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Philosophy of Effective School Practices

SESES

Teachers are responsible for student learning.
The curriculum is a critical variable for instructional effectiveness.
. Effective teaching practices are identified by instructional research that compares

the results of a new practice with the results of a viable alternative.

4. Experiments should not be conducted using an entire generation of Americans.
The initial experimentation with a new practice should be small in scale and
carefully controlled so that negative outcomes are minimized.

5. A powerful technology for teaching exists that is not being utilized in most

American schools.
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'From the Field: Letters

To the editor:

There was an error in the article entitled “Do Word Processors Really Make Good Spellers Obsolete?”
in the Winter 1994 issue. The sentence in error stated that spelling aides seemed “particularly inadequate
when the student is a poor speller with a weak vocabulary.” My intention was to say that “the aides seem
particularly inadequate when the student is a poor speller with a developed oral vocabulary.” My students
generally have more words in their oral vocabulary than they can spell.. For example, the first-graders in
my resource room have attempted to spell words such as ancient and hallucination, Word processors and.
electronic spelling aides are not very helpful for these students.

Berta Bender- .
66 Montsalas Drive ™
Monterey, CA 93940

" To the editor: :
~ I'would like to print, in their entirety, several articles from your excellent pubhcatlon, "Effectlve
School Practices.” Specificaily, I wish to use:
“"Overview: Toward World Class Standards” from the Summer 1993 § 1ssue,
“A Whole Lotta Learning Going On” from the same issue,
”Chlld—Dlrected Teachlng Methods: A Drscrlmlnatory Practice of Western Education” from the Sprmg 1993
issue.

 Tam compiling a research and information handbook for the members of the National Parents Com-
mission to use in debating education issues with education bureaucrats. Your articles offer a clear picture
- of what validated research is, what instructional child-directed methodologies are, w1th their repercus-
sions, and an example of a program proven to be successful.

Thank you for your excellent work in education.

Peg Luksik, Chairman
National Parents Commission .
Home Office .
4032 Fifth Ave.
Altoona, PA 16602

To the editor: :

I have had the opportunity to review a new mathematics program that I think has’ many of the features
that Bob Dixen identified as important things to look for in adopting an effective mathematics curriculum
[See Bob Dixon's article, this issue]. The program is by Charles Ledger, is published by Irwin Publishers in
Toronto, and is called the Spirit of Math. The author, Charles Ledger, is a teacher who developed the
program over his years of teaching. His students have won many awards for their performance in math-
ematics contests in Toronto. The first level will be out this fall for seventh grade. Other levels will follow.
I believe it will be a program for middle school grades 7 through 9 when it is finished.

- Andrew Nikiforuk -
Education Columnist
Canadian Globe and Mail
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Focus Achlevmg ngher Standards in

Mathematlcs

Ovemew
Bemadette Kelly, Guest Co-Editor
University of Oregon

The last issue of Effective School Practices had a
_double focus: Working With What Works, and Begin-
ning Reading Instruction. The first section of the issue
detailed how current reform movements seem to be
focused on implementing the latest fads rather than
research-based practices. The second section articu-
lated these same issues as they apply to the specific
content area of beginning reading. The focus of this
current issue is effective mathematics instruction. It
includes a variety of articles that articulate both
- problems with current popular approachesand pos-
sible solutions.

A fundamental tenet of Direct Instruction is that
we learn through a combination of positive and
negative examples. This combination gives rise toa
clearer definition of a concept. It is hoped that the
combination of papers provided in this issue will
'prmnde the reader with a clear perspective on the
issues surrounding the math reform movement de-
bate, as we seek to provide examples of what effec-
tive mathematics instruction is, and is not.

In his article, What if Those Math Standards are
Wrong? (p.5), Chester E. Finn, Jr., expresses concern
arising from the “lemming-like” acceptance of the
National Council of Teachers of Mathematics
{NCTM) Standards. Perhaps Finn's most serious
concern is the lack of a research base for the NCTM
recommendations.. ‘Without a solid research base
demonstrating that the NCTM recommendations
are effective and will accomplish the desired re-
sults—"more numerate young Americans”~—werun
therisk of implementing new standards that will not
serve either teachers or students well. -

Another concern relates to the quality of the
Standards themselves. The aspects of math empha-

sized and de—ernphasued by the NCTM might re-

sult, he fears, in children who “might have all sorts
of imaginative ideas about tackling a problem, yet
seldom get the right answer to it because 5 times 11
was beyond their ken.” His concern echoes that of
Richard Martin two decades ago when critiquing
the new math movement: “There is one slight hitch:
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many of these kids can’t add, subtrdct, mulhply or
divide.” Finn questions the lurching from one ex-
treme to anotherin educationand calls for a balance:
“Great teachers ... attend both to problem-solving
strategles and rapld calculation of the right answer’
in math class. They know these fierce arguments“
involve spurious choices and phony tradeoffs.”

The NCTM describe their unvalidated recom-
mendations for teaching practice as a-“vision.” The
vision articulated by the NCTM is being imple-
mented nationwide. How well does the visiontrans-’
late into “new” practice? Apparently, notvery well.

Jay Mathews" article, Divide and Confound, (p.8),
is written from the perspective of a concerned par-
ent. He sees the results of the mathematics instruc-
tion his daughter, Kate, has recelved and is no less’
than alarmed. ‘The math program used at Kate's
school is based on the Standards. ‘Part of the NCTM:
vision is to help students “trust in their own math-
ematical thinking.” The math program Kateis work-
ing in has apparently accomplished that—when
asked to add 8 plus 5, “Kate put on an 8-year old’s
favorite armor; a look of utter disbelief at the igno- -
rance and misplaced values of adults Are you
kidding? she said. It's 12.”:

While Divide and Confouind is written from the
perspective of a concerned parent, Déja Vu?—The
New “New Math”(p. 11), is written from the perspec-
tive of a concerned educator and expresses the same
concern—that in math education we seém to suffer
from specific amnesia—an inability to learn from_
ourmistakes. As Mathews SEys, “Noidea, no matter
how battered, ever really dlES in Amerlcan educa-
tion.”

The Déja Vu paper explores the difficulties expe-

rienced when teachers attempt to-translate the Cali-
fornia Math Framework into practice. The paper
critiques a series of four articles written by educa-
tional researchers who have a strong commitment to
the vision and phx]osophy of the NCTM. The same -
vision and philosophy is articulated in the Cahfor—
nia Framework.
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There seems to be a serious dissociation be-
tween the rhetoric of the Framework and actual stu-
dent-performance goals. There is a danger that
without clearly articulated goals for student perfor-
mance and methods of evaluating whether those
goals have been met, there is room for a loss of
accountability on the part of teachers and instruc-
tional programs. Thisis reflected in the fact that the
authors, when observing the teachers in the class-
room, failed to attend to studentlearning: “Because
we did not collect student data, we cannot tell what
studentslearned ordid notlearn.” (Putnam, Heaton,
Prawat, & Remillard, 1992, p. 217). What they did
observe, however, wereteachers who, whenattempt-
ing to apply therhetoric of the Framework, lacked the
sophistication to deal with the instructional situa-
tions they themselves devised. In attempting to
create challenging and creative problem-solving
activities, two teachers unintentionally facilitated
the formation of misconceptions for perlmeter, vol-
ume and average.

 Meeting the NCTM Standards through Direct In-
struction: Connecting Math Concepts (p.20) illustrates
how the design of the Connecting Math Concepts
(CMC) program can provide teachers with a reliable
tool to help accomplish the goals of the NCTM. By
introducing important content in a logical, sequen-
tial, strategic fashion, students can experience suc-
cess'in the areas of increased emphasis outlined by

the NCTM, such as problem solving, probability,

and statistics, geometry, and mathematicreasoning,

" We differ, not so much in the realm .of basic
academic standards—the ultimate goals set for our
students—but in the teaching rnethods by which
those standards are met.

' The question of teaching methodology is at the
heart of Carol Feinberg-McBrian’s thoughtful re-
sponse (p. 35) to the “Sacrosanctity Versus Science”
keynote address in the previous issue of Effective
School Practices (Vol. 12, Number 4, pp. 24-32).
Feinberg-McBrian defends the NCTM Standards
from the standpoint of a mathematician and pro-
vides a different perspective on math instruction
based on her own experience as a student, and asa
teacher. She voices some criticisms of Direct In-
struction that are frequently made, giving rise to
1mp0rtant questions of teaching methodology, the
related issues of scripted lessons, and teaching for
understanding. The debate continues with a reac-
tion (p. 43 ) from the editors of this issue.

The other papers in the current issue, rather
than focusing on problems, or perspectives, attempt
to describe positive examples of math instruction
based on empirical research.

Bob Dixon’s paper: Research-Based Guidelines for

- Selecting a Mathematics Curriculum (p '47) articulates
~six guidelines for those interested in selecting (or

developing) quality mathematics curricula. In con-
trast to the philosophically derived “vision” of the
NCTM Standards, the six guidelines are rooted in
research. The paper outlines criteria for evaluating
instructional materials based on contentand design.

The major consideration for content is three-
fold. Do the materials, focus on Big Ideas (key math-
ematical concepts), prioritizing areas of mathemat-
ics that will provide students with an “umbrella
concept” thatincorporates other mathematical ideas
efficiently? The second consideration for content is
whether it presents explicit strategies for tackling
problems. Good strategies can be applied toa broad
range of problem types, butare specificenoughto be
of substantive, practical help to students. The third

aspect of content to be considered is prior knowledge.

Attention to prior knowledge within a curriculum
must be both thorough and timely. Exposure to
prior knowledge is insufficient; it must be learned
sufficiently well by students that it presents no stum-
bling block when applied to more advanced con-
cepts and strategies. Once learned, it must also be
maintained so that students are still secure in that
knowledge when the new, more difficult content is
introduced.

In the realm of instructional design, criteria for
scaffolding, integration and review are provided. Scaf-
folding refers to the gradual removal of structure
provided by the instruction from initial demonstra-
tions and support through independent practice.
The goal of scaffolding is to ensure a high degree of

student success throughout the acquisition process..

Integration refers to the mixing of problem types to
ensure that students learn key discriminations and
think carefully about alternative processes. Appro-
priate review is determined not just by quantitative
considerations, but also qualitative; review should
be (a) distributed over time, (b) cumulative, with
problem sets representing an accumulation of prob-
lem types from the beginning of the instructional
sequence, and (c) appropriately varied to facilitate
generalization.

The final section of this issue provides five
research studies that demonstrate the powerful im-
pact these guidelines can have when built into a

"mathematics curriculum and implemented consis-

tently. Three studies deal with the SRA Connecting
Math Concepts program, two with the Systems Im-
pact mathematics videodisc programs."

A research brief (p. 62) summarizes the math
data from a study conducted by George Brent and
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Nicholas Di Obilda in Camden, NJ. They compared

the performance of second-grade students taught-

with the Connecting Math Concepts (CMC) program
with that of students taught with a curriculum spe-

cifically aligned to the CTBS. They were interested
in the effects of the instructional programs and also.

the effects of student mobility, which is particularly
high in the Camden schools.

On the CTBS and MAT computation subtests, .

the CMC students outperformed the control stu-
dents. On the concepts subtest of the CTBS, the
stable control students outperformed both CMC
groups (mobile and stable), who in turn performed
higher than the mobile control students. The cur-
riculum alignment to the CTBS appeared to benefit
only students who were taught with aligned math
program for 2 years (30% of the students in the
aligned condition). A dramatic contrast was found
-with the MAT test scores (the MAT was adminis-
tered to stable students only). CMC students out-
performed control students in both computation
and math concepts. The results suggest that the
curriculum alignment did rot result in generalized
math abilities for the control students. Performance
of the DI students was more consistent across tests,
and less imparted by mobility.

The Vreeland et al. article (p. 64) describes the
pilot implementation of Connecting Math Conceptsin
third-and fifth-grade classrooms. Theauthors made
several interesting comparisons between the CMC
students who had either more traditional basal in-
struction, or extensive hands-on and manipulative
activities. CMC students typically outperformed
students of a similar (low) socio-economic status
(SES), and performed at comparable levels or higher
than students of a higher SES on two standardized
and problem solving tests. Encouraging results
were also found for gifted students, who made sub-
stantial gains and performed wellabovegrade level.

John Wellington’s report on the adoption of
Connecting Math Concepts in a Pennsylvania School
district {p. 70) offers a sensitive look at the issues
involved in a wide-scale implementation of a Direct
Instruction program. The report describes the thor-
ough groundwork that was laid through a pilot
implementation, with a well designed analysis of
the results. This carefulapproach, and the success of
the pilotimplementation, particularlyin fourth grade,

was instrumental in the subsequent district-wide -

adoption. This ambitious endeavor has been a sig-
nificant challenge, and has brought many issues to
the fore, including teacher expectations, fidelity of
im'plernent"ation,-and resistance to change.

Kitz and Thorpe (p. 76 ) working with remedial
young adults learning algebra, found significant
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. differences in the perfoi:'fna:;'\ce' ofgroups learning
* from a Direct Instruction videodisc program and

from a traditional text. Not only did the videodisc
group outscore the text group on the videodisc
posttest, but also on the text posttest, despite the fact
that the text group scored significantly higher onthe
test prior to the study. o

An equally remarkable finding occurred in the
Grossen and Ewing study (p. 79). In the first phase
of the study, sixth-grade students classified as “low
performers” based on their pretest scores in the
videodisc group outperformed the “high perform-
ers” in the basal-text group on the basal test. ‘In the
second phase, another group of sixth-grade stu-
dents were more proficient overall on a series of
problem-solving tests, when compared. with stu-

~ dents taught by a teacher expert in the NCTM teach-

ing methods. Such results.attest to the power of
effective curriculum design and instructional prac-
tices, both with remedial and regular education stu-
dents, resulting in generalizable mathematical
knowledge. A
In short, there is a sound research base for effec-
tive instructional practices in mathematics. Current
reform movements have a tendency to ignore this
research base and head off in the diréction of specu-
lation and conjecture. In the papers that follow, we
hope to articulate more fully the nature of this prob-
lem, and to offer a more rational, alternative ap-
proach. - S
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“What If Those Math Standa;rds Are Wrong‘?

Chester E. an, Jr
- The Edison Project

Reprinted with pémzission from Educatioﬁ Week, Vol. XII, Number 17, January 20, 1993,

Even in the faddy world of K-12 education, the .

“standards” issued by the National Council of Teach-
ers of. Mathematics (NCTM) have met with rare
acceptance. Seldom has so profound a change in
conventional wisdom and standard practice had
such homage paid to it, so little resistance shown to
its onrush, so few doubts raised about its underpin-
nings. Republican and Democrat, textbook pub-
lisher and test maker, governor and businessman,
federal official and local school board member—just
about everyone is rushing to implement “the NCTM
standards.” What's more, they're ceaselessly cited
as the example par excellence of what national educa-
tion standards should look like. Gov. Roy Romer of
Colorado, for example, has said so hundreds of
times, as has outgoing U.S. Secretary of Education
Lamar Alexander. We've seen national, state, and
local groups, struggling with standards in their own
domains, cite the NCTM, embrace the NCTM and
yearn to emulate the NCTM.

We'd better hope the NCTM has got it rlght If
not, American education’s lemming-like rush to fol-
low its lead could find us hurtling off a precipice.

Worries about the NCTM approach to math be-
gan to stir in me several years back. They took two
forms then; I've lately added a third.

The first had to do with what I've come to realize
is vast misunderstanding of what the NCTM has
actually wrought. It is centered in confusion be-
tween “content standards™ and “student-perfor-
mance standards”—to borrow the terminology of
the National Council on Education Standards and
Testing, co-chaired by Mr. Romer.

Oversimplifying only a bit, content standards de-
scribe whatschools should teach and—presumably—
their pupils should learn. Examples might be “state
capitals” in grade 4 and diagramiming complex sen-
tences by grade 7. Content standards are about
curriculum: its goals, frameworks, scope and se-
quence, etc. They areintended mostly for educators.

Student-performance standards are something else.
They involve how well youngsters mustdo in order
to be said to have met the expectations of the content
standards. How many state capitals must that 4th
grader actually know? Must she have them memo-

rized or is it okay to match up states and capitals
from two lists? If she only gets 42 of them right has
she fulfilled the standard? Must all those names be
spelled properly? As for diagramming, just how
intricate a complex sentence do we have in mind?
How many must the student diagram? How many
errors are acceptable? Such are the issnes we must
resolve when we set student-performance standards.

Note, though, that only when these standards are in

placecanstudents (and parents) see how well they—
and their schools—are doinhg vis-a-vis what's ex-
pected of them. Student-performance standards are
truly about results and outcomes. They’re meant
mostly for laymen.

To date, what the National Council of Teachers of
Mathematics has provided are content standards
only. Educators are properly grateful, as are many
policymakers. But whatmost nonprofessionals have
in mind when they talk about education standards
are student-performance standards and those—re-
grettably—the NCTM has not yet given us.

So how satisfactory are the content standards?

- Wenow come to my second worry. 1t flickered tolife

when I began to hear of elementary school class-
rooms where teachers were passionate about “prob-
lem solving” but where students were counting on
their fingers as late as 3rd or 4th grade because they
hadn’t learned the rudimentary “math facts” to the
point where these came automatically. I contrasted
this with what I knew of Japan’s “Kumon” math
program and with the teaching strategies developed
by John Saxon, an eccentric textbook author who is
shunned by the math establishment but whose pu-
pils seem adept both in basic arithmetic and in
solving complex math problems. (The math estab-
lishment despises Kumon, too, of course.)

Was it possible, I asked, that children taught
according to NCTM standards might have all sorts
of imaginative ideas about tackling a problem yet
seldom get the right answer to it because five times
11 was beyond their ken?

Math sophisticates pooh-pooh my concern, argu-
ing that of course the NCTM intends both results,
that arithmetic and accuracy are not being sacrificed
on the problem-solving altar, indeed that these will
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develop hand-in-hand. . - .

That, of course, is what everyone yearns for:* deft

‘skills and reliable “math facts” combined with imagi-

nation and deep understanding. And in the hands.

of terrific math teachers, that's pretty much what
happened long before the NCTM was heard from.
But U.S. schools don’t boast a surfeit of such teach-
ers, especially in the early grades, and in trying to
compensate for this kind of shortage (not just in
math) we've tended to lurch from one extreme to

another, grabbing for the latest miracle cure, forcing -

tradeoffs, opposing “a” to “b” rather than melding

them. For a vivid example drawn from another-

field, look at the endless war between the “whole
language” crowd and the partisans of “phonics,”
notwithstanding ample research showing that both
are needed for young students to read effectively
and enjoyably. ‘ :

( : . N
It’s vital to ask of any new approach
being thrust upon the educationworld
whether it has been fully tested with
students to insure that it yields the
desired results.

\. : ‘ ' )

Great teachers do use both in language-arts les-
sons, just as they attend both to problem-solving
strategies and rapid calculation of the right answer
in math class. They know these fierce arguments
involve spurious choices and phony tradeoffs. But
what happens when their professional association
slips—or is perceived as slipping—over to one side?
In particular, what happens to millions of children
whose less-than-gifted instructors rely on prepack-
aged programs, the latest nostrums, and what oth-
ers tell them is the approved way to proceed?

So long as many teachers are dependent in this
way, it's vital to ask of any new approach being
thrust upon the education world whether it hasbeen
fully tested with students to insure that it yields the
desired results—and is not just being promoted
because it appeals to grownups caught up in ideo-
logical battles. _ '

Which leads to my third and newest anxiety about
NCTM math, seeded by a flawed but compelling
(and widely ignored) book by Siegfried Engelmann
call War Against the Schools’ Academic Child Abuse
(Halcyon House, 1992).

Professor Engelmann, of course, is the father of
dozens of instructional programs, especially for the
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primary grades, the best knownof whichare DISTAR
reading and math. He is also one of the world.
authorities on “direct instruction,” a highly struc-
tured approach that relies on clear expectations for
teachers and students, tight performance require-
mients, “behavioral” (rather than “developmental”)
instructional practices, and strong emphasis on ac-
countability for results.

Here's what Mr. Engelmann has to say about

" math a la NCTM: .

The Standards de-emphasize anything teach-
ers have failed to teach ... The most serious
problem with the Standards, however, is its
_arrogance. In the tradition of the ‘sorting-
machine, it assumes- that it can‘derive a’
curricular reform through metaphysical mas-
turbation of words, not throughexperimental
evidenceaboutwhat worksand whatdoesn’t. -
The writers of the Standards did not verify
these activities, suggestions, and standards
by first demonstrating that they worked and
that they created kids who performed well in
math. Instéad, they made jt up and then
presented it as an authoritative document. -

If Professor Engelmann is right, we may be buy--
ing a pig in a poke, a radical yet unproven overhaul
of math curriculum, instruction, and assessment
that massages the nerve centers of the “math com-
munity” but won’t necessarily produce more nu-
merate young Americans. . - -

Mr. Engelmann asserts that the NCTM approach
has a lot in common with the debacle known as
new” math. “The manipulatives, the exposures,
theacting-out, and the moral insistence on problem-
solving,” he writes, “has been a theme of math
educators since the mid-60s.- The approach is actu-
ally one of the reasons kids currently don’t know
long division and are not proficient at paper-and-
pencil work in math.” ~ S

— ) 1)
We err when we slight the acquisition
affacts, specificknowledge, and simple
skills, both as building blocks of more
complex intellectual structures and as
potent motivators. .

\S ' e

The kind of instruction that Mr. Engelmann fa-
vors—direct instruction—isn’t popular with today’s
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educators. It smacks of rote learmng, drill .and

practice, even memorization, thus of a canon" of.
skills and knowledge that every teacher should i im-.
partand every pupil acqunre This is unfashionable.
It’s not what we find in the NCTM standards. But,

it's performance-oriented, hence amenable to as-
sessment—including the kinds that emphasize right
answers and thereby lend themselves to accountabil-
ity, high stakes, and other such scorned practices.
Unfashionable to be sure. But we err when we
slight the acquisition of facts, specific knowledge,
and simple skills, both as building blocks of more
complex intellectual structures and as potent moti-
vators. Many teachers and parents can attest to the
satisfaction that kids get from knowing things: pre-
cise, definite things that they know they know, can
tell they’'re good at, and from the accumulation of
which they can gain a sense of steady progress—in
contrast to the subtleties and ambiguities that ex-

"perts favor. As an example, I recently observed the

. . ‘. N

ardor, pride, and feeling of accomplishment pal-
pable in an elementary school in the much-afflicted
South Bronx, a school that is using E.D. Hirsch's
“core knowledge” program.

Diverse classroom strategies should
be welcome—so long as solid learning
“occurs.

=

E.D. Hirsh isn’t the main point, though, nor is
Siegfried Engelmann, nor even the NCTM. What's
important is whether U.S. youngsters actually reach
higher levels of skill and knowledge.. As yet—a fuil
decade after the National Commission on Excel-
lence in Education labelled us a “nation at risk”—
there’s scant evidence that our reform strategies are
working. The cures we’ve tried have done little to
boost outcomes. To that glum news some people
respond by seeking (as often before) to ease the
press for results and go back to indices of input,
effort, and intention. Others want to replace the
measuring sticks, hopeful that differentassessments
will reveal—and perhaps stimulate—better results
from today’s voguish curricular and pedagogical
strategies. A few, however, are turning away from
those strategies themselves, returning to what
Marilee C. Rist, in a useful article in The Executive
Educator, terms “learning by heart.” Memorization.
Direct instruction. Recitation. Plenty of practice.

And gobs of core knowledge. :

- We-oughtn’t dump all our eggs into that basket
elther Or any other. No single container is capa-
cious enough. Diverse classroom strategies should
be welcome—so long as solid learning occurs. The
reason for standards isn’t to impose a regiment of
what Diane Ravitch terms “pedagogical imperial-

. ism.” Rather, it’s to be clear and prescriptive about

ends—and thenlaid-back and versatile about means.

- : ' N
( By focusing on content rather than
- performance standards, the organiza-

tion [NCTM] has probably led its

members and followers to dwell over-
much on what happens in the
classroom instead of the results at-

tained there. - J

I doubt this was intended, but the NCTM may
have given a boost to such imperialist tendencies in -
math. By focusing on content rather than perfor-
mance standards, the organization has probably led
its members and followers to dwell overmuch on
what happens in the classroom instead of the results
attained there. “Problem solving” works in some
situations, to be sure, but “learning by heart” may
accomplish more in others. Usually both are vital.
Teachers must feel free to adapt their strategies to
specific situations, not harnessed to a single peda-
gogical approach.

Says Thaddeus Lott, the maverick principal of the
Wesley School in Houston, an institution attended
by hundreds of “at risk” youngsters, a place where
DISTAR is used in both math and reading—and
where test scores are soaring: “You don’tsend a guy
to dig gold without the proper tools; and you don’t
build a house without a saw and hammer.” By
giving his children the tools they need, he isempow-
ering them to build all sorts of structures. But it
takes courage to stand up to conventional wisdom.
And today that wisdom insists that the NCTM and
its ilk have things figured out just right and that
everyone had better do things their way. What if
they turn out to be wrong?
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‘Meet the New, New Math. Just Like the Old
NEW Math—Totally affhng

Scarsdale, N.Y.—I first saw the look on my wife's
face—a subtle blend of alarm and irritation—when
we were talking with our daughter Kate, 8, about
one of her friends. “She’s three years younger,
© right?” Kate said. “So when I'm 12, she’ll be 10.”

We've had a few more of these arithmetic mis-
haps since. Kate attends second grade at the Fox
Meadow School in Scarsdale, a cheerful collectionof
long halls and sunny classrooms recently cited by
Redbook magazine as one of the best public schoolsin
the country. She reads and writes far better than I
did at that age and has developed a self-confidence
that is usually a comfort and a delight.

. Buther attempts at addition and subtraction are
often hit and miss and awaken bad memories.

Thosewho remember the famous battle
over the New Math of the 1960s ought
to bewarned that another strugglehas
begunin America’s elementaryschools
about how to teach mathematics, and
the initial signs are not all good.

— ' _ 3)

Kate, her mother, and I have bumped hard into one
of those defining moments in American pedagogic
history when all the best ideas about how to help
children learn are put to the test. Those who remem-
ber the famous battle over the New Math of the
1960s ought to be warned that another struggle has
begun in America‘s elementary schools about how
to teach mathematics, and the initial signs are not all
good.

The New Math movement a heartbreakmgly
ambitious attempt to help children understand math-

ematics rather than just memorize it, began 35 years

ago with an equal lack of fanfare. Little was re-
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ported at first about the creatton m 1958 of the
School Mathematics study Group (SMSG) and a key
report by the Commission on Mathematics of the
College Entrance Examination Board; but they ush-
ered in a decade of feverish reform and eventually,
dlzzylng backlash ' : .

When parents dtscovere _hat some
children were ignorant of mult:pltca-,
tionand otherpract:cal skills, the New
Math crashed with a speed remark-
able even forour faddzsk school system

The umfymg ldeas of rnathemancs, the reformers

said; would henceforth take precedence over drill

and rote learning. Grade school teachers began to

talk about sets, numeration in bases other than 10 ..

and other topics that mysnfled parénts. The control-
ling assumption was that every bright-eyed Russian
child was already learnlng thls stuff and Americans
had to catchup. . =

Under the traditional | programs that teachers were
comfortab]e with, pupzls would:learn how to add,
subtract, multiply and divideb domg basic drills—
7plus7is14,7 plus 8is15,7 plis 9is 16—until they
were second nature. Under the New Math, students
would work with sets and. groups of numbers or -
objects and often leap into simplified discussions of -
non-base 10 and other untraditional concepts with-
out the drills being fully rnastered Flash cards and
other memorizing devices were put away in favor of
colorful charts full of arrows and geometric shapes
and stories about what fun it would be to liveina
world where everyone counted ononly two fingers.

