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Iris M. Carl

echnological advances in the last

half-century have dramatically
changed mathematics. If students are
to become adequately prepared, prin-
cipals and teachers will have to take the
lead by setting appropriate standards
for quality and excellence.

Today, when the destiny of our stu-
dents depends on mathematical liter-
acy, their level of understanding of
mathematics is found wanting, Of vital
concern is the demand for a quality
mathematics education for all students,
one that will last their lifetimes. The
early support of the NAESP helped the
National Council of Teachers of Math-
ematics (NCTM) move forward to iden-
tify our mutual goals of addressing the
educational nceds of an increasingly di-
versc population in our elementary
schools. The result has been a three-
year collaborative effort, culminating

Iris Carl. K-12 instructional supervisor for the
Houston (Texas) Independent School District, is
President of the National Council of Teachers of
Mathematics and was a member of the NCTM
Commission on Standards. which produced the
1989 benchmark report discussed in this article.
Mrs. Carl has also been a member of the Exec-
utive Committee of the National Board for
meﬂssmnal Teaching Standards and of the

-matical Sciences Education Board.
EKC
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in the NCTM’s comprehensive 258-
page Curriculum and Evaluation Stan-
dards for School Mathematics.

.
No Barriers to Math

What were the underlying assump-
tions of the Standards? First, we feel
that every student should have access to
a full range of mathematics and that
neither language proficiency nor past
performance should present insur-
mountable barriers to every student’s
potential for progress. The Standards,
therefore, is a set of challenging na-
tional goals for school mathematics.
They also represent an anprecedented
degree of consensus in the mathematics
community about what should be done
to improve the mathematics education
of every student.

The writers of the Standards were
NCTM members-—teachers, adminis-
trarors, and teacher educators—who
constructed a framework of appropri-
ate learning outcomes for productive
citizens of the 21st century. Their draft
document was examined extensively by
segments of the mathematics and gen-
eral education community as well as by
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members of the broader society.

The Standards is a coherent vision of
school mathematics designed not as a
scope-and-sequence guide tut rather as
a descriptive set of criteria to inform
and support local initiatives to change
a school’s mathematics curriculum and
evaluation.

L ]
Call for Change

During the 1980s, a proliferation of
reports gave consistently negative find-
ings on schools, schooling, and student
achievement. The impetus for the cur-
rent wave of educational reform was
generated by the sustained attention of
that period at both the national and lo-
cal level.

In this context of the drive for edu-
cational reform, we have intensified the
search for evidence of the failure of ex-
isting mathematics programs to edu-
cate most students. In the Second In-
ternational Mathematics Study (SIMS),
the comparisons of the United States
with other industrialized countries (ex-
cluding cultural and historical differ-
ences) indicated that the mathematics
curriculum in this country is “one of



minimum expectations that resist the
changes recessary to keep pace with
the demands of preparing students for
contemporary life.”

The narrow objectives of the elemen-
tary school mathematics curriculum,
weighted down with the rudimentary
skills of the nineteenth century, have
hobbled steps toward improvement.
The results from the National Assess-
ment of Educational Progress (NAEP)
show that, although the majority of stu-
dents can compute, they lack the
knowledge and ability to apply those
computing skills to solve problems. An
analysis of the data attributes poor stu-
dent performance to outdated curricu-
lum and to their not being able to make
sense of mathematics.

A popular item from NAEP illus-
trates the gross misdirection: **An

PROFESSIONAL ADVISORY

This article is in support of the following
Standards for Quality Elementary and
Middle Schools (NAESP: 1990, Revised):
CURRICULUM (curriculum includes ex-
periences providing children with basic
skills necessary to function effectively)
and EVALUATION AND ASSESS-
MENT (student assessment and evalua-
tion are based on the mastery of defined
objectives}. It is also in support of the
CURRICULUM PROFICIENCY (the
curriculum is built around specific guals
and objectives), as given in Proficiencies
for Principals (NAESP: 1986).

army bus holds 36 soldiers. If 1,128 sol-
diers are being bused to the - training
site, how many buses are needed?”
Only 23% of the students identified 32
buses as the correct response. Seventy
percent of the students computed cor-
rectly, but marked 31 or 31-remainder-
12 as correct answers.

