w Implementing the

Professional Standards
for-Teaching Mathematics

Fernand J. Prevost

In this second article in the series, the author addresses the professional development standard
“Enowing Mathematics Pedagogy” (pp. 151-59). As in the article in the November 1992 issue, teachers
are urged to reexamine what happens in their classrooms. However, the emphasis in this article is on

the effectiveness of teachers’ classroom practices. Are our typical teaching strategies effective in help-
ing students communicate, apply mathematics, reason, and solve problems? Teachers are challenged
to take a risk and are given suggestions to meet the challenge.—FEd.

Rethinking How We Teach:
Learning Mathematical Pedagogy

human child is at the most learning age of
A the most learning species that has yet

evolved on this planet” (Skemp 1987,
p. 101). So begins Skemp's essay titled “A New
Model of Intelligence.” Skemp goes on to point out
that the extent to which the learner’s potential will
be realized is largely dependent on the individual's
teachers. In Skemp’s view, teaching is any kind of
action that influences the learning process. This
“learning process” is not directly observed but,
warns Skemp (1987), “a person who intervenes
without an adequate mental image of what is going
on inside is as likely to do harm as goed” (p. 101).

The writers of the Professional Standards for
Teaching Mathematics (NCTM 1991) recognized
the validity of this view. As professionals we must
develop our knowledge to evaluate our teaching
and betler assess understanding on the part of stu-
dents. Standard 4 in the section “Standards for the
Professional Development of Teachers of Mathe-
matics” addresses the teachers’ need to learn how
“they can help their students come to understand
and be able to use mathematics™ (NCTM 1991,
1561). Other points in Standard 4 include the teach-
ers’ need to use instructional materials and tech-
nology to represent different concepts and proce-
dures, to choose among instructional strategies and
classroom organizational models, to encourage stu-
dents’ discourse, and to assess students’ under-
standing. In short, Standard 4 acknowledges that
we must know mathematical pedagogy and, more
importantly, must change our teaching to reflect
this new knowledge.

50 what do we do? Many of us studied both our
mathematics and our pedagogy some time ago. We
probably were not taught a constructivist manner
and, therefore, have not taught from this perspec-
tive. (Constructivists believe that students con-
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struct their own meanings of mathematical con-
cepts and procedures when they are given the
opportunity to become actively involved in learning,
Teachers facilitate students’ active construction
rather than dispense rules and algorithms.) Even if
we just recently began to teach, the chances are
high that much of what is now being proposed is
new, different, and unsettling. Using cooperative
groups in class may not be part of our experience,
having students carry on discussions is probably
disturbing, and integrating technology is probably
uncomfortable. Finally, we recognize that the new

approaches require different assessments, which How do
may seem particularly burdensome. you start
You profess to believe and subscribe to a set of to make
practices that will help your students to learn )
mathematics. You have a theory of teaching, which changes?

wag shaped by the way you were Laught, the way
you were taught to teach, and classroom experi-
ences. You have been successful—when measured
by grades, SAT/ACT scores, and former students’
suceess in their mathemalics courses that followed.
It iz precisely because of that success that change
may be difficult!

You read and know that the SAT/ACT tests are
changing, that college freshman courses are being
restructured, that graphing caleulators are now
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used in ninth-grade algebra as well as upper high
school and college courses, and that what we know
about learning—the constructivist view—requires
new approaches in the classroom. As a reader of
this journal, you are aware of the reforms recom-
mended in the Curriculum and Evaluation Stan-
dards for School Mathematics (NCTM 1989) and
you know that not all that you do agrees with
research findings on teaching and learning. Per-
haps you tend to use few manipulatives, still teach
“whole groups,” and have not integrated technology
into your classes. You have decided to make some
changes. So how do you start? What do you do?

Why not return to the three Rs—reflect, risk, and
revise?

REFLECT

Any attempt to reform one’s teaching must begin
with reflection. Freudenthal (1973) counsels that
teachers must learn from “one’s own and others’
examples to analyze the instruction one is attempt-
ing to give, is giving, and has been giving” (p. 167).
“In my experience” he writes, “there are not many
teachers who consider their own teaching and that
of others as a matter for investigation . . .” (pp.
167-68).

Take time to jot down what you believe and what
you do—daily, weekly, every semester. Do you turn
to last year’s notes and tests as a matter of course,
and why? Why do you teach ratio the way you do?
Why do you teach geometry as you do? Think about
the classes you taught yesterday. How and why
were they organized? What beliefs do you hold that
influenced your choice of classroom activities?
Define your theory of teaching as clearly as possi-
ble.