Many adults today retain vaguely painful child-

‘hood memories of puzzling over their New Math

exercises and bemg as frustrated with them as were
their teachers.’ When parents discovered that some’
chlldren were ignorant of mult:phcatlon and ‘other
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practical skills, the New Math crashed with a'speed

remarkable even for our faddish school system.
MorrisKline's best-selling book, “Why Johnny Can't

- Add: The Failure of the New Math” delivered a final

blow in 1973, and a back-to-basics movement filled

‘the void. ‘

Why, then, are we back to worrying about simple

arithmetic? The reason is that no idea, no matter,

how battered, ever really dies in American educa-

" tion. Ours is'a democracy that believes the schools

can solve nearly every problem, and there are al-
ways people ready to try something new, or hope
that something long ago discredited may have just
been ahead of its time. ~ "~ - 7

- . According to Bruce R. Vogeli, professor of math-
‘ematical education at Columbia University’s Teach-
_ers College, the New Math principle of emphasizing

ideas over skills “has been held by mathematicians
and educators for at least a century.” Felix Klein

‘lectured in the late 19th century on the function

concept as a unifying theme. John Perry, Alfred
North Whitehead and a host of other educational
scholars pursued the idea. o :

" The New Math debacle disappointed them, but

‘by the mid 1980s they could argue that the tradi-

tional method was still doing little to raise math-
ematics scores. The intellectual heirs of Klein and

~ Perryand Whitehead beggzed for another try at teach-

ing ideas as well as methods. In the last three years

thiey have had enough success in some places to

bring parental paranoia up to 1960s levels and make
Kate Mathews’ parents feel like hopeless mossbacks.
 Leading the new reform effort is the National
Council of teachers’ of Mathematics (NCTM), a
Reston, Virginia-based organization now at the
height of its influence in American schools. Univer-
sity of Missouri-Kansas City professor Shirley A.
Hill, a former president of the NCTM, won the
$25,000 McGraw Prize in Education for her work on
a national blueprint for mathematics education—a
258-page guide entitled Curriculum and Evaluation
Standards for School Mathematics and usually called
the Standards. University of Wisconsin professor

' Thomas A. Romberg, chair of the NCTM commis-

sion that supervised the drafting of the Standards,
called them “a flag to rally around” for teachers who

“want change. They have become the model for

mathematics reform and textbook approval in most

states, including Maryland and Virginia, ‘and re-
formers in other disciplines, such as science and
-“social studies, have borrowed their ideas. -

The Standards are the work of teams of mathema-

‘ticians and classroom teachers. The idea is to move
‘studerits into an age where computers and concepts,

rather than rriu]tiplica tion tables and addition facts,

rule the mathematical world. - The document de- -
- s¢ribes its mission as helping studentslearn “to trust

their own mathematical thinking” and “develop an
understanding of mathematical models, structure
and simulations applicable to many disciplines.”

7 _ 3

The INCTM] document describes its
mission as helping students learn “to
trust their own mathematical think-
ing"... Over pizza recently, Linda
asked Kate to add eight plus five. Kate
put on an 8-year-old’s favorite armor,
a look of utter disbelief at the igno-
rance and misplaced values of adults.
“Areyou kidding?” she said. “It's 12"

= —/

The Standards pose several proﬁléms, however, to
classroom teachers, particularly those withoutmath-

ematics degrees. The guide offers pages of charts,

graphs and sample problems, but gives little advice
on how to persuade easily distracted students to
focus on them. The Standards say more time should

be spentin teaching problem solving, but donotsay.

exactly how this should be done. .

Preliminary research indicates many teachers are
dropping drills but not replacing them with any-
thing more useful, an echo of the New Math. Alan
Osborne of Ohio State University and Thomas B.

Hoffer of Northern Illinois University said they dis-

covered “large declines from 1988 to 1992 in the
proportion of students enroiled in classes with a
heavy emphasis on learning facts and principles,
and on computational skills.” If the Standards were
being followed, the students who are doing less drill
work should now be trying to solve sophisticated
mathematical problems that reflect the real world.
But the two researchers found instead “no increase
in the teacher-reported emphasis on problem solv-
education, wondered in Education Week recently if
children taught under the Standards “might have all
sorts of imaginative ideas about tackling a problem
yetseldom get the rightanswer to it because 5 times
11 was beyond their ken.” University of Oregon
professor Siegfried Engelmann and Doug Carnine,
director of the National Center to Improve the Tools
of Educators on that same campus, have suggested
the Standards are still unproven in the classroom.
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have not found a way to turn classrooms into labo-

ratories, with inputs and outputs precisely mea-. . basoy :
“"ywould soon absorb addition and subtraction of num- *

" bers up to 20.

sured. Tension also seems inevitable between par-

ents and educational fesearchers, given the way the -

latter approach their work.
In a 1965 book on the New Math reforms, William

Wooton said that “thoughtful members of the math-

ematical community” in the 1950s felt that high
schools had “an unnecessary preoccupation with
the immediate usefulnessofwhat was taught.” James
Fey, professor of mathematics and curriculum in-
struction at the University of Maryland and a sup-
porter of the Standards, said last year “my business
is to do research and development on problems of
math teaching, and I'm naturally going to be inter-
ested in doing things which I hope areon the cutting
edge ... and unless I'm out ahead of the schools, I'm
not doing my job.”

= : A

Schaefer said that she is aware that
some parents and grandparents have
developed arithmetic anxieties. She
advised us to relax. “There is a slight
delay,” she said, “but the kids more
than catch up ... and when kids really
understand what the facts mean, they
can memorize them faster.”

S )

Although Vogeli argues that the Standards are a
much more modest reform than the New Math, he
acknowledges that the Standards’ emphasis on solv-
ing sophisticated problems will be a strain on the
schools. “Itis very difficult to teach,” he said, “and
teachers and students like to be successful.”

" The NCTM also faces the daunting task of making
its recommendations work in both the best subur-
ban schools, like Kate’s, and in poorly equipped
urban classrooms with overburdened teachers. Some
~ drafters of the Standards were reluctant to try them
in disadvantaged schools, but the NCTM resolved
to introduce them everywhere. NCTM President
Mary Lindquist said, “What weare currently doing,
nationwide, is implementing our vision—a vision
whereall students are given an equal opportunity to
learn.”

Such ambition isimpressive, butnot much imme-
diate comfort to those of us watching children
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Itisnotcertain more experimentsinsample schools struggle with two-dlglt numbgfss_' Lif)dﬁ,_ my wife,

will satisfy either side. Educational researchers -

recently found a set of flash cards and tried those on’
Kate with limited success. Her teacher, Kathleen
Basovsky, assured us that Kate is doing fine and

The Scarsdale schools, we discoverad, use a pro-
gram called Developing Mathematical Processes
(DMP) designed by Romberg and others active in
the drafting of the Standards. Anne Schaefer, math
helping teacher for the Scarsdale elementary schools,
said the program is very flexible. Each grade has 14
different units that can be taught in any order the
teacher thinks is best, IR -

— ' e A

* Sorie drafters of the Standards were
reluctant to try them in disadvantaged
schools, but the NCTM resolved to
introduce them everywhere.

Schaefer said that she is aware thét some parents
and grandparents have developed arithmetic anxi-
eties. She advised us to relax. “There is a slight
delay,” she said, “but the kids more than catchup ...
and when kids really understand what the facts
mean, they can memorize theém faster.”

Like many wise educators, Schaefer does not dis-
count theimportance of tradition and practical skills
to both parents and children. When one junior high
teacher said some of her students trained under
DMP appeared to be weak in computation, more
drills were added to the elementary school repetoire.

“Math really should make sense,” Schaefer said,
“and we are moving away from that shopkeeper’s
mentality that itis just calculation, but we can move
too far, as educators often do.” - - o

We will see what happens. Over pizza recently,
Linda asked Kate to add eight plus five. Kateputon
an B-year-old’s favorite armor, a look of utter disbe-
lief at the ignorance and misplaced values of adults.

“Are you kidding?” she said. “I's 121" '

If learning is so naturél, what am I
doing in school?

. Andrew Nikiforuk |
(Title of his new book)
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Bernadette Kelly
University of Oregon

Abstract: Educational researchers from the National Center for the Learning and Teaching of
Elementary Subjects (NCLTES) observed the extent to which 24 teachers incorporated the California
Mathematics Framework inlo their mathematics teaching. The Framework recommendations are
similar to those found in the National Council of Teachers of Mathematics (NCTM) Curriculumand
Evaluation Standards., The results reported for four representative teachers raise serious questions
about how teachers are supposed to reach the goals of the Framework. The first teacher is the most
* enthusiastic about the Framework, having laken a special course on it. An NCLTES author
commends her attitude “of exploration and invention, conveying the idea that all students can learn, '
" enjoy, and use mathematics” (Heaton, 1992, p. 155). Unfortunately, the teacher tells her students
to multiply length times width fo find the perimeter, and to multiply feet times yardswhen calculating
volume. The second teacher is less knowledgeable about the Framework, but when she attempts to
implement its suggestions, she misteaches averages lo her students. The final two teachers seem to
- produce the greatest student achievement, according to braditional measures. Howeuer, theseteachers
are criticized for not following the Framework more closely. Yet the NCLTES authors concede that
they are nok sure how the teachers should implement the Framework. Furthermore, they fail to record
what, if anything, the students they observed had learned. Devotion to a new theory that seems to
neglect many of the basic needs of teachers and students is not new to education. An earlier and
similar theory, "new math,” evoked similar devotion and neglect. Unless questioned, this reincarna-

tHon may lead to similar disappointments and continued student failure.

A series of articles in a recent issue of the Elemen-
tary School Journal has examined how the California
Mathematics Framework has influenced the teaching
practicesof fifth-grade teachers in that state (Prawat,
R., Remillard, J., Putnam, R., & Heaton, R., 1992}.
The Framework is consistent with the philosophy and
recommendations in the Curriculum and Evaluation
Standards articulated by the National Council of
Teachers of Mathematics (NCTM, 1989).

The authors of the articles are professors and
teacher-educators affiliated with the National Cen-
ter for the Learning and Teaching of Elementary
Subjects funded by the U.S. Department of Educa-
tion. They strongly support the reform efforts which
emphasize “teaching for understanding” (Prawat,
R., Remillard, J., Pumam, R., & Heaton, R., 1992, p.
148) rather than the more traditional emphasis on
computation and basic skills. The reform efforts are
similar to an earlier movement in math education
called “new math.” Cowle (1974) described new
math this way: “The primary emphasis is on insight
and comprehension, 7ol meaningless manipulation
and reciting by rote. We want thinking, reasoning,
and understanding, rather than mechanical responses
to standard situations” (p. 71).

The authors described four case studies of teach-
ers selected from twenty-four, chosen to illustrate a
range of student populations, and the complex na-
ture of the interplay between teachers’ knowledge

and beliefs and their responses to the call for change

in mathematics education. The first case study
(Heaton, 1992) clearly illustrates the orientation that
the reformers espouse and how the approach might
translate into classroom practice. :
Sandra is an energetic, enthusiastic teacher in her
fourth year of teaching. Her students are generally
from middle-class and upper-middle-class back-
grounds. Sheisknowledgeableabout the new Frame-
work, having attended a six-week mathematics semi-
nar in a nearby university. She is in firm agreement
with the Framework’s philosophy, goals, and meth-

ods for “teaching for understanding.” She states, -

“When I read it, 1 seemed to be nodding the whole
time. 1think thisis howT teach...just giving them the
formulas and giving them stuff to memorize is worth
nothing” (Heaton, 1992, p. 154). Sandra is commit-
ted to making math fun and motivating. Heaton
praises her approach in this way:

Sandra’s practice illustrates some of the char-
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acteristics of a “high-quality” program out-
lined in the state’s Model Curricuium Guide
(California State Department of Education,
1987). . Teachers are to enjoy “engaging in
mathematical activities and naturally project
an expectation of enjoyment for students” (p.
4). As a teacher, Sandra exhibits an attitude
“of exploration and invention, conveying the
idea thatall students can learn, enjoy, and use
mathematics” (p. 6).
Sandra likes to teach mathematics and is
_identified by both district personnel and a
university-based staff developer as someone
whoteachesin ways consistent with the Frame-
work. She is, from their perspective, an
exemplary teacher within her school district
(Heaton, 1992, pp. 154-155).

A second‘ feature that aligns Sandra With the
approach advocated by the NCTM and California
Framework is her discretionary use of the textbook.

She is using an innovative state-adopted text de-

signed to align math instruction with the Framnework.
In her attempts to make math fun and engaging for
her students, Sandra frequently departs from the
textbook. Teaching directly from a text, she says,

“just bores me to tears . . .I don't like teaching the
way that they like to teach, because somebody else
wrote the book, and they are not me ...it doesn’t
work. Kidsdon’t getit and Idon’t getit...So pretty
much I improvise ...I must have skipped 150 pages
in this book” (Heaton, 1992, pp. 155-156). Since
becoming aware of the Framework, Sandra has felt “a
lot more comfortable not necessarily going by the
book and bringing in other stuff” (p. 156).

Heatonagrees with Sandra’s position: “This seems
like a responsible way for Sandra to make use of a
- mathematics textbook—use it as a resource with her
students in mind rather than as a prescription. In
fact, Ball and Feiman-Nemser (1988) show that this
is whatsome teacher education programs are teach-
ing students to do” (Heaton, 1992, p. 156).

On one of the lessons Heaton observed Sandra
teach, students were engaged in designing a park—
an activity Sandra learned about at a recent five-day
inservice. Heaton contacted the workshop orga-
nizer: :

Iwasespecially interested in whatmathemati-
cal knowledge they thought a teacher would
need in order to use this activity. 1did a
telephone interview and asked, among other
questions, “What doesa teacher need to know
about mathematics to do the park activity
with a group of students?” The program staff
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kmember with whornI spoke rephed “ don't
think a teacher would have to know anything
in particular ...the activity itself should carry
the mathematics” (Heaton, 1992, pp. 158-159).

Students worked in coopera hve groups, selectlng
materials for the park (e.g., swings, sand, fencing,
tables), and keeping materials within a $5,000 bud-
get. Some items (bricks, tables) were priced indi-
vidually, rope was priced per 10 feet, fencing was
priced per 10 running feet, sand was pnced per:
cubic foot.

- The question remains: What progress
are we making towards world-class
standards, even if students are “ac-
tively engaged, having fun, feeling
successful enjoyingthemselves, think-
ing and problem-solmngm the context
of real-world situations * if they are
not, in the process, learning correct
mathematics concepts?

/)

(f

When asked if she anticipated any difficulties with .
the task, Sandra thought that the calculations might
prove difficult: “Some thmgs are per feet, and some

are each, and some are pairs, and you know I think

that will be hard, that will be a struggle” (Heaton,
1992, p. 159). Sandra was correct. After observing
the lesson, Heaton makes the following comment:

...moving awéy from the textbook and devel-
opmg one’s own plans require a ﬂexlble
understanding of the content to be learned as
well as ideas about how to help students
learn, Sandra seems to have clear ideas about
how children can be helped to learn (the
teacher makes the activity fun), butobserving
her classroom led me to question her under-
standing of the content (p. 156).

Here are excerpts from Heaton’s descrlptlon of the
following day’s lesson

The calculations were more prooedurally and
conceptually complex than either Sandra or
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her ‘students realized. Students raised the
problem of how to calculate the cost of fenc-

ing for the park whose size was to be 200 x 300

feet. The fencing was priced at $30 per 10

running feet. Sandra told students to multi-
ply 200 x 300 to figure out the total amount of

fencing they needed. She gave students the

answer, “60,000 feet.” By multiplying the
. length times the width, however, Sandra had
calculated theareaof theland inside the fence,
not the amount of fencing. The perimeter,
found by adding the Iength of the sides of the
park (200 + 200 + 300 + 300}, is the measure-
mentneeded tocalculate theamountof fencing
needed. Idid not see Sandra or her students
try to calculate the cost of the fencing once
they thought they had found the amount of
fencing needed.... [The cost] would equal
$180,000, .. .far exceeding the $5,000 budget of
the park. Sandra’s approach to this problem
suggests that concepts of area and perim-
eter—and the difference between them—were
not her focus. One is led to question her
understanding of the concepts.

Sandra was also unprepared when the
problem arose of calculating the cost of sand,
which was priced per cubic foot. Sandra
reflected in an interview after class: “Some-
thing came up today when we were doing the
park and they wanted to know what cubic
foot was. You know, the thing is thatI couldn’t
really answer that question. Then I thought
and I thought, then I remembered how to
measure a cube, You know the area of a cube
is height times width times length or what-
ever. So then, we looked around and looked
[if upin thedictionary,and we putittogether
whalt a cubic foot was.... Then we went from
there.” ...Once cubic foot had been defined,
Sandra had the idea that groups should mea-
sure a large sandbox on the school’s
playground.... Two students worked onmea-
suring the length while the others measured
the width.... The pair measuring the length
reported 46 yards, and those measuring the
width reported 10 yards.... Sandra helped
them to measure the helght They realized
they could not use a yard as the unit of mea-
surement because it was too large. Someone
suggested that they use inches. They counted
the number of inches and concluded that the
height was 1 foot. Now that they had mea-
surements for height, length, and width,

Sandra instructed the students to multiply -

the numbers 46, 10, and 1 together. Forty-six:
yards x 10 yards x 1 foot equals 460, but it is
neither cubic yards nor cubic feet. To make .
sense of these measurements one must con-
vert them to common units of measurement
(Heaton 1992, pp. 159-160).

Neither the teacher nor her students were aware
that any error had been made in the calculation of
the length of fencing or the volume of the sand pit.
Heaton rightly concludes that: “In this lesson,
Sandra’s efforts to teach for understanding may
have led to misunderstanding” (Heaton, p. 160). As
far as Sandra was concerned, however, the activity

~was a success. Heaton, herself, also stresses the

“positive” aspects of the Lesson:

This is not to say that what guided Sandra’s
instructional decision making is unimportant.
Students being actively engaged, having fun,
feeling successful, enjoying themselves, think-
ing, and problem solving in the context of
real-world situations should not be mini-
mized. These are all objectives of the
Framework (Heaton, 1992, p. 161).

But the question remains: What progress are we
making towards world-class standards, even if stu-
dents are “actively engaged, having fun, feeling
successful, enjoying themselves, thinking, and prob-
lem-solving in the context of real-world situations
if they are not, in the process, learning correct math-
ematics concepts? 7

The second article, a case study of Valerie (Putnam,
1992), presents a similar situation. Valerie, though-
less familiar with the Framework, is an experienced
teacher who enjoys teaching mathematics. How-
ever, her goal for her students, “to make them pre-
pared for the world of math in everyday life experi-
ences” (p. 164}, is seen as inadequate, because, ac-
cording to Putnam, her view of the math to be
applied by her students is “more mechanical and
computational than the Framework’'s v1ew" (p 164).
The Framework states:

Teaching for understanding does not mean
that students should not learn mathematical
rules and procedures. It does mean that stu-
dents learn and practice these rules and
procedures in contexts that make the range of
usefulnessapparent (California State Depart-
ment of Education, 1985, p. 13).

Ironically, when Valerie attempted to do just that—
apply rules and procedures in contexts that make

Errecrive ScHooL PRACTICES, SPRING 1994 13



" Déit Vur—The New "New Math”

the range of usefulness apparent—she also led stu-
dents into a mathematical situation for which nei-
ther she nor her students were prepared.

Putnam (1992) observed two lessons on averages.
In the first lesson, students were directed througha
textbook lesson to find the average of several sets of
numbers representing different situations (e.g., test
scores, lengths of jumps in a competition). The
procedural steps emphasized were: add, then di-
vide. Putnam summarizes Valerie’s approach this
way: :

Valerie's emphasis on learning the steps of
computational procedures and being able to
apply them to problems in everyday lifeisa
reasonable, although limited, perspective.
Most mathematics educators, however, in-
cluding theauthorsof the Framework, envision
a more flexible and reflective approach to
applying mathematical tools to solving prob-
lems (p. 170). :

In the second lesson, Valerie depérted from the

textbook and involved the class in several “surveys”

in an attempt to show the application of averages to
situations in the students’ own lives. The first sur-
vey was intended to determine the average number
of times students had eaten ice cream over the past
seven days. Students reported the number of times
they had eaten ice creamin the past seven days. The
data was recorded on the board as follows:

[# times] . [# students]
0 14
yi

NN U RN
0w R

To calculate the average number of times ice cream
had been eaten, Valerie added the numbers in the

“second column and divided by the number of

categories: 30+8. Theresult was 3.7, which Valerie
said could be rounded off to about 4. Valerie had
inadvertently computed the average number of stu-

‘dents in each category, not the average number of

times students had eaten ice cream. To compute the
intended average, each individual score would need
to be added (0+1+1+2+2+2+2+2+...) and the total
divided by the number of students (30). Both Valerie
and her students were oblivious to the mistake. The
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remainder of the lessonwas taken up with two other
surveys involving the number of rooms in students’
houses and the size of students’ families. The same
mistake was made each time. Althoughheacknow!-
edged the mathematical errors, when reflecting on
the second lesson, Putnam (1992) praised Valerie’s
approach: o

In this lesson Valerie attempted to go beyond
the textbook, to provide students with addi-
tional practice on the procedure they were .
learning in the context of meaningful situa-
tions. By building the lesson around surveys
conductedin class, Valerieillustrated the use-
fulness and relevance of averages and
capitalized on students’ interest. " Students "
had the opportunity to practice the two-step ‘
averaging procedure presented in the text-
book with realistic problems (p. 173).

Putnam (1992) does, however, raisé_a concern em-
phasized by the Framework: -

[Students] must explore and experiment, ask
appropriate questions, and bring forth the
mathematical knowledge that will enable
them to progress toward answering the ques- -
tions (California State Department of
Education, 1985, p. 3). Students mustbe ac-
tively involved in the processes of problem
solving. The teacher should encourage stu- -
dents to think through these processes, foster
discussion of ideasandapproaches, and guide
students to consider the reasonableness of
their procedures (p. 15).

And Putnam makes the following statement:

By emphasizing reflection, teachers might al-
leviate some of the difficulties created by their -
Jack of knowledgeof themathematics content -
they are teaching. Had Valerie and her stu-
dents been more reflective about whether the
procedures they were using and the averages
they were getting made sense, they probably
would have realized that something was not
right. Even if they had been unable to find a
moreappropriatewayof averaging theirdata,
they might have realized that applying their
unadjusted rule foraveraging would not work
in this situation, and they might have looked
elsewhere for guidance (p. 174).

Perhaps, like Sandra {(who was linclea_nr'about the
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‘ mearung of a cubic foot), they would have consilted

a chchonary and proceeded with more exploratory
",‘”real life” examples And, as with Sandra, we must
ask whether in doing so Valerie's attempts to teach
for understandmg would lead to further rmsunder—
standing. -

[ Y

Undoubtedly, part of Jim's success
stems from his adherence to a “mas-
tery” model of learning: “teach the
skill, practice it, apply it, test for mas-
“tery, followed by reteaching and
retesting of the students who do not
“achieve the required level of mastery
on the first test” ... Stated another
way, this approach says: teach what
you intend to teach. It fosters ac-
countability.

| S Y

" The third case study (Remillard, 1992) describes

]rrn, a dedicated teacher who works primarily with
low-income, mmorlty students. Although his stu-
dents are disadvantaged, and despite Jim's large
class size (34 students), his students perform on or
above grade level on the California Test of Basic
Skills (CTBS) in mathematics. The CTBS tests both
computation and problem-solving skills. Remillard
acknowledges Jim's efforts this way: “The fact that
Jim has been able to get all of his students on or
above gradelevel on this test is a significant accom-
plishment, considering that students such as his
traditionally have low scores on such tests” (p.192).
Undoubtedly, partof Jim’s success stems from his
adherence to a “mastery” model of learning: “teach
the skill, practice it, apply it, test for mastery, fol-
lowed by retéaching and retesting of the students
who do not achieve the requiréd level of mastery on
the first test” (Remillard, 1992, p.192). Stated an-
other way, this approach says: teach what you
intend to teach. Itfostersaccountability. Remillard’s
‘ (1992) response to thisapproach is not so favorable:

Such an approach seems at odds with the
Framnework’s focus on understanding and on
the development of skills including computa-
" tional mastery within meaningful contexts.

Because these [mastery] materials were de-
veloped by the new textbook’s publishers;
which he understands to be “right with the
Framework,” Jim does not see this mastery
- -approach as conflicting with the Pramework’s

: phllosOphy (p. 192)

For ]rm, “teaching for understandmg means mak—
ing mathematics applicable to daily life” (Remillard,
1992, p. 185). However, Jim is not merely concerned
with test scores. When asked for his views on
teaching for understanding versus teaching rules
and procedures as contrasted by the Framework, Jim
has a common-sense response: “You have to have
both” (p. 182). - “One of our goals, naturally, is to
hope they understand why they're doing what they're
domg, not just how to do it, but ... you know why

‘you're doing it, then it's of more value to you” (p.

181).

(1 Y

Remillard suggests that “tighter con-
trols” might be needed to ensure that
teachers like fim be brought more in
line with the Framework’s recommen-
dations. But it seems she hasn‘t paused
to reflect whether those recommenda- -
tions have been shown fo result in
more effective mathematics instruc-
tion than alreadyexists in classrooms
such as Jim’'s.

=/

f?

Although Jim had not read the Framework, this state-
ment seems entirely consistent with its approach:

Teaching for understanding emphasizes the

relationships among mathematical skills and

conceptsand leadsstudentsto approachmath-

ematics with a commonsense attitude, -

understanding not only how but also why

skills are applied” (California State Depart- -
. ment of Education, 1985, p. 12).

"Remillard (1992), however, sees ]lm 5 approach as
madequate

fA] close look at Jim's beliefs and teaching, -
- however, suggests that his interpretation of
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- the Framework has been shaped by his ins tru-_'"

mental nature of mathematics.. ]1m1nterprets o
the goal of understanding mathematics as~
_ being able to apply it to real situations. Con- ",

sequently, he sees the state’sreformeffortsas |
mandatmgcontent additionsorrevisions that C
fit with his goal of emphasizing real-life ap-

g phcahon He thus incorporates aspects of the *

: Framework—hkeestlmahon—-mtoh:smsh‘uc-

. tion without making fundamental changes.
Jim does not see the need to revise his goals
for students, his views about student learn-
ing, or his pedagogical approaches.... One
might conclude that Jim’s interpretations of
the ideas in the Framework are distortions
resulting from insufficient exposure to the
document itself. The job of policy-makers,
then, would be to help teachers like Jim learn
about the Framework more directly. Through
reading the actual document, Jim could gain
a more thorough understanding of the phi-
losophy and goals that underlie the state’s
reform efforts that are not addressed in his
textbook. Perhaps he needs to attend teacher
in-service programs thatwill help him use the
Framework in his mathematics instruction. It
might also be argued that tighter controls on
what teachers teach and how they use their
textbooks would result in mathematics in-
struction more closely aligned to the
Framework (Remillard, 1992, pp. 192-193).

Remillard suggests that “tighter controls” might
be needed to ensure that teachers like Jimbebrought
more in line with the Framework's recommenda-
tions. But it seems she hasn't paused to reflect
whether those recommendations have been shown
to result in more effective mathematics instruction
than already exists in classrooms such as Jim’s.

In the final case study (Prawat, 1992), the teacher,
Karen, has more than 20 years of teaching experi-
ence. She currently teaches at a school where stu-
dents typically come from upper»mlddle-ciass fami-
lies. Students perform very well in mathematics on
the CTBS—typically scoring in the 85th percentile.
Sheis said to represent “. .. a modest success for the
California reform movement" because of her later
comments about the relevance of manipulatives,
estimation, alternative solutions, and student dis-
course in math instruction. However, when Karen
was initially interviewed, she had serious concerns
about the changes implied by the reform movement.

In response to the new math textbook adopted to
conform with the Framework, Karen protested thatin
the process of adoption, “teachers don’t count”
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(Prawat, 1992 p 197) She belleves her dlstncthkes

to 8o w1th the -

..new and fancy They say, ”Let’s IooI-:

' around and see what’s new. Oh, we like the

" idea of high-level thinking skills, Yo know, -

' that soundsreal fancy. Let’s go find outabout
that.” And then they go withit withoutreally -
exploring the whole thing.... They gotalitle -

carried away with some of their objectives.
They're starting a little too early with a little. -
too much (Prawat, 1992, p 197). - i

What motivates this concern, accordmg tb Karen, is
that the schools are going to end up w1th chlldren
who “can’t do any math” (p. 197)..

Karen felt her concerns about the new textbook
were shared by other teachers: “The first comment
out of everyone’s mouth that I talked to—and I
know of two teachers who piloted 1t—wa5 that there
is too much material in too little time.... They said,
“You'll be lucky if you get halfway through the book
here”” (Prawat, 1992, p. 198). e

Karen also had mlsgwmgs about the empha51s
placed on manipulatives in the Framework, other
reform documents, and the newly adopted text-
book. She questioned whether the investment in
time for the use of manipulatives pald off
instructionally. : :

“Those nice boxes of stuff,” she said, “are still
sitting there.” ...”Thad to really, seriously say
to myself, ‘Now how much did wereally get
out of this lesson?’ because every minute of
the time I spend with these kids in here is
valuable to me. There justisn’t any playtlme'
left” (Prawat, 1992,.p. 201). '

In her words, the use of mampulatlves ”ls thei 1c1ng
on the cake” (p. 201).