If we are to prepare productive citi-
zens for the future, people who under-
stand mathematics and its applications,
then we must design strategies for cur-
ricular equity in what we teach and how
we teach every student. Right now, we
are perpetuating minimal mathematics
for most students, while offering math-
ematics leading to the study of algebra
for just a few students. The absence of
problem solving and real-world appli-
cation in today’'s school mathematics
also limits students’ present and future
El{llcformance not only in school aad on
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tests but also in the workplace and the
university.

It’s an unpleasant fact that students
in most of our elementary schools today
are caught in a milieu in which the pre-
vailing conditions critical to their suc-
cess—what they need to know and be
able to do—are restrictive and out-
moded.

- ]
New Math Opporutnities for Students

The Curriculum and Evaluation
Standards for School Mathematics was
created to build a foundation for all stu-
dents to gain access to a comprehensive
mathematics program throughout thcir
schooling. The Standards focuses on
five goals to promote student self-con-
fidence in mathematics by developing
mathematical literacy:

1. Becoming mathematical problem
solvers. Students’ experience in apply-
ing mathematics to solving problems
should extend into all areas of the cur-
riculum. Problem-solving tools, includ-
ing calculators and computers in indi-
vidual and group settings with simple
and complex tasks, are essential for
conceptual development.

2. Learning to communicate mathe-
matically. Students’ oral and written
expression shovld demonstrate a
fluency with the language of mathe-
matics. A knowledge of signs, terms,
and symbols is increased through re-
quired use in expressing an under-
standing of mathematics.

3. Learning to reason mathemati-
cally. Students’ attempts to explore and
make conjectures should demonstrate
logical thought. An ability to support
decisions and solutions requires the de-
velopment of effective approaches to
clarifying thinking.

4. Learning to value mathematics.
Students’ natural curiosity should be
encouraged and stimulated. An appre
ciation for mathematics can be devel-
oped through its relevance and connec-
uon in real-life contexts; through its
cultural, historical, and scientific evo-
lution; and through positive teacher at-
titudes.

5. Becoming confident in one’s own
ability. Students’ view of mathematics
as making sense should produce suc-
cess with new and unfamiliar problems.
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A variety of experiences “doing’’ math-
ematics outside of school as well as in
school develops trust in on¢’s own
mathematical thinking.

Additionally, the changes presented
in the Standards should influence cur-
riculum and instruction. These changes
are based on the following underlying
assumptions about students, about
mathematics, and about students learn-
ing mathematics:

o Mathematics is something a per-
son does. Students should know math-
ematics by being able to use it in mean-
ingful ways and should learn
mathematics by being engaged in ex-
ploration and thinking.

¢ Mathematics has broad content
encompassing many fields. Students
should be exposed to a wide range of
content and experiences, upon which
foundation they can build an under-
standing of the place of mathematics in
a technological socicty.

¢ Mathematics instruction and
learning can be improved through ap-
propriate evaluation. The evaluation of
students should be ongoing and should
concentrate on how they know and
think and feel about mathematics to as-
sure their success in learning it.

¢ Mathematical power car—and
must—be at the command of all stu-
dents in a technological society. Stu-
dents can gain knowledge and confi-
dence in mathematics and develop
strategies for continuing to learn and
use it in their changing world.

L. ]
The Standards

The foregoing concepts lay at the
heart of the NCTM'’s work to develop
the Standards, which is a holistic vision
of K-12 mathematics. It contains 40
curriculum standards divided by grade
level—K-4, 5-8, and 9-12—and a com-
prehensive set of 14 evaluation stan-
dards.