Shulman (1987) has urged us to think deeply
about our teaching—what do we do and why do we
do it. He recommended that we collect the best of
our classroom creations and share these with col-
leagues. However, Shulman’s “wisdom of practice”
must not be confused with the limitations of unex-
amined practice. Simply to record what we do with-
out analysis will not serve us well.

Examining our beliefs must be done in the con-
text of what is now known about teaching and
learning. It may have been the case, as Skemp
(1987) notes, that we once had little insight of what
was going on in the learning process and perhaps
we still do. But what is now known far outdistances
what we knew just a shorl time ago (see Grouws
[1992]). To reflect on what we do without referring
to this rich knowledge is to risk examination in a
vacuum. Thus, as you reflect on your teaching, plan
reading that is large in scope.

I recommend The Psychology of Learning Mathe-
matics (Skemp 1987). Chapter 12, “Relational
Understanding and Instrumental Understanding,”

is an excellent place to start. (I seldom read from
page 1 to the end!) Next, the 1990 Yearbook of the
National Council of Teachers of Mathematies,
Teaching and Learning Mathematics in the 1990s
{Cooney 1990), will supply insights into construc-
tivism, effective models of teaching, reasons for pro-
posed change in assessment, and the role technolo-
gy must play. As you read, contrast what is being
proposed with what you do. Compare approaches,
intent, and outcomes. Read Constructivist Views on
the Teaching and Learning of Mathematics (Davis,
Maher, and Noddings 1990). This menograph fur-
nishes additional background on constructivism,
descriptions of mathematical activity engaged in by
children, and ways that teachers can structure
classes to promote this activity, Read Connecting
Mathematics (Froelich 1991), one of the volumes in
the Addenda Series for grades 9-12. Review the
section “Reshaping Pedagogy” (p. vi) and ask your-
self if you have moved in the direction suggested in
the reading.

Read “The Learning of Mathematies: Stepping
Stones to Planning” in Secondary Mathematics
Instruction: An Integrated Approach (Farrell and
Farmer 1988). This excellent overview may help
you better define or sharpen those beliefs that
guide your teaching and allow you to decide what
approaches should change. Examine the tests you
give. Compare and contrast ways in which you
assess students with those recommended in the
Curriculum and Evaluation Standards for School
Mathematies (NCTM 1989), the 1990 Yearbook,
and the recently released Mathematics Assessment:
Myths, Models, Good Questions, and Practical Sug-
gestions (Stenmark 1991). Finally, study the sever-
al vignettes that relate to Standard 4 in the Profes-
sional Standards for Teaching Mathematics (p. 159),
How comforlable are you with the teaching situa-
tions described in the book? How closely do they
reflect what you do?

RISK

A major tenet of constructivism is that new learn-
ing musl be integrated into one’s existing schemas.
If reading and other activities have created “dis-
equilibration,” then you are ready to act. Farrell
and Farmer wrote that equilibration is the tenden-
cy of the mind to“adjust and restructure in
response to apparent aberrations” (1988, 57). The
aberration in this situation is the discrepancy
between methods you are using and those you keep
reading, hearing, and perhaps seeing. To attempt
to change is a risk. The lesson may fall flat, the stu-
dents may “object,” or the new ways may cause you
to be far less effective than you believe you should
be. To wait for students’ answers, to trust learners
to struggle and make sense of a situation—given
that you are assured that the necessary schemas
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they need are in place, or to refuse to be the final
arbiter and to insist on logic and mathematical rea-
soning as verification of a solution may require
great discipline on your part. The rewards of
change, however, are truly wonderful.

Armed with your many new insights, attend
workshops and courses that will expand your
knowledge and that will offer opportunities to hear
what others are saying and how they are interpret-
ing the recommendations for change. Try to identi-
fy the workshops in which leaders truly model
active learning, not just talk aboug it. Not all work-
shops are created equal! Ask questions of the pre-
senter and inquire about the problems that were
encountered when the activities were tried with
students. When you return, try some of the sugges-
tions and record the students’ reactions, your feel-
ings, and which approaches you would change the
next time. Review both the workshop and your
teaching in light of the reading you've done. Do you
see congruence?

Another rich source of help may be faculty and
programs at a local college or university. Contact
the mathematics department or mathematics edu-
cation department to find courses, seminars, and
other activities that may be of help. Look into cur-
riculum development or other mathematics educa-
tion projects or summer opportunities in which you
could participate.

