
and Sloyer, [1]. In addition to addressing the student’s participants are given the chance to individualize their
guestion in detail (perhaps imagining a dialogue with the work, focusing on what they perceive to have been their
student), participants must also discuss how their MST  strengths in the 3 years they've spent in the program.
experience has helped prepare them to answer such Often, teachers include one or more entries from the
guestions. Typically, teachers are required to answer twoProblem Set (see below), since they’ve spent so much
of three or four questions. A sample of tQaestions a time on it during their final summer.

Precollege Student Might Astkat have been used in the

last few years are: The second half of the concluding experience is the
Problem Set. The problem set consists of 15-20
e “Isn't .999999999... really a tiny bliéssthan 1?” mathematical problems and is completed during a

Please provide 3 separate responses to the questionparticipant’s third (final) summer in conjunction with the
depending on the “audience”: (1) a 5th grader; (2) aProblem Solving Seminar. The majority of the problems
student in grade 8-12; (3) another MST teacher or  involve one or more of the core topic areas, since one of

instructor (in this case, a careful mathematical the goals of the problem set is to encourage teachers to
argument is preferred, rather than an intuitive synthesize and apply the mathematics they've learned in
rationalization, which may or may not be appropriate the last 3 summers. In addition, some problems are

for the other audiences). chosen from non-core areas, such as Number Theory and

Polynomials. The Problem Solving Seminar includes a
A former student, now a mathematics major at study of a variety of problem solving techniques, a review
Your State Uhas come to ask you a question she’s of content from the core sequence, and some new
uncomfortable asking her professor. “I'm taking concepts, as well. Although specific problems from the
Math ABC: Introduction to Modern Algebthis Problem Set are never discussed during the seminar, some
semester. I'm doing OK, so far, but this stuff sure  topics relevant to the problem set are included. Some of
doesn’t lookanythinglike Algebra to me! What does the topics “covered” in the seminar are problem solving

Modern Algebra have to do witleal Algebra?” heuristics, inequality theorems, basic theory of equations,
In addition to being curious, she’s a little the pigeonhole principle and other counting theorems,
concerned that she’s missing the BIG PICTURE. modular arithmetic techniques, and a review of group
Address her concerns, using your own Algebra theory, linear algebra, limits and sums of sequences, and
experiences as a guide. What are some of the various Euclidean and non-Euclidean geometry results.

connections between Abstract Algebra and High Loren Larson'’s texProblem Solving through Problems
School Algebra? There must be some— otherwise [4] has been an excellent resource for the class for both
we wouldn’t call it Algebra, right? the teachers and the instructor. Listed below are some
samples from recent problem sets.
By thinking about mathematical questions that could
come from one of their students, we believe MST » On each side of an arbitrary triangle, construct the
participants are building a stronger pedagogical content equilateral triangle that lies outside the original triangle.
knowledge base than would come from merely discussingJnder what circumstances will there exist a p&inthich
mathematical concepts in the context of their own classess common to all three circumcircles (of the three
equilateral triangles)? Did you make any Euclidean
The mathematical insight description and the article assumptions? If so, does the Theorem still hold true in
review requirement have caused some students difficultyneutral geometry (geometry that is based on only the first
In each of these components, as well as the “questions four of Euclid’s postulates, i.e., is neutral on the parallel
from the classroom” requirement, students sometimes postulate)? What about hyperbolic or elliptic geometry?
struggle to address the questions with sufficient
mathematical and/or pedagogical depth. We have learned LetG be an Abelian group and defihkto be the set
through the years to be more specific in our instructions {g?|ge G}. What can be said about the quoti&sii|H|?
and to provide timely feedback, which has helped a lot. Be specific — list all possible values f@G{{H|.
We highly recommend that teachers submit drafts of these
sections early in the summer so that we can provide » Letn be a positive integer and defig@)to be the sum
timely feedback well ahead of the September 1 deadline of the digits of 2 Find alln so thats(n)=s(n+1).
for December graduation.
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» Does there exist a curye= axé+bx?+cx+d (with a=0) concluding experience, we have decided to give some
and a lind so that is tangent to the curve t&to distinct recent graduates the last word. Here are some responses
points? to the questioryWould you recommend the MST program

to your friends and colleagues?
» Show that the circle inscribed within a Pythagorean
triangle (the lengths of the sides are integer-valued) has “Though the program brought challenges | never dreamed
an integer-valued radius. of experiencing, both intellectually and emotionally, ... |
am proud to say | am a graduate of the MST program.”

Teachers are required to complete at least 10 of the “The MST experience made me appreciate the rigors of

problems from the set and must “defend” their problem being a student again!! Secondly, this program allowed

set before a faculty committee. This hour-long defense me to deepen my understanding of mathematics and take

typically involves the teacher making an oral presentationt back to my classroom.”

of his or her results to the committee. Although all

teachers so far have passed their defense, it's also the céfd recommend MST for anyone who is serious about

that all but a small handful have also been required to  being a better math teacher. It's not for someone who just

make (sometimes substantial) changes to their problem wants to move up the pay scale.”

set before they are “cleared” for graduation. As with

components of the portfolio, teachers are encouraged to “If a colleague was looking for an easy way to get a

submit drafts of solutions during the summer to avoid  degree I'd steer them somewhere else. Anyone who

surprises at the last minute. Encouraging draft might be interested in a program that will stretch them a

submissions has proved to be very successful and has little and encourage them to think about math in new

resulted in higher quality portfolios and problem set ways has already heard me sing MST'’s praises.”

solutions and less major rewriting required at the end of

the summer. “I have already recommended MST to friends and
colleagues that are serious about building a solid

Everyone involved in the program has been extremely mathematics foundation. | caution those that are only

satisfied with the new Concluding Experience and have interested in earning a higher degree for a salary increase.