Karen felt there was too much emphams on “lofty
ideas” (Prawat, 1992, p. 198), and that some material
should be eliminated, but she was unsure what to
drop “There just isn't time, there just isn’t; unless
you're going to devote your whole day to math;and
at this school, you don’t do that” (p. 198). - _

Karen was pleased to see that the Pramework ac-
knowledged “Teaching for understandmg does not
mean that students should not learn mathematical
procedures” (California State Departmentof Educa-
tion, 1985, p. 13). She said, “I like this statement...
but what I'm afraid happens is the not gets left outm '
our great quest for teaching this’ understandmg—-
whether it's teachers themselves or the books that
lead us to think that you can teach things without
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any sk:lls” (Prawat 1992 p- 199). Karen believes -
that mastering rules and procedures is a prerequi-
site to apphc:atlon

I tlunk we have to be careful thatwe don’ tlose
sight of the fact that they do need to learn it
first.... It really bothers me. Yes. Yes. We're
going to solveall these problems without any
tools, just by thinking about them. Well,
that’s totally absurd, if you thmk about that
statement (p 199)

Thls v:ew is conﬁrmed by Prawalt’s observatlons

' Occasronally she had to go out of her way,
spending more time on certain aspects of the
mathematics curriculum until everyone had
mastered the content.... Karen seemed to
expect such difficulties and appeared willing
to persist until they were overcome. She
clearly wason thestudents’ side whenltcame
to mathemahcs” (p. 203).

Karen was cIearly well meaning, outspoken, and
there is no reason to doubt her competence. But
Prawat’s (1992) concluding statements about Karen'’s
teaching and beliefs suggest she has fundamental
shortcomings as a teacher:

- Karen’s views about the nature of mathemat-
ics as a discipline do not appear to have
undergone substantial change. To the extent
that this is also an important issue addressed
in the Framework, the implementation effort
has not greatly influenced Karen's thinking.
Mathematics, for her, continues to be a set of
tools and techniques; its value lies in its use-
fulness in helping people meet the daily
demands of life. In the Framework, there is a
reference to “the inherentbeauty and fascina-

 tion of mathematics ...as a subject that can be
appreciated and enjoyed by all learners” (Cali-
fornia State Department of Education, 1985,
p. 1). This implies some appreciation for
mathematics as a discipline—as an arena of
human inquiry. This perspective is absentin
Karen’sinterview protocols in December and

. March.

. Although one can observe change in
Karen’s beliefs about the teaching of math-
ematics as a result of her attempts to come to
terms with the new mathematics curriculum—

- change which, for her, is dramatic and

* painful—it may not be enough. If teachersare
to alter their teaching of mathematics, they

may need to reexamine a. whole network of
beliefsextending farbeyond theirviewsabout -
the craft of teaching, narrowly defined; they
may need to change their ‘views about the
nature of knowledge and how one acqu:rea
that knowledge (Prawat 1992, p. 210).

What exactly do the Pmmework and other reform
documents, such as the NCTM Standards (and the
authors from the National Center for Learning and
Teaching of Elementary Subjects), expect of Karen,
Jim, and other teachers of mathematics? Would they
prefer that Karen and Jim’s lessons look like those of
Sandra and Valerie? What turns Karen s and Jim’s
apparent success into failure?

Below area few excerpts (cited in Putnarn Heaton,
Prawat, & Remillard, 1992) that illustrate the au-
thors’ views about the shortcomings of current prac-
tices and about the “phllosophy and goals" that
underlie the reform efforts. - :
Teachers should not demonstrate: - -

In classroomafter classroom, math has begun
with the teacher demonstrating or explaining’
the particular procedures to be covered in the:
lesson plans for the day (California State De-
partment of Educahon 1987 p 9).

Teachers shou]d not explain: -
Wemust see ourjob as sethng up appropriate
situations, asking questions, listening to chil- -
dren, and focusing theattention of the students
on important elements rather than trying to
teach a concept through explanations (Cali-
fornia State Department of Educanon 1987, - -
p- 13). .

Teachers should not teach:
In reality, no one can feach mathematics. Ef-
fective teachers are those who can stimulate
students to learn mathematics.... To under-
stand what they learn, they must enact for
themselves the verbs that permeate the math-
ematics curriculum: “examine,” “represent,”
“transform,” “solve,” “apply,” “prove,” “com-
municate” (National Research Council, 1989,
pp- 58-59).

Instead, the teacher prov1des problem—solvmg con-
texts so that:

..in working with more complex situations,
students will formulate and model problems,
screen relevant from irrelevant information,
organize information, make conjectures and
test their validity, analyze patterns and rela-
tionships, use inductive or deductive
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processes, identify or evaluate alternative -

' _ mathematical approaches, find and test solu-

tions, and interpret results (California State
. Department of Education, 1985, p. 3).

How these g'reat feats are to be accomphshed how-
ever, remains obscure. The case-study authors also
seem uncertain:

It seems premature, however to claim that
- we know what the classrooms and teaching
envisioned by the Framework authors should
look like. Strong on theory and vision but
:~.weaker on the particulars of ‘practice, the
Framework suggests necessary changes. The
teachers we worked with were left to imple-
ment thesechanges (Putnam, Heaton, Prawat,

- & Remillard, 1992, p. 215).

What are the authors expecting teachers like Jim
and Karen to do? The authors claim that Karen
should alter her teaching of mathematics, reexamine
a whole network of beliefs, change her views about
the nature of knowledge and how one acquires that
knowledge. But how does all of this translate into
practice? lt appears that the authors from the Na-
tional Center for Learning and Teaching of Elemen-
tary Subjects do not know.

And how does all this affect what students learn?
It appears that the authors from the National Center
for Learning and Teaching of Elementary Subjects
do not care. In their discussion of the four case
studies, the authors mention, in parentheses: “Be-
cause we did not collect student data, we cannot tell
what students learned or did not learn” (Putnam,
Heaton, Prawat, & Remillard, 1992, p. 217).

7 : : N\
One solution to the problem would be
to provide teachers with validated
textbooks that are carefully designed,
presenting the core mathematics con-
tent clearly, with careful attention to
the concepts presented, their fullrange

. of application, and the necessary lev-
els of practice needed for students to
achieve uniform success. Such a text-
book wouldneedto befollowed closely
to ensure success.
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.,ﬁ\ :

' One must quEStton whether Ii’tS etht-r :
cal to effect tightet’ controls on how -
'teachers teach, ihen, one is advocat-'
ing “new” methods that have not been
tested and demonstrated ta be effec—-_. -
tme. SR

i

These attitudes typlfy the basic problem with the
current reform movement in mathematics: Serious
concerns, such as those ‘expressed:by Karen, are
brushed off with a wave of rhetoric, which do not
translate into validated instructional pracices or
validated instructional materials.- When addressing
the problem. of content knowledge, Heaton (1992)
provides no solutions, but raises some questlons

How reasonable or feasible is it for reformers,
researchers, or teacher-educators to suggest
that teachers pay more attention: to' math-
ematics content in addition to what they are
already doing? Teachers and in-service pro-
gramsmay already have fullagendas without -
attending explicitly to subject matter. El-
ementary teachers have multiple subjects to
teach and affective needs of children to meet,
and the time in any in-service program is
precious and short-lived. Yet how can
thoughtful teachers like Sandra, or thought-
ful organizers of in‘service programs like the ..
one she attended, promote meaningful math- -
ematics teaching and learning and not pay
‘more attention to mathematical content? (p.
162) Co

One solutlon to the problem would be to prowde
teachers with validated textbooks that are carefully
designed, presenting the core mathematics content

clearly, with careful attention to the concepts pre-

sented, their full range of application, and the neces-
sary levels of practice needed for students to achieve
uniform success. Such a textbook would need to be
followed closely to ensure success. But this would
be unacceptable to the reformers who would have
teachers - “...use it as a resource ...rather than as a
prescription” (Heaton, 1992, p. 156). So while high-
lighting some of the problems that teachers face, the-
authors offer no practical suggestions.

Finally, although a relationship between the re-
formers’ mandates and standards and a demonstra-
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tion of increased student performance has not been
established (Bishop, 1990), the authors seem willing
to force teachers to adopt these new, vague, un-
tested methods: “Itmightalso be argued that tighter
controls on what teachers teach and how they use
their textbooks would result in mathematics instruc-
tion more closely aligned to the Framework”
{Remillard, 1992, p. 193). - '

One must question whether it is ethical to effect
tighter controls on how teachers teach, when one is
advocating “new” methods thathave not been tested
and demonstrated to be effective. Yet these calls for
reformsound ominously familiar. Rappaport (1976)
characterized math education from 1958-1976 as the
“new math” era. Macarow (1970) describes new
math as follows: “One of the supposed strengths of
the new math approach has been in the stress of self-
experimentation, self discovery, and minimizing rote
memorization while emphasizing the ‘seeing’ of
mathematical structures which lie behind these sys-
tems” (p. 396). _ ,

Mathematicians believed the new math approach
would give studentsabetter understanding of math,
but critics like Richard Martin (1973) responded,
“There is one slight hitch: Many of these kids can’t
add, subtract, multiply, or divide.” Karen’s concern
- that the schools might end up with children who
“can’t do any math” (Prawat, 1992, p. 197) might
reflect the fact that she remembers “new math” and
its aftermath,
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| We used to have to teach to mastery;
| now we have to teach to mystery.

Anonymous
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Poor performance of United States
students in mathematics is widely docu-
mented. National and international assess-
ments continue to show that American stu-
- dents leave school ill-prepared for the work

" force or for future study.- A response to the

crisis that has received national attention is
the document: Curriculum & Evaluation
Standards for School Mathematics, published
_in 1989 by the National Council of Teachers
of Mathematics (NCTM).
This document sets out an important vi-
sion:
s mathematical power for all in a techno-
logical society; '
 mathematics as problem solving, com-
munication, reasoning;
e abroad-based mathematics curriculum
with a variety of contexts and deliberate
connections;
 mathematics as an active, constructive
process. '

The Standards also cite evaluation as a key
to improving instruction and instructional
programs. The purpose of the Standards is to
facilitate mathematics reform with the goal
that "... all students {will} possess a suijtable
and a sufficient mathematical background to
be productive citizens in the next century”
{p. 256). : '

Connecting Math Concepts is a new math-
ematics curriculum (for grades 1 through 6)
that makes definite and positive steps to-
ward accomplishing the NCTM vision. The

20
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Connecting Math Concepts program carefully
develops key concepts inmathematics that
equip elementary students with essential
and powerful tools and strategies. These

" tools will enable them to be successful in

more advanced mathematical applications. '

The program is designed so that each
concept that is introduced is developed, ex-
tended, and systematically reviewed.
Teachers are provided with detailed, care-
fully sequenced lessons that have been
shaped by actual student performance in
field-test classrooms. This careful attention
to detail provides an instructional program
in which lower performing students can
learn successfully along with their more able
peers. ,

The Connecting Math Concepts program
provides teachers with an effective tool to
help students tackle real-life problems suc- -
cessfully, see connections between and
within mathematical concepts, and develop
confidence in their own mathematical abil-
ity. |
"To illustrate how Connecting Math
Concepts addresses key areas of increased
emphasis identified in the Standards, the fol-
lowing pages provide some major recom-
mendaticns taken from the Standards, and
examples of content and activities drawn
from various levels of the Connecting Math
Concepts program. These examples are sam-
ples of a comprehensive, grade-by-grade
development of important topics.



o Meeting the NCTM . Standards through Direct Instruction

NMUMBER SENSE AND NUMERATION

“Counting skills, which are essential for ordering and
comparing numbers, are an important component of the
development of number ideas. Counting on, counting
back, end skip counting mark advances in children’s
development of number ideas. However, counting is only
one indicator of children’s underétanding of numbers.

Understanding place value is another critical step in the
development of children’s comprehension of number
concepts. Prior to formal instruction on place value, the
meanings children have for larger numbers are typically
based on counting by ones and the “one more than”
relationship between consecutive numbers. Since place
value meanings grow out of grouping experiences,
counting knowledge should be integrated with meanings
based on grouping. Children are then able to use and
make sense of procedures for comparing, ordering;
rounding. and operating with larger numbers”

(NCTM, p. 39).

Example of Number Sense: Connecting Math
Concepts Level A (Grade 1) ' )

Level A of Connecting Math Concepts builds on the aspect
of mathematics most familiar to young children—-
counting. Counting skills are extended and used to teach
basic mathematical concepts including more, less, place
value, and addition.

Relating the counting numbers to the counting of objects is
essential for the formation of number concepts. In the
beginning lessons, students count a variety of objects, claps
and events. They count and write the numeral for groups

of pictures; -
&

g x
<=

and count and draw lines for numerals:

4 7
- M

T B T e e

Place value

To record 10 or more counted objects or events, children
must understand placg'value. If there are 3 bottle caps,
children write a 3. If there are 30 bottle caps, th_'é children
also write 3. The value of the three depends on its position
relative to another digit. This is quite an anomaly for many
young children—changing the meaning of a symbol

- because its position changes. Young children have learned

that if you change the orientation or position of an object
such as a chair, it's still a chair. ‘However, i_f the position of
a digit is changed, its value is also changed. '

Place value is introduced by having students write oné- and
two-digit numerals for objects and for groups of lines.

With lines, the children cross out each group of ten and
write a T. They can count the T’s and leftover lines and
write the appropriate numeral: o

| 34
T T
- |
T

I

With objects, the students count groups of ten and
then count the groups and leftovers. The students also
write numerals for groups represented by T’s and

individual lines:

TT ||
TT

SHALLDHASHHAL

Students also work in the opposite direction, representing
numerals with ten and unit counters, or by writing T’s and
individual lines. ' '
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More 'Than/Lass Than

Another basic number concept developed in Connecting
" Math Concepts Level A and based upon counting is relative
_ size. The notion of “more” is introduced in the context of
the number line: ' '

1 2 3 4

__.._.._.—'—I-——-I—'I—“'—"."'_-_""_"—_’

In this example, numbers that are covered up are more
than 4. Students say the numbers that are more than 4.
Students then apply the concept of more to objects and
pictures. For example, they might make a group that has
more than five counters or cross out groups that have more
than 7 lines. They also apply the concept to symbols. For
example, they might write numbers that are more than 3,
or cirde the numbers on a number line that are more

than 5: '

Lo
o —I-.
+m

34 500000

} o

Students also compare grdups. First, they identify the
group that has more. In symbolic activities, the children
circle the number for the greater value. '

a.®5
b.(9) 8
c. 9.

Students then create the greater-than/less-than sign to
indicate which side has more. This activity is carried out.
with manipulatives (using toothpicks for making the sign)
and symbolically. Students are told to make the sign bigger
next to the side that has more. Students.read inequality
statements with the word less as well as the word more For
example, "6 is more than 4” or “4 is less than 6"
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Addition

Cqu__nting, place value, and_;qorefle_:ss are integrated in
the teaching of a_ddi_tion_. The concept of more is
represented with manipulatives and on a number line.

* With the number liil,e‘, chjldfe;i first learn to predict the

next number. For example, the teacher covers the
numerals after 5 and asks,j“What number comes after 52"
Later in the program, children are asked, “What's one more
than 57" The answer is the number that comes after 5 on
the number line. '

Next, child_n:h are asked, “What’s 5 + 12" The answer is
one more than 5. The questions are asked in the context of
manipulative activities and number-line activities. Once
the connection between the concepts of counting, plus 1,

- and one more has been established, symbolic problems

(e.g 5+ 1=[1) are introduced. -

Below is an example of an exercise in Connecting Math
Concepts Level A that incorporates an application of
addition and subtraction of larger numbers, the concepts
of more and less, and the understanding of one-and two-
digit values. Students are to circle possible answers to
each problem:

at5.8-0

B 14-H = M
(1612349 ] (5337 1t |
Here are the answers: ‘
A 15.8-C1 g 14-8=01
(i6}12{3¢]p | (Y7 ()}

Thus, building on their counting skills, students in
Connecting Math Concepts work with a variety of
representations including manipulatives, pictures, the
number line, and symbols to develop a thorough basis
for number sense and numeration.
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MATHEMATICAL CONNECTIONS

“It is important that children connect ideas, both ; among
and within areas of mathematics, Without such
connections, children must learn and remember too many
isolated concepts and skills rather than recognizing
general principles relevant to several areas. When
mathematical ideas are also connected to everyday
experiences, both in and out of school, children become
aware of the usefulness of mathematics” (NCTM, p- 32).

Example of Connections: Connecting Math Concepis
Level B (Grade 2)

In Connecting Math Concepts Level B, money problems
connect with many other topics, and provide extensions of
numerical concepts {e.g., counting, addition) to problems
relevant to everyday experience.

Before Lesson 15, the students learn to count from the
numbers 5, 10 and 25. They also learn to identify pennies,
nickels, dimes, quarters, and their respective values. They
are then well prepared to solve money problems that look
like this:

cents

cents

Later, students write multiplication problems for rows of
coins. In the example below, the students count by 5 for
each nickel. There are 4 coins so they count 4 times.

Sx4=20

Students write:

Starting in Lesson 87, students work place value problems
that involve pennies, dimes and dollars. In later lessons
these problems provide a representation of the algorithm
for working column addmon problems that involve
renaming, '

“For exaihple:

® DD
P0®
DD
DOD

cents

To work the problem, students cross out ten pennies and
draw a dime in the dime column:

Q
@

OIS
PO

L)
<

R
Ti3
RE
22

cents

[
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Later the same process for addition is applied to .
exchanging ten dimes for a dollar. These preblems also
illustrate the important concept that the same amount of
money may be represented with different coin
combinations. For example, 10 pelnnies have the same
value as one dime. The concept of coin combinations is
further developed by students comnpleting tables that look
like this: '

BDodd

a. | 65cents % 5
b. | 65 cents k 4
c. | 27 cents k ' 5
d. | 27 cents k 3

Students use cut-out facsimiles of the coins to represent the
amount on each price tag using the specified number of
coins.

Once students have represented the amount with the
correct numbers of coins, they enter the data in the table.
For example, items a and b in the above example would be
completed as follows:

Bo0®
2] 131

a. | 65cents 5

b. | 65cents % 2 ) l 4

The strategy suggested is generalizable to real-life situations
that students encounter when paying for a purchase at a
store. An efficient strategy is to pay with as few coins as
possible that yield an amount that {s equal to, or greater
than the cost of the purchase.
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Once students have learned to add and subtractin |
columns, this numerical ability is also applied to the
context of money. Students learn to add and subtract
money values: I '
$3.48

+2.20

This knowledge is further applied to problem solving. For
example, students work problems that represent objects at
a store:

s [EEO b
<

$3.50 <

Item a. represents the purchase of 2 objects. To figure out
the total cost students write and work the problem:

$3.25
+1.82
$ 5.07

Itemn b. represents having the amount in the bag and
spending the amount on the price tag. To figure out the
amount left after the purchase, students writé and work
the problem: '

$5.85
—~3.50
$2.35

The final money application in Level B involves a table and
a series of questions that require column problems.

Example:
* a. How much maney
did Rita eam on all
& 3 days?
& #b""\" &
§/,3 g? b. How much monsy
Rita  |s7.00] 5 .60]%1.02 was eamed on
o Tuesday?
James $2.05(53.10{ % .62 .
Sam $3.29| § .221$2.00 ¢. How much money .

was eamed on
Wednesday

Through the connections made between money and the
mathematical ideas of counting, place value, operations,
combinations, and data analysis, students have the
opportunity to see the usefulness and connectedness

of mathematics.
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GEOMETRY AND MEASUREMENT

* “Children should have many opportunities to explore
geometry in two and three dimensions, to develop their
sense of space, and relationships in space, and to solve
problems that involve geometry and its application to
other topics in'mathematics or to other fields”
(NCTM, p. 50). - :

“Geometric models provide a perspective from which
students can analyze and solve problems, and geometric
interpretations can help make abstract (symbolic)
representation more easily understood” (NCTM, p 112).

Example of Geometry: Connecting Math
Concepis Level C (Grade 3)

In Connecting Math Concepis Level C, the concept of area is
applied to topics other than geometry, and serves as a
visual representation for abstract concepts. This section
demanstrates the application of a basic geometric concept
—- the area of a rectangle— to the commutative principle,
coordinate system, estimation, column multiplication, and
problem solving.

Multiplication.

The concept of area builds upon the concept of
multiplication—working with equal sized groups.

In this example we have .two groups of three blocks.

To figure out the total number of blocks students can
count by 3, two times: 3, 6.

Students then learn to represent the count-by method
asa mu]tiplic:qﬁbn-equatjon: 3x 2 = 6. Counting each
block individually verifies that the multiplication method
is correct.

Area

By joining up equal-sized groups we can represent the area
of a rectangle: :

The basic problem is the same as for multiplication:
How many squares so we have in all? Students apply the
same multiplication method. There are 3 squares in each
row and 2 rows, so the multiplication problem is 3 x 2.
The area of the figure is 6 squares.

"6 squares.

Commutative Principle

The commutative principle of multiplication is visually
represented as follows:

Students represent the area of this
rectangle as 3x 2 =6, Theareais °

By turning the original rectangle on its
side this rectangle is formed. There are
now 2 squares in each row and 3 rows, so
the multiplication problem is 2 x 3. The
area of the rectangle has not changed; it
is still 6 squares

This demonstration represents the equivalence of the
multiplication equations: 3 x 2 =6 and 2 x 3 = 6. This
equivalence is true for all rectangles. Students subsequently
understand that if they know the answer to 7 x 9, they also
know the answer to 9 x 7. Students come to understand
that the order of factors may be reversed without changing
the product.

Coordinate system

Students apply their knowledge of rectangles to a new

_ context: the coordinate system. When one corner of a
~ rectangle is placed at the origin (0,0) of a numbered grid,

the opposite corner may be represented by the coordinates
for that point. For example, the point (4,6) represents the
corner of a 4 x 6 rectangle.

The students use the x and y values as a code for drawing a
rectangle. They then figure out the area of the rectangle.
The coordinate grid serves asa way to check their
calculation by counting the number of squares to verify
their answer.

il

-~ N W s~ e
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Estimation

Estimation is often difficult for students because they do
not have a frame of reference upon which to base their
estimation. Without such a reference students are not
estimating, but merely guessing. The frame of reference
also provides a basis for students to judge the .
reasonableness of their answers. In one introductory
estimation exercise students construct a rectangle 4 inches
wide and 5 inches high. They use a ruler to create the 4
inch side, but the second (5 inch) side they draw without
using the rufer. They use the 4 inch side as the basis for
estimating the length of the second side. They may visually
check the reasonableness of their answer (it should be a
little longer than the 4 inch side) and also check the -
accuracy of their estimate by measuring the exact length of
the second side they have drawn. They then multiply to
figure out the area. ‘A

More advanced exercises provide a referent rectangle, and
dimensions for a second rectangle, for example:

L

4x6 : ax7

Students estimate both dimensions based on the original
rectangle; the new rectangle should be a little narrower and
a little taller than the original rectangle. Again, students
can visually check the reasonableness of their answer, and
measure to check the accuracy of their estimates, before
calculating the area. Thus, the concept of area provides a
familiar context for the new concept of estimation.

Column Multiplication

The area of a rectangle may also provide a fepresentation
for the algorithm used to solve column multiplication
problems. For example:

16
x4
o
+40

64

Students first ﬁrgure out the total area for two rectangles
that have the same width, for example:

10t
6 it +

41t 41t
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thought of as one large rectangle:

“Students multiply to find the area of each rectangle,

then add to find that the total area is 64 square feet:

6 10 24
X x4 o
24 40 64

Students see that column multip]ication may be used asa
short cut for figuring out the total area of two rectangles
with the same width. The width is written only one time:

Students first figure 6 x 4, then figure (10 + 6)
10 x 4 and add, just as they did earlier. x4
24

+40

64

Fiﬁally, the combined area of the two rectangles may be

‘ 6t
The entire rectangle is 16 ft

long and 4 ft wide. Students

work the problem: 16 101
X4
iz
+40
64

The total area has not changed; it is still 64 square feet. A
similar analogy could be used for the distributive property
of multiplication: 4x (6 + 10) = (4x6) + (4x 10)

Problem Solving

Multiplication and division word problems may be
introduced using a rectangle on a grid, similar to the
rectangle on the coordinate system illustrated earlier. For
example: A rectangle has 2 squares in each row. There are
10 squares in all. How many rows are in the rectangle?

Students first draw a Jine under

2 squares on the bottom of the

grid, then count by twos,

making a complete row each
time they count, until they reach
10. They can then see the
number of rows: 5.

o L L L
o el L it

Later, students work similar multiplication or division

- rectangle problems without using a grid. This type of -

problem lays the groundwork for analyzing and solving
word problems that are linguistically similar, but involve a
variety of objects or events. For example: Each dog had 5
bones. There were 30 bones in all. How many dogs

were there?

Thus Connecting Math Concepts uses the area of a rectangle
to provide a geometric mode! that is applicable to other
topics in mathematics, and to help make abstract
procedures or concepts more easily understood.
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STATISTICS AND PROBABILITY

“An understanding of probabi]ity and the related area of
statistics is essential to being an informed citizen. Often
we read statements such as, “There is a 20 percent chance
of rain or snow today’ ‘The odds are three to two that the
Cats will win the champlonshlp"The probability of
winning the grand prize in the state lottery is 1 in )
7,240,000 Students in the middle grades have an intense
interest in the notions of fairness and the chances of
winning games. The study of probability develops
concepts and methods for investigating such situations.
These methods allow students to make predictions when
uncertainty exists and to make sense of claims that they
see and hear. ...Probability is rich in interesting problems
that can fascinate students and provide settings for
developing or applying such concepts as ratios, fractions,
percents and decimals (NCTM, p.109).

Example of Statistics and Probability:
Connecting Math Concepts Level D (Grade 4)

In Connecting Math Concepts, the concept of probability is
carefully developed through an analysis based on fractions
and proportmns Consider a bag containing blue and white
objects, for example:

w
B
B g

WW
W, B

The'entire set comprises 9 objects. The fraction for the
blue objects is & The fraction for white objects is 3.

R e TR S T, T TR

These fractions also represent the probability of pulling a
blue or a white object from the bag. The closer a fraction
is to 1, the greater the probability that fraction expresses. -
Students in Level D of Connecting Math Concepts learn to
represent members of a set as a fraction, then apply that
knowledge to problems such as:

X 00 X X x 00 X XoX
XOX XXX OXO OXX
a. ) b. '.c. ) d. |

1. Which bag gives you the best chance of drawing an X?
2. Which bag givas you the second best chanca of drawing an X?
3. Which bag gives you the worst chance of drawing an X?

For each bag students write the fraction for the “winners”—
in this case, X’s. The fraction closest to 1 represents the
best chance, and so forth. The fractions also represent the
expected outcomes for a given set of trials.

00 X

For this bag, tha fraction for the X's Is % _

The denominator expresses the number of trials that would
yield an expected outcome of 2 winners. In other words,
for every 6 trials (shaking up the bag and drawing out an
object without Tooking) ene would expect to-draw an X
from the bag 2 times. '

This statement is explored using a bag with a certain
number of objects, taking trials, and recording the
outcomes. For example, a bag has 7 cards, 4 of which have
triangles on them. Triangles are “winners™. Tallies are
made for each of seven trials taken and for each time a
winner js drawn:
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Students then see that the expected result does not happen
every time, but it does happen most of the time.

X X X
X X X

For this bag, the fracton is g sor L.
A probability of 1 denotes certainty.

If yoﬁ take trials for this bag, you will draw a winner every
time; you cannot lose. It is the only time where you will
have a winner for every trial,

Students extend what they know about probability to their
knowledge of proportjons This enables them to solve
probIems such as:

The winners for this set are
A circles. How many winners
AQO O * would you expect if you took
OA 42 trials?

Students first write the information provided by the
composition of the set that gives the ratic of winners
to trials:

wioners . 23

Irals 7

Next, they represent the equivalent fraction that tells about
42 trials.

‘winpers 3 .
thals 7

i

Students complete the equivalent fraction: -

lﬂr;.lls 7 (ﬁ) ''''

They conclude that they would expect 18 winners from
42 trials, -

28 EfFECTIVE ScHooL PRACTICES, SPriNG 1994

A

This groundwork, expressing probability as fractions and:
proportions, prepares students for a variety of projects
involving dice, cards,.and coins. For example, in one.
experiment, students are presented with a bag and are told,
“There are 4 cards in the bag. At least one of the cards is a
winner (with a blue triangle on it).” Students write the
ratio of the vurious possibilities for winners and mals

i 2. & 4

.4 4 4 - 4
Trials will be taken until 24 winners are drawn Based
on the possibilities, students construct ratio equations
predicting the number of trials that would be taken to
yield 24 winners: -
winners 1 (&1 - 24 . winners

tials 4 56} triais

B -

Enals 4 (5) - %'4 (5) a

The total number of trials and winners are recorded until
24 winners are drawn. The actual number of trials is then
compared to the expected values for the four possibilities.
Students can then accurately deduce the composmon of
the bag,

Thus students have a representational framework to make

- sense of statements such as: the odds are 3 to 2, or the

probability of winning is 1 in 7,240,000, Students also see
the power of making predictions and drawing accurate
conclusions based on empirical observations.
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MATHEMATICS AS REASONING

“In grades 5-8, reasoning shall permeate the mathematics
curriculum so that students can understand and apply -
reasoning processes, w1th ‘special attentmn to spatial
reasoning and reasomng with praportions and graphs....