Unique to the construction ot the
Standards is the concept of mathemat-
ics as an integrated whole, kindergar-
ten through twelfth grade, rather than
mathematics as a collection of individ-
ual topics isolated by grade levels. For
example, algebraic and geometric con-
cepts are developed evzn in the earliest
grades, where teachers help children



explore, reason, and infer with patterns
and shapes as a way of avoiding the
later shock of the formal—and often
formidable—secondary school courses.

For each grade-level group—K-4, 5-
8, and 9-12—the curriculum content
emphasizes opportunities for students
to develop an understanding of mathe-
matical models and structures. Within
each group, each standard is rooted in
certain assumptions, the most promi-
nent of which is that knowing mathe-
matics is “doing” mathematics. The
format for al’ the standards is the same:
each one identifies the topic, indicates
student activities, develops the ration-
ale, and gives examples, materials, and
instructional strategies.

The first three standards cut across
all grade levels: Mathematics as Prob-
lem Solving, Mathematics as Commu-
nication, and Mathematics us Reason-

ing. Mathematical Connections, the
fourth curricuium standard, is the con-
necting link showing how mathematics
is related both across mathematical
topics and across other disciplines.
Guided by these four common stan-
dards, sustained devclopmentally
throughout the K-12 continuum, stu-
dents can experience the power, beauty,
and usefulness of mathematics. Nine or
ten additional topical standards are
also given for each grade-level group.

. ]
Also, Evaluation and Assessment

Fourteen evaluation standards and
new methods of assessment accompany
these curricular changes in context,
content, and method. The evaluation
standards are divided into threc cate-
gories:

The first is comprised of General As-
sessment strategies for the curriculum.

The second category, Student As-
sessment, contains seven standards in-
tended to give feedback to teachers
both on the effectiveness of their in-
struction and on students’ mathemati-
cal progress.

The third category—Program Eval-
uation—provides help in the evaluation
of programs and instruction, offers al-
ternative methods of assessment to re-
flect the diversity, scope, and intent of
our vision of school mathematics, and
guides and supports change.

L
in Particular, the K-4 Standards

Thirteen areas are covered in the K-
4 standards. 1 spell them out here in
order to indicate the specific types and
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Des Moines’

“s end us graduates who can think!"

*“Assure us that your students learn the math
skills they’ll need in the work place!™

“Raise test scores!”

Demands such as these are placed on busy principals

who are faced with many other pressing needs.

How. then, does a conscientious principal find time to

Total Answer

Kathleen Bullington

be a strong instructional leader, helping teachers meet
community and NCTM demands to improve in the
teaching of mathematics?

One place to look for kelp is *‘Educational Programs
that Work,” tke U. S. Department of Education’s list of
more than 400 programs deemed exemplary, based on
their proven effectiveness, cost efficiency, and transfer-
ability. Many of the 400 programs focus on the teaching
and learning of mathematics; one of these is Success
Understanding Mathematics (SUM), a program whose
goals match those of the NCTM Standards. '

o»
Understanding

Mathematics

SUM is an acronym for Success Understunding Math-
ematics. It has two meanings:

The first meaning is *‘total,” and although SUM does
not replace textbooks, it does provide a total approach
to the teaching of math in the elementary school.

Kathleen Bullington is SUM Project Director for the Des Moines
Public Schools. For more information about this successful program,
write Ms. Bullington, c¢/o Des Moines Public Schools, 1800 Grand
4 Avenue, Des Moines, lowa 50309, or cail her at (515)242-7860.




levels of change the NCTM is recom-
mending. I'm also including a sample
of activities and recommended instruc-
tional strategies to show how the stan-
dards might be implemented. This ma-
terial comes directly from the
Standards document itself.