found it to be a more authentic, satisfying way to assess MST isnot for them.”

and reflect on three years of participants’ hard work and

mathematical growth than the comprehensive exam “I would recommend this program without reservation. |

requirement. In our opinion, preparing the portfolio and would be very upfront about the stress induced by moving

problem set solutions is much more pedagogically soundthrough material at such a rapid pace, but it was well

than cramming for a series of two-hour exams. worth it. The friends that were made in this program will

Participants feel a sense of pride and accomplishment be so for the rest of my life.”

when they turn in their portfolios and problem sets. In

contrast, the experience of taking the comprehensive  References

exams was first dread in anticipating the exam, and then 1. Crouse, R. J. & Sloyer, C. W. (198 Wathematical

relief in finishing the exam. Every now and then we’ll  Questions from the Classroorbedham, MA: Janson.

receive emails from graduates who either send us (or ask2. Crowley, M. L. & Dunn, K. (1995) The Mathematics

for) a solution to a problem they couldn’t solve during the Portfolio. American Mathematical Monthlst02(1), 19-

previous summer, or tell us of one of their students who 22.

asked them a question similar to one of the “questions 3. Karp, K. S. & Huinker, D. (1997). Portfolios as

from the classroom.” That rarely happened when we  Agents of Changéleaching Children Mathematic3(5),

required comprehensive examinations in the core areas 224-28.

for graduation. In most cases, when the exam was 4. Larson, L.C. (1983problem Solving Through

finished, the teachers seemed to stop thinking about the Problems New York: Springer-Verlagl

mathematics.

In the Teachers’ Words

While it's certainly appropriate to conclude our
discussion with the above description of the MST
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PROMYS for Teachers: Learning in the Spirit of Exploration

by Glenn Stevens, Boston University

PROMYS for TEACHERS is a collaboration of Boston = Elements of the Program
University's Department of Mathematics with the

Education Development Center in Newton, PROMYS for TEACHERS is built around three major
Massachusetts. Together we are working to promote  components: (1) immersion in an experience of
what we call a “culture of exploration” in high school mathematical exploration for six weeks in the first

mathematics classrooms. Our experience proves that theummer; (2) reflection on the relevance of this

joys of exploration and discovery can be experienced by experience for classroom practice during the intervening
high school students and teachers in ways that are not alacademic year; and (3) more immersion in mathematics in
that different from what a seasoned mathematics the second summer. Teacher participants receive a
researcher experiences. Moreover, teachers who have stipend of $1,800 for each summer of participation in

such experiences in their backgrounds are better prepareddROMYS. In addition they receive 8 graduate credits in

to encourage independent inquiry among their own mathematics for their work in the summer and an
students. Reports from former PROMYS teachers additional 4 graduate credits in mathematics education for
confirm thatall students benefit from this kind of their work in the academic year workshops.

instruction, not just the most talented ones.

The PROMYS Community
History of PROMYS

The PROMYS community is divided into several closely

The Program in Mathematics for Young Scientists interacting groups who bring a variety of experiences at a
(PROMYS) has existed for over a decade at Boston Variety of levels to the program. The ﬁrst-year
University as a program that engages mathematically  participants consist of 10 in-service teachers, 5 pre-
inclined high school students in the process of service teachers, and 45 high school students. Another

mathematical eXp|0rati0n through their WOI’k on Unusua”ylo teachers attend the program as returning participants
challenging problems in number theory. Since 1991,  along with 15 returning high school students. Teachers
PROMYS has also worked with pre-service high school commute from home each day, but the students, who are
mathematics teachers from the Boston University Schoolrecruited nationally, live in the dormitories. A staff of 8
of Education. Beginning in the summer of 1999, counselors works with the teachers on problem solving
PROMYS expanded its activities again by engaging in-  activities during the day and reviews their written work
service Massachusetts high school mathematics teacherggch evening to be returned with comments the next

in the program’s summer activities and running five morning. The teacher counselor staff is made up of
professional development seminars at the Education former PROMYS teacher participants and graduate
Development Center (EDC) during the academic year. Instudents from the department of mathematics.  An

the last two years, PROMYS for Teachers has received additional staff of 15 undergraduate counselors lives and

funding from NSF, Massachusetts Eisenhower works with the high school students in the dormitories.
Professional Development Program, Toyota USA The student counselors are recruited from around the
Foundation, MathWOI’kS, NEC Foundation Of America, Country_ Many are former participants in the program_
and Park City Mathematics Institute. The PROMYS faculty has 7 members, two of whom

PROMYS has its roots in the famous Ross Young  come from the Education Development Center while the
Scholars Program, which is still running strongly atthe  other five are university mathematicians, many of whom
Ohio State University in Columbus forty four years after ere participants in the Ross Program in their high school

its beginnings at Notre Dame in 1957. Many ofthe  years. The faculty work together with participants on
PROMYS faCUlty are alumni of the Ross Program and prob'em So|ving and in exp|0ration labs.

much of our inspiration comes from the experiences we The significance of the depth of this community
shared in the late sixties and early seventies as young  cannot be overemphasized. PROMYS aims to change
participants in Arnold Ross'’s program. participants’ attitudes about mathematics. The

community is by far the most effective tool for bringing
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] o ] ] that is so important to all research mathematicians.
about this change. Most participants find their

experience in PROMYS to be overwhelming at first. (2). Team ActivitiesEvery participant is assigned to a
They must work hard to adjust to the demands of team of four participants who will work together, in
PROMYS and its unusual philosophy of learning. consultation with the PROMYS faculty and staff, on an
Beginning participants work together in groups and often independent open-ended project. These projects extend
discuss their ideas with returning participants and particular facets of the general problem-solving activities
counselors. Returning participants share their valuable gescribed above. Each team consists of one teacher and
insights and offer encouragement to the beginning three students, sometimes including a student from the
participants. Assuring that the participants find the teacher’s high school. The topic for the project is selected

challenges of PROMYS to be exciting and fulfilling is  from a list of proposals prepared by the PROMYS faculty.
probably the most important function of the counselors. Each project contains parts that are immediately

The role models provided by returning participants and  5ccessible to all participants, and then continue with
counselors, and the personal and accessible feedback thS}éen-ended explorations, including unsolved problems.

offer, are indispensable features of the PROMYS The summer 2001 projects for first-year participants
experience.