It is of such great importanée that it merits whatever time
and effort must be expended to assure it’s careful
development. Students need to see many problem
situations that can be modeled and then solved through
proportional reasoning, Such problems can range from
simple to complex” (NCTM, pp.82 and 83).

Example of Reasoning: Connecﬂng ieath
Concepts Level E )

Throughout the 5th grade C‘bnnecting Math Concepts
curriculum, students’ proportional reasoning is carefully
developed through a variety of problem forms. The
conceptual development begins with a thorough
understanding of equivalent fractions.

1
2

In the example above, the fractions 1/2 and 4/8 are
equivalent because they represent identical shaded areas for
the fraction 4/8. The fractions are proportional because
the number of parts in the unit and the number of parts
shaded are increased proportionally by a factor of 4. This
may be represented numerically as:

1
z (%)
Multiplying the first fraction by a value that equals one

(4/4) validates the fact that the two fractions are indeed
equivalent. The fraction 4/8 equals 1/2.

pars shaded
parts in the unit

The same proportional reasoning is later applied to simple
proportional word problems:

A shop sells speclal cookies at 10 for $9.00. Tom wants to
buy 30 cookies. How much should he pay?

With a solid foundation in equivalent fractions, students
can represent the proportional relationship:

cockips. 10 ) -
dallars 9

and solve to find the number of dollars needed:

The answer Is $27

cookies g_Q
dullars ( )

L Ty R T e s 0 BT I R N T T

The same reasoning is also apphcuble to more cornp]ex
problems. For example -

The ratio of boys to girls Is 4 to 9. if there are 260
children altogether, how many bhoys are there?
How many girls are there? .

Students are taught to organize the information logically in
a table, showing the ratio values and the actual values in
columns:;

Ratio | Number
Boys 4
Girs 9
Children 260

They use the additive property of ratio numbers to
complete the first column:

Ratio Number
Boys 4
Girls 9
Children 13 260

They may then operate on two rows from the table to
construct an ‘equivalent-fraction” equation like those used
ta solve simpler problems:

- Bd

boys 4 f20) _ gids 9 f20\ _
trials 13 (20 260 % children 13 (20) 260

There are 80 boys and 180 girls.

The final applications of reasoning with proportions
involve various spatial and graphical representations. Level
E includes projects for which students work together in
groups or pairs. In one project, the entire class is involved
in constructing a proportional model of the solar system.
Given information about the earth and the relative distance
of the other planets, students first complete a table:.

Distance from the sun
Ratia Milllon Miliion ‘Modal: Modal;
numbar km m Inches | rounded inchiag
Mercury .39
Venus 72
Eath | 1.00| 150 93 10.0
Mars 1.52
Jupiter 5.20
Satum 9.54
Uranus 19.18
Neptune | 30.06
Pluto 39.79
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8 Students use the same ratio numbers to compute the The percents are repfeseﬁted as a bar gfapH:
distance of the planets from the sun, and to figure out .
proportional distances for a model. Then students work in

teamns to construct the model along a classroom wall. o ‘ %
Students also conduct surveys, tabulate the information, A H

and use proportional reasoning to construct a bar graph

and pie graph. In another project, pairs of students j * _

conduct a survey asking 20 people to identify a favorite

shape, and tally results. The tallies will then be converted Q ) hu

into percentages (totalling 100%) for a bar graph, and g :

degrees (totalling 360°) for a pie graph, using this table:

0 5 10 15 20 25 30 35 40 45 50 55
Percent ‘

Fraquency | Number % Dagrees

The degrees are converted into a pie graph:

s\ (b m=(e

Total _ 20 100 360

Students then use their knowledge of ratio and proportion
to complete the table:

The CannecﬁngMnth Corncepts program thus provides a
Frequency | Number % Degrees careful development of proportional reasoning, Students

apply this reasoning to a variety of contexts, both simple
O l [ l l 5 5 I+ and complex, incorporating spatial and graphical

3
A 2 10O 3 6 representations.
C1 [ | 4 (2072
/\ | 1T | 3115 |54
L7 O
XX 8
20

S o
40 144

100 360

T

Total 20
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MATHEMA’!’ICS AS PFIOBI.EM SOLV!NG

“As children progress through the grades, they shou.ld
encounter more diverse and complex types of problems
that arise from both real-world ‘arid mathematical
contexts. When problem solving becomes an mtegral part
of classroom instruction and children ¢ expenence success
in solving problems, they gain, conﬁdence in doing
mathematics and develop persevering and inquiring
minds. They also grow in their ability to communicate
mathematically and use higher-level thinking processes”
(NCTM, p.23).

Example of Problem Solving: Connecting Math
- Concepis Levels C-F (Grades 3-8)

The Connecting Math Concepts series provides students
with an increasing repertoire of problem solving strategies
that are fine-tuned to the types of problems they are
required to solve. For example, students draw diagrams,
make tables, work backwards, and plot relationships.

Diagrams

All single-operation multiplication or division problems
may be diagrammed in order to identify the operation
réquired to solve the problem. Consider the following pair
of problems:

Thera are 6 aggs _ln each carton. There are 12 eggs.
How many cartons are there?

There are & eggs in each cartan. There are 12 cartons.
How many eggs are there?

In Level G, students learn the concept of a number-family.
For any multiplication/division situation, there are 2
“small” numbers (factors) and a “big” number {product).

A missing big number 4
impiies multiplication: 2x4=B or 2/H
A mlselng smalf number i
implies division: 2x4=H or 278

Students learn to represent the values in a
multiplication/division situation (one that deals with
equal-sized groups) as a number family. The verbal
problems above describe groups of eggs in cartons. There
are more egps than cartons, so the total number of eggs is
the big number:

ITE

The number of cartons is a small number:

_C
ITE

and the number of egps in just 1 carton is the other small
number: :

c
6 E

We can now substitute for the value we know.
In the first example there are 12 eggs:

) c
6] E12

So the nuj'nber of cartons is 12 + 6.
The answer is 2 cartons,

o1 %

In the second example there are 12 cartons.
So the number of eggs is 6 x 12. The answer is 72 eggs.

By representing the situation before choosing the
operation, students apply a strategy that helps them
analyze the situation and reduces the likelihood of error.

In Level D, students learn that multiplication and division
situations may also be solved with a ratio and proportion
strategy. For example;

There are 6 eqgs in each carton.
How many eqggs are in 12 cartons?

Students represent the first sentence as a fraction:

Eggs g .
cartons 1

The question the problem asks becomes the second
fraction in the ratio equation:
£ggs 5‘1' . [

cafons BT

_Students figure out the fraction that equals 1:

12

£ggs i} 12
cartons 1 12

The same strategy works for division. For example:

There are six eggs in each carton.
How many cartons hold 12 eggs?

eg0s 6 2). d2.
atons 1 (f B
Thus, as students develop confidence in solving problems,
they also learn that there may be more than one method to
solve problems that are equally successful,
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“Yables

The ability to organize and inferpret data in table form is a
_valuable problem-solving skill. Consider the following
problem:

The Army had to ship heavy trucks and light trucks on two
ships. The total number of trucks is 344. 137 of the trucks
mus! be light. The rast can be heavy. Joe's ship can carry
59 heavy trucks and 112 light trucks. Belle's ship must carry
the rest

a. How many light trucks were on Belle’s ship?
b. How many heavy trucks were on Belle's ship?
c. Which ship had more iight trucks?

Students in Levels D and E of Connecting Math Concepts
learn how to construct a data table using the information
given:

Joe's ship 59 [ 112
Belie's ship
Total 137 | 344

Any row or column that gives 2 numbers may be worked
by addition or subtraction. Students add to find a total, or
subrtract to find a number that is not the total for that row
or column.

Students add to complete the top row:

59
+112
171

and subtract to complete the bottom row:

Joe's ship

Bellg's ship
Total

44
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Students may now subtract in each of the 3 columns to
complete the table, o

&te‘-‘D '\\élcﬁ 4$ /

Joa's ship 112
Balla's ship
Total | 207 | 137 | 344

The answer to each of the 3 questions is found in the table.

a. 25 light trucks on Beli's ship.
b. 148 heavy trucks on Bellg’s ship:
c. Joe's ship had mere light trucks.

Work Backwards

A variety of problem .types may be solved by working
backwards. Consider the following problems:

« Start with a number. Multiply by 3. Subtract 20.
Then divide by 2 The answer is 8.
What's the mystery number?

« Jim started out with some money. He spent $45 on
sneakers. His mother gave him a gift which doubled-
the amount of money he had left Then he found a $10
bill. He now had $40. How much did Jim have to -
start with?

These problemns can be solved by working backwards.
because the starting number is the unknown. In Levels E
and F students learn an inverse operation strategy. The
first step in the strategy is to translate each event into an
equation. For example, for the first problem students
translate start with a number and multiply by 3 as:

? .
DxS:D

The question mark denotes the mystery number. Neither
the starting number nor the ending number is known.
Next we subtract 20. The ending number of the first
equation becomes the starting number for the next
equation:

&lxﬂ:D :
D—EO:D

For the final equation we know that when we divide by 2
the answer is 8:
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Now students can solve the problem by working .
backwards. They can figure out the starting number for
each equation using inverse operations, They can“undo”
division by multiplication, “undo” subtraction by addition,
and so forth. First, they multiply by 2 for the last equation.
This also gives them the ending number in the middle
equation:

| |?:|x3=|:|
A [J-20-1g]
~:~2=B

Next they add 20 for the middle equation:

?
Dx.’i:@
@—20:

+2=8

Finally, they divide by 3 to figure out the mystery number:

?
@X:i: @
R ~ [8-20-fig] _
. . ) . . +2=B

The answer is 12, -

The same procedure may be applied to the second
" problem above: '

:-l?:'—45=D
DxZ:D
] +10=40

Students work backwards to find the original amount:

?
B9 - 45 = [15]
x2=@
- Boj+10=40

Jim started out with $60.

Piot Relationships

In Connecting Math Concepis students work extensively
with problems involving ratios and proportions (see the
section on Mathematics as Reasoning). In Level E, students
alsa learn to plot proporticnal relationships on a co-
ordinate system. For example, given the relationship: For
every 4 trees planted, 3 survived, students first learn to
complete a table that gives information about different
numbers of trees:

planted 4 120 )12
survived | 3 6 |12
A. B. C. D

Students use their knowledge of ratios and proportions to
figure out the missing numbers:

planted 4 (201121 8 116
survived | 3 |15} 9 | 6 {12
A B G D

Students then confirm their calculations by plotting each of
the points. The numerators are Y values, and the

. denominators are X values:

¥ ,
A A
19 p
18 = 7

17

18 E h
15

13

: 57
1"

10 Vi

trees planted

- R3 a h oD~ D
~

: B X
0 12 3456 7 8 8101 1213 14151617 1819 20

trees that survived

All points should lie on a straight line.
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Later, students plot a line based on the given rellat'ionshi'p',‘ ;.

and use the coordinate system to answer questions.
For example:
The ratio of sunny days to cloudy days is 510 2.

a. How many sunny days are there for 6 cloudy days?
b. If there are 10 sunny days, how many cloudy days are there?

Students draw the line based on the ratio given:

y
A
20 ' /
18
16 ,/
14 /
S 12
unny /
Days 10

L/
4
/

LT~ = |

2 4 6 8 10 12 14 16 18 20 *
Cloudy Days

L= ]

The answers to the questions may be read directly from the

coordinate system.

¥

F

20 /
18 :
16 /
14

Sunny 12
Days 10

A

/

0 2 4 6 B 10 72 14 16 18 20 *
Cloudy Days

N e,

For item a, students find the point on the line that
corresponds to 6 cloudy days and read the corresponding
value for sunny days (15).

34 EFFECTIVE SCHOOL PRACTICES, SPRING 1994

' For item b, students find the point on the line that
corresponds to 10 sunny days and read the corresponding
value for cloudy days (4).

y
I
o /
18
16 /
14 /
12
Sunny /
Days 10
. //
6
y
4 /
2
4 - . x
0 2 4 6 8 10 12 14 16 18 20
Cloudy Days

As students progress through Connecting Math Concepts,
they encounter diverse and more complex problem types
that require equally diverse problem solving strategies.
These strategies are carefully developed in order to ensure
that students experience success in problem solving.

They see that different strategies may be applied to work

a particular problem type, and at the same time see the
interconnectedness of different aspects of mathematics—
for example, the operations of multiplication and division,
ratios and proportions, and the coordinate system.

CONCLUSIONS

‘The NCTM sets forth an important vision in a time of
crisis. The crisis will not be solved, however, nor the

* vision realized, unless we implement effective practices
and curricula in our schools. The aforementioned
examples from the Connecting Math Concepts program
illustrate the careful approach taken at each level of the
program to ensure that students can solve complex
problems, reason mathematically, and make connections
to the real world. Connecting Math Conceptscanbe a
valuable tool for teachers to help their students develop
true mathematical power. '



A Response to
“Sacrosanctity Versus Science”

Carol Feinberg-McBrian
University of Oregon

Editor’s Comment: This essay is in résponée to the keynote address by Bernadette Kelly that .
appeared in Effective School Practices, Vol. 12, No. 4.

There is an old story that al-tempts to explain the
factthat people hold different views about the world.
It involves five blind men who encounter an el-
ephant for the first time. Each of the men feels a
different part of it in order to find out what it is like.
One feels the trunk, another the tail, a third the body,
and so on. Naturally, each man’s perception of the
elephant is different, since each is standing in a
different place and holding a different part of the
elephant. The men argue violently about their per-
ceptions, each convinced that he alone is correct.
The moral of the story, of course, is that, while each
has a part of the truth, none of them is entirely
correct, since none of them is capable of seeing the
“big picture”. The only way they could have known
the truth would have been for each to listen to the
viewpoints of the others and then to find a way to
put these observations together in a way that made
sense.

This summer, while studying Direct Instruction
(DI), I had a chance to see a point of view that Idon’t
_ usually getexposed to: thatof the Special Education
teacher. (My usual viewpoint is that of a secondary
math teacher.) As one of my assignments, I read
Bernadette Kelly’'s paper “Sacrosanctity and
Science” (Effective School Practices, Vol 12, No. 4, pp.
24-33). In this paper, Ms. Kelly describes the reac-
tions of several math teachers to her presentations
on DI She found that these math teachers had
“assumptions about teaching and learning so differ-
ent from [her] own that[she] ... had to re-examine...
[her] own beliefs and assumptions about instruc-
tion.” In doing so, she arrived at the conclusion that
these differences are due to a clogrnahc attitude on
the part of the math teachers and their professional
association, the National Council of Teachers of
Mathematics (NCTM).

Speaking as a math teacher, 1 agree with Ms.
Kelly’s statement that the assumptions behind DI
are quite different from the assumptions of the
NCTM. However, unlike Ms. Kelly, I attribute this
difference, notto any sort of academic dogma, but to

the simple fact thatthe creators of DI and the authors

of the NCTM standards have had very different
teaching experiences. On one hand, the NCTM is
composed of teachers whose primary field is math,
and who are intimately acquainted with the skills
necessary to succeed in high school and college
math courses. On the other hand, DI was developed
by teachers working primarily with the naive learner,
and its proponents are intimately acquainted with
the needs of this population. My experience with DI
has not changed my support of the NCTM goals.
However, I now also realize the value of DI, espe-
cially in regards to the naive learner. My apprecia-
ton of DI came, not from re-examining my own
assurnptlons, but from examlmng the assumptlons
behind DI.

“We were not communicating,” says Ms. Kelly (p.
31) of her exchange with one math teacher. Very
true. When people don’t understand each others’
assumptions, communication can be almost impos-
sible. In this paper, I hope to communicate some-
thing of what it feels like to be a mathematician. I
also hope to communicate my viewpoint of both the
strong pointsand limitations of DI, and of the NCTM;
in a way that will, at best result in better math
education; or, at least, create a better dialogue.

First of all, I would like to say that have learned
a lot from DI. Ever since I started teaching, I have
been aware of the need to break down skills into
small pieces in order for students to understand the
lessons. However, my awareness of how to deter-
mine preskills and sequence lessons has been vastly
improved by studying the DI formats. I consider my
DI textbooks (Silbert et al, 1990; Carnine et al, 1990}
to contain the best examples of sequencing that I
have seen. I have also noticed in my teaching that
students tend to confuse new concepts with older
ones. It has really helped me to study the DI tech-
nique of constantly reviewing concepts and mixing
up new problems with the old ones. I believe that
this approach is more effective than the more tradi-
tional “spiral approach,” since it does not give stu-

ErrectivE ScHOOL PRACTICES, SPRING 1994 35

R WanEST



" A Response to “Sacrosanctity Versus Science”

dents any opportunity to forget their old skills.

So far, I have mentioned things about DI that
almost any good math teacher would appreciate.
What most math teachers would not like about DI,
and the thing that bothered Ms. Kelly’s critics, is the
use of the scripted formats. Thope thatmy audience
in the DI camp will bear with me while'1 try to
explain why this bothers us mathema ticiansso much.

We mathematicians love to think, to reason, to
figure things out for ourselves, and to exchange
ideas with other students and teachers. For me, and
for many mathematicians, one of life’s greatest plea-
sures is to be turned loose with some really strange,
new, hard type of problem and to spend days or
weeks or even years discussing it and working to
solve it. We find passion, joy and intellectual stimu-
lation in mathematics; we long to share this experi-
ence with our students. One of the math teachers
quoted by Ms. Kelly (p. 29) states that “mathematics
is all about ... making discoveries about patterns
and structures, and using these discoveries to dis-
cover more mathematics”. Ms. Kelly seems to think
that this is ridiculous. She seems incredulous that
this viewpoint is “absolutely consistent with the
latest trends in mathematics teaching” (p.29). How-
ever, this is exactly the sort of language that math-
ematicians use when they try to describe to a non-
mathematician what math is all about. Consider
these quotes from books written for the general
population on the subject of mathematics:

The joy of mathematics is similar to the expe-
rience of discovering something for the first
time. It is an almost child-like sense of won-
der (Pappas, 1989, front page).

I've... learned that mystery is an inescapable

* ingredientof mathematics... It's the nature of
mathematics to pose more problems than it
can solve (Peterson, 1990, xvi}.

Computation involves going from a question
to an answer. Mathematics involves going
from an answer to a question (Tobias, 1978,
64).

The teacher quoted earlier by Ms. Kelly (p. 29)
states that “the child does his or her ownlearning for
themselves ... We need to ask (kids) thought-pro-
vokingquestions, (and)involvethemcollabora tively

‘in the discovery”. This seems to make no sense to
Ms. Kelly. Perhapsshe hasnever had the experience
of learning this way, or, if she has, does not consider
it significant. It could be that she doesn’t observe
her own students learning things for themselves
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because, coming from a DI perspective, she has
never given them an opportunity to do so. How-
ever, | can testify that discoveringor re-discovering
things is both the way I learn best, and the way that
I prefer to learn. It is the way that my parents, my
husband, my children, my most successful class- -
mates, and my most successful students learn. I

suspect that it is the way Ms. Kelly’s critics learn.

Speaking for myself, I'd really hate to learn math by.
following a scripted presentation, or to be given a

page of programmed instruction to do in isolation.

1t would take all the fun out of math. As a teacher,

having to follow ascriptall the time would deny the

reason I teach math. : :

However, when I look at the needs of the naive
learners, I can see that the scripted formats really do
have value and purpose. Unlikemy colleagues and
myself, these students need to have their knowledge
given directly to them in small, programmed doses.
The formats provide them with the sequencing, con-
stant participation, fast pace, and consistent presen-
tation that they need in order to learn best. Even
with sophisticated students, the formats can be help-
ful in teaching repetitive skills, such as memorizing
the basic math facts.: S

What has made me see the value of the formats is
therealization that they were designed for students who
learn differently from me. 1 think thatit is hard for us
math teachers to see the value of DI in teaching the
instructionally naive; since we, our colleagues, our
children, and maybe even our students are
instructionally sophisticated. Even though the re-
sults of Project Follow Through, mentioned in Ms.
Kelly’s paper, have proved DI to be the most effec-
tive method of getting disadvantaged elementary
students to perform well on standardized tests, we
still have a hard time accepting DI, since it is s0
different from the way that we, ourselveslearn. This
is our blind spot.

The DI people also have a blind spot. Because
they are so used to working with children who need
a direct approach, they believe that all children
should learn by directinstruction. They assume that
because it has proven superior in teaching easily
measured skills to disadvantaged students in grades
K-3, DI is the best way to teach all skills to all
students. Although they would like to believe that
the research supports this claim, I see no evidence
that it does. In the first place, not all children need a
direct approach, Lisa Delpit, an Afro-American re-
search assistant who studies the educational needs
of “nonmainstream” children states: “Some chil-
dren will need tolearn explicitly certain strategies or
conventions; some children will not need that be-
cause they’ve gotten it ... in their homes” (Delpit,
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1991, 544-5). In the second place, there are some
aspects of mathematics that cannot be taught by DI.
These include the ability to solve new types of prob-
lems; the ability to articulate and discuss math-
ematical insights; and the ability to think of a con-
cept in more than one way. I.suspect that the DI
people, whose focus is on teaching very specific
facts and skills, don’t consider these aspects of math
to be important. I will attempt to explain why I do.

The first skill I will address is that of being able to
formand discuss different mathematical viewpoints.
1 can tell that Ms. Kelly is skeptical about the value
of this skill. When one of her critics writes: “... by
questioning, letting children argue, encouraging
them to reinvent their own methods of arithmetic ...
[we provide] rich mathematical experiences,” her
_response is: “Really? The rhetoric may sound per-
suasive, but do these practices work?” (p. 25)

Well, it was effective for me. Although my el-
ementary arithmetic classes were very cut-and-dried
{and boring), I had parents who valued mathemati-
cal exploration, and encouraged me to think about
math on my own from an early age. When I got to
high school, my ability to thinkindependently about
math got me into the “college track” classes, where
students could form their ownideasand argue about
the validity of these ideas. By the time I wasa
freshman in college, I was quite confident in my
ability to form and support a mathematical idea. S0
when the professor of my math survey course asked
usa question about a certain set of numbers, I raised
my hand and gave what I thought was a good
answer. He told me (in front of my 300 classmates)
that my answer was wrong. However, convinced
that] wascorrect, | wenthome thatnightand worked
out a proof for my theory. (This took quite a bit of
faith, which, in spite of Ms. Kelly’s assertion, has its
place in math and science.) It turned out that I had
un-knowingly discovered something about this set
of numbers that was not generally known. In fact,
my professor thought that my discovery was im-
portant enough for me to publish, although we later
found out that someone else had already discovered
it. :

My mathematical talent did not reveal itself in a
classroom setting until 1 got into high school; as a
child, I was so bored by basic arithmetic that I
always got poor grades. However, the mathemati-
cal habits that enabled me to succeed in my ad-
vanced math courses began whenIwas quite young.
In the primary grades, I used to think about things
like 1+2=3, 1+2+3=6, 1+2+3+44=10, etc. AlthoughI
didn’t know it, I was thinking about number se-
quences. When 1 got into middle school, I realized
that all multiples of three had digits adding up to

either 3, 6, or 9, AlthoughThad never heard the term
“divisibility rule”, that's what I had discovered.
When 1 finally got into algebra, I found, to my
delight, (and to my parents’ greatrelief) that I could
easily understand abstract mathematical concepts.

My experience with math wasnotatypicalone. A
more common patternis the “sudden death” experi-
ence described by Sheila Tobias in the book Cver-
coming Math Anxiety (Tobias, 1978), in which a stu-
dent who has always succeeded in math by memo-
rizing algorithms suddenly runs into a concept that
is hard to understand. Because the student has had
no experience with breaking up a hard concept into
its component parts, looking at it in different ways,
and discussing it with others; he/she has not tools
for understanding the concept, and believes that
he/she will never understand it. Whatis worse, the
student feels hopeless, not only about the concept,
but about math itself. Like my sudden positive
experience with algebra, these sudden negative ex-
periences are based on earlier mathematical habits.
Tobias (1978, 46) describes the situation of the stu-

" dent who can learn only by memorizing what to do:

“Because his grades have been satisfactory, his prob-
lem may not be apparent to anyone, including him-
self. But when his grades finally drop, as they must,
even his teachers are unlikely to realize that his
problem is not something new, but has been in the

" making for years.

One of the limitations of Project Follow Through
is that, in following the progress of its subjects, it
stopped at the sixth grade. There is no information
on whether these students were successful in high_
school math, or whether they had “sudden death”
experiences. My guess is, that unless someone ex-
plicitly showed them how to think more indepen-
dently, they were not successful.

The report on Project Follow Through (Silbert et
al., 1990, p. 493) states that “[the] tests do not neces-
sarily assess a child’s ability to devise unique solu-
tions to complex mathematical problems.” In fact, 1
suspect that DI is unable to teach this skill. I say this,
not because of any weakness in DI, but because of
one of its strengths: Its rapid pacing. Solving a new
type of problem takes lots of time. Mathematicians
often work on problems for days, weeks, or even
years. In fact, we particularly love to work on
problems that have been around for centuries. The
ability to do this takes a lot of patience and faith in
one’s ability to find a solution that is not immedi-
ately evident. In fact, it is similar to the definition of
religious faith quoted by Ms. Kelly (p. 24)--"the
assurance of things hoped for, the conviction of
things not seen” (Heb. 11:1). When confronted by a
difficult problem; a successful math student has the
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hope that there will be a solution; and has the assur-
ance and conviction that he/she will either be able to
find that solution; even he/she does not yet see it.
When children first learn math, they need imme-
.diate success, so that they can build up confidence in
their abilities. However, once they have some con-
fidence, they also need some experience with find-
ing answers to problems that, at first glance, they
had no idea of how to solve. This ability may not
seem important to the DI instructor, whose focus is
on giving children a good start on their academic
careers. However, itbecomes more importantas the
children get older, and are expected to be more
responsible for their own learning,
Problem-solving is also an important job skill.
Henry Pollak, a respected industrial mathematician,
lists these skills among those expected of new em-
ployees in industry (NCTM, 1989, p. 4): ‘

Knowledge of a variety of techniques to ap-
proach and work on problems.

The ability to work with others on problems.
The ability to see the applicability of math-
ematical ideas to common and complex

problems.

Preparation foropen problemsituations, since
most real problems are not well formulated.

Ms. Kelly’s paper calls for a scientificapproach to

mathematics. Reading her paper caused me to re-

member a connection between math and science
from my own experience. My father was a research
chemist for the Department of Agriculture. It was
his job to develop new uses for agricultural prod-
ucts. He loved being a scientist, and made an effort
to pass on his scientific values to us kids. When my
father talked about science, he did not, like Ms.
Kelly, discuss well-designed experiments and sta-
tistical results. He talked about the moment of
discovery—that moment when the scientist notices
something that no one has noticed before. These
moments can be dramatic—Marie Curie walking
into the lab and seeing the sample of radium glow in
the dark— or mundane—Edward Jenner looking at
a milk-maid’s lovely complexion and making the
connection with cowpox. He told uskids to always
look for an original answer—to always ask "Why?”.

~ Forthisreason, he would often tell us mathemati-
cal riddles with an unusual twist.” A sample was: “A
dying sheik left 17 camels to his three sons. Half the
camels would go to theoldest, 1/3 to the middle one,

and 1/9 to the youngest. They sought the advice of
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a wise man who helped them divide up the camels
without killing any. What did he do?” (Answer: he
lent them a camel. The sons gotrespectively 9, 6 and
2 camels, and the wise man got his own camel back.)

My father’s attitude towards math was a typical
one for a professional. Research (Donovan, 1990)
indicates that, while lower class parents are anxious
for their children to learn basic skills, middle class
professional ones are more concerned about explo-
ration activities. Perhaps this is, because, like my
father, many professionals regularly use this type of
skill on the job, while lower-class workers tend to
use more basic ones. Since parents tend to pass on
their own values and skills to their children, this
may explain why DI has been so successful with
disadvantaged children. Although disadvantaged
children learn successfully with DI, I believe that
they also need some-experience with less structured
problem-solving activitiesin order to inoculate them
against the “sudden death” experience, (Some men-
tally retarded children may be unable to do this sort
of activity. In such a case, I would use only DL) In
giving complex problem-solving activities to disad-
vantaged children, the teacher must be particularly
careful to pre-teach any component skills that the
children would need in order to discover the solu-
tion, since the children have had no experience with .
this type of problem. Most math teachers also favor
giving students increasingly specific hints about the
problem to be solved, rather than the “hmm” re-
sponse described in Ms. Kelly’s paper (p. 30).