If you have colleagues at the college, encourage
them to apply for teacher enhancement grants or
other assistance from the National Science Founda-
tion and the Department of Education. Work with
one professor at the university to become a teacher-
partner in research being done on mathematics
teaching and learning. Many of our college col-
leagues are anxious to work with us, so make the
first move and find out how you can work together
to the mutual benefit of instructors as well as stu-
dents.

Plan a local staff-development activity around
particular articles from the Mathematics Teacher,
such as “Cooperative Learning Works in Mathe-
matics” (Sutton 1992) or any of the myriad fine
articles that have appeared recently. Use this in-
service education time Lo ask if colleagues have
changed their instructional patterns and why.
Work with colleagues to try a cooperative-learning
lesson. Then plan a second meeting to share suc-
cesses and failures. Learn from the failures, then
go back and try another activity.

Plan a lesson with specific goals in mind. Per-
haps you want to improve student discourse. Either
audiotape or videotape the class. Review the tape
and analyze what happened. Were the students
involved as much as you wanted? How did the dis-
cussion flow? Team up with z colleague, share the
tape, discuss what activity is seen, and contrast
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your review and analysis with that of your col-
league,

Risk changing other factors that influence the
way you teach. For example, desks in rows do not
usually encourage the teaching and learning recom-
mended by current research. Rows are associated
with old models of instructional practice—models
that students recognize and with which they are
comfortable. After summer-program study where
cooperative groups, paired problem solving, journal
writing, project work, and using technology had
been modeled, many participants found that the
first step to begin incorporating these practices in
their own teaching was to change the physical
setup of the classroom. These teachers reasoned
that if old instructional models are removed, stu-
dents may accept new practices more readily.

One teacher, Alan, has rearranged his room as
shown in figure 1. The horseshoe pattern encour-
ages discourse among all students and the teacher,
not just between a student and the teacher. The
table in the middle of the horseshoe can hold stu-
dents’ journals, materials to be used that day, or
student resources, This configuration allows for
easy pairing of students, permits groups of students
to work on a project, and has radically changed all
five of Alan’s classes. Alan finds that he is “closer”
to individuals as well as groups of students. The
arrangement encourages more interactive presen-
tations of new material —short expositions followed
by discussions and questions, presentation of prob-
lems that allow students to search for patterns and
form their own generalizations, and debates among
students about the nature of a problem while the
teacher serves as moderator. The setup of the class
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encourages students’ participation, and an observer
quickly “feels” the excitement in the class.

Many other physical arrangements will work;
experiment to find what works for you. However,
unless you change the sociology of the class you
may find that students will subtly guide you back
to old and comfortable patterns, Secondary school
students, in particular, have developed strong
beliefs about what a mathematics lesson should be
and will try to steer you toward those ways. New
situations cause discomfort, so students and instrue-
tors alike will seek to return to their “comfort
zones” (McWilliams and McWilliams 1991, 25-33).

REVISE

Not everything we try or every lesson we teach is
successful. As we break with the old ways and
attempt to use new ways, don't expect perfection.
When working with either computers or ealeula-
tors, for example, you have quickly learned that
these tools present both opportunities and prob-
lems. Students respond to using technology, but
how do you assure that what is going on at individ-
ual desks is related to the lesson? Review your
organization of those lessons, plan discussions with
colleagues, and structure new lessons. This process
will unveil effective ways that you can record,
share, and further revise as your expertise grows.
Remember Shulman’s (1987) charge to record your
reasons for doing what you did. Would a different
arrangement of the room help? Does being in the
center of the action assure that each pair of stu-
dents is working on the assigned work rather than
exploring new functions?

Researchers have compared expert and novice
teachers. The findings may help you evaluate your
efforts and review and revise lessons with the aim
of attaining “expert status.” Koehler and Grouws
(1992, 121), in their summary of expert-novice

" research, reported that

[elxpert mathematics teachers weave a series of
lessons together to form an instructional topic in ways
that consistently build upon and advance material
introduced in prior lessons. Experts also construet
lessons that display a highly efficient internal struc-
ture, one that is characterized by fluid movement from
one type of activity to another, by minimal student
confusion during instruction, and by a transparent
system of goals. . . . Novice teachers’ lessons, on the
other hand are characterized by fragmented lesson
structures. . ..

The combination of your study and reading,
attendance at workshops or local staff-development
activities, collaboration with researchers and cur-
riculum developers, and trials and revisions will
soon result in pedagogical changes—changes that
will improve students’ learning.