“The community is by far the most effective tool for bringing about [the change in
participants’ attitudes about mathematics.]”

include explorations of the postage stamp problem,
The Summer Program generating functions, the calculus of finite differences and
o . ) sums, partitions, the game of SET, repeating decimals in
The PROMYS summer activities combine three tightly  yarious bases, congruence properties of Pascal’s Triangle,
interlocking components: (1) problem-solving activities pijck’s formula and Euler's Theorem on simple graphs,
shared by all first-year participants; (2) independent teantgyptian fractions, and sums of squares.
projects carried out by all participants in groups of four; Each team member keeps a notebook for recording
and (3) advanced activities (seminars, and projects) for progress as it is made, as well as new ideas, conjectures,
returning participants. These components are supported 5ng questions that arise along the way. The results of
by discussion meetings and independent problem-solvinghymerical experiments are shared and preserved in these
activities with the counselor staff. notebooks. At the beginning of the third week, team
progress reports are reviewed by the PROMYS
(1). Problem Solving ActivitiesAll first-year participants  ¢ounselors and faculty and are returned with feedback and
engage in intense problem solving in number theory suggestions. In the fourth week, the results of each
designed to introduce them to the methodology of project are written up carefully in the form of a
mathematical research. We use the magnificent mathematical research paper and submitted to the
collection of problems designed by Professor Arnold RosproMYS faculty and in the fifth week each team jointly

for use in the Ross Program. - These problem sets providgyes an oral presentation of their work to the rest of the
participants with valuable insights into the research program.

process. Particularly effective is the way the problem sets
build on themselves over the course of the program. (3) Activities for Returning ParticipantsReturning

sets are enriched and extended in later sets so that especially for them on topics that vary from summer to
participants are treated to a first-hand experience of summer (e.g. discrete mathematics, geometry and

unraveling deep and significant truths out of simple ideasiopology, and the theory of equations). The PROMYS

that weave through the problem sets and introduce Combinatorics; Random Walks on Groups; and Analysis
participants to some of the many unsolved problems that o Algorithms.  Like the first-year participants, the

still remain. By engaging all participants in shared advanced participants are also divided into teams of four,
problem-solving activities, PROMYS creates a strong  incjuding one advanced teacher participant, and these
community of closely interacting teams working on advanced teams work together on projects designed to

independent but related projects, thus recreating the  connect quickly with accessible research projects, the
crucial element of communication and sharing of ideas  results of which may be publishable in research journals.

8
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The advanced projects in 2001 include investigations of workshop, the participants were treated to a view of five
arithmetic functions in number fields, generalizations of or six different textbooks in geometry, all in current use.
perfect numbers, change-making problems in The discussion centered on an analysis of each, in order to
combinatorics, and decompositions of the circle. understand how each was designed to accomplish its own
Returning participants add an important dimension todistinctive goals. Another workshop was devoted to ways
PROMYS by sharing their valuable program experience in which Geometer’'s Sketchpad can be used to stimulate

and by serving as peer role models for first-time student explorations. Other workshops explored
participants. The second summer of participation helps Computer Algebra Systems and using the internet as a
teachers cement their experience of mathematical research tool.
exploration and extend their content knowledge into other  One of the most gratifying features of the workshops
mathematical fields relevant to the high school has been the ongoing participation of former PROMYS
curriculum. Moreover, through their discussions with  participants. PROMYS teachers are expected to
beginning participants, the returning teachers share participate in only one year of the academic year
strategies they have learned for engaging students in theworkshops, but in fact almost every teacher from the first
process of mathematical exploration. This is an year attended at least one workshop in the second year as
important part of the community-building that is so well, and many attended several. This attests to the high
crucial for the long-term success of these efforts. value that teachers place on the EDC workshops and is
also an indication of the coherence the teachers feel as a
Academic Year Pedagogy Workshops group. The closeness of this mathematically-centered

community is undoubtedly the most valuable asset of
The workshops are designed and delivered by Al Cuoco PROMYS for Teachers.
and Michelle Manes of the Education Development
Center (EDC) with support from Boston University’s PROMYS Goals and Philosophy: A Culture of
Department of Mathematics and School of Education.  Exploration
Teachers meet with mathematics education researchers,
mathematicians, and other teachers to discuss curriculunPROMYS for TEACHERS is designed to support current
issues, design projects, and to develop teaching methodsfforts nationwide te@hange the cultura high school
that will engage the broadest possible spectrum of high mathematics classrooms to one centered on exploration
school students in meaningful mathematical exploration. and problem solving. The program fosteommunity
The seminars help teachers develop age-appropriate  of teachers, young people, research mathematicians and
research experiences for their entire spectrum of student&ducators all working together and sharing intellectual
and to “unpack” the pedagogical approaches used in challenges. The program activities are designed to

PROMYS to enrich the school curricula. Another encourage the kinds bhbits of thoughthat every

important goal of the workshops is to establish an researcher (not just of mathematics) uses in his or her

ongoing network (including an electronic network) of efforts to understand the world around us. This

teachers, mathematics educators, and research combination of community and rich intellectual

mathematicians. environment is a potent tool for engaging participants at a
Each workshop begins with a concrete mathematical very personal level in an experience of exploring

activity for the teachers that is easily accessible to significant ideas.