An important component skill of finding a new
solution toa problem is the ability to see mathemati-
cal concepts inmore than one way. DImakesa point
of using only one model for each process, because
the instructionally naive students it was designed.
for tend to be confused by too many models. How-
ever, other types of students often benefit by expo-
sure to different ways of looking at a process. In the
first place, the ability to see things in more than one
way s helpful, and possibly necessary, to succeed in
more advanced courses such as algebra, geometry,
trigonometry, and calculus, In the second place,
different students have different ways of learning,
and the model that makes the most sense to one
student might not make sense to another, This was
the case with Jason.

Jason is a ten-year-old boy who will be entermg
the fifth grade this fall. Although he had been ina
regular fourth grade, he had not yet memorized the
times tables. He had to use a “cheat sheet” when-
ever hedid multiplication problems, and, as aresult,
also needed to review some of his other multiplica-
tion skills. I was tutoring Jason on his math skills,
and was also using him as the subject of my DI
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teaching assignment. One of the skills we worked
on.was multiplying two-digit numbers by two-digit
numbers. When [ started to teach him this skill,
using the appropriate DI format and the problem 23
x 52, Jason followed me-without a hitch. He made a
comment that he had done this type of problem
before. Everything went well until I made the state-
ment “Since the 5 stands for 5 tens, we will puta 0 in
the one’s column”. Jason's body went stiff. He had
an expression of confusion on his face. I had seen
this reaction before, and it meant that I was going
too fast. At this point, [ deviated from my scriptand
said,“Jason, does this make sense to you?” “No!” 1
‘departed even further from the script. “Do you
learn better when someone just tells you what to do,
or when someone shows you why something is
true?” “When1know why”. I decided that before I
tried to teach this skill again, I would first check the
format to see if 1 had done anything wrong. If I
didn’t uncover any major error, [ would switch toa
different way of teaching, using a model.

However, before | saw Jason again, I read Ms.
Kelly’s paper and noticed that the only type of
information she seemed to value was research. I
though that this was rather unfair, since some teach-
ers, such asmyself, really don’ thave the resources to
run experiments, although, by virtue of our differ-
ent experiences, we might be able to tell Ms. Kelly
something she hadn’t known before, Then I real-
ized that 1 did have an opportunity to run a small
experiment with Jason. Since he had not responded
well to the DI model for two digit multiplication; 1
would record his reaction to a different model, and
then compare the two reactions. Here is what hap-
pened:

Carol: Jason, today I want to show you a different
way to look at multiplication. Can you see
how this picture shows that2x 6 =12?

2X6 =12

Jason: No. :

Carol: There are two rows of squares and six squares
in every row--

Jason: Oh, wait. Now I see the squares. I've done
this before.

Carol: OK, I'm going to draw a line and divide this
into two groups of squares. Can you see
how this group has 2x3=67

2x6=12

Jason: Uh-huh
Carol: I'm going to write that down. And this other
group has 2 x 3=6?

2x6=12

2x3=6

Jason: Uh-huh, _
Carol: I'll write that down. Now I can add together
the two groups and [ get 12. S0 2'x 3 plus 2
' x 3 is 2 x 6. Does this make sense to you?

2x6=12

2x3
X3

(3]
+6
12

mn

Jason: Yeah. I think I’ve seen that before. ‘

I showed Jason some more examples, always using
a fact that he knew for the large rectangle.
Now I was ready for the big step.

Carol: We can use this method to find the answer for
multiplication facts that we don’tknow. Tell
me what this picture shows.

Jason: That's 6 x 8. { This is a fact that Jason hasn’t
learned yet.)

Carol: I'm going to show you how to multiply 6 x 8.
FirstI divide it into two pieces. What is this
piece?

Jason:5 x B.

Carol: Good. We’ll write that down. Now, what is
this piece?

Jason: 1 x 8.

Carol: Good. We'll write that down. Now whatdo
we get when we multiply?

Jason:5 x 8=40and 1 x 8 =8, .

Carol: Right. And what do we get when we add
-them together?

Jason: 48.
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5x8=40
1x8=+8
48

Carol: Right. So whatis6x 8?2

Jason: (Jason'’s eyes get big.) 6 x 8 is 48. Wow!

Carol: You can find theanswer to any multiplication
problem just by dividing the numbers into
smaller pieces. This next rectangle shows

9 x 7, but we're going to find the answer by

dividing itinto 9 x 2and 9 x 5.

Carol: I want you to draw the line this time.

Jason: Me?

Carol: You. (]ason thinks a while, then draws the
line as shown below.)

Jason: Ta-DA!

Carol: Good. Now what do we do?

Jason: 9 x 25 18 and 9 x 5 is 45. S0 9 x 7 is ...56!
Verrrrry interesting!

Carol: So now we'reready to multiply 15x12. Iwant -

you to divide this into 5 x 12 and 10 x 12.
(Jason draws the line as shown below.)
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| Jason Ta—DAI

Carol: So what happens next? - : '
(Jason does the multiplication for 5 x 12 and 10 x12)
Jason: So 60 + 120 is 180. 15 x 12 is 180! - '
Carol: So now if you see a problem like this, you

know what to do.

15
x12

Jason: Yes. It's fun this way Hey, are you wnhng -

down what I'm saying?

Carol: Uh, yes.

Jason: Why? = e :

Carol: Well ... I wanted to tell my teacher what you
said when I showed you how to multiply
this way.

Jason: Oh. Well, in that case, 1 want you to write,

~ “oh, cool, 00-wee—cool, wow, mad-bad-1'm

totally rad!”

Carol: Great! I'm really glad you like to do this.
Now let’s do some multiplication by 10 Do
these problems.

8x10=

9x 10 =

10x10 =

11 x 10 =
Jason: 8 x 10is 80,9 x 10is 90,10 x 10 is ... 100, 11 x
' 10is... 110?
Carol: Right. Now, what about these?

17 x10 =
23x10=
Jason 17 x 10 is ... 170? '
Carol: Right.
Jason: Now I get it! 23 x 10 is 230.

Carol: Yes! You've gotit! Now, how about these? ‘

20%x6 =
20x11 =
Jason: 20 x 6 is .... Would that just be 120?
Carol: Yes. You ve got the idea. .
Jason: So 20 x 11 would just be 220.
Carol: Yes. That's it. S
Jason: 1 get it now.

We returned to the two digit by two digit prob-
lems. This time, Jason had no problem with the zero
in the one’s place. We spent a total of 15 minutes on
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the whole process, and by the end of it, we were both
full of energy and excitement. My hypothesis had
been that Jason would learn better and enjoy it more
if Tused a model that showed why the algorithm for
two digits by two digits works. Ithink that the data
overwhelmingly supports my hypothesis.

“Although I deviated from the DI format while
teaching Jason this particular algorithm, Istill found
that DI worked very well for Jason when he was
learning his multiplication tables and his basic divi-
sion skills. I am sure that Jason learned more from
the combination of techniques than he would have
by any smgie method. :

Jason is not the only student with whom I have
used DI in combination with less structured meth-
ods. This summer I had three other tutees in addi-
tion to Jason. I found it very easy to switch back and
forth between direct teaching and indirect teaching
in response to the needs of my tutees.

I have been asked how I decide when to use a
particular method of teaching. The answer is that I
look at the nonverbal, verbal, and written responses
of my students. For instance, with Jason, I followed
the DI format until I noticed that Jason’s body lan-
guage indicated distress. Then I followed up with
some direct questions. Jason’s answer that he liked
to know “why?” told me that he might respond well
to a more direct approach. When I tried the new
approach, I kept asking him whether it made sense
to him. When the answer was yes, I proceeded with
the lesson. When it wasno, | gave a further explana-
tion. As the lesson progressed, I had Jason draw
lines and write down calculations to make sure that
he was-understanding me. Finally, I noted his en-
thusiastic verbal responses and his more comfort-
able body language as he started to get interested i in
the lesson. .

Iam not the first teacher to _cornbine DI with other
methods. As part of my work for a class in teaching
reading by DI, I read an article by Dixie Lee Spiegel
(Speigel, 1992) telling how several reading teachers
have combined DI with Whole Language in a way
that gives their students the benefit of both ap-
proaches. Like me, these teachers find it easy to
modify their approaches to fit the needs of the mo-
“ment. Lisa Delpit says of her work with
“nonmainstream” children, “I don’t place myself as
a teacherinacamp. Iseemyself asa responder to the
needs of children” (Delpit, 1991; p.544). Delpitfinds
that “instruction can be both child-centered and
teacher-directed ‘at. the same time. The child-

centeredness comes with understanding what the
Sometimes a

child needs at any given moment.

particular child might need direct instruction”
(Delpit, 1991; p. 547). But sometimes a child may

* need adifferent approach. A good teacher should be

prepared to meet both of these needs.

Although some teachers are already combining
direct and indirect instruction, others feel comfort-
able with only one way of teaching. These teachers
would probably improve their ability to respond to
the needs of all their students by learning something

about another style of teaching. Teachers who, like

myself, come from a process-oriented background
can gain a deeper understanding of how to reach
their slower learners by studying DI. Even if they
decide never to use an éntire format, they will have
the benefit of really concentrating on sequencing,
reviewing, and involving their whole class. On the
other hand, teachers who know only the direct ap-
proach would benefit from taking a class, such as
Math 105, in which students can experience prob-
lem-solving and discussing theirmathematicalideas .
in a relatively non-threatening situation. As they
get more comfortable with these processes, they
may decide to devote a portion of their time to more
discovery-based activities. Even if they don’t, they
willlearn how to value and encourage the child who
always asks “why?” Once teachers have an idea of

how both types of learning work, it should not be

hard for them to find a way to combine them. Ms.
Speigel notes that “the reality of the world of school-
ing is that teachers will draw what works best for
them from both worlds (Speigel, 1992; p. 43).

Ms. Kelly feels that what math education needs is
a “unified scientific perspective” based on research.
1disagree. Research won’t do one bit of good unless
people make use of its results. And people won't |
make use of research, no matter how good that
research is, if it seems to contradict their deepest
values. Ms. Kelly's critics are well aware of the
research showmg the beneﬁts of DL Yet, they are no
more willing to see any value in DI than Ms. Kelly is
to seeany valuein their insights about mathemathics,
because the values of the two sides seem to be so
contradictory. When I started my courses in DI, I

" wasaware of the research, but I did not think that DI

could be relevant to my own teaching. Now that I
understand the purpose behind DI, I consider it
extremely relevantto me, because itshowed me how
to understand students who are very different from
myself. Now that I can look from both viewpoints,
1 can see that, rather than contradict each other, they -
complement each other. ‘ ,
One of the goals of both the DI peop]e and the
authors of the NCTM standards is to provide all
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children with the skills needed to succeed in math-
ematics. Neither group will be able to accomplish
this task without acknowledging the insights of the
other. Without the careful sequence, review, and
participation provided by the DI formats, the NCTM
will be unable to reach the most disadvantaged of
our nation’s children, and will miss a chance to give
every child a solid start in the basic skills. But
without the NCTM’s emphasis on problem-solving
and mathematical community, the DI people won’t
be able to inspire the mathematically creative child,

or help students develop independent thinking
needed for success in high school and college math
courses. In order to develop arealistic vision of math

education, we have to learn to see from both per-

spectives,
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FREE MATHEMATICS WORKSHOPS

Sponsore_d by Project PRIME: :
Promoting Responsible Integration of Mathematics Education
University of Oregon

The hall’-day workshop is designed to:

. » Train professionals in the skills
necessary to recognize effective
instructional materials for math,
both in regular classrooms and
special education settings.

s Develop specific skills in analyzing
instructional materials with
reference to use of time, clarity of
communication, review, background
knowledge, and lesson
organization.

¢ Explain shortcomings of current
approaches.

¢« Provide guidelines for helping
teachers and administrators to
modify instructional materials to
improve efficiency in instruction.

e Illustrate effective instructional
altermatives.

Underlying and driving the workshops
conducted by PRIME is the basic helief that
if there is going to be change in the way
math is taught, the change must be research
based.

In 1992, the U.S. Departmenl: of Education
awarded a Special Projects grant to the
University of Oregon Coliege of Education to
establish Project PRIME.

PRIME’'s overall intent: To inspire eﬂ’ectnre
instruction in math, in both general and
special education settings, and do it in a
way that will reduce the current rate of
special education referrals. At the same
time, PRIME was given the mandate to help
schools increase the rate at which students
in special education settings can be returned -
to the mainstream for math instruction and,
once returned, continue to experience
genuine success. For that to happen, we
must implement what research has shown to
bhe effective.

For more information contact: Bernadette Kelly, Research Associate (503) 683-7543
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Re_a(:tion“ to Feinberg-McBrian’s
Comments

st

Bernadette Kelly and Bonnie Grossen
University of Oregon

Carol Feinberg-McBrian offers a thoughtful and Only some may succeed, not ali, .
provocative response (pp. 35-42 this issue} to the To say that mathematics is about discoveries is
keynote address: “Sacrosanctity Versus Science” sometimes true at all levels of schooling. It is par-
(Kelly, 1993). We would like to respond with a few ticularly true at the graduate and post-graduate

points of clarification. level. While Feinberg-McBrian can testify for her-
. self, her family and her most successful students, for
Means Versus Ends general recommendations we must concern our-

We also agree with the NCTM goals that all stu-  selves with most students, paying particular atten-

dentsshould be equipped to reason ma thematically,  tion to those who are at risk of failing (“naive learn-
communicate mathematics and solve problems. They  ers”).

need to beequipped to be “productive citizens in the How best to teach students to figure out thingson
next Century” (NCTM, p- 256). their own is a question that js best answered by
Feinberg-McBrian describes herself as a math- comparing how well different approaches achieve
ematician, and explains: ' these results. When we say we need “research,” we
“We mathematicians love to think, to rea- mean that it is important to look at actual student
som, to figure things out for ourselves, and to performance data in making these comparisons,
exchange ideas with other students and rather than guessing or using examples limited to
teachers. For me, and for many mathermnati- ourown experience. Research hasa vitalrole to play
cians, one of life’s greatest pleasures is to be when we are considering the application of instruc-
turned loose with some really strange, new, tional methods on a broad scale, particularly with
hard type of problem and to spend days or at-risk students.
' weeks or even years discussing it and work- According to Direct Instruction (DI) theory, those
ing to solve it” (p. 36 ). students who will eventually have the “faith” that

No doubt this is true of mathematicians. We have inspires them to persist in solving complex new
no difficulty accepting this as a valuable goal for  problems and to make new mathematical discover-
mathematics instruction. However, we do have ies will be those students who have become aca-
difficulty with the faulty logic applied by the NCTM: demically competent in the tool skills of mathemat-

* - We want more students to become true ics and have experienced abundant success in using
“mathematicians. : those skills. The theory predicts that simply pre-
® Truemathematiciansloveto figure things senting difficult problems to students who have few
out for themselves and to spend a great deal or no mathematical tools will not develop the tools
of time working to solve strange, new and nor the confidence to solve the problems nearly as
difficult problems. _ well as directly teaching the tool skiils;

® Therefore, as our primary way of teaching Feinberg-McBrian seems to agree that tool skills
all students, we will let students figure things are important: “In giving complex problem-solving
out for themselves and give them strange and activitiesto disadvantaged children, the teacher must
difficult problems to work on, be particularly carefu to pre-teach any component

Fom

This argument assumes that the means are the  skills that the children would need in order to dis-
ends. But these means have not been shown to work cover the solution, since the children have had ng
well for most students, neither for lower-order nor experience with this type of problem” (p 38). we
higher-order problem types. Waiting for students to cannot agree more. Tool skills must be taught if
figure things out on their own does not usually  students are tg experience success.
result in them figuring things out on their Own. Feinberg-McBrian points out that the tests used to

_
EFFECTIVE SchHooL Pracrices, Sering 1994 43




Reaction To Pe_inberg—MtBriaﬁ’s Camments |

evaluate Project Follow Through did not “assess a

child’s ability to devise unique solutions to complex
mathematical problems” (p 37). So, evidence sup-
porting the assertion that DI in the tool skills of
mathematics will lead to a better ability to solve
novel mathematical problems is somewhat meager
in the Follow Through data. But other experimental
evidence indicates that direct teaching more effec-
tively improves students’ ability to discover than
continually challenging students to discover solu-
tions to mathematical problems as the NTCM as-
serts (Carambone & Holyoak, 1989; Craig, 1956;
Kittell, 1957; Wittrock & Twelker, 1964). The evi-
dence for the NCTM assertion consists primarily of
anecdotes, such as those Feinberg-McBrian offers,
about a few very talented individuals. An impor-
tant question to ask is: What exactly were the com-
ponents of success for these individuals? Did they
simply have a unique response to challenge? Ordid
they perhaps have a more complete set of back-
ground skills that enabled them to respond success-
fully to the challenge?

It is fair to say that DI does not present tasks that
are greatly challenging, and generally limits tasks to
those closely aligned to what students have been
taught. DI uses the limited amount of instructional
time available to prepare students for greater chal-
lenges by providing them with solid mathematical
tools that have wide and relevant application. This
wide and relevant application continues to occur
beyond the DI program. It is the culmination of the
learning process that life provides.

We disagree with Feinberg-McBrian’s view that
DI has limited use. The DI approach, when used
with more sophisticated learners, is not limited to
“repetitive skills, such as memorizing the basic math
facts” (p. 36). DI hasbeen used successfully to teach
a variety of higher-order thinking skills. (A 1992
Pro-Ed publication is devoted entirely to this topic,
see ad in this issue of Effective School Practices.) The
Connecting Math Concepts DI program teaches higher-
order content such as geometry and problem solv-
ing. The Reasoning and Writing program teaches
critical analysis of reasoning. The terms “sophisti-
cated” and “naive” arerelative. Every “learner” has
already learned certain things, and every learner is
“ready” for the next step. DI is an effective and
highly efficient vehicle for carrying students to the
next step, into unfamiliar domains.

There is no evidence that would contradict this
approach. There is no evidence that providing stu-
dents with mathematical tools will disable them, and
hinder them from solving complex challenging prob-
lems. A recent comprehensive review of the
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experimentatl and descrlphve research on creatwlty
concludes that a relevant knowledge base is crucial
for creativity and finds that spontaneity and sudden
inspiration are largely‘ overrated by society
(Weisberg, 1986). Later issues of Effective School
Practices will explore these, and related questionsin
greater depth.

Teaching for Understanding
DI programs such as Connecting Math Concepls
also teach students to think of a conceptin more than
one way so that they truly understand it {something
Feinberg-McBrian states cannot be taught by DI).
For example, students learn that a fraction of a
quantity is the fraction times that quantity:
e.g., 2/3 of the children are boys. There are 27
children. How many boys are there?

B:_g_;.xc.
B=%'X 27
B='_5§4._=18

There are 18 boys.

Students also learn that same problem may be ex-
pressed as a proportion:

boys 2 _

children 3 27 -
_boys 2 (g)_ 18] | 18 boys.
chiden 3 \9/ 27

The issueis not whether to presentone solution to
a problem or to encourage alternatives. Itisa ques-
tion of timing. For naive learners, perhaps for most
learners, to juxtapose alternatives duringinitial teach-
ing will be confusing, and to encourage alternatives
without sufficient pre-teaching favours a minority
of students-who are the most able, or who have the
most advantaged home environment.

A second example of learning alternative ways to
solve a problem also involves multiplication. For
example, students learn that if a problem gives in-
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formation about one item and asks about more than
one of those items, the problem may be solved by
multiplication, e.g., There are 3 feet in 1 yard. How
many feet are in 8 yards? The problem tells about 1
yard and asks about 8 yards, so we multiply:

' 8

x3

24

The answer is 24. Students also learn to set up an
equation to express the relatlonshlp between units,

e.g.

~ yards= feet
feet per yard

The problem above may be expressed as:

8 yards = _|:I_ feet
3 feet per yard

24

8==

3

So 8 yards is 24 feet. This same analysis is later
applied to non-convertible units such as miles and
hours:
hours = miles :
miles per hour

Feinberg-McBrian states that DI cannot teachstu- -

dents how to tackle new problem types. However,
the fraction analysis described above is included
because of its generative properties, enabling stu-
dents to solve a range of new problem types. What
students have léarned about measurement conver-
sion can be applied to rate.

A similar approach is taken in the initial levels of
the Reading Mastery program, providing students
with a sounding-out strategy that can be applied to
read new words that a student has never seen be-
fore. Generalization, or solving unfamiliar prob-
lems using what one has learned, is a fundamental
aspect of Direct Instruction.

Issues of Seripted Instruction

Feinberg-McBrian describes her departure from
the DI script as an “indirect approach.” The teach-
ing interaction recorded by Feinberg-McBrian as
she taught doing. Scripts can orchestrate a carefully
engineered sequence of learning tasks and teaching

exarnples with carefully planned comments by the
teacher. The timing of these comments must match
the awareness students are gaining as they work
items that are specifically engineered for this pur-
pose. Scripts can empower more teachers to execute
this orchestration successfully. Teachers who teach
mathematics successfully withoutscripts do not need
scripts; scripts are necessary only for teachers who
would benefit from such help. '

The use of scripts does not imply that a teacher
should not be responsive to the students. Quite the
contrary, teachers should be highly attuned and
responsive to student performance as they teach,
This is one of the most difficult things for people to
understand about DI: It is possible to follow a very
specific instructional procedure and ‘be highly re-
sponsive to students. This is no different from a
doctor following a highly specific surgical proce-
dure, but responding to the patients needs compe-
tently and efficiently. Learning to be responsive
while following a specific procedure sometimes re-
quires rather extensive teacher training. A knowl-
edgeable DI teacher would not simply continue
through the script when students are having diffi-
culty. Serious persistent errors would warrant the
teacher reteaching an earlier component, just as
Feinberg-McBrian did.

At the heart of DI is the notion of the teacher asa
“responder to the needs of the student” as instruc-
tion proceeds. We have no doubt that Feinberg-
McBrian is an excellent and responsive teacher. We
hope that she continues to explore Dl in its applica-
tion to higher level mathematics and to more sophis-
ticated learners.

Closing Thoughts

The ultimate resolution of the issues Carol
Feinberg-McBrian raises depends on how we define
the national educational problem that we are trying
to solve. In the days after the Russians launched
Sputnik, we saw our educational problem as the
challenge to create an elite group of high-powered
scientists and mathematicians. We needed inven-
tors and Nobel prize winners to make us competi-
tive in the space race. For that type of reform, the
NCTM recommendations may have merit. '

The educational problems facing us as we enter
the 21st century are very different. Today, the edu-
cational challenge is to raise the performance level
of the lowest one-third of our population. Approxi-
mately one-third of the population may be charac-
terized as educational “have-nots.” While many
well-paying jobs have been available for this poorly-
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educated segment of the population up to this point

in time, this willno longer be true in the 21st century.
More and more jobs will require technical skills, and
well-paying jobs for unskilled laborers will practi-
cally disappear. ‘
The current impetus for educational reform came
from the awareness of this new kind of problem.
The NCTM recommendations seeminadequate when

considering the needs of this lower one-third of the

population. On the other ‘hand, Direct Instruction
has been proven effective, particularly with this
population. . Yet, as Feinberg-McBrian points out,
there are those who would not attend to that re-
search simply because it conflicts with their values.
One must question those values. Whether Direct
Instruction can result in the deeper understanding
and higher-level thinking that so many educators
value so highly, is a question that experimental
researchshould answer. Whether DirectInstruction
has negative side effects on other aspects of devel-
opmentisalso aquestion thatexperimental research
should answer. Translating values into action re-
quires a research base. Our hope/is only that educa-
tors will allow scientific evidence to inform our
profession. To use the reigning educational dogma
alone is not only insufficient, but unethical.
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. Reseaar'éh—Ba_scd? _Guidel'inés‘_\'for Selecting
. Mathematics Curriculum

: Bob Dixon - S
* National Center to Improve the Tools of Educators

Why Another Set of Adoption Guidelines?

In the early 1900’s, the challenge of integrating
thinking and content area knowledge was formi-
dable, even in the education of the elite. Teachers
today face much greater challenges. “Althoughitis
not new to include thinking, problem solving, and
reasoning in someone’s school curriculum, it is new
to include it in everyone’s curriculuin”(Resnick, p. 7).

. Additionally, regular classroom teachers faceeven
greater challenges as a result of the Regular Educa-
tion Initiative (REI), the movement that results in
the placement of increasing numbers of special edu-
cation students into regular classrooms.

. The. purpose of these adoption guidelines is to

provide assistance for teachers, through the adop-

tion process, in their quest to meet exceptionally
difficult challenges with respect to their mathemat-
ics programs: '

1. Effectively teach this extremely diverse group
of students. Regular classrooms were quite diverse
before REI, and have become more diverse since.
Because of the multitude of ways students are re-
ferred for special education services, it has been
estimated that up to 80% of American school chil-
dren could qualify for special services in mathemat-
ics somewhere. That is to say, a teacher is likely to
have several “regular” studentsin the room who are
having difficulty with mathematics, while at.an-
other school, these same students would qualify for
special services usinga different scheme for referral.

. 2.. Teach important mathematics. Rightfully,
mathematics educators are calling for a much greater
emphasis upon the mathematics that students are
most likely to find useful in their lives. ,

These guidelines have been developed specifi-
cally as a means of addressing these two challenges
effectively: teaching important mathematics to
widely diverse learners. Consequently, they should
be thought of as supplemental guidelines. They are
modest guidelines, in the sense that they do not
address thekinds of general criteria commonly listed
in adoption guidelines: lack of sexual and other

bias, attractiveness, and so on. However, there is -

little doubt that the instructional focus of these guide-

lines is becoming increasingly critical to teachers.
Figure 1 illustrates the nature of the new chal-
lenges. Traditionally, the curriculum in regular
classrooms with no mainstreaming focused upona
relatively narrow “middle” section of students: all
but the very lowest and the gifted. The lowest, “at-
risk” students would eventually be retained, or would
struggle along, or would be referred for special
educationor other specialized, basic services. Gifted
students, simnilarly, might be referred to special pro-
grams for the gifted, orbe accommodated by enrich-
ment activities designed by teachers or provided as
supplements to instructional materials. -

Traditional - No Mainstreaming

Special Ed. At-risk

* Curricula focused upon a
relatively “narrow” middle.

Full Inclusion

L I
| 1l (-

Special Ed. At-risk

The middle in mainstreamed classrooms
has become much broader and diverse.
Fewer curricula can effectively address
this diversity.

Figure 1. Curricula for Diverse Learners
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Wlth mamstrearmng (and w1th “full inclusion”
models especxally) the dwers:ty in a regular class-
roomcanbe staggermg Both the number and diver-
sity of the “middle” students in such classrooms has
increased. Imagine, for example, a classroom com-
. prising twenty “regular” students'and eight special
education students. Imagine further that all stu-
dents are mamstreamed Of the eight special stu-
dents, perhaps two' have handicapping conditions
such that they will require attention from a special-

istin the classroom. Of the twenty regular students,

a fourth or more may have difficulty with math-
ematics: they are behirid the other fifteen students,
and are at risk of eventual classification as special
_educal:lon students ‘One or two of those twenty
‘regular students may be gifted. " If the classroom
teacher has’ primary responsibility for the fifteen
reguiar students’ who are average or above, and a
specialist Has primary responsibility for the two
most severely handicapped studénts, who has re-
sponsibility for the eleven “low” students? How
many different mathematics lessons can onereason-
‘ably expect the teacher and /or the specialist to de-
liver eachday? A traditional curriculum that targets
thelow-average to highrangeis pitifully madequa te
for today’s dlverse regular classrooms

P ’. N\

- Materials selected according to the
_criteria outlined in these guidelines
can go a long way toward helping to
s [niake mainstreamed classrooms more
manageable -

| : )

Such difficulties, of course, cannot be entirely
‘resolved through the judicious selection of instruc-
tional materials. However, materials selected ac-
cording to the criteria outlined in these guidelines
.can-go a. long way toward helping to make
mainstreamed classrooms more manageable. The
Aew eriteria focused upon in these guidelines are
“thoseshownby currently available research to prom-
ise the greatest acquisition of mathematics knowl-
edge by the broadest range of diverse learners. An
instructional program based upon these criteria can-
not be expected to be-the'ideal curriculum for two
groups of students within a diverse classroom: the
most severely handicapped, and the very highest
performing students.
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Returning to the classroom scenario above, the
guidelines are intended: to- help adoption commit-
tees select matena]s that will be effective with the six -

“non-severe” special education students, the five
low regular students; and perhaps all but the five
highest of the remaining fifteen regular students.
Theregular teacher could teach mathematics to those
twenty-one students using such materials, while the
specialist continues to have primary responsibility
for the severely handicapped students. And what of
the five highest students? As you will see, these
guidelines are notlikely to restrain the mathematics
growth of higher-performing students.. As a'conse-
quence, those five could participate with the other
twenty-one in the regular mathematics lesson, so
long as that work is supplemented (by either the
specialist or the teacher) with more challengmg
matérial, '

The focus of these guidelines, then, is upon all but
the very loweststudents (who require the services of
specialists in any circumstance} and the very highest
(who are the most able to work independently, and
to learn well from mdlrec:t discovery-oriented ac-
tivities).