1. Mathematics as Problem Solving

The class is given the opportunity to
plan and participate in an all-school
‘Estimation Day.’ The children, in pairs
or threes, are to design estimation ac-
tivities to be completed by children in
other classes. Each group will supply
all the necessary materials and monitor
the activities. The activities might in-
clude guessing children’s heights, the
number of candies in a jar, the lengths
of various pieces of string, the weight
of a bag of potatoes, the length of the
room, the number of times they can

write their names in a minute, or the
length of time required for an ice cube
to melt. (From page 25)

2. Mathematics as Communication

Students can write a letter to tell a
friend about something they have
learned in mathematics class. This type
of activity allows the students to con-
sider mathematics for a new purpose.
If letters are exchanged, then students
learn from the thought processes of
their peers. (From page 28)

3. Mathematics as Reasoning

Who am 1? } am an even number. I am
more than 20 and less than 30. 1 am
not 25. The sum of my digits is 8. (From
page 30)

4. Mathematical Connections
(Social Studies) What is the tallest

building in Japan? How tall is it? Write
a paragraph comparing its height to the
height of the Scars Tower in Chicago.
(From page 35)

5. Estimation

Children estimate the number of boxes
necessary to fill the classroom. A child
mentally lines up seven boxes along one
edge of the floor and uses them as a
unit, or a ‘chunk,’ to estimate the total
number of boxes. (From page 37)

6. Number Sense and Numeration

Two children each are given the same
number of counters, in this example,
32. Cne child counts her counters by
ones; the other groups his counters by
tens and then counts by tens and ones.
The children then are asked to compare
and discuss their results. (From page
39)

Why Was it Developed?

The second meaning is “answer’’; SUM has answered
the needs of Des Moines teachers, who developed the
program.

SUM methods improve the mathematics achievement
of elementary school children by helping them under-
stand the concepts behind mathematical problem solv-
ing. They help students become self-confident problem
solvers who learn to think and communicate in the lan-
guage of mathematics.

SUM was developed by teachers in Des Moines, lowa,
who were concerned because student achievement did
not match expectations. Their examination of students’
work revealed errors such as these:

43
-8
25

or this one:
2V X 2V = 5/2 X §/2 = 25/2 = 12>

The errors were not random, accuracy was net the
problem, nor was there a lack of knowledge about basic
facts. The errors followed patterns. Students were mix-
ing up the steps they had been taught. They were unable
to tell that their answers were unreasonable.

They didn’t understand mathematics.

To make things worse, errors led to more errors and
the students’ problems became exacerbated from grade
to grade.

The teachers had been delivering routine, step-by-
step instructions, expecting students to passively follow
each step by rote. Bu:t when teachers looked closely at

v ' N
EMC the» errors, they discovered that their students had not

been passive. Rather, the students had been actively
constructing their own framework of ‘‘understanding,”
while attempting to make sense of the procedures.

If their memories failed while they were following the
mechanical sequence of steps, they substituted steps
from past experience that seemed to fit.

For example, in the subtraction example shown above,
the student certainly was not thinking about the mean-
ings of the numbers 43 and 28 but more likely remem-
bered the teacher’s recipe to “‘subtract the smaller num-
ber from the larger one,” then performed the
subtraction steps column by column.

In the example that multiolies fractions, the student
did not think about the meaning of the numbers but
probably remembered the ‘“‘rule” about common de-
nominators that applies to the addition of fractions—
but not to multiplication of fractions.

As teachers in Des Moines became aware of these
patterns, they decided to move in and help children
make sense of mathematics. They reasoned that if they
could match instructional methods with the way children
learn, then all the children could learn mathematics.

They knew that children invent strategies and proce-
dures to answer their own questions. This became ap-
parent as the teachers watched young children explain
their thinking while joining and separating sets of ob-
jects. They realized that the children were inventing
ways to solve problems to which they had not yet been
introduced.

Research about the ways children learn showed our
teachers that children’s reasoning ability cevelops
through stagcs. They found that elementary school chil-
dren do not reason abstractly but instead need concrete
materials to help them visualize concepts.