students. Then deeper aspects of the activity are Exploration is at the heart of mathematics.

examined, in some cases leading right into contemporaryMathematics is not just a powerful tool fonderstanding

research articles. Past topics have included the world around us; it is also a powerful tool for

cryptography, complex numbers and chaos, Pythagoreandiscoveringthe world around us. When students learn

and Eisenstein triples, and areas (and volumes!) through mathematics through exploration, they experience a side

paper-cutting and folding. Each workshop also provides of our subject that lies much deeper than the simple skills

time in which individual teachers can present samples of of algebraic manipulation and calculation. There are

their own classroom activities and to discuss actual many opportunities in the high school curriculum for

situations that have arisen in their classrooms. Inthe students to experience mathematical discovery. Teachers

afternoons, teachers may design curriculum units for useneed the preparation and the confidence to recognize and

in their classrooms. take advantage of these opportunities. Here are some
Drawing on years of experience designing excellent reasons for including a strong component of immersion

curricula for the high schools, Al and Michelle are able toand exploration in the professional development of

give the teachers valuable insights into the preparation ofteachers.

classroom activities centered in exploration. At one



MER Newsletter

To emphasize the human side of mathematics. thinking. Here is how one teacher describes this process:
Intellectual exploration is unique to the human By viewing my role as a “guide to student learning”
experience. For students, mathematics often appears torather than an instructor, | can remain focused on asking
have a rigid and hostile quality, which feels very different the right leading questions and resisting the temptation to
from the spirit of other human activities. By exclusively show them what | know.

emphasizing calculation and symbol manipulation in the

classroom we reinforce these misconceptions. To develop habits of thought that favor hard problems.
Exploration, on the other hand, can be done in many Itis all too common that students tremble with trepidation
ways. Teachers find numerous opportunities in in the face of hard problems. By emphasizing the process

PROMYS to try out some of these ways for themselves. of discovering mathematics along with the results of those

The adventures they experience come complete with the discoveries we can foster a student culture which relishes

frustration of dead ends, the excitement of finding a the prospect of exploring the unknown. Of course, this

promising new trail, the sense of triumph at surmounting also requires readiness on our part to reward students for

a hard problem, and the sense of wonder at the beauty ofunsuccessful attempts. As one teacher expressefiritd

the unexpected mathematical vistas that come into view. that as a teacher it is sometimes easy to forget that our

Teachers who have had such an experience of learning istudents don’t always understand everything we teach ....

the spirit of exploration are better prepared to bring this One thing that PROMYS helped me to do is to help

spirit to their classrooms. One PROMYS teacher told us:students to learn to appreciate being challenged and

... the passion for and the approach towards mathematic$rustrated because that means they are thinking about the

can only be learned by being immersed in mathematics. problem. PROMYS helped me to become better at asking
questions rather than just giving answers.

Another teacher wrotePROMYS has had profound effect

on my teaching, mostly by reminding me why | love To encourage sharing of idea€veryone enjoys talking
mathematics in the first place—the joy of discovery. about interesting discoveries they make. Such interaction
can be organized formally in the classroom by asking
To encourage student independendeearning is an students to work in small groups, or by asking students to
intensely personal experience. No two students describe their ideas to the class. Best of all, however, is
understand mathematics in the same way. Students  when students independently talk to each other outside of
rarely learn by listening to teachers lecture in the the classroom. By offering encouragement and support to
classroom. They learn from experiences that engage thet@achers as they use open-ended problem-solving
personally and at their own level. By emphasizing techniques in their classrooms, PROMYS hopes to

exploration in the classroom, teachers can foster a climateontribute to a changing culture in the schools that will
in which such experiences occur frequently. One teacheilinspire many interactions of this kind.
described this as followd!m now having great success

with students of all ability levels. Posing the proper Exploration is what mathematicians really dd.earning
guestions allows my brighter students to dive deeper intothrough exploration provides students with realistic
topics than their classmates. More importantly, my opportunities to experience mathematics the way a

slower students feel good about making progress at theirprofessional scientist does. It is impossible to understand
own pace, resulting in increased confidence (perhaps thethe process of mathematical research without having
best motivator). experienced it for oneself at some level. Exploration in
the classroom provides opportunities to discuss the
To prepare students for life in a rapidly changing world. dynamic nature of modern mathematics in a context that
The importance of flexible learning skills is especially ~ simulates actual experiences of mathematical discovery.
apparent in these times of rapid technological progess. Tbo lead these explorations effectively, teachers must feel
keep up with international economic competition, it is and think like mathematicians themselves. One
increasingly apparent that the American workforce needsPROMYS teacher summed up his approach to teaching as
learning skills that adjust easily to changing demands. follows: These are not things that | do consciously.
An experience of immersion in mathematical exploration Rather, they're merely reflections of how | have learned
can give teachers added confidence in their own abilitiesto approach mathematics. Thus, | could’ve only learned
so that they can recognize and appreciate unorthodox how to teach the way | teach by studying mathematics
student approaches to problems and respond with the kindtensely on my ownl
of flexibility that encourages independent student