Although circumstances vary considerably, and
scenarios like the oneabove are not perfect solutions -
to complex problems, accommodating the greatest
possible diversity through the low to high-average
range promises greater manageability in classrooms
with mainstreamed disabled learners.

The Organization and Use of These Guidelines
There are six individual guidelines presented
herein. Each is summarized on one of six single-
page charts. Essentially, those charts are the adop-
tion guidelines. That is, we cannot realistically
expect every member of an adoption committee to
read the document you are reading now. Rather, we
anticipate that perhaps one member of a committee
will read this document: a committee chairperson,
or someone assigned especially to investigate the
needs of mainstreamed learners. In that sense, this
document is a backup to the six guideline charts.
The charts, and this document as well, are backed up

~ further by a technical report {Dixon, 1992).

As a practical matter, each member of an adop-
tion committee needs only thesix guideline chartsin
order to evaluate the extent to which various in-
structional materials accommodate diverse learn-
ers. Although guidelines may be applied to materi-
als in any order, we suggest
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. Big Ideas 8

. Conspicuous Strategles
Mediated Scaffolding .

Strategic Integration ,
Primed Background Knowledge
Review
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Generally, this is the order of importance. For ex-
ample, #1 - Big Ideas, refers to teaching important
mathematical concepts. Other guidelines, such as
review, are not likely to impact much on under-
standing if a program focuses attention on unimpor-
tant, or even trivial concepts.

The Guidelines

Big Ideas - -

In order for students to solve mtereshng, com-
plex, realistic problems, they must acquire knowl-
edge of the more important, key mathematical con-

“cepts: concepts recently referred to in mathematics

literature as “Big ldeas.” Bigideas within a content
area are those concepts, principles, or heuristics that
facilitate the greatestamount of knowledge acquisi-
tion and understanding across the rest of that con-
tent.area, That is, big ideas make it possible for
students to learn the most and learn it well, as
efficiently as possible. Consider, for example, the
following problem:

Atlunch, each student can choose a carton of
white or chocolate milk. Fach fifth-grade
classisto estimate how many cartonsof choco-
late and white milk should be ordered for the
entire school

In addition to computational ability, for students
to work such problems successfully, they must fully
understand the big mathematical ideas of propor-

tions and estimation, concepts that recur frequently

in a broad range of real mathematical problems.

An all too common alternative to big ideas is
broad coverageof or exposure to numerous objectives.
Neither the term coverage nor exposure implies the
kind of learning with understanding to which edu-
cators generally aspire for regular classroom and
mainstreamed learners alike.

Several “small” mathematical ideas can often be
best understood in relationship to a larger, “
brella concept.” For instance, if the geometnc con-
cept of area is taught to a high level of understand-
ing, then students need not learn formulas by rote
for calculating area. In turn, the understanding of

‘area provrdes the underpmnmgs of another 1mpor~ :

tant mathematical concept: volume, as a-furiction of
‘base (area) times height. Approached this way; the
seven traditional formulas for computing volume
canbereducedtoa single formula (base hmes helght)
with two slight variations. -

Finally, even something as srmple as math facts
can be taught in terms of larger mathematical con-
cepts, rather than as a large set of discrete and

~ unrelated facts to be recalled by rote. For instance,

eachaddition fact bearsan “addingon” relatlonshrp
to some other fact: 4 + 4 =8, and 4 + 5 is one more
than 4 + 4, so the sum is also one more, 9. A more
sophisticated approach to facts is to capitalize upon
the inherent relationships among addition and sub-
traction facts alike. For example, all four of these
problems: 3+4,4+3,7-4,and 7 - 3 are all part of
asingle “family” of relationships. Similarly, “larger”
problems also bear family relationships to one an-

other: 1003 - 989, 989 + 14, etc. Such interrelation-

ships can be mapped:

4 3
—_— e 7

989 - 14 - '
——— B 1003

The mapping strategy can also be expanded beyond.
facts to solve verbal math problems. '

Evaluating Big Ideas. Although authorities in
mathematics education are increasingly emphasm-
ing theimportance of teaching big ideas, they are yet
to develop a definitive list of important mathemati-
cal concepts. If there were such a list, adoption
committees could simply check off program con-
cepts againsta list. Still, several concepts seem to be
generally accepted as crucial, bigideas: place value;
the addition, subtraction, multiplication, and divi-
sion of whole numbers; fractions, mcludmg ratios
and proportions; estimation ‘and approximation;
probability; volume and area; and all of these con-
cepts incorporated into verbal problem-solving. -

In an instructional program that emphasizes brg
ideas, a given idea is likely to appear repeatedly, in
different contexts. For instance, the “identity prin-
ciple” in mathematics says that the value of a num-
ber does not change when multiplied by one, in any
forin (such as 23/23, 4ay/4ay, etc.). Such an idea is
big (key, important) because it facilitates under-
standing of so many aspects of mathematics, rang-
ing across fractions, ratios, and algebra. Thus, one
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step in evaluating an instructional 'pro'gram" for big
ideas is to search for a major mathematical concept
that is applied in a variety of contexts. '

Another step in evaluating big ideas is effective,

yet relatively simple. Significantly more time will
be allocated to big ideas than to minor ideas. Ata
givenlevel of an instructional program, a single big
Tdea and a relatively small idea can be compared
upon the basis of the time allocated to teaching (or
covering or exposing) each. 1f, for example, all
outcomes in a program are pursued in units or
chapters of equal length, that program does not dif-

ferentiate big ideas from others. In contrast, if cer-,

tain ideas occur repeatedly in a program and more
time is allocated to those ideas than to several oth-
ers, then big ideas are probably being accommo-
dated.

0 )

The highest performing students are
those most likely to, eventually, infer

' useful strategies fromtheir experience.
Explicitly taught strategies, in effect,
let the majority of students in on the
“secrets” to success.

& )

Conspicuous Strategies
Someone who easily and fluently solves new
mathematical problems uses some kind of “strategic
approach” to each new problem-solving situation:
some kind of expert strategy. In many cases, experts
cannot even clearly articulate the details of their
strategies. The purpose of strategy instructon is to
clearly present learners with strategies like those
that experts use. The highest performing students
are those most likely to, eventually, infer useful
strategies from their experience. Explicitly taught
strategies, in effect, let the majority of students in on
the “secrets” to success. _
* A strategy, then, is a somewhat general set of
steps students follow in solving problems. Strate-

gies may be so narrow that they result in rote-like

performance on a very limited set of problems. In
contrast, a strategy can be so broad that it doesn’t
work for the majority of students, the majority of
time. Simply “drawing a picture,” for example, can
in fact help some students solve some problems, but
is too broad to qualify asa reliable strategy for most
students. -

“Medium” strategies are themostlikely to benefit
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students. Consider this problem:

Tt takes the attendance office two minutes to pro-
cess three tardy students, How long will it take them
to process eleven tardy students? o
A “medium” strategy is to firstmap the “units” in

such a problem:

minutes

tardy stodents . '
Next, write the known quantities with the units:’

minutes 2 ’

tardy students = 3 11
Finally, map the missing quantity: D
1

minutes

2
tardy students 3

All that remains is the computation necessary to
solve this correctly mapped problem. ) o
Evaluating Strategies. First, determine whether
a strategy is taught explicitly at all. Only a limited
number of students are likely to infer effective strat-
egies, and the process of inferring strategies is very
time-consuming (inefficient) in any case. :
Next, make a preliminary determination of how
narrow or broad strategies appear to be. Can the -
strategy be applied to a large number of problems?
Can it be applied reliably? _ '
Determining the “reliability” of a strategy can be
a challenging and engaging activity. A good tech-
nique is to role-play a student, one that is on the
lower end of the targeted student population, and
perhaps one that is a bit contrary. In that role, the
objective is to attempt to “break the strategy” by
identifying any instance in which one can follow the
strategy, but still not solve the problem. As a simple
example, a student could easily “draw a picture or
map” of the tardy student problem above, but with-

" out indicating the relationships necessary to solve

the problem. Here is one such student drawing;

Playing the role of the student can take a little
practice. It requires one to focus strictly upon the
information given in strategies and problems and

. notuse one’s own knowledge. Anapproach that can

be effective is for someone on the adoption commnit-
tee to locate problem types in the upper levels of the
material under consideration that the committee -
person has genuinely had a difficult time under-
standing for himself or herself in the past. 1f the
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strategy does not facilitate understanding for such
an educated adult, it certainly is unlikely to facilitate
understanding for students. It is usually safe to
generalize the findings from evaluating the upper
levels of materials to the lower levels.

Mediated Scaffolding - : o
British educator A. J. Romiszowski has character-
ized traditional mathematics instruction as: “I'll
work two on the board, then you do the rest.” The
“I'llwork two” part of that approach can be thought
ofasamodel, and the “youdo the rest” is considered
immediate testing. It hasbeen said that the problem
with learning from experience is that the lessons

come too late. The same could be said of this tradi- -

tional model of instruction. After “doing the rest,”
students might receive feedback—ranging from
right/wrong to an explanation of how to do missed
problems—and possibly a grade. The feedback is
too late, and the grade, too early.

Scaffolding is a means by which students receive
support in various forms along the path to full
understanding and “doing the rest” successfully.

An analogy helps illustrate the potential power of-

scaffolding in mathematics instruction. Imagine
trying to teach a physically disabled youngster or a
very young child how to slide down a playground
slide. We might begin by carrying the child up the
steps and holding her in our lap as we slide. That
first phase of teaching illustrates a great deal of
support—scaffolding,.

After proceeding this way a few times, we might
removea bit of the scaffolding by, perhaps, allowing

the child to take one or two steps of the ladder with -

minimal help, or by placing the child low on the
slide and allowing her to. slide on her own a very
short distance. And so on. :

All along, we would attempt to remove more bits
of scaffolding, but in no instance would we abruptly
remove all the scaffolding and, in essence say, “you
do the rest.” Obviously, doing so could result in
serious physical injury. Analogously, removing
scaffolding prematurely—or worse, never provid-
ing any—can result in serious intellectual injury for
many students. Such injury is less obvious than
physical injury, but just as real, just as likely, and
perhapsover time, more impairing. After all, physi-
cal injuries heal. Many mathematical injuries are
extremely difficult to rehabilitate.

Teachers and peers can provide scaffolding, inde-
pendently of instructional materials. However,
materials can and should provide scaffolded se-
quences of tasks for students to perform. Highly
scaffolded tasks may be quite contrived and “look
strange,” just as carrying a child in the early steps of

“sliding” does not look much like “real sliding.”
The crucial thing is that tasks clearly and systemati-
cally provide gradually reduced scaffolding so that
ultimately, students solve mathematical problems
effortlessly, and with few injuries along the way.

Evaluating Scaffolding. Selectanimportantstrat-
egy from a grade level, preferably a strategy on a
concept already identified as a big idea. Focus
examination on all the tasks associated with the
selected concept, from the very beginning, to the
point at which students are expected to apply their
knowledge independently.

The first tasks should be designed to ensure that
even relatively low students can perform them suc-
cessfully. Gradual—perhaps even subtle—changes
in tasks should be discernible, changes thatreflecta
shift to greater student understanding and indepen-
dence. o

Strategic Integration

The principal benefit to all learners of integratinig
knowledge is that it enhances the likelihood that
students will learn when to apply their knowledge.
There are many concepts in mathematics that are
similar to others, yet significantly different. For
instance, from the point of view of someone just
learning fractions, an addition problem and a multi-
plication problem appear to be very similar to one
another, yet very different knowledge isrequired to
solve each: '

3/4+4/5=1 3/4x4/5=7
The benefit of integrating is probably most apparent
when compared with the difficulties students en-
counter with “non-integrated” knowledge. They
may, for example, simply add the numerators and
denominators of addition fraction problems such as
the one above, in spite of the fact that when adding
fractions was first being taught, students seemed to

“getit.” Perhaps they had little trouble withadding

fractions initially, when addends had like denomi-
nators. Perhaps they subsequently caught on to
adding fractions with unlike denominators. But
after teaching multiplication of fractions, without
integration, confusion developed: Which problem
type requires like denominators? When does one
operate on both the numerator and the denomina-
tor?

The predictable outcomeof notintegrating knowl-
edge is an abundance of stubborn misconceptions:
uging area formulas to compute volume, subtract-
ing a big number from a small number in whole
number subtraction, difficulties with fractions with
values greater than one, and so on. Although such
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misconceptions are related to the quality of initial
teaching (big ideas, strategies), even. topics that are
well understood initially can result in confusion
without mtegra ton.

The primary means of integrating knowledge is
quite simple, perhaps elusively simple: just do it!
Thatis, the developers of instructional materials can
considerably advance the goals of fully mtegrated
knowledge by “putting things together.” In the
“real world of mathematics,” weare constantly called
upon to pull some specific knowledge from our
entire base of mathematics knowledge and use that
specific knowledge appropr:ately Instructional
materials should anticipate that, in addition to pos-
sessing knowledge, students need to learn when to
use components of that knowledge. '

Evaluating Integration. Selectany common math-
ematics misconception which committee members
haveobserved in students. Identify specifically what
gets confused with what in that misconception. For
example, if students add the numerators and de-
nominators of fractions, they are probably confus-
ing addition with multiplication. Examine the ma-
terials under consideration to determine the extent
to which the potentially confusing conceptsare rmxecl
with one another.

Initial teaching examples can also be used to
facilitate integrated knowledge. If all the examples
students work with as they initially learn fractions
have a value of less than one, then it is quite predict-
able that many students will draw the reasonable—
but wrong—conclusion that all fractions are “small
pieces of things,” with values of less than one. Look
at initial sets of teaching examples to determine
whether some inad vertent misconceptions are actu-
ally implied by the examples used.

New problem types can be related to familiar
problems taught earlier. Students can be shown
specifically why Strategy “A” is not adequate for
solving problems in “B” situations. Look for ex-
amples such as: “This looks like a problem that can
be solved with _ procedure, but that won't
work. Here’s why: " Anexample of
one concept or strategy is always a “negative ex-
ample” of another. Full understanding requires that
student know not only what something is, but also,
what it is not.

Primed Background Knowledge

It nearly goes without saying that learning most
mathematics, and especially most important math-
ematics, is dependent upon some knowledge the
learner already possesses. This fact is generaily
accommodated in most instructional materials, but
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not always effectlveiy S

Threedifferent prac hces are of lmuted value The
first is teaching prerequisite knowledge through
“coverage” or “exposure.” If prerequisite material’
was just covered, or students were otherwise ex-
posed to it, itis not likely to have been learned well
enough to facilitate the learning of new, complex
knowledge.

Evenwhen prerequ151te knowledge is taught thor-
oughly, the timing of that instruction in relation to
the new knowledge can be crucial. The second and
third practices that are inadequate relate to iming,
On the one extreme, the prerequisite knowledge
may have been taught far in advance of the instruc-
tion on the new knowledge. In that case, many
students are likely to lose their facility with the
prerequisite knowledge, if not to forgetit altogether.
At the other extreme, prerequisite knowledge is
sometimes taught in too close proximity to the new
knowledge, often on the same day, during the same
instructional lesson. In this case, students have no
time to truly learn, assimilate, and understand the
prerequisite: knowledge before the new knowledge
is iritroduced.

Ideally, prerequisite knowledgeis introduced (or
reviewed) at a given point, and used for a period of
a few days or weeks before the introduction of the
new, more complex knowledge. Such a schedule
means that students have the opportunity to de-
velop sufficient fluency for using the prerequisite
knowledge, without the opportunity of having that
fluency diminish or disappear as a result of disuse.

Evaluating Prior Knowledge. To evaluate mate-
rial based upon this guideline, it is necessary to
locate one or more complex topics in a given level of
theinstructional program under consideration. Next,
that topic must be analyzed to determine what pre-
requisite knowledge is assumed for learners. First,
determine whether the prerequisite knowledge has
been taught (or reviewed) thoroughly (rather than
simply covered or “taught for exposure”).

Next, note the time interval between the instruc-
tion on the prerequisite knowledge and the new
knowledge. A “medium” time interval (of a few
days or weeks of nearly continuous, if light, prac-
tice) is desirable. Neither long intervals without
intervening practice nor extremely short intervals
are likely to be effective.

Review

The term “review” can be an emotive one in
education, conjuring up images of endless (and,
perhaps, mindless) drill and practice. Yet research
strongly supports certain review practices as signifi-
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cantly effective. We includereview as the last guide- -

line because in many ways, effective review is de-
pendent upon the extent to which other guidelines

areimplemented in instructional materials. Itcanbe

said that one gets out of review whatone putsintoit.
That is, the quality of instruction-—principally in
terms of blg ideas and strategies—influences the
value of review. Regardless of how “small ideas” o
margmally significant materialis reviewed, the ldeas
remain small, the rnaterial marginally significant.
The following are requirements for effective re-
view: .
" 1. Sufficient. Is there enough review to

achieve the goals of fluency and understand- -

ing? :

2. Distributed. Given a fixed number of
review opportunities, that number will en-
hance learning better if it is distributed over
time than if itis massed. Specifically, distrib-
uted review contributes to long-term reten-
tion and automaticity of knowledge.

3. Cumulative. This requirement is tied
closely to the integration guideline. The no-
tion of cumulative review means that mate-
rial taught accumulates in review. After A
and B are taught, for example, A and B are
reviewed together.

4. Varied. With relatively few exceptions,
the specific items that are reviewed should
not be the sarne as the items used earlier in
instruction. The reason for this is that varied
items promote generalization and transfer-
ence. However, items should notbe so varied

that they actually represent new knowledge.

Evaluating Review. It is impossible to give a
simple formula for determining how much review is
sufficient. Instructional materials, however, should
erron theside of “too much” review. Whenstudents
need less review than a program provides, teachers

can simply cut back the assignment of review work.

In contrast, a great deal of teacher time and effort
would be required to create additional review if the
amount provided in a program is insufficient.
When examining a program for the distribution
of review, the general amount of review can be
noted, too. Evaluate the distribution of review by
creating a summary of the review for a major con-
cept taught in the program under consideration.
Only tasks that students complete independently
(including test tasks) should be considered “review.”
The results of such an evaluation can be represented
in many ways. Here is one exarnple of visuaily

representing well-distributed review:

_LesSuh Number

23 24 25 26 27 28 29 30 3

Number
of

Review :
Tasks R : ‘

Determine whether the review in a program is
cumulative, Select concepts that are frequently con-
fused by students (multiplying and adding frac-
tions, decimal versus whole number place value,
subtractmg with regrouping and adding with re-
grouping, etc.). Are the confused concepts reviewed
together?

When review is cumulative, some form of scaf-
folding should be provided initially. For example, if
students are reviewing the addition and multiplica-
tion of fractions together for the first time, the task
should prompt the students to carefully note the
operation in each problem before beginning compu-
tation. - ‘

‘Finally, determine whether review items vary
appropriately. Assume, forexample, thatalgorithms
have been taught for subtracting whole numbers

- with no renaming required, and problems requiring

renaming but with no zeros in the minuend. Both
types of problems can, literally, be infinitely varied
by varying the individual digits from 1 to 9, and by
varying the number of digits in both the minuend
and the subtrahend. However, problems including
zeros in the minuend would not be a variation of the
algorithms taught, but rather, they would represent
new knowledge.

Possibly, the most dlfﬁcuit area of mathematics to
evaluate for appropriate variation is problem solv-
ing. Frequently, instructional programs include
many “review” problems that cannot actualiy be
solved by following strategies previously taught.
There are few tidy listing of problem types in math-
ematics; basically, a problemn type is defined by the
strategy taught to solve that type. Thus, evaluators
should actually work a variety of review problems,
being careful to apply only strategies taught in the

~ program under consideration. .If bl:her, untaught

knowledgeis required to solve some “review” prob-
lems, then the variation of review is too great.
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Summary of Guidelines and Impact on Diverse
Learners

In'déveloping these guidelines, it has been crucial
to not only identify principles of effective instruc- .

tion for lower-performing students, but to focus

upon those principles that are effective with many

other learners in mainstreamed regular classrooms
as well. We stated in the beginning that instruc-
tional materials incorporating these guidelines are

likely to be appropriate for all but the lowest and -
highest students in a highly diverse regular class-

room. Specifically, these guidelines impact diverse

learners in the following ways: _

' 1. Big Ideas. Because the notion of “big
ideas” is roughly comparable to important
ideas, knowledge, and concepts, this prin-
ciple is appropriate for all students, without
modification for different ability levels. The
principle of big ideas is learner independent:
mathematical concepts that are important for
understanding are important for everyone.
2. Conspicuous Strategies. All students can
benefit from explicitly taughtstrategies. That,
however, is not to say that every student
requires explicit strategies as much as any
other. Gifted students, for example, can ben-
efit from explicitly taught strategies, but re-
quire such explicit instruction to a lesser ex-
tent that their lower-performing peers.

3. Mediated Scaffolding. The amount of
scaffolding for any given strategy appears to
vary as a function of ability. Lower students
need more scaffolding; higher students need
less. Instructional programs should provide
scaffolding that is adequate for the lower-
performing students, giving teachers the op-
tion of cutting back on scaffolding without
needing to develop more than a program
provides. .

4. Strategic Integration, Knowing when to

use knowledge is important to understand-

ing for all learners.

5. Primed Background Knowledge: ‘In

theory, all students need the knowledge that
is prerequisite to acquiring new, complex
knowledge. In practice, however, it is the
lower-performing studerits who are most
likely to display deficits in prior knowledge.
Either they never learned such knowledge, or
did not learn it thoroughly, or learned it
fairly well, but forgot it.

6. Review. The principles of effective and
efficient review are generally most crucial for
lower-performing students. Specifically,
higher-performing students are likely to re-
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quire less review. However, integrated (cu-
mulative) review isimportant to understand-
ing for all students, and varied review is
important to transfer and generalization, re-'
gardless of ability level. The consequences of
inappropriately varied review are mostlikely. -
to cause difficulties for the lower-performing
students. As is the case with scaffolding,
instructional materials should provide re-
view sufficient for the lower-performing stu-
dents. ~ T :

Note: Research references have been largely omitted from this
report for ease inreading. A complete technical Teportsupporting

these conclusions can be obtained from the National Center to

Improve the Tools of Educators, 805 Lincoln, Eugene, OR 97402.
Ph: 1-503-683-7543. Ask for the technical report enttled: “Math-
ematics Guidelines for Diverse Learners.”
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Research Brief: A Field Validation of
- Connecting Math Concepts

George Brent and Nicholas DiObilda, (July/August, 1993).

Curriculum Alignm

ent Versus Direct Instruction:

Effects on Stable and Mobile Urban Children,
TheJournal of Educational Research,
Volume 86, No. 6, pp. 333-338.

The City of Camden, New Jersey, received a Fol-
low Through grant to implement the Direct Instruc-
tion model (DI) in one of its elementary schools.
Approximately half of Camden’s families receive
welfare and about 60% of Camden’s children live in
poverty, the highest percentage in the nation (Kozol,
1991). Students beginning first grade in two elemen-
tary schools (K-5) were selected to participate in the
study, one as the DI experimental school (n=99} and

one as the control school (n=90). The two schools

were a mile apartand served similar neighborhoods.
Approximately 45% were Hispanic, 45% were Black,
79 were Asian, and 3% were Caucasian. The aver-
age attendance rate for both schools was 90%. The
mobility rate for the two years of the project was77%

for the DI subjects and 70% for the control subjects. -

At the end of second-grade, scores on the Compre-
hensive Test of Basic Skills (CTBS) and Metropolitan
Achievement Test (MAT) scores were compared for

students who learned from the DI model and stu-
dents who learned from a traditional basal program.
Twenty-three DI subjects had participated in the
instruction over the full two-year period, and 27 of
the control subjects. These students were consid-
ered ‘stable’. Students who participated in the sec-
ond year only were considered ‘mobile’. The scores
for mathematics performance are reported in this
brief.

The traditional program (HoltMath Series, Nichols
et. al,, 1981) was aligned with the standardized test
(CTBS) used by the district because the district felt
that the test scores had been too low. In an effort to
raise standardized test scores, Camden aligned the
curriculum with the skills measured by the CTBS-

' FormULevel D. Curriculumalignment was achieved

by listing the skills of the standardized test and
comparing them to the skillslistedin the curriculum
objectives and curriculum materials of the tradi-

A Comparison of Percentile Rank Means (Standard Deviations in Parentheses) of Direct

Table 1.
Instrution and Control Subjects g
Subtest Direct Instruction ~__~ Control F values
Stable Mobile Stable Mobile Ireatment Mobility Interaction
n=23' n=76  n=27 n=63 '
CTBS
' Total Math 88(14) 87(19) 8721 81(18) 130 098. 058
Computation 91(14) 818)  8X18) 817 5:2 022 058
Math Concepts 68(19) 74200  85(19) 66(18) 121 231 7.26%
MAT ' 7
Total Math 76(16) 50¢19) 7.30%
Computation 76(16) 48(18) 8.61**
Math Concepts 78(18) 48(15) - 710.13%
Problem Solving _61(12). - 53(21) 0.60_

*p>.05 *p>.01
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tional basal. Where disparities occurred, the cur- A 2x2 analysis of variance was used to analyze
riculum was revised. Teacherswere trained to imple- . each CTBS score. The two factors were (a) program
Iment the revised curriculum. A timetable for meet-  treatment (DI versus control), and (b) mobility (stable
ing objectives was established. The academic year  versus mobile). Normal curve equivalent scores
was divided into quarters and specific curriculum . were converted to percentile ranks. Means, stan-
objectives were addressed in each quarter. Supervi-  dard deviations, and F values are reported in Table
5ors provided assistance and guidance in he]plng 1. The MAT test was administered to stable students
teachers teach content related to the quarterly objec- only. _ '
tives. All elementary schools in the district used an On the CTBS and on the MAT, the DI group
aligned curriculum except the school chosen touse  scored significantly higher on Math Computation
Direct Instruction, The DI treatment used than the control group. However, for the Concepts
prepublication versions of Connecﬁng Math Con- subtestofthe CTBS, there was an interaction. Stable
cepts (Engelmann & Carnine, 1992), control students scored higher than both DI groups,
' . who in turn scored higher than the mobile control
students.
Incontrast, DIstable students scored much higher

On the CTBS and on the MAT, the DI than the stable control students on the MAT con-

oup scored significantly higher on cepts test. The alignment of the control curriculum
ath Computation than the control with the CTBS math toncepts subtest seemed to
group, contribute significantly to the better performance of

the control group on that test, (but benefited only
stable students). The higher performance of the D]

At first, the DI teachers were fearful that their ~ students on MAT concepts and computation tests
students’ standardized test scores would fallifthey ~ suggest that the CTBS results were more dependent
did not follow the aligned program, However, they  onthe aligned curriculum, and that the DI program
were assured by the Principal and Assistant Super-  led to more generalized math abilities in computa-
intendent that they would not be required to meet  tion and math concepts. Furthermore, it seems that
the district's quarterly objectives, Aspecial DIcoach  mobility had a more negative impact on learning
was assigned to help teachers implement the DI  math concepts for the control treatment than it had
programs. for the DI treatment.