During their early years, children learn less by listen-
ing and more by doing. Therefore, the teacher's role is

5



7. Whole Number Operations

Multiples of a number can be shaded
on a hundred charts. Children can then
find numbers that are multiples of 2
and multiples of 3 and thus be intro-
duced to the concept of common mul-
tiples. Calculators can be useful in ex-
ploring multiples of a number through
repeated addition. After children be-
~ome familiar with finding multiples of
2(3,6,9,. ..), they can find how many
threes make 30 using repeated addition
and predict how many threes make 60.
The calculator is used to check their
predictions. Since work with concepts
of operations does not emphasize the
computing of answers, calculators are
a valuable tool. (From page 43)

8. Whole Number Computation
After clearing the calculator’s memory,

two children select a target, such as 23,
and take turns entering a number from
1 to 5. Each new sum is put into the

"memory by pressing the M+ key. A

player who thinks the target number is
in the memory just after his or her turn
presses the memory-recall key to
check. (From page 46)

9. Geometry and Spatial Sense

When children hold a long loop of yarn
so that each hand serves as a vertex,
they can explore the effect of changing
the size of an angle, or increasing the
number of sides while the perimeter is
unchanged. (From page 49)

10. Measurement

Given a carton, children can begin to
understand an object’s many measura-
ble attribuies by being asked, ‘‘How
much does it hold? (capacity) How tall

is it? (length) How large is the front?
(area) How heavy is it? (mass or
weight) How far around does the bor-
der go? (length or perimeter). (From

page 51)
11. Statistics and Probability

A class or group project conducted
over time enables the students to make
predictions and modify them as more
data are collected. Suppose, for exam-
ple, that children are interested in com-
paring the temperatures in their home-
town with the temperatures in two
other cities. They can obtain pertinent
data from such sources as newspapers
and television. They can participate in
making decisions about what questions
to ask; what data to collect; and how to
collect, organize, and display them for
cothers to see and interpret. (From page
55)

Aruitoxt provided by Eic:

to guide student learning, not merely to demonstrate and
explain. Hence, they decided to encourage children to
cexplore, guess, check, ard invent problem-solving pro-
cedures.

The result? Their students gained confidence, as
mathematics began to make sense.

...
Real Solutions to Real Problems

Gradually, as the teachers shared ideas with each
other, they developed methods fcr developing mathe-
matics lessons from real life experiences and the chil-
dren’s interests. Through SUM, teachers present a real
question to the students and give them concrete objects,
or manipulatives, to guide their learning through ques-
tions about the problem.

Mathematics problem-solving abilities are developed
as the students move the materials in response to the
questions. Through enphasized interaction, the stu-
dents lcarn to think and communicate in the language
of mathematics.

The physical objects are important, and many Kinds
may be used. Children also benefit from representing
the same idea with a variety of materials.

The primary goals of the SUM program are to develop
a sense about numbers and be able to operate with
them. Students study mathematics so they can use num-
ber concepts for real-life needs, not so they can complete
workbook pages of computation exercises. Therefore,
time is devoted to helping children make connections
between math as they learn it in school and math as it
is used throughout life.

They learn, too, to make connections between con-
cre\¢c models that represent numbers, the oral language

B l{llcor those numbers, and the related numetical symbols.

model
\\
oral written
—_———
language symbols

Given the words ‘“twenty-three,” for example, stu-
dents should be able to show a physical model for
twenty-three and be able to write the numerical symbol
“23.” Given the model, they should be able to produce
both the oral language and the numerical symbol. Or,
given the numerical symbol, they should be able to pro-
duce a physical representation and the words.

They learn, for example, that 36 is one more than 35,
is between 35 and 37, can be represented as either 30 +
6 or 20 + 16, is close to 40, but not close to 400.

Usually, the children work with partners or in small
groups. As the children display models and talk with
cach other, the teachers can both listen and *‘see” what
the children are thinking. By guiding students this way,
teachers can help the children clarify their reasoning and
prevent patterns of errors.

L ]
Manipulatives—Then E.ooks

All children use concrete materials to learn each ncw
concept. By itself, the hest texthook cannot provide
these experiences, so Jessons do not begin with students
reading textbook pages.