10
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Building Regional Capacity: A Collaborative Approach to
Professional Development Through Problem Solving

by Kenneth Lavasseur, University of Massachusetts Lowell

Introduction sion. Participants became aware that the kindhabits

of mind(see page 13) that they needed in their problem
Have you ever spent an extended period of time trying tosolving course were precisely the ones that their student
do mathematics alone? Most of us in higher education needed for a wide range of problems, including the open-
are fortunate not to be in that situation, but the typical K- ended questions that were being developed in state
12 teacher who wants to do some mathematics tends to assessment tests.
be isolated. There are other math teachers in most
schools, but they just don’t do mathematics spontane-  Kick-off Day
ously — at least not in most schools here in the US. The
program that | will describe aims to help change this One major design change in the institutes between years
situation. Put into a broader context, the program’s goal one and two was the Kick-off, a full day of introduction
is for the participants to increase their own mathematical to the program. Since we were cramming the equivalent

activity and that of their colleaguasorderto support 1 1/3 graduate courses into two weeks we needed to use
learning. Building Regional CapacifBRC), a collabo- our time as efficiently as possible. After the first year
ration of Education Development Center (EDC) and the with a relatively small cohort, we realized that the time
University of Massachusetts Lowell (UML), is a for personal introductions, general introductions to the
professional development program for mathematics program, etc. could be done more effectively in a

department heads and lead teachers in grades 6-12. BR&eparate day in the spring. This also let us assign
participants attend two consecutive summer institutes at readings and to give the participants in the problem
the UML where they engage in graduate level mathemat-solving course “baseline problems” to work on in the
ics courses and learn to deliver effective professional  following weeks. The participants’ responses gave the
development programs to mathematics teachers in their instructors a feel for where they stood mathematically
own districts. Central to the program was participant and also established expectations of what kinds of

reflection on how they, their students, and their col- problems they would be doing in the summer. A
leagues approach mathematics. There have been two particularly memorable part of the Kick-off was a
cohorts in BRC. The first cohort of 17 participants presentation by some participants in Cohort 1 describing
started this two-year program in 1999 and a second their own experiences and emotions, running from fear
cohort of 46 participants started in 2000. to enjoyment, in their previous summer’s institute.

The Summer Institutes The Problem Solving Course

In a series of two-week summer institutes at UMass The course that all participants in the institute took in
Lowell, participants have been immersed in mathemat- their first institute was a graduate course titled Math-
ics. Initially, we were faced with the challenge of ematical Problem Solving, which is part of the Master’s

convincing them that this was something that would be program for mathematics teachers in the UML Depart-
beneficial in their own teaching; and that this could also ment of Mathematical Sciences. Some of the underlying
be made to appeal to their colleagues. Roughly two theory of problem solving, as discussed by writers such
thirds of the first year institute’s 80 hours were devoted as Polya and Schoenfeld, is touched on in the course; but

to a course in mathematical problem solving that is most of the course is devoteddoingmathematics The
described below. The remaining time was spent on primary objective of the course within the structure of
professional development issues. Significant time was BRC was to convince the participants that developing
spent discussing how the study of student work on useful habits of mind should be central to their teaching

problems that they and their colleagues work on can of mathematics.

provide a deep understanding of student learning. This

was a major selling point for the mathematics immer- Outside the classroom, each participant worked on a
problem of his/her choice from a recent MAA journal.

11
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These problems frohe American Mathematical
Monthly, Mathematics Magazine, The College Math
Journal andMath Horizonsare quite difficult. It was
made absolutely clear to everyone that finding a com-
plete solution to the selected problem would be a major
accomplishment for them and that any kind of partial
success would be highly valued. Partial success could
include, among other things:

* Solution of a simpler or related problem;

« Identification of alternate representations of the
problem;

* Visualizations of the problem.

The MAA problems served as a “laboratory” for
applying the principles that were discussed and applied
in the classroom to short-term problems. The partici-

least three colleagues (400 teacher-hours of activity).
How can we add yet another activity to a teacher’s
already full plate? In most cases, we don’t. Nearly all
teachers are required to participate in some sort of staff
development or professional development program
during the school year. The thought of actually doing
some math in this time appeals to a significant number of
teachers. Although the initial planning envisioned a
typical study group of four teachers, a wide range of
formats, sizes and settings developed. Some examples:

* One participant cooked meals for her study group.
Naturally, this was very popular!

* In one district, all new teachers were asked by the
school administration to attend.

pants selected the problems to work on so that they were

comfortable with the mathematics involved, at least on
the surface level. Participants were allowed to work
together if they selected the same problem as long as
they documented work separately. Some participants
actively wanted to do this, while others tried to select a
“unique” problem. Participants kept a journal of their

» Some meetings combined study groups from different
school districts.

* In some middle schools, the study groups were the first
significant opportunity for mathematics teachers to meet
since no “mathematics department” existed in these

work and prepared a poster to summarize their progress.schools.

A poster session at the end of the institute is a culmina-
tion of their work, giving the participants a chance to
share their progress on the problems.

The Discrete Mathematics Course

A discrete mathematics course in the second summer
built on the problem solving course. In addition, the
course served to highlight the Representation and
Reasoning & Proof Process Standards in the 2001
NCTM Standards.

The Professional Development Course

A graduate education course for professional develop-

Several teachers experienced their first successes at
leadership and fund-raising in their districts. There were
some teachers who had difficulty forming a study group
but some of them found success during the second year.
BRC Staff conducted site visits at least once a year to
meet with study groups. Depending on the needs of
individual schools these ranged from recruiting visits to
workshops. “Doing mathematics” was usually central to
these visits. In some cases we just observed the sched-
uled activity and kibitzed. On other occasions we
brought along some materials and tried to give the study
group a “mini-institute” that included some challenging
mathematics and some examination of student work.
During the academic year, the program also included

ment in mathematics was completed in the course of the two full-day seminars at either EDC or UML. The

two summer institutes and the academic year activities.
Participants learned how to organize and run in-service
professional development programs in their districts,
using student work and work done in the study group to
explore mathematical thinking. In its second summer,
each cohort completed a module from the NSF-funded
Connectingwvith Mathematicgprofessional development
program (http://www?2.edc.org/CWM/) and discussed
implementation issues associated with these modules.