HOAVASTYH

* Instead of having "answers" on a

‘ math test, they should just call them
: s “impressions," and if you got a

' ' different "impression," so what, can't
we all be brothers? '

John Handy

DOONESBURY

—_—
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Acceleratmg Cogmtlve Growth
The EdlSOIl School Math Pr0]ect

Mike Vreeland, Kalamazoo Publlc Schools
John Vail, Portage Public Schools
Lois Bradley, Edison School
Candy Buetow, Edison School
Karen Cipriano, Edison School
'Cindy Green, Edison School
Pam Henshaw, Edison School
Ed Huth, Galesburg-Augusta Public Schools

Abstract: The following study reports the results of a one-year pilot of Connecting Math Concepts
int the third and fifth grades. Based on the very positive results a full unplementahon is scheduled for

the coming year,

The Edison Elementary School in Kalamazoo,
Michigan is a Kindergarten through sixth-grade
public school where 87% of the approximately 600
students are eligible for lunch assistance programs.
The school’s scores on the state’s mandated fourth-
grade assessment test for math have been very low
for the two years that the current version of the test
has been given. In 1992, only 9.7% of the school’s
fourth-grade students achieved a satisfactory score
on the test, compared with the district’'s average of
30.6% and the state's average of 42.3%.
~Over the past few years, many of Edison’s teach-
ing staff have complained about the basal math
program used in the school (Addison-Wesley, 1985).
Specifically, they thought that the program did not
help their students to master skills in compultation,
story problems and fractions. They criticized the
spiral design of the program, the absence of system-
atic review, and the lack of time spenton important
content. V

This article describes how some of the staff at

Edison have been working to improve their stu--

dents’ math skills over the last two years by using

- the Ccmnechng Math Concepts program from SRA.
.- The Connecting Math Concepts (CMC) program is a
~ six level (A-F), Direct Instruction basal math pro-

gram. Each level contains 120 lessons and usitally
takes one school year to teach. Level A is usually
started in the ﬁrst-grade, Level B in the second-
grade and so forth. The Connectmg Math Concepts

* program can be taught to large groups of students,
-assuming that most of the students place into a
- particular level of the program. "For a further de-

scription of the CMC program and the objectives of

64 EFFECTIVE SCHOOL PRACTICES, SPRING 1994

each level, see the CMC Lesson Sampler (available
through SRA).

Method

Startmg QOut . .

In the 1991-92 school year, two teachers team-
taught two fifth-grade classes. Asthey wereto teach
math to all of the students, it was decided to divide
them into two groups—one higher-performing and
one lower-performing. The lower group also con-
tained many students who had social-behavior prob-
lems.

“When one of the teachers asked the school psy-
chologist for assistance, it was suggested that the
teacher use one of the levels of the CMC program.
After reviewing the levels available at that time,
they decided that CMC Level C would be most
appropriate. Pretesting with the Kaufman Test of
Educational Achievement—Comprehensive (KTEA-
C) Math subtests confirmed that the studeénts were
achieving at a third-grade level. Following pur-
chase of the materialsand training, the program was
started in October 1991, with a group of 25 students.

After e1ght months of instruction, the students”
average gain on both the KTEA-C Computationand
Applications Subtests was 1.0 grade equivalent. The
students also scored as well or better than other
Edison fifth- and sixth-graders on a test containing
selected story problems that were common to the
CMC Level C program and the third-grade level of
the Addison-Wesley program.

Based upon these results and on the teachers'
positive experience with CMC, the school decided
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to use CMC in more classrooms for the 1992-93
school year. o .

Description Of Classrooms _

Two third-grade teachers volunteered to use CMC
in their heterogeneously grouped classrooms of ap-
proximately 25 students each. Forty students (about
20 in each classroom) placed into Level C. (About
five students from each class placed into Level Band

were taughtby another teacher. The data givenlater -

in this article does not include the Level B students’
results.) These teachers were each given about six
hours of training in using the Level C program and
were also observed teaching about four times dur-
ing the first few months of implementing the pro-
gram.

The fifth-grade pilot teacher also decided to use
CMC with both of her fifth-grade math groups. She
used Level C with the lower-performing group and
Level D with the higher-performing group. The
students were grouped according to their CMC place-
ment test scoresand reading ability. Since the teacher
was trained in CMC and had been observed several
times during the previous year, she received no
further training. The school psychologist met with
the three teachers about once every two weeks to
discuss the students’ progress, mastery test results
and any implementation problems.

All CMC teachers added a daily point system to
the program based upon the students’ participation
and individual seatwork. This was used all year in
the third-grade classes but dropped in the Spring in
the fifth-grade classes because the teacher felt it was
no longer needed.

The performance of the CMC classrooms was
compared with that of several classrooms using a
more traditional program (Addison-Wesley, 1985).

Measures

Problem Seolving Test

A test was developed for Level C and for Level D,
The tests contained story and table problems similar
to what the students would encounter near the end
of each program. The test items were also selected
because they were similar to problems found in the
third- and fifth-grade levels of the Addison-Wesley
program. These tests were given in May, 1993 to all
students in the CMC programs at Edison. The stu-
dents in the third-grade classes had completed all
120 lessons of Level C when they took the posttest.
The students in the fifth-grade classes had com-
pleted only 90 lessons (out of 120} when they were
given the posttest.

The problem-solving tests were given (also in

May, 1993) to three 6thér 'third—grade classes. One

class at Edison had demographics similar to the.
CMC classrooms. The other two classes were from. -

other schools in which most students have a high
socio-economic status (SES). The tests were also
given to two other fifth-grade classes (one at Edison
and one in a high SES school). All of these compari-

son classes used the Addison-Wesley math pro- -

gram.

Iowa Test of Basic Skills (ITBS)

The ITBS is given to all students at Edison every
year. This year (1993), the students took the test in
April. The test was group administered by the
students’ teachers. The math section of the ITBS
contains three subtests: Computation, Concepts, and
Problem-Solving. These three subtests are com-
bined to give a Total Math Score.

. The results of the ITBS were compared to the
previous year’s score for each student using CMC
for each third-grade class and the high fifth-grade
class. The third-grade scores were also compared
with three other third-grade classes. (One class
from Edison and two classes from another school in

the district. All of these classes had similar student _

demographicsand all of them used Addison-Wesley.)

Kaufman Test of Educational Achievement—
Comprehensive Form (KTEA-C)

The KTEA-C has two subtests: Computation and
Applications. The KTEA-C Computation Subtest is
a test of written computation skills ranging from
writing numbers and basic facts to higher algebraic
skills. This subtest was given in September as a
pretestto all students in the four math classes. It was
group administered to each class. =

The KTEA-C Applications Subtest covers story
problemsand other math applications(money, time,
measurement, etc.). This subtest was also given in
September and was given individually because, fol-
lowing standardized procedures, the items had to
beread to the students. Since this is extremely time
consuming, six students were selected from each
classroom to take this subtest. The six included two
low-performing students, two average-performing
and two high-performing students selected by their
teachers.

These subtests were also given in May asa posttest
measure. The Computation Subtest was given to all
students who had taken the pretest and were still
attending the classrooms using CMC. The Applica-
tions Subtest was given to the same six students in
each classroom who were given this subtest as a
pretest. Aswith the problem-solving test, the third-
grade classes had completed 120 lessons, while the
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fifth-graders completed 90 lessons when they were
given this test. The KTEA-C was administered by
the school psychologist.

In-Program Mastery Tests

Levels C and D of the CMC program each contain
short tests given every 10 lessons. These tests cover
themostimportant content taught in the previous 10
lessons. The passing criteria for the tests are pro-
vided in the teacher’s manual. If a certain percent-

. age of the students do not meet the criterion for any

part of the test, the teacher repeats parts of the
previouslessons to review those specificskills. Oth-
erwise, the teacher presents the next lesson, paying
close attention to any students who did poorly on
the test. All three teachers gave these tests as di-
rected in the manual, although this report only pre-
sents class test averages for the two third-grade
classes.

Results

Teacher Feedback

All of the teachers who taught the Connecting
Math Concepts program had very positive experi-
ences with it, even those who initially had serious
reservations about Direct Instruction. Teachers of-
ten made comments about the high student success
rate, increased on-task behavior, sophisticated prob-
lem-solving skills, and improved studentconfidence.

Third Grade

Problem-solving test. The performance of the
CMC third-grade classes (means = 64% and 75%)
was better than that of a comparable class (mean =
33%). The CMC classes also scored as well or better
than students with a much higher SES.

Table 1. Perfomfance of a]l‘Thi'rd--Grade Classes on

the Problem Solving Test.

. Mean % % iree

Accuracy lunch

CMC classroom #1 64% B7%
CMC classroom #2 75% 87%
Addison-Wesley class,
same school 33% 87%
Addison-Wesley,
High SES class #1 69% 3%
Addison-Wesley,
High SES class #2 46% 8%
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ITBS. The scores below reflect the changes in per-

~ centile rank from second to third grade for low SES

students (approximately 87%on lunch assistarice).
Students in CMC classrooms.seemed to hold their
ground, while students learnmg from a more tradi-
tional program were more likely to lose ground.

Students in the quasi-traditional classrooms had
extensive experienc:e with “hands on,” manipula-
tive-type activities in the first and second grades. In
third grade, these students were placed in the
Addison-Wesley program. Their overall perfor-
mance was far below the performance of students in
the other three classroorns

Table 2. Performance of Third-Graders (Low SES) on
the ITBS. (Total Math Percentile Rank).

ade Jrd grade changein
(IE!; st)

Fetile rank
CMC classroom #1 : 3
CMC classroom #2 60 61 +1
Addison-Wesley class,
same school 65 50 15
Quasi-traditional 26 22 -4
Cuasi-traditfonal 34 22 -12

KTEA-C, Pre- to posttest gains on the KTEA-C
for the CMC students were all more than 1 year. At
the end of third grade, thee CMC students were
scoring at or above fourth-grade level.

Table 3, Performance of CMC T['urd-graders on the
KTEA-C. :

Pretest- Postiot-
9/92 5/93
mean grade mean grade

equivalent _equivalent _Gain

CMC Classroom #1 '
Math Calculation 3.0 45 +15yr
Math Applications 29 41 +12yr
CMC Classroom #2
Math Calculation 31 5.1 - +20yr
Math Applications 31 45 +1.4 yr

An important question to ask is whether the Con-
necting Math Concepts program is appropriate for
high-performing students. Table 4 shows the data
for the four third-grade academically talented (AT)
students who were in the CMC program:
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Table 4. Performance of Academically Talented CMC
Third-Graders on the KTEA-C,

Table 7. Performance of the Academically Talented
CMC Students (N = 4) on the KTEA-C.

Pretest 9/92 Posttest

mean grade ©5/93 Gain
equivalent mean grade
equivalent
Math Calculation 3.5 57 +2.2yr
Math Applications 41 6.1 +2.0 yr

In-program Mastery Tests. In-program mastery
tests, administered every 10 lessons, were used to
assess student learning of recently taught content.
The mean class averages for the twe CMC third-
grade classrooms were 88% and 93%, respectively,
for the 12 mastery tests. . '

Fifth Grade 7 :
Problem-Solving Test. The mean of the CMC
fifth grade from the low SES school far exceeded the
mean of a comparable class, and was slightly higher
than the mean of a high SES class of fifth-graders.

Table 5. Performance of all Fifth-Grade Classes on the
Problem-Solving Test.

Mean % % free lunch
accuracy .
Low SESCMC B2% 8/%
Low SES ~— 36% 87%
‘Addison-Wesley
High SES — 79% 8%

Addison-Wesley

* ITBS.Comparisondata other than percentileranks
for fifth-grade students were not available.

Table 6. Fifth-Grade ITBS Scores—Total Math
Percentile Rank.

4th grade ~  5thgrade Change in
(15:2) (P%ls:i) %tile%ank

CMC 46 46 nene

KTEA-C. The pre- to posttest gains on the KTEA-
C showed that the academically talented CMC stu-
dents generally gained about two years. They were
performing at eighth-grade level at the end of fifth
grade.

Pretest Posttest

9/92 - 5/93 Gain
mean meaén
de grade
. eqﬁ-ll:avalent equjvalent
Math Calculation 6.0 80 +2.0yr
Math Applications 6.3 85 +2.2vyr

Table 8. Performance of Average and Above Average
CMC Students (Level D) on the KTEA-C.

Pretest Posttest

9792 5/93 Gain
mean mean
grade grade
equivalent equivalent
Math Calculation ol 6./ +1.6yr
Math Applications 49 5.6 +.7 yr

Table 9. Performance of Low CMC Students (Level C)
on the KTEA-C. .

Pretest Posttest

9/92 5/93 Gain
mean mean
grade grade
equivalent equivalent
Math Calculation 3.9 5.3 +14 yr
Math Applications 45 4.7 +.2yr*

A sample of six students was given the math
applications subtest, a test that is individually ad-
ministered. Four of these six students had a pretest
score of 5.2 grade equivalent or higher. Since they
were placed in the third-grade level of CMC, the
likelihood of these scores going up significantly was
slim. These students were placed in the third-grade
level because of their very low reading skills, which
necessitated placement in the low reading group.
The grouping options were limited, and unfortu-
nately, they couldn’t be placed in the higher math
group. The fifth- and sixth-grade teachers are plan-
ning to do more cross-grouping nextyear in reading
and math in order to provide more options for
students and to prevent this from reoccurring.
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Discussion

The overall pattern of results on the KTEA-C
showed that students placed in the Connecting Math
Concepts program achieved average to above aver-
age rates of progress in the areas of math calculation
and math applications. This was especially true
with the third-grade students, and in general, with
students who were placed at their instructional level
based upon the placement test.

The problem-solving test comparisons showed
that students who learned from CMC could solve

sophisticated story and table problems at levels -

significantly exceeding those of otherdisadvantaged
students and matching or exceeding those of
advantaged students.

On the ITBS, the CMC students generally stayed
around the 50th percentile while other third-grade
disadvantaged students (including students who
hadbeen taught with extensive use of manipulatives
in grades one and two) experienced significant de-
clines from second to third grade. :

These results are particularly impressive given
the student population involved. Historically, dis-

- advantaged students in general have performed sig-

nificantly below grade level on math achievement
tests. However, the CMC students either matched
or exceeded the performance levels of far more
advantaged students who were in more traditional
programs.

The results were achieved, we believe, for the
following reasons: - :
1. An extensively field-tested, learner-verified cur-
riculum was used. ,
2. Teachers received adequate pre-service and on-
going consultation to ensure good implementation.
3. On-going assessments (daily work and in-pro-
grammastery tests) of studentlearning were used to
monitor implementation quality.
4. Strong administrative support and encourage-
ment was provided.

The results of this study imply the following:
1. We can accelerate students’ cognitive growth in
math.
2. Low SES students can match or exceed high SES
students in important math computation skills, con-
cepts, and applications when the students are care-
fully taught, usirig a validated curriculum.
3. It's important that students are appropriately
placed at their instructional level. 1t'slikely that the
math applications scores for the fifth-graders would
have been higher had they been placed in a more
advanced level of CMC.
4. The CMC program appears to be very appropri-
ate for high-performing students.
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The Future . B

As a result of this study, Connecting Math Con-
cepts will be piloted in virtually all grades one
through six at Edison School this coming academic
year. Animportant part of the decision to pilot this
curriculum was the enthusiasm of the teachers in-
volved in the study. Their positive cornments about
CMC encouraged other teachers to try the program.

An interesting question for future study is: What
levels of achievement will students attain when they
are in CMC for more than one year? The positive
results for fifth-graders were obtained by complet-
ing 3/4 of the fourth-grade level of CMC. As our
students move through the upper levels of the pro-
gram, their skills will grow more sophisticated, and
they will place in the fifth-grade level of the pro-
gramin the fifth grade. We would predict that these
students will perform at a higherlevel thanobtained
in this study. '

Postscript (One Year Later)

For the 1993-94 school year, the CMC program
was used at Edison Elementary in one 1st gradeclass
(CMC Level A), three 2nd grade classes (CMC Level
B), two 3rd grade classes (1 class used both Level B
and Level C, the other class used Level C only), one
4th grade class (Level D), three 5th grade classes and
one 5th/6th grade class who cross-grouped their
students for math one hour aday (1 class used Level
C, 1 class used Level D, and 2 classes used Level E)
and two 6th grade classes (Level E).

The staff received one-half day of inservice for the
CMC program at the beginning of the school year
(10 of the 13 teachers trained had some previous
experience teaching Direct Instruction programs).
The teachers received very little in-classroom moni-
toring while teaching the CMC program but most of
them consulted during the year with their school
psychologist who was very familiar with the pro-
grams. The program materials were notavailable to
the school until mid-October resulting in most of the
classes not finishing the program by the end of the
school year.

Testing Results. The same tests were used to
assess the students’ math progress, the Kaufman
Test of Educational Achievement-Comprehensive-
Math Computation Subtest and the problem solving
test. Unless noted below, the classes tested were in
the Edison school. 1f CMC students did not com-
plete the entire level, the number of the last lesson
completed is shown in parentheses.
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Table 10. Results of Second Year.

KTEA Computation
. . Pretest Posttest
GradelLevel/ | - Grade Grade Problem § Lunch
SES Program Equivalent Equivalent Gain | Solving ] Assistance
1/low CMCLavel A - - 23 - - 87%
1/low | Addison Wesley* 1.0 15 +5yr - B7%
. 2/low -| CMC Level B (90) - 26 - . 87%
- 2/low CMC Level B 23 3.5 +1.2yr - 87%
3/low : CMC Levels B& C 25 4.5 +2.0 55% B7%
3/low CMC Level C 29 5.1 +22 70% 87%
3/moderate | Saxon 34 55 +2.1 509 45%
3/high Addison Wesley - - - 70% 8%
4/low CMC Level D (100) - 6.0 - 79% 87%
4/low Addison Wesley 4.1 5.1 +1.0 % 87%
4/high Addison Wesley - - - 5% B%
5/low CMC Level E (100) - 8o - 87% 87%
5/high Addison Wesley - - - 55% 8%

*Supplemented with additional teacher-made materials.

The data collected this year was overwhelmingly
positive with regards to the Connecting Math Con-
cepts program. The prediction made in our original
article that the difference in scores on the problem-
solving test between CMC students and students in

more traditional programs would increase as the

CMC students ad vanced through higher levels was
largely borne out. This is due, we believe, to the
incremental approach of CMC. Concepts, opera-
tions, and applications are carefully and cumula-
tively developed over time as opposed to the spiral
approach taken in traditional programs where top-
ics are repeated year after year, resulting in less new
learning, particularly at the upper elementary level.

As reported in our original article, 1993-94 was to
bea pilotyear for the EdisonElementary (where 85%
of the students used the CMC program) as well as for
the entire Kalamazoo Public School elementary lev-
els, where other math programs were also tried out.
The results reported here, along with very positive

teacher and parent reports, led to the Edison teach--

ing and administrative staff supporting the contin-
ued implementation of the CMC program. Since the
remainder of the elementary schools in the
Kalamazoo system will be using another program
(based upon the district math committee’s recom-
mendation), the staff at Edison made a special re-
quest to the math committee’s chair to continue
using CMC. This request was granted. For next
year, almost all of the the 1st through 6th grade
classrooms at Edison will be using the CMC pro-

gram.
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Evaluatmg a Mathematics Program
for Adoption:
Connecting Math Concepts

John Wellington
Upper Darby School District, Pennsylvama

The Upper Darby School District in Upper Darby,
Pennsylvania is a suburb of Philadelphia, PA. The
school system consists of eight elementary schools,
two middle schools and one high school. The school
population isapproximately 10,000 students, repre-
senting a diverse socio-economic and ethnological
background. There are three full-time English as a
Second Language (ESL) classes at the elementary
level, two at the middle school level and one at the
high school level serving students representing over
35 nationalities. Also, the stability (students start-
ing at the earliest grade and completing that se-
quence) of the student population fluctuates be-
tween 30% and 40% throughout the elementary,
middle, and high school levels.

In order to control budget and maintain educa-
tional programs, the district has adopted a curricu-
lum organizational structure consisting of five year
cycles for the basic programs and six year cycles for
the related arts programs. There are Curriculum
Study Comrhittees for the elementary, middleschool
and high school levels, consisting of two teachers
per grade level, an administrator and a representa-
tive from special education.

One of the functions of these committees is to
explore educational programs which will enhance
the opportunities forlearning. Committee members

" attend workshops and seminars where they learn of

and receive training in current educational pro-
grams. One such workshop, which was attended by
district personnel, was presented by Bernadette Kelly,
Ph.D., Research Associate from the University of
Oregon, who discussed the: problems intrinsic in
traditional basal programs that have been elimi-
nated in the Direct Instruction programs.

Through the guidance of Science Research Asso-
clates and relying upon the expertise of Dr. Kelly,
the Upper Darby School District ran an experimen-
tal program using Connecting Math Concepts (CMC)
in first and fourth grades during the 1992-93 school
year. To use a Direct Instruction program in fourth
grade was a most ambitious undertaking because it
represented a complete reversal of the students’ first
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three years of mathematical experience.

Organization of the Sl-udy. and Ahalysis of
Results

One teécher from the first and one from th.e fourth

+ grades at each of the elementary schools was asked

to volunteer for the program. Each teacher attended
a one day workshop to receive training in the CMC
program. The background of these volunteers in-
cluded a first year teacher as well as teachers who
had over twenty years of classroom experience.

Inorder to determine growth, a pretest was given
to each class of students in the pilot program and to
a comparable class using the basal series. The pre-
test was the one accompanying the CMC program
which was designed to determine the readiness of
the student for that level. There were no significant
differences between the means of comparable classes
on the pretests.

The posttests were designed by the teachers in-
volved in the pilot study. They were instructed to

select concepts which were common to both groups

and present them in a neutral format. Instructions
were provided using the terminology that was used
in each program. These tests were administered
without time constraints so that all students had the
opportunity to demonstrate their understanding of
the concepts without the additional pressure of spe-
cific time limitations. These tests were administered
during the first week of February.

Measures of reliability were calculated for the
pre- and posttests using the Kuder-Richardson For-
mula No. 20. These measures at the first grade level
were very low on the CMC pretest (0.38) but were
much improved on the teacher-made posttest (0.86).
Thelow reliability on the pretest can be explained by
the limited number of problems and the narrow

‘range of the results. The posttest had more items

and the results represented a wider range therefore
a higher reliability coefficient was produced. Dis-
trict and school analyses can be seen in Tables 1 and
2 for pre- and posttest results.
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Table 1. Descriptive Statistics for Pretest: First Grade, _ .

‘ Total Pilot Control
N Mean StDev N Mean StDev N Mean StDev

District 323 9.70 0.72 164 0.66 0.76 159 974 0.68

Elem#1 .40 2.65 0.83 20 9.70 0.66 20 - . 9.60 1.00

Elem #2 46 959 091 25 0.48 - 092 21 9.71 0.90

Elem #3 39 0.64 0.63 22 9.77 0.53 17 9.47 0.72

Elem#4 36 9.75 0.77 14 950 1.09 22 991 043

Elem#5 42 0.83 054 22 0.86 0.35 20 980 . 070

Elem #6 41 0.56 0.81 23 0.44 0.99 18 972 045

Elem#7 43 0.93 0.26 20 9.90 0.31 23 9.96 0.21

Elem #8 36 961 077 18 061 0.85 18 9.61 0.70
Table 2. Descriptive Statistics for Posttest: First Grade.

. Total Pilot Control
N Mean StDev N Mean StDev N Mean StDev

District 323 2799 471 164 28.20 399 - 159 27.78 5.36
Elem #1 40 27.85 4.20 20 27.95 3.10 20 27.75 5.16
Elem #2 46 28.24 437 25 28.64 492 21 27.76 366
Elem#3 39 2741 5.04 22 27.23 462 17 27.65 567
Elem #4 36 23.75 5.79 14 26.21 4,53 22 22.18 6.05
Elem #5 42 30.60 247 22 30.41 1.99 20 30.80 2,05
Elem #6 41 26.20 544 23 26,00 3.69 18 26.44 7.21
Elem#7 43 ' 2940 333 23 2975 3.11 23 29.09 354
Elem #8 36 30.00 272 18 28.94 3.33 18 . 31.06 1.31

Table 3. T-scores for Pre- and Posttests: First Grade.

Pretest Posttest
District .97 0.80
Elem # 1037 0.15
Elem #2 .85 0.68
Elem #3 142 0.24
Elem #4 -1.29 *2.21
Elem #5 0.36 0.49
Elem #6 -1,20 0.23
Elem #7 0.61 0.02
Elem #B 0.00 *2.43

*sig > .05 level

A visual inspection of this pretest data indicated
that the initial abilities of these groups were not
significantly different. However, in the posttest two
schools did produce differences which were signifi-
cant beyond the .05 level—one in favor of the pilot
group (ES#4) and the other in favor of the control
group (ES#8). The t-values for pre- and posttest
results are in Table 3. A positive t-value indicated
that the pilot mean was greater than the control
mean.

There were many variables which were not con-
trolled, including but not limited to each pilot
teacher’s acceptance of Direct Instruction stra tegies,

particularly by those teachers who had been devel-
oping mathematics through discovery with
manipulatives. Even though these teachers volun-
teered to pilot the program, their level of acceptance
did vary. Some were not comfortable with the
scripted format and others had difficulty accepting
the application of manipulatives as reinforcement

of learning rather than using manipulatives for stu-
dent discovery.

Most teaching strategies advocate the transition
from concrete to abstract which does seem reason-
able and plausible. To accept alternative strategies
and incorporate these in one’s teaching philosophy
requires unique teachers who are searching for means
by which their students will become better learners,
How these adjustments are handled in adopting a
Direct Instruction program will be crucial to the
success of the program.

The fourth grade results were much more dra-
matic (see Tables 4 and 5). This can be attributed but
not limited to the greater reliability of the testing
instruments. The pretest developed by CMChad a
reliability coefficient of 0.81 and the posttest devel-
oped by the teachers produced a reliability level of
0.94. The students in the pilot group were signifi-
cantly lower in ability according to the pretest. No
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elementary school had a pilot group thathad signifi-
cantly greater initial ability than the control group,
whereas three of the pilot groups were determined
to be of significantly lesser ability than the control

group.

Instruction using the CMC mathematics program

reversed these results significantly in all but two
schools. By February, students in six of the eight
pilot groups were outperforming those students in
the control groups. In one school (ES#8), the pilot
group had begun the year significantly below the
control group and was making gains in reversing
their differences as reflected in the change in t-test
scores from -2.10 to +1.52 (see Table 6).

The other school (ES#4) did appear to narrow the
gap between the pilotand control groups. What was
unique about this effort was the fact that the pilot
group was the lowest ability level of three groups in
anopen classroom setting and the control group was
the highest. Usually, one would expect that if two
groups begin at different levels of ability that the
distance would widen as they further progress in
the educational process. ,

In a study analyzing the DI data from Project
Follow Through (Abt, 1977), the growth within lev-

els of ability 'as measured by the Metropolitan
Achievement Test was not significantly different for
Direct Instruction students at each ability level,
Lower ability students exhibited the same amount
of growth as those of higher ability (Gersten, Becker,
Heiry, and White, 1984). The results from ES#4 "
seem to support this data because the gap narrowed
rather than widened between these groups.

The teacher of the pilot program in that school
reported that all of the students that had been re-
ceiving Chapter 1 services in mathematics tested
out of the Chapter I program at the end of the year.

Discussion

This study seems to indicate that the Direct In-
struction teaching process has been most effective at -
the upper level. There seems to be no clear-cut
reason as to why these results were not duplicated
at the primary level. One reason might be found in
the level of complexity of material since the first
grade concepts represent a narrower scope of mate-
rial as compared to the breadth of concepts at the
fourth grade level. :

Table 4. Descriptive Statistics for Pretest: Fourth Grade.

) Total Pilot Control

N Mean StDev N Mean StDev N Mean StDev
District 360 27.70 428 181 27.00 413 179 28.50 431
Elem #1 49 28.70 413 25 27.80 432 24 29.70 344
Elem #2 46 2393 4.89 23 24.70 5.51 23 28.60 327

“Elem #3 50 2780 . 428 25 28.00 343 25 2750 5.05
Elem #4 36 27.60 471 17 23.90 412 19 30.90 1.78
Elem#5 41 28.90 386 20 28.60 206 21 29.20 5.06
Elem #6 41 25.00 5.18 21 2540 3.85 20 24.60 6.36
Elem #7 51 28.40 293 27 28.70 3.09 24 28.00 2.77
Elem #8 46 28.40 253 23 27.50 3.83 23 29.30 212
Table 5. Descriptive Statistics for Posttest: Fourth Grade.
Total Pilot Control

N Mean StDev N Mean StDev N Mean StDev
District 360 46.30 7.47 181 " 49.60 4.60 179 4300 8.34
Elem #1 49 49.20 5.60 25 50.80 401 24 47.50 6.53
Elem #2 46 41.20 845 23 47 .50 4,80 23 34.90 6.27
Elem #3- 50 43.20 10,50 25 51.30 3.99 25 35.10 8.55
Elem #4 36 49.70 5.45 17 45,60 487 19 53.40 248 -
Elem #5 41 47.20 544 - 20 4950 5.45 21 44.90 4.46
Elem#6 41 44 90 8.06 21 49.70 3.60 20 39.80 ‘8.45
Elem #7 51 . 4820 528 27 51.90 2.74 24 44.00 418
Elem #8 46 47.80 415 23 48.70 . 4.72 23 )

72 EFrecTIVE ScHOOL PRACTICES, SPRING 1994




Eualuating a Mathematics Program for Adoption

Table 6. T-scdres for Pro- and Posttests: Fourth Grade.