12. Fractions and Decimals

Children need to use physical materials
to explore equivalent fractions and
compare fractions. For example, with
folded paper strips, children can easily
see that '2 is the same amount as ¥
and that % is smaller than %, (From
page 58)

13. Patterns and Relationships

Using the constant function on a cal-
culator, children can construct a table
of input and output numbers and then
express the relationship as an open sen-
tence. (From page 62)

]
implementing the Standards

The K-4 standards—and the stan-
dards for grades 5-8, also—represent a

framework fur an elementary and mid-
dle school mathematics curriculum that
is developed through the collaborative
efforts of teachers and administrators.
The standards can be used to revise or
create a curriculum, to aid in establish-
ing new basics for a new age, or to serve
as touchstones to judge the reform.

The changes envisioned in the Stan-
dards for elementary (K-4) and middle
(5-8) schools are expected to evolve
during the decade of the *90s as a result
of careful, long-term, extensive plan-
ning. Teams of educators with expertise
in the discipline should be given the
time and resources needed to develop
curricula and to plan and present
professional development options that
reflect the readiness of the teachers and
students involved.

Teachers in some elementary and
middle school ciassrooms are already

implementing the Standards; in others
they are prepared to start. With en-
couragement and support from their
principals, plus the time and the mate-
rials, many more teachers may begin
the process of upgrading the math cur-
riculum. Those innovators will adapt
the Standards and share the results.
The illustrative examples in the Stan-
dards clarify the concepts and ap-
proaches and offer possible ways of or-
ganizing content and instruction for
curricular improvement. The full doc-
ument is a rich planning resource and
has the potential to engender teacher
“ownership” of local reform, an essen-
tial ingredient of successful efforts.
However, it is important for everyone
involved in the crafting and implemen-
tation of change to recognize that the
mathematics curriculum envisioned in
the Standards is neither rule-driven nor

Manipulatives are used first. After children develop a

To remember a fact like *‘6 times 8,” children can usc

concept using manipulatives, they are able to under-
stand textbook pictures of the objects. SUM teachers
follow manipulative work with representational lessons
such as those found in texts. After the visual images are
“in their heads,” students are able to work with just the
numbers at the abstract level.

This is the sequence of lessons:

a variety of thinking strategies:

Students may separate their fact picture into two
smaller pictures—a picture of *‘5 times 8" and another
picture of ““1 times 8":

Concrete —» Representational —» Abstract

Manipulative models are used to picture an idea at
the time the idea is first introduced. Then the same
model is expanded and extended as the idea or skill is
used in more complex situations later on.

The multiplication concept can be represented in sev-
eral ways, including a rectangular array. During begin-
ning exploratory lessons for muitiplication, children may
use three groups of chips with two chips in each group
to show ‘3 times 2.’ Next, they may organize those same
six chips on a graph-paper grid with two chips in each

of three rows, with the rows directly underneath each SEEEEEER

other: Another may ‘“‘see” “6 times 5" and ‘6 times 3":
an SEEEE EEl
] GEEEE HER
] ESEEE 08BN

Visual images from this kind of thinki~g make it pos-
sible for children to estimate appropriate answers to
complex computation examples and prepare them to
reason with data in the business world.

Before the tetchers in the SUM Program began using
these arrays, their students did not understand multipli-

Text Provided by ERI 7

The children notice that the graph paper picture for
each multiplication example forms a rectangle, and they
also learn to superimpose similar pictures for other facts
on a blank multiplication fact chart.

Children can independently find the products for all
the multiplication facts, counting objects one-by-one, if
necessary. They can build a multiplication chart when-
ever they necd to remember a forgotten fact instead of

El{I‘C«simply memorizing answers from a meaningless list.



teacher-dominated. The reshaping of
school programs can begin either as a
series of small incremental steps or as
a full-scale, formal curriculum devel-
opment project.

(O S
Four Planning Assumptions

With that in mind, the NCTM offers

the following assumptions to help guide
those who are developing curricula and
planning for instruction:

1. The curriculum should be concep-
tually oriented with an emphasis on
the development of mathematical un-
derstanding and relationships.