Academic Year Activities

Participants were expected to form study groups that
provided 100 hours of professional development to at

12

agenda at these seminars was a mix of mathematics and
implementation issues.

What Have We Learned?

The program has been a learning experience for every-
one involved. Among the things that the staff has learned
are:

» Our model seems to work. Mixing the study of
mathematics with leadership skill development actually
does produce a corps of teachers who are confident and
capable in recruiting and leading groups within their

communities. It's an empowering mix.
continued on page 13
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“Habits of mind”

The use of the term “habits of mind” was brought into discussions about designing mathematics curricula in the late
1990s by mathematics educators at EDC. We offer a brief paraphrase from their discussion to help delineate their
meaning of the concept. Editor.

It is all to common to find students who do well in a particular course but cannot apply their skills outside the narrow
confines of the problems presented. Are there mathemhasibiasof mindthat transcend topic knowledge and allow

students to apply technigues and procedures from a mathematical discipline to situations that don’t explicitly look like
they belong to these disciplines? It seems reasonable to look for ways of helping students develop the modes of thought
that are essential for the doing of mathematics that mathematicians take for granted, but are rarely explicitly discussed in
mathematics courses. Examples of the kinds of methods that can be infused and made visible throughout a curriculum

are: algorithmic thinking; reasoning by continuity; combinatorial reasoning; thought experiments; proportional
reasoning; reasoning about calculations; and topological thinking.

BRC continued from page 12

» The process of giving participants an opportunity to
share their ideas about recruiting and funding in their
study groups has made us aware of the supports partig
pants in the program need.

 Middle school and high school teachers can success-
fully work together on the same mathematics, although
teachers at different school levels rarely have any past
experience interacting. Some of the study groups also

include elementary school teachers.

» We must recognize the professional development
requirements in participants’ districts, and assure that
appropriate credit is awarded for work they do in the
program. Many teachers who need professional devel-
opment “points” don’t have the time or energy to
participate in a program like BRC unless they receive
credit.

* A successful team requires bringing together people
with a combination of backgrounds and skills needed fq
the program. Besides mathematicians you need peopl
who have experience working with teachers.

» Teachers who have not been leaders in their systems
can become leaders. We've seen significant growth
among several participants who had previously not bee
in a leadership position.

* A pyramid effect can occur. Some of our people have
10 or more people in their groups! In at least one case
another level of the pyramid has emerged and we havg
study group members forming study grouis.

A national conference on BR@Luilding Teacher
Leadership in Mathematicwiill be held in February

A1%

n

2002 . Please see page 2 for details.

Immersion Programscontinued from page 1

A the2001 Joi nt Mit henat i cs Meeti ngsi nNew@ | eans,
weorgani zedasecti onof t he Mt henat i cs and Educat i on
Ref or mepeci a sessi ondevot edt oexanpl es of asone-
what di fferent genreof prof essi onal devel opnent :

provi di ngsecondar yt eacher swi t hani nmer si onexperi -
encei nnat henat i cs. Thi si ssuedf thenevsl etter

contai nsarti cl eshyeachof t hespeskersi nt hat sessi on.

Miny nat henat i ci ans haveast rongsenset hat t he nost
pressi ngpr of essi onal devel opnent needf or K-12
teachersi st hat they“l earnnorenat henati cs.” But, as
A nol dRoss sow sel y not edcl oset 040year s ago, we

al soknowt hat yet anat her coursei ndi fferenti al equati ons
at al ocal uni versity“wtht heconsequent negl ect of the
br cader nat henat i cal cul t uresoessenti a for theeffective
t eachi ngof nat henat i cs” doeslittl etoenhanceone' s

ef fecti venessi nt hecl assroom Thet al ksi nt hi ssessi on
gavet hreeappr oachest opr of essi onal devel opnent
centeredi nseri ousnat henat i cs, progransthat are

desi gnedt ohel pt eachers

« connect vhat t heyl earnt ot henat henat i cst heyt each,
ad

«pl acevhat they| earni nt hel andscapeof a“br cader
nat henaticd cuture.”

KenLevasseur describesaprograncal | ed A7/ d g
FRegri onal Gypaci ty(BRO atwoyear progr ant or
secondar yt eacher sat t helUhi ver si tyof Mssachusettsin
Lovel | . BRCconsi st s of two2-week sunmer sessi onsi n
whi cht eacher s st udy nat henat i ¢s (pr obl ensal vi ngand
di scret enat henat i cs) asvel | aseffecti venet hodsfor
vor ki ngw thcol | esguesintheir districtstohel pz/em

| earnnewnat henat i cs. Toget afeel for thel evel of the
nat henat i csi NBRG eachparti ci pant i srequi redtowork

continued on page 14
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continued from page 13

onapr obl emchosenf ront he probl emsect i ons of one of
t he MM our nal sandt opr epar eapost er sessi ondescri b-
ingresuts, progress, andconj ectures. Rartici pant sfound
thi svorkextrenel ychal | engi ng; asoneteacher putit:
“Rutti ngnysel f i nt hesechal | engi ngprobl errsal vi ng

si t uat i ons nakes ne appr eci at e nor e deepl yvwhat ny ki ds

got hrough.”

The BRCl eader shi pacti viti esareal sobasedi nnat h-
enati cs. Partici pantsstudyvari ousnodel st hat t heycan
usewththel r cd | eagues, i ncl udi ngt hest udy of st udent
vorkandt heanal ysi sof probl ensintheirtextsto
uncover t heunder | yi ngnat henat i cs. BRCparti ci pants
have usedwhat t heyt akef ront heprogrant ogi ve

pr of essi onal devel opnent cour sesof thei r omn, togi ve
tal ksat regi onal andnat i onal neeti ngs, andt obecone
nat henat i cal resourcesfortheirdistricts. BROWI |
support anati onal di sseminat i onconf er encei nFebr uary
of 2002(for noredetai | s, seepage?).