Pretest Posttest
District -3.33% 9,19
Elem #1 -1.62 2.13*
Elem #2 -2.83* 7.52*
Elem #3 0.39 B.39*
Elemn #4 -6.35* -5.80*
Elem #5 .44 2.90¢
Elem #6 0.52 4.70*
Elem #7 0.84 7.75¢%
Elem #8 -2.10* 1.52

During the 1992-93 school year, the Elementary
Curriculum Study Committee developed end-of-year
tests for grades one through five. The purpose of
these tests was to allow us to evaluate curriculum
and determine areas of deficiency. The results were
analyzed and student mastery was defined to be at
the 70% level. Theseresults indicated that the higher
the grade level, the lower the rate of mastery (see
Table 7). These results do include the pilot groups.
Their inclusion might be one reason for the lack of
continued decline in results between grades three
and four as exhibited between other grade levels.
These results did indicate that a change in curricu-
lum was needed. -

- Based on the positive results of the pilot imple-
mentation, a decision wasmade to adopt Commecting
Math Concepts district-wide in grades 1 through 5;
beginning in the 1993-1994 school year. The follow-
ing ideas represent areas which our district has had
to address in adopting a Direct Instruction program.

1. Ownership of instruction within the class-
roont. In public education, everyone is an authority
because they have been “through the system.” This

“attitude is very much in evidence whenever the

School Board attempts to develop and implement
budgets, programs, etc. The “authorities” come out
of the woodwork and know “what’s best.” Thisisno
different with teachers. No matter what methodol-

Table 7. End of Year Results on District Tests.

ogy might be most effective, the “best” method is
what I, the teacher, have been doing for the past

twenty years. This is a most difficult attitude to .

overcome and a most serious problem for math-
ematics -- teachers tend to teach mathematics in the
same manner that they were taught. Asall admin-
istrators realize - once the classroom door is closed,
the program is at the mercy and interpretation of the
teacher. This ownership in presentation has been
most difficult for some teachers to relinquish.

2. Material not challenging. Teachers perceive
that the work is too easy. This reaction was most
interesting because a comparison of the existing
curriculum and the CMC program revealed very
few differences exceptwithin and /or between grade
levels. There was a difference in the sequencing of
concepts during the school year butnotinthenature
of the concepts. Insome cases, material presented in
the CMC program was presented at an earlier or
later grade level as compared to the existing cur-
riculum. If the material of the CMC program was
consistent with the existing program but was being
perceived as being too easy, then the possibility
exists that student success in understanding might
be contributed to the logical development of con-
cepts through Direct Instruction. _

There also exists a difference in what teachers
might perceive as levels of difficulty. Given the
choice of (a) 3(2 + 4) or (b)32/3(1275-91/2) as

examples for testing understanding of the distribu-

tive property, many teachers might select example b
for higher ability groups because it represents the
“harder” problem. However, what these teachers
have not realized is that these questions are not
measuring the same concept. The second choice
does use the distributive property but analysis of
that understanding has been distorted by the arith-
metical gymnastics of the fractions and decimals.
Example b does not take mathematics to a higher
level of understanding, S
After many discussions regarding the philoso-

Grade N Mean S5t>70% %>70% S5t>90% %>90 Probs
First 782 62.7 750 95.9% 54 64.5% 69
Second 768 61.0 597 77.7% 206 26.8% 76
Third" 729 420 413 56.7% 98 13.4% 59
Fourth 654 40.3 370 56.6% 91 13.9% - 56
Fifth 643 254 132 20.5% 23 03.6% 50
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_ phy of the CMC program, this researcher has come
to the conclusion that some teachers believe that
there must be a wide range in the grades that stu-
“dents earn in mathematics. This implies that a
' difference in teacher expectations exists based upon
student ability. This philosophy appears to be in-
consistent with other subjects, where the goals which
most teachers establish for their students are for
those students to perform at an A or B level. Some-
how these goals change when itcomes to mathernat-
ics. Teachers have come to expect that their students
will exhibit a wider range of abilities and mastery.
The solution to part of this problem would be to
have greater homogeneity in the mathematics class-
room. CMC haslabeled their programs A, B,C, D, E,
and F which might imply first grade, second grade,
third grade, and so forth. This is not necessarily true
because it is possible for students to completea level
before the end of the year and begin the next level.
This has proved difficult to incorporate since over
50% of our classrooms at the elementary level are

heterogeneously organized which prevents this type

of acceleration.

3. Teacher perception of what students are ca~
pable of learning. The philosophy implied by Direct
Instruction of allowing all students exposure to the
same material agrees with the Standards developed
by the National Council of Teachers of Mathematics
(NCTM) which indicate that all students must have
the same opportunity to learn. NCTM does recog-
nizeindividual differences of ability but stresses the
opportunity for equal access to learning.

Many teachers, particularly those at the upper
levels, have commented thatin the past they had not
considered teaching a concept because they did not
believe their students were capable of understand-
ing. Direct Instruction becomes a valuable tool for
preventing preconceptions as the basis for decision
making in the mathematics classroom.

4. Gradual adoption. Due to budget constraints
and curriculum organization, our district had to
adopt this program in one year. Due to the signifi-
cant differences in presentation of concepts as com-
pared to traditional programs, consideration should

Table 8. Performance of Students in CMC

Mathematics Program. -

_ Number Percent
Grade Number Above70% Above70%
1 887 800 90%

2. - 800 762 959
3 817 750 929,
4 724 648 90%
5 697 588 84%
Total 3925 3548 . 90%

be given to introducing this program over a period
of ime through volunteer teachers. Once others
begin to see the success that can be obtained, then
they will enter the process with a more favorable
attitude and a favorable attitude is one of the most

‘important ingredients for implementation.

Follow Up -

As a follow-up to the implementation of the CMC
program, a survey was developed in February, 1994
to determine how each teacher was progressing.
Table 8 lists the mastery by grade level for the
district at a 70% performance level, If the indicated

" rates of success are accurate, then we can conclude

that over 90% of our students are functioning above
the mastery level. This is vastly different from our
end-of-year results last year. This data reflects the
performance by our students on the tests that are
part of the CMC program.

In addition, the teachers were asked to evaluate
how well those students that had been in the CMC
pilot study last year were performing this year.
They were to compare the performance of the stu-
dent with the performance of the class. Most teach-
ers did analyze their students in this manner. How-
ever, some stated that they had heterogeneous classes
and had evaluated their students according to the

~ expectations that they, the teachers, had regarding

those students. These differences in interpretation
did make it difficult to analyze current success (see
Table 9).

Table 9. Teacher Evaluation of Level of Performance of CMC Students the following year.

Number Working Number Working Number Working
Grade. Total N Above Group Same Level Below Group
2 142 38 (26.8%) 81 {57.0%) 23 (16.2%)
5 166 47 (28.3%) - 91 (54.8%) 28 (16.9%)
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These results seem to indicate that the CMC stu-
dents from the pilot program were continuing to
find success. No information was gathered regard-
ing placement in special education programs.

Some interesting evaluations of initial success
through the end-of-year tests that are being planned
include: (1) a comparison between the heteroge-
neous classes and the homogeneous classes, (2) stu-
dents in the pilot program with two years of experi-
ence as compared to those with one year of experi-
ence, and (3) the effect of teacher attitude on student
learning. These results will form the basis of our
long-range planning in mathematics.

" Conclusion

Our district has experienced a wide range of
reactions from teachers. The scripting of lessons has
been most difficult for some to accept but it is a
necessary part of the program. Scripting provides
consistency in presentation and the means by which

a variety of concepts may be developed in a given
class period. For this reason, a strong recommenda-
tion would be to implement any Direct Instruction
program with teachers who demonstrate both inter-
est and willingness to provide an educational expe-
rience that has the potential for significantly im-
proving the mathematical abilities of all students.
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Failing Grades

produced by Dr. Joe Freedman, M.D.

"A hard-hitting video that exposes the growing disaster of progressive education...”
Alberta Report ‘

Two Canadian doctors present an analysis of educational research, including the data from
Project Follow Through, the largest educational study funded by the U.S. Government, in a
very graphic, easy to understand format, as they identify and debunk the main myths that
are keeping North American students from excelling. These myths include: that coaching
students individually works better than addressing the whole class at once; that children’s
self-esteem is prerequisite to learning; that a spiral curriculum, that recycles the same
information every year, is superior to a sequential program; that student performance will
improve if children are encouraged to work at their own pace rather than meet the expecta-

tions of the teacher.

For a copy of the 76 minute VHS videotape and the two accompanying booklets (the essay
and annotated bibliography), please send check or money order for $17.95 US ($19.95
Canadian funds), payable to the Society for Advancing Educational Research, to:

Society for Advancing Educational Research
¢/0 VICOM Limited
11603—165 Street
Edmonton, Alberta
CANADA T5M 3Z1.

The annotated bibliography may be ordered separately by sending $3.00 US to:

Society for Advancing Educational Research
57 Allan Close
Red Deer, Alberta
CANADA T4R 1A4
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The Effectiveness of "Videodisc and -
Traditional Algebra Instruction w1th
College-Aged Remedial Students

Wl]llam Kitz
Harold Thorpe-
Umver51ty of Wisconsin, Oshkosh

. The major purpose of this study was to compare
the effectiveness of System Impact’s videodisc pro-
gram, “Mastering Equations, Roots, and Exponents,”
with intensive conventional instruction using a stan-
dard introductory college algebra text.

Method

Subjects

Subjects in this study were all participants in the
“Project Success” summer transition program for
learning disabled adults.

Materials

The control group used the Intermediate Algebra
text by Pulsinelli and Hooper (1991). Because of the
time constraints of the summer program, only the
first three chapters of the book were covered. Major
topics included operations with signed numbers,
solving equations and inequalities, and roots and
exponents. The treatment group (SI) used the Sys-
tems Impact Mastering Equations, Roots, and Expo-
nents videodisc program (1989). Major topics in-
cluded in the videodisc program included roots,
exponents, and solving equations.

Procedures
During the first week of the eight-week summer

program, the videodisc program’s placement test.

was administered to 43 students. Twenty-six stu-
dentsscored in the “ideal” range for the study in that
they had a good grasp of basic operations with
decimals and fractions, but lacked basic algebraic
concepts such as solving equations and the rules of
exponents. From the subject pool of 26 students, 13
students were randomly assigned to two groups.
One group Iearned from the Systems Impact video-
disc program (5I}. The other group learned from the
algebra text (Text).

During the first two days of classes, students in
each group were given the Pulsinelli and Hooper
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Chapter 1-3 summary examination drawn from the
textbook program’s multiple choice test bank. The
videodisc program’s pretest was also administered.
Analysis of the videodisc program’s pretest results
revealed no significant difference between the two
groups. In contrast, on the Pulsinelli and Hooper
examination, the Text group scored significantly
higher than the 5I group.

Both the SI and Text groups received one hour of
instruction daily over 28 class days. The Text group
instructors were experienced teaching assistants who
had worked with the Pulsinelli and Hooper materi-
als over the past year and who had successfully
completed the rigorous, 70-hour training program
for instructors in Project Success. In addition, the
instructors were given technical assistance in direct
instruction techniques specific to mathematics and
in the use of concrete and semi-concrete
manipulatives. :

Two instructors were assngned to the Text group
to givebetter attention to individual student’sneeds
both during class periods, and, when necessary,
outside class during study periods. .

One instructor taught the 51 group following the
instructions and suggestions in the teacher’s guide
for the videodisc materials. In general, each video-
disc lesson lasted 40-45 minutes. Four days each
week, the remainder of the 60-minute class period
was used torelate the videodisc topicsto the Pulsinelli
and Hooper topics. For example, the videodisc
series does not cover solving and graphing inequali-
ties; however, this topic was covered during several
of these 15-minute sessions after the videodisc les-
son. Inall, 23 of the videodisc program’s 30 lessons
were presented to the students during the six-week

_SESS]DI'I.

During the last two days of the sixth week of the
program, both groups were again given the Pulsinelli
and Hooper Chapters 1-3 Intermediate Algebra test
and the posttest for the videodisc program.
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. .Results
CRLage Rl
Table 1 below provides pre-instruction means for

the SI (n = 13) and :Text (n = 13) groups on the

following variables: WRAT Reading and Spelling

subtest scores, Stanford Diagnostic Reading Test
(SoRT) comprehension ‘subtest score, Slosson 1Q
score, and age. No significant differences were
found in any of these areas.

Table 1. Pretest Scores for Videodisc and Control

Groups,
WRAT WRAT  SDRT Slosson  Age
Read Spell Comp Q-
SI group 55.38 24.03 3205 - 9531 19.3
Textgroup 52,14 21.B6 31.96 96.33 19.0

Figure 1 and Table 2 display the groups’ mean
scores on the pre- and posttest criterion-referenced
measures used in this study. On the videodisc pre-
and posttest, the SI group made a gain of 15, while
the Text group made a gain of 3.8. On the Intermedi-
ate Algebra tests, the SI group made a gain of 10.2,
while the Text group made a gain of 3.2. The differ-
ences in test scores favored the SI treatment and
were significantin terms of widely accepted criteria
for practical and statistical significance.

25

20

15

Mean i0
Score

5

o

Pre-Posl-  Pre-Post- Pre- Post-  Pre- Poste
Videodisc Cantral Videodisc  Caontrol
VIDEODISC TESTS ALGEBRA TEXT TEST

Flgure 1. Pre-'and Postiest Means

- Table 2. Pretest - posttest means, Standard Deviations

and t-values for the videodise and control

. groups.
Measure Pretest t-value Posttest t-value
Videodisc test

SI group 8.77 23.38
(3.81) {5.28)
032 4,80
Text group 923 - (p=.75) 13.00 (p=.001)
(3.44) (5.74) -
Text test
Siproup =~ 7.54 17.77
(3.48} (2.28)
2.41 273
Textgroup  10.92 (p =.024) 1415 (p=.014)
(3.68) (4200 -
Discussion

Before beginning this study, we expected to find
a significant difference between the two groups on
the videodisc posttest results in favor of the SI group.
The results of the study verified our expectations. in
contrast, we did not expect to find significantly
different results in favor of the Sl group on the
intermediate algebra test from the Pulsinelli and
Hooper book. Given that the Text group scored
significantly higher on the intermediate algebra pre-
test, it seemed unreasonable to predict a complete
reversal of significance on the posttest as occurred.

There are several major reasons, in our opinion,
why the Systems Impact videodisc program proved
to be effective with these students. First, the video-
disc instruction was presented in strands which
allowed for the distributed practice necessary to
ensure mastery of the topics within the available
time. Second, the task and conceptanalyses for each
topic were first-rate. These analyses generated a
curriculum sequence that provided students with
the consistent success that they seemed to need, as
well as concept generalization. Third, the videodisc
instruction student workbooks for the videodisc
program provided an ample amount of appropriate
practice exercises for the students to complete inde-
pendently. Fourth, the videodisc program’s built-in
monitoring and branching system helped the in-
structor pinpoint students’ strengths and weaknesses
and to tailor additional instruction to meet indi-
vidual needs in a timely manner, This additional
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amples and teaching activities stored on the discs.
The consistently high levels of student success and
of conceptual understanding were ideal for these
students entering the program with a negative atti-
tude toward math and with severe skill deficits.

Conclusion

Given that the Text group was using a highly
regarded curriculum, implemented by a well-trained
team of instructors, the superior results attained by
the videodisc group attest to the value of the video-
disc program for adults in need of an effective reme-
dial program.

instruction was achieved by using the alternate ex-
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How students are challenged to use
Blg Ideas:

»  World views linked to multicufturalism
»  Discussion and writing forms:
causal
compare and contrast
descriptive
persuasive
imaginative.
*  Analysis of primary source documents
» Linkage to modem problems and
© experiential activities
*  QOral presentations
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Understanding U.S. History
Vol. 1: Through the Civil War

A Text Build Around “Big ldeas”

Described in Educational Leadership,
School Psychology Review, and
Learning Disabllities Quarterly
Doug Carnine
Senlor Author

Additional support to accomimodate all
students:

Clearly written text organized around
Big ldeas

Allernative forms of test questions
Interspersed questions focused on
Big ideas

Concept maps

Distributed review of Big Ideas
Simplified way to review and test
vocabulary '
Over 100 focused maps

Icons for Big ideas

For ordering Informatlon, write; - .
P.O. Box 10352
Eugene, OR 97440.
or calk:
Engelmann-Becker Corporation
(503) 485-1163
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- Performance: Do the NCTM .
~ Teaching Standards Help? (Final Report)

Bonnie Grossen and Shirley Ewing
University of Oregon

Abstract: We conduicted a study to compare the effects on mathematics problem solving of a User-
Friendly Direct Instruction mathematics programs with the effects of programs that implement the
NCTM teaching standards. A preliminary report was printed in the summer, 1992 issue of the ADI
News. That report evaluated whether User-Friendly Direct Instruction was for low performing
students only. Those findings are briefly reviewed here. This is the final report, which focuses on
evaluating the effects of the fwo treatments on problem-solving performance after a year and a half of

instruction.

‘Student performance standards require a differ-
ent development process than teaching standards
require. The development of student performance
standards, which describe desirable student learn-
ing outcomes expected from schooling, requires a
political process reflecting a consensus of what our
society views assignificantand socially valued learn-
ing. On the other hand, thedevelopment of teaching
standards, which describe teaching practices, re-
quires a scientific process that uses empirical evi-
dence to identify those practices that are superior in
achieving the student performance standards.

~ The Standards Commission of the National Coun-
cil'of Teachers of Mathematics (NCTM) has blurred
the distinction between these two types of stan-
dards, confusing the means with the ends of teach-
ing. Recommendations for specific teaching prac-
tices are interwoven with descriptions of the tasks
for student performance standards in the Curricu-
tum and Evaluation Standards (NCTM, 1989) and in
the Professional Standards for Teaching Mathematics
(NCTM, 1991). As far as student performance stan-
dards are concerned, the content of both documents
seems to emphasize problem solving, particularly of
non-routine problem types, as an important goal for
mathematics instruction. However, the expected
levels of performance that would make the identi-
fied tasks into “student performance standards” are
missing. The NCTM standards seern more influen-
tial as teaching standards rather than as student
performance standards.

Whether the NCTM Standards Commission is the
appropriate political entity to establish the student

performance standards for this nation is not an issue
that will be discussed here, though it may be a
legitimate question. For the purpose of the follow-
ing evaluation, we accept problem-solving as iden-
tified by the NCTM as the important focus for stu-
dent performance standards. The following study

- was designed to empirically evaluate the effective-

ness of the NCTM’s recommended teaching prac-
tices in achieving these learning goals.

The NCTM teaching practices (1989, 1991) are
based on constructivist theory {Cobb, Yackel, &
Wood, 1992; Resnick, 1988), rather than on experi-
mental research. Constructivist theory states that
meaningful understanding cannot be transferred
from teacher to child, rather children mustconstruct
their own meanings through interaction with ob-
jects and other children in their natural environ-
ment. The NCTM teaching practices are most accu-
rately defined by what they are not; they are not
“traditional” teacher-directed instruction. The
NCTM teacher does not rely on a textbook and
worksheets. The NCTM teacher does not stand in
frontof a class, with.desks lined upinrows, explain-
ing mathematics while children silently listen. The
NCTM teacher does not test students on algorithms
and facts that students memorize without fully un-
derstanding them. The NCTM teacher does not drill
students on isolated math skills, but rather presents
authentic problem situations from which students
gaina wholisticunderstanding of mathematics. The
NCTM teacher places students in heterogeneous
learning groups, designs learning activities that
makes extensive use of manipulatives, and varies
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theinstructional formatasmuchas possxble to main-
tain a lively, interesting class environment. Leam-
ing activities emphasize nonroutine problems, which
are problems that cannot be solved with an algo-
rithm. : ~
Another alternative to traditional direct instruc-
tion is user-fnendly Direct Instruction, which de-
rives from the findings of experimental research.
Yates and Yates (1990) synthesized experimental
research to identify "user-frlendly,” instructon that
is most effective with the widest range of learners.
Inanotherreview of the research literature, Carnine,
Jones, and Dixon (in press) define the state-of-the-
artin research-based “effective mathematics instruc-
tion for diverse learners.” The report of their find-
ings will appear in a special edition of School Psy-
chology Review featuring research-based pracﬁces
_ for teaching diverse learners (Carnine & Shinn, in
press). A simplified version of that article written
specifically for practitioners in the process of select-
ing mathematics curricula appearsin this issue (“Re-
search-Based Guidelines for Selecting a Mathemat-
ics Curriculum” by Bob Dixon). Camine, Jones,and
Dixon’s findings are consistent with and overlap
much of what Yates and Yates (1990) have also

Traditional direct instruction and the
NCTM teachingpractices may be viewed
as two extremes on a continuum with
user-friendly Direct Instruction lying
somewhere between, balancing aspects
of both more extreme approaches.

identified as “user-friendly” instruction. We call the
instruction identified by Yates and Yates and by
Carnine, Jones, and Dixon “user-friendly Direct In-
. .struction.” User-friendly Direct Instruction is en-
tirely consistent with the “effective teaching prac-
tices” popular in the previous decade (Brophy &
Good, 1986; Rosenshine, 1986). However, user-
friendly Direct Instruction is more comprehensive
and refers notonly to the teacher’s classroom behav-
ior, but also to the design of the instructional mate-
rials (Carnine, Jones, & Dixon, in pressk '
Table 1 contrasts user-friendly Direct Instruction
with traditional direct instruction and with the NCTM
teaching practices. Traditional direct instruction
and the NCTM teaching practices may be viewed as
two extremes on a continuum with user-friendly
Direct Instruction lying somewhere between, bal-
ancing aspects of both more extreme approaches.
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User- fnendly Dll’ECt Instruchon emphasizes teach-
ing “big ideas,” strategies and principles that have
wide applicability. Problems that can be solved
with an algorithm (e.g., addition, subtraction, mul-
tiplication, or division) are a bigidea thatis based on
a thorough understanding of number families (see
Dixon, p. 47, and Kelly, p. 11, in this issue}. The
teacher presents these big ideas in a highly interac-
tive format that allows for explicit but brief initial
presentation of the underlying skills and concepts,
then scaffolds the students” work as they solve prob-
lems using these skills and concepts. The teacher
gradually removes the scaffolding as students be-
come moreindependent working the problems. The
teacher or the curriculum carefully prepare students
by teaching all the prerequisite knowledge. Practice
is sufficient to allow mastery, distributed over time;
varied in diffefent contexts, and cumulative. The
curriculum is sequenced so that new learning builds
onand integrates earlier learning into more complex
understandings.

Very little experimental research has been con-
ducted to test whether the teaching practices pro-
moted by the NCTM will help the nation reach the
achievement goals established by the same NCTM
(Bishop, 1990). Bishop, a prominent writer on re-
search method, pointed out that “recommendations
and exhortations [in the NCTM standards] appear
tobe suppOrted only by opinion—au thoritative opin-
ion, it is granted—but opinion nevertheless” (p.
357). The NCTM document openly states that “one
reviewer of the Working Draft of the Standards
suggested the establishment of some pilot school-
mathematics programs based on these Standards...”
(p. 253, 1989), thereby acknowledging that the Stan-
dards were untested.

The Standards are upfront about being “a new
research agenda” rather than a description of the
state-of-the-art in mathematicsinstructional research,
as many assume them to be. In spite of the lack of
experimental research, the NCTM standards are
being widely implemented as teaching standards,.as-
though they were validated, and these constructivist
practices aredriving the currentdesign of thenation’s
basal mathematics programs.

Few may actually realize the educahonal risks
involved in testing the NCTM teaching standards
through a nation-wide experiment. The educational
risks are particularly heightened by. the fact that
constructivist theory contradicts the “user-friendly
explicit instruction” that experimental research has
found most effective in general education and in
special education. Sweller (1990) voiced a word of
caution: “Ido not believe we should be introducing



curriculum changes of the sort advocated purely on

the basis of theoretical analyses. Proper theorizing
is followed up by extensive empirical work to deter-
mine the strengths and weaknesses of the theory.
Depending on the results, we then may be in a
position to advocate curriculum change” (p. 414).
Only two experimental studies have evaluated
the effectiveness of constructivist instruction on
mathematics learning (Cobb et al., 1991; Carpenter,
Fennema, Peterson, Chiang, & Loef, 1989). Both
these studiesare flawed. Ina full-year, second grade
study, Cobb et al. (1991) found that constructivism
resulted in better mathematics achievement than
" “traditional direct instruction” taught using the
Addison-Wesley (1987) second grade textbook.
However, there were two serious confounds in this
study. First, the teachers administering the
constructivist treatment self-selected themselves by
participating in the summer institute where they
- received their initial training. Those teachers who
did not participate became the control teachers. Itis
not clear whether the control teachers even knew
their students would be tested. The second con-
found was that the “extensive support throughout
the school year,” (p. 14} received by the experimen-

tal teachers alone may have had a positive effect on
learning, regardless of the nature of the support..
Cobb et al. (1991) cite a second study by Carpen-
ter et al. (1989) as one that resulted in conclusions
similar to theirs. The Carpenter et al. study was in

fact free from the confounds noted in the Cobb et al. .

study. Teachers were randomly assigned to the

constructivist and control treatments and inservice .

“support” training was provided for both groups.
However, a different confound was present in the
Carpenter et al. study. The constructivist inservice
workshops focused “on story problems that were
relevant to the children, [while] the problem-solv-
ing emphasis of the control group’s workshop was

on mathematics problems that were intriguing and

of a more esoteric nature. Such problems are often
designated as ‘nonroutine™ (p. 507). The use of
routine problems in the more effective treatment
contradicts the NCTM'’s recommendation to include
a high percentage of nonroutine problems (prob-
lems that cannot be solved by an algorithm). The
problem-solving standard in the NCTM curriculum
and evaluation standards strongly emphasizes
nonroutine problems. In view of this fact, the find-
ings of the Carpenter et al. study cannot be viewed

Table 1. A Comparison of Traditional Direct Instruction, User—Friendly. Direct Instruction, and the NCTM

Teaching Practices,

Traditionai

Comnsisting of unrelated facts.

User-friendly NCTM Teaching Practices
direct instruction - Direct Instruction (Constructivism)
Emphasize knowing. Emphasize applying knowledge to Emphasize gaining knowledge
. solve problems, throngh problem solving.
View knowledge as View knowledge as View knowledpe as
Absclute, Expanding. Relative,
Factual. Heirarchical, Wholistic.

Consisting of "Big Ideas" that apply
to authentic contexts.

C_}ai.ned from authentic contexs.

Students are passive.

~ Group by oge. Group by skill level. Group to mix a ges and skills.
Explicit, . Explicit, Discovery,
Teacher-directed. Teacher-directed, Student-directed.
Lecture. Experiential—(Minds-on). Experiential—(Hands-on).
Non-interactive, Interactive with the teacher. Interactive among students.
Teacher is active. Teacher is active, Students are active.

Students are active.

Teacher is nonintrusive.,
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as entirely supportive of the NCTM standards.

Furthermore, both studies compared
constructivist practices with practices that are not
representative of the state-of-the-art in empirically
defined classroom practice. Traditional instruction
“does not equate with research-based, user-friendly
Direct Instruction. No research has compared
constructivist practices, as recommended by the
NCTM, with “user-friendly” instruction (Carnine,
Jones, & Dixon, in press; Yates & Yates, 1990).

The following study compared the effects of user-
friendly Direct Instruction in mathematics (DI} with
instruction that applied the NCTM standards
(NCTM) on mathematics problem-solving perfor-
mance. The Systems Impact series of videodisc
mathematics programs were used in the user-friendly
DI treatment. These programs have been validated
by the Natioral Diffusion Network, which requ1res
that claims of effectiveness be supported by empiri-
cal evidence. Inclusion in the National Diffusion
Network means that a program has met high stan-
dards of demonstrated effectiveness.

During the first year, the NCTM teaching prac-
tices were implemented district-wide and in the
experimental NCTM classrooms. The DI treatment
was implemented in both fifth and sixth grade. The
results for the sixth grade group, which were re-
ported earlier in the summer, 1992 issue of the ADI
News, are briefly reviewed below. The fifth grade
treatment group began using the DI treatment in
January of the first year and continued through sixth
grade, where more complete problem solving as-
sessments occurred. The differential effects on the
problem solving of the groups that started the dif-
ferential treatments in fifth grade comprises the
main body of t]‘llS report

Is User-Fnendly Direct Instructmn Only for Low
Performing Students? :

During the first year of research, the primary
research question was whether user-friendly Direct
Instruction was appropriate only for low-perform-
ing students. Because the strongest research sup-
port for user-friendly