CONCLUSION

As McWilliams and McWilliams (1991) point out,
we are wedded to our comfort zones, as are our
supervisors and colleagues. Thus, any attempt at
change is discomforting for us and those around us.
We can easily excuse inaction by referring to a lack
of materials—1I have only one calculator, the
absence of funding, or the absence of support. Small
steps can be taken to make significant change in
our classrooms. The matters of discourse, applica-
tions, students’ activity, and assessment are but a
few arcas that are within our control. Remember,
all who attempt to change are faced with similar
hurdles, so you are not alone,

Borko and her colleagues {1992 221) recently
noted the following:

It will never be possible, within the constraints of a
single mathematics methods course or even an entire
preservice teacher preparation program, to enable
prospective teachers to learn all that they need to
know and believe ahout mathematics and mathemat-
ics pedagogy in order Lo Leach effectively.

In the constructivist tradition, we must reflect on
current knowledge about learning, examine our own
teaching, and identify the discrepancies that exist
between our methods and these we know we should be
using. We are well aware that as novices or experts
we can still do much to improve our teaching and that
the responsibility for improvement lies with us, We
must do the learning, and we must reconstruct our
own view of teaching.
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Universily of North Florida
AsslstanlV/Associate Professor in
Mathematics Education
The College of Education and Human Services
has a nine-month, tenure track position for an
Assistant/ Associate Professor of Malhematics
Education starting August, 1993. Deadline is

February 1, 1993, Send a letter of application, a
curriculum vitae, and three letters of

recommendation to: Dr. Janet Bosnick, Chair
fSearch Committea Dean's Office, College of
Education and Human Services, Univarsity of
North Florida, 4567 St. Johns Bluff Rd. S..
Jacksonville, Florida 32224, UNF is an Equal
Opporunity/Affirmative Action Employer.
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Does it drive your students crazy?!l!

MNow there's hope with the new Math Basics video series — winner of the
1892 SECA Award for Best Postsecondary or Inservice Instructional
Television Program.

It's a totally new approach — lo teach basic math concepts lo adults who
have had trouble with math from day one, starting way back in elementary
school. Now these adult students think there's no way they can ever catch

up. But Math Basics is designed to overcome their fears and show them
they can do it.

From KET, The Kentucky Network, creators of The KET/GED Series.

For a FREE PREVIEW or more informalion, call (800) 354-9067.

KET, The Kentucky Network IV«
Enterprise Division f\ar
560 Cooper Drive The Kentucky
Lexington, KY 40502-2200 Network

SIMMS PROJECT
DEPARTMENT OF MATHEMATICAL SCIENCES
UNIVERSITY OF MONTANA
MISSOULA, MT 53812

The Sysiemic Initiative for Montana Mathematics and Science
{(SIMMS) Project has the following openings at he University
of Montana (UM} and Montana Stale University (MSU).

36 curriculum writers (18 al UM and 18 at MSU)—8 wks.—
Summer 1693

12 curriculum writers (6 al UM and 6 al MSU)-—1993-94

12 assossment writers (6 at UM and 6 at MSU)}—B whs.—
Summer 1993

36 teacherfleadars (18 at UM and 18 al MSU}—4 whks—
Summer 1993

36 leacher/leadars (18 at UM and 18 at MSU—past partic-
ipants}—2 wks.—Summer 1993

Secondary leaching exparlence, strong mathematics
or sclence background, good writing skills (ot polen-
tial), and Interest in integrated mathematics are
required. Inquirles or applications (including resume,
transcripts, 2 letters of recommendation, sample math-
einatlcs lesson or article) should be sent to: Dr. Johnny
W. Lott, Co-Diracter, SIMMS Project, Department of Math-
emalical Sciences, University of Monana, Missoula, MT
53812. Phono 406/243-2696; opan until filed. AWEEQ.
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San Diego, California
Billings, Montana
21-23 October 1983 2525 Apri 19%
Consult your school administra-  Pittsburgh, Pennsylvania :;“’ *ﬂ’::;l :qunsl
. . nnea ne
tion about the Dwight D. 230 Dctober 1493 17220 Aot 1097
. : Durango, Colorado
Eisenhower (formerly Title II) :

28-3 Oclober 1953
funds earmarked for teacher Paducah, Kentucky

training, and ask us about group  4-6 November 1993

discounts for you and your ?“hﬁm;“:- Virginis
friends. Join us at any of the eah PRI

: 3 San Fruncisea, Californin
upcoming meetings!

24-26 February 1994
Blamarek, North Dakots
For further information, a program booklet, 24-26 March 1994
or a listing of local and regional meetings,
contact the National Council of Teachers g';;::h':'flw "
of Mathematics, Dept. PD,
1906 Association Dr., Reston, YA 22091;
Telephone: (703) 620-9840,
Fax: (703) 476-2970;
CompuSery: 754451161,
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