S eve Benson and Kar en G aharmdescr i bet he Mast er of
i encef or Teacher s (MBT) programet t he Lhi versity of
NewHanpshi re, whi chhadi t s genesi s as one of t he NSF
institutesof the1960s. MBTi saresidentia sunmer

pr ogr anf eat uri ngast rong enphasi s onnat henat i cs
content, whi | eal soprovi di ngopport uni ti esfor teachersto
consi der al ternati veappr oachest opedagogy. 1t hasacore
sequenceof si x courses(2eachi nA gebra, Geonetry,
andAna ysi s), but al soof fersavari etyof nat henat i cs
andeducat i onel ect i vesbasedonst udent andi nst ruct or
inaet.

reof thekeyf eat ureswhi chsetsit apart frommany
graduat eprogransi st he* Gncl udi ngExperi ence”

requi redof al | graduat es, for whi chteachersarerequi red
t odevel opanext ensi venat henat i cal portfol i oand
successf ul | y conpl et eaconpr ehensi vepr obl enrset i n
conj uncti onw t haprobl ensol vi ngsemnar. | nt hewords
of oneparticipant, “A first, | vasn't surei f MsTvas

goi ngtobet heri ght prograntor ne, becauseof t hef ocus
onnat henati cs. Qrer t he sunmer s spent at UNH |
foundthat | anreal | ygl adl choseaprogrami t haf ocus
onnat h..(T) hi sprogramhas posi ti vel yi nfl uencedny
teachi ng(and) | trul yunder standnat hnoret hanl did
bef oreMST. | feel ani ncredi bl esenseof acconpl i sh-
nent af t er goi ngt hrought hi sprogram”

Inhisarticle, GennS evensdescri besBost on

Lhi versi ty' s PROWST or Teachers, ” ani nt ensetwo-
sunmer 6-week i nmer si oni nnunioer t heory andrel at ed
nat henat i csat Bost onlhi versity. It centersaroundthree
aivities

(D) 7hecourses. Teacher st akeani nt ensesi xweek
14

nunioer t heory cour se, nodel edar oundt he Ross young
schal arscour se, al ongsi dehi ghschod st udent si nthe
program

(2) Theresearchexperi ence Eacht eacher workswth

t hr eest udent sonar esear chprg ect, si nl ar t ot hoseused
i nMiki ng Mt henat i cs, anent ori ngpr o ect toprovi de
hi ghschod st udent sandt eacher swthnat eri al stopursue
resear chexperi ences. (Further i nfornati onabout the
resear chpr oj ect s canbef oundont hewebat

w2, edc. or g/ naki ngnat h. )

(3) Theacadenic year seminars. Bet weent hetwo
sunmer s, teachersattendfiveal | -daysemnarsat BXCi n
whi cht heywor k ont ransl at i ngt he PROMYSexper i ence
i nt ocl assroonpractice. Teachersi nPRIWSseewhat
it’sliketodorea nat henatics—a waysbel ngat t heedge
of what t hey under st and, havi ngnuchnoretodot han
they canpossi bl yfi ni sh, andseei nghi nt sof nyst eri ous
connect i ons ener geal nost out of nowhere. Listento
hononeparti ci pant descri best heexperi ence:

“. .. | foundnanybeautiful connecti onsbetween
seenmngl ydi sparat econcepts. Tone, t heseconnecti ons
arevhat nakes nat hfun. So, | trytoshowthi stony
students. heexanpl e: Viienny St hgrader swere

| ear ni nghowt osal vequadr ati cequat i onshyfactori ng,
theyqui tenatural | yusedt hefact that Ri sanintegral
donai n. But thenl askedt hent ot hi nkabout t he

possi bi lityof twononzeroel enent swhoseproduct i s
zero. Andthey caneupw thZ, whi chwe had st udi ed
threenont hsago. Thesearenot thi ngsthat | docor-
sciously. Rather, they' renered yrefl ecti onsof howl have
| ear nedt oappr cachnat henat i cs. Thus, | coul d veonly
| ear nedhowt ot eacht heway | t eachby st udyi ngnat h-
enati csintensel yonnyown.”

PROWSgr aduat es have devel oped nat henat i cal | y

i nt ense prof essi onal devel opnent cour ses of t hei r own—
onesuchcour sevas of feredat t hePark G t y Mit henat i cs
Institutethi ssumer. Several al unmi areconsi dering
oraduat edegreesi nnat henat i cs. Theprogramw | | be
feat uredi naseri esof vi deot apes producedby Bost on' s
V\@Has anexanpl eof ef f ecti veprof essi onal devel op-
nent at t hesecondaryl evel .

Theprograns descri bedi nt hi si ssuearej ust three

exanpl esof thenany effecti veprogransal | over the
country. Theseprograns| ook verydifferent fromeach
ot her, but t hey shareanunder | yi ngphi | asophy: A

i nport ant part of t henat henat i cs onet eachesi san

under st andi ngof what it i stoaonat henati cs. These
prograns areat t heopposi t eendof t hespect runf ront he
“nakeandt ake” st yl eof prof essi onal devel opnent i n

whi cht eachersdevel opacti vi ti esfor usewththei r
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students. Thel r pur posei st ot endt ot henat henat i cal
under st andi ngaof t het eacher st hensel ves, tobuil don
what t hey al ready know andt ohel pt hemexperi encefi rst
handt he pr ocessesi nvol vedi nsol vi ngpr obl ens, naki ng
abstracti ons, andbui | d ngt heari es.