2. The curriculum should involve stu-
dents in the cooperative learning of
mathematics and build on their in-
tuitive knowledge.

3. The curriculum should be organized

around real-world problem-solving

situations as an experience that per-

meates all topics.

4. The curriculum should include
mathematics other than arithmetic
and its application within mathe-
matics and in other disciplines.

The empowerment of teachers as
change agents has major implications
for the assessment of student achieve-
ment as well as for teacher appraisal.
Teachers implementing the curricular
standards will be providing exploratory
and investigative activities for their stu-
dents as problem solvers; they’ll be us-
ing calculators and computers as well
as manipuldtives and other materials.
Their students will be engaged in co-
operative team learning; they’ll be ex-
ercising critical thinking skills, as they
work through questions that they and
their teachers pose; they will identify

connections among mathematical top-
ics or between mathematics and other
disciplines. This is the kind of excite-
ment that is in store for schools that
begin to implement the NCTM’s Cur-
riculum and Evaluation Standards for
School Mathematics.

As recently as December 1990 in the
report of the Weekly Reader Survey, re-
searchers have confirmed what elemen-
tary educators have always known: i.e.,
American students like mathematics
and want to be successful. Principals
and other school administrators now
have the NCTM Standards to help them
develop greater opportunities for stu-
dents to achieve their full potential in
this essential subject.

The NCTM invites the men and
women of the NAESP to help make
mathematical literacy a reality for every
child in America. a

cation of fractions. They had no frame of reference for
estimating appropriate answers. Now they have a tool—

the array:

This array, representing the problem 2% X 2'% shows
that 12" is not a reasonable answer. Most students can
now sec that the product should be greater than 2 times
2, or 4, but that it could not be close to 12,

One of the unique features of SUM is how much easier
‘'t becomes to teach students to solve problems. It's a
matter of organization and differs from traditional pro-
grams in two significant ways:

(1) In traditional programs students learned compu-
tation skills isolated from real-life problems, but they
were expected to apply the skills to situations in “story
problems” found at the ends of chapters. The students
did not need to make decisions about which operation
to use. They simply used the computations that had been
learned in the chapter. In contrast, SUM students begin
with problems and develop computational algorithms
through the process of solving the problems.

(2) The SUM design for teaching problem-solving
goes one step further. Students are taught strategies
which they can use to attack word problems and decide
which operation to use. Here are some of those strate-
gies: acting the problem out, drawing a picture, deciding
whether you are looking for a patt or a whole, eliminat-
ing extra information, deciding which action car.> f1st,

O essing then checking, making a table, and working
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backwards. The strategies are organized into a set of
objectives arranged in a developmentally appropriate
sequence.

‘
An Invitation to Try

With the help of funds from the National Diffusion
Network, the SUM program is available to schools
whose needs are similar to those for which SUM was
originally designed. SUM staff riembers offer training
workshops for teachers, access to program manuals and
maiiagement materials, and follow-up consultations.

Schools may purchase a set of sample probiems stu-
dents can use when they practice the problem-solving
strategies. Other support materials include parent and
inservice booklets as well as a set of blackline masters
with which teachers may produce inexpensive manipu-
lative activities.

Although the program began as a Title I—now Chap-
ter 1-—program, it is approgriate for all students and
can be used with equal success by all classroom teach-
ers. In fact, during the first five years that SUM was
funded, teachers from 38 states implemented its meth-
ods in a wide variety of schools with a broad diversity
of students.

We have seen the SUM approach adopted by schools
in the Southwest, the Southeast, in a school operated
by the Bureau of Indian Affairs, a rural Southern
school, the Catholic Archdiocese in two metropolitan
areas, in one of the schools sponsored by an oil company
in the Middle East, and in a school in an American
territory in the South Pacific.

If other schools are interested, the Des Macines teach-
ers would be happy and proud to sharc the SUM pro-
gram with them O