But why? Wy shoul dsuchani nmer si onexperi encern
&L henat 1 csi nproveane’ s aay-t o- aay t eachy ngpract / ce?
Asi defromanecdot al evi dence(testi noni al sfrom

t eacher s who have gonet hr ough such progr ans) , what are
thel ogi cal argunent st hat | eedonet obel i evet hat
prograns | i ke BRG MST, and PROWSwW | | hel p

t eacher shenoreef f ecti veat getti ngst udent st ounder -
standnat henat i cs? Herear eour candi dat esf or reasons:

Anintensefocus oncont ent hel pst eachers

« under st andt henat ureof thedi sci pl i ne. Gont ent

i nmer si onhel pst eacher shal ancet heprevai | i ngvi ewof
nat henat i csi nschod , i . e., aset of fact sandprocedures
tobenast ered, wththevi ewt hat nat henat i csi s about
sal vi ngprobl ensanddevel opi ngabstractions. |t hel ps
t eacher snovet hei r owndef i ni ti onof nat henat i cal
experti seaway f rom‘what youknow t oward“what you
canfigureout.” Qrepartici pant put it thi sway: “Mt h
enat i cs, especi a | yi nhi ghschod | i st oof requent | yabout
what i nsteadof wy; andl thinkthat progranslikethis,
whi chf or cest udent sandt eacher st of i nddeeper under -
standi ngsof topi ¢cs, doagreat j obof restori ngthe wpto
nat henati csteaching. . . .”

« experi ence nat henat i cs as ast udent does. Ve hear
thi sover andover fromparti ci pant si ncont ent - based
prograns. It'sextrenal ydifficut foranaddt, coniort-
abl ei nthat part of thedi sci pl i necoveredi nthi sor t hat
curricu umtoreca | thestrugg esandt heconf usi ont hat
conevhenonei sfirst | earni nganat henat i cal topi c.
Miny t eacher sarebaf f| edat st udent nisunder st andi ngof
what see i keverysi npl ei deas; theyforget that the
i deasaresi npl eonl y af t er onehas nadet herrhi sor her
own. Asoneteacher putit: “l can't thi nkof abetter vay
toenhancenyt eachi ngabi | i tythant operi odi cal | yput
nysel f i ntotherad eof astudert, tol earnhomel earn.”

¢l earnt oconnect i deas. Qneof t henwost seri ous

probl enswi t hprecol | egenat henati csisthevayitis
segnent edi nt odi scret eanddi sconnect edtopi cs. I n
content i nmer si onexperi ences | i ke BRG MBT, and
PROWS teachersaref orcedt osynt hesi zet opi cs, touse
al gebra amgeonet ryt osol veapr obl e nprobabi i ty,
andt ol ookf or i nst ancesof anet hod(1i ket heBucl i dean
al gorithminsituati onswhi chnakenonenti onof i t.
Her € showonet eacher put i t: “After sol vi ngaprobl em
or provi ngatheorem | a nost al waysasknysel f, * S

wheredoesthi sfitintothebi gpicture? ..Andl askthe
sanequesti onsinnyowncl assroom Qiiteoften, ny
st udent sar enot donewhent hey have sol vedt he pr obl em
ontheboard. Thi si sbecausenynext questionis, ‘S0
what doesthi snean? or ‘ Howdoesthi srel atetoour
previ ous probl en? or ‘ Wat doyout hi nk1’ ngoi ngt o
asknext? "

« devel opaknackfor “nmini ng” i deas. Vet chi ng

t eacher sworki noneof t hesepr ograns, youseet hat t hey
qui ckl yforncol | aborat i vegroups—rat i nany f or nal
sense, but aswaystohel peachot her w t ht he nat henat -

i cs. Andtheysoonresal i zethat their ca | eaguesof t enhave
goodbut hal f - f or nedi deas about howt oappr oach

probl ens. & veseent eachersingroupslikethislearn
tot easeout thegernsof i nsi ght sthat arecfteninplicitin
hunchesandconj ect ures. Thi sskil | for hel pi ngpeopl e
refi neandi nprovet hei r owni deasi soneof t henmst

val uabl et hi ngsat eacher canbri ngt ot hecl assroom and
col | aborati vevor ki nani nmer si onexperi encei savery
ef fecti vevayt odevel opit.

¢(re-)ki ndl eapassi onf or nat henat i cs. Thi nk about
whenyouwver ei nschool . Thet eacher swhonadet hei r
subj ect sconeal i vewer et het eacher swhover ei nl ove
wththei r supj ects. Thebest nusi ct eacherswerethe
oneswhopl ayed. Thebest Engl i shteachersweret he
oneswhow ote. Andt hebest nat henat i cst eacher swere
t heonesvwhower eal wayst hi nki ngabout t hi sor t hat
probl em Ther e ssi npl ynosubsti t utef or t heexci t enent
at eacher bri ngstocl asswhenheor/ shei si nmer sedi n
what he/ shei steachi ng. “I cangoonandonabout what

| ear ni ngnat henat i cs doest onyt eachi ng. But t he nost
i nportant thi ngfor nei sthat thenorenathl learn, the
norel | earntol ovenat h. Andhopef ul Iy, ny ent husi asm
for nat hrubsof f ont onystudents.”

There' ssurel ynorei nvol vedi neff ecti vet eachi ngt han
stayi ngacti vei none' sdi sci pl i ne. But weareconvi nced
t hat ani nmer si onexperi encegoes al ongway t ovar ds
hel pi ngt eacher shel pt hei r st udent s seenat henat i csas
sonet hi ngt hey candoand sonet hi ngt hat canbei m
nensel ysati sfying. Thearti cl esi nthi si ssuegi vethree
exanpl es of howt onaket hi s happen.
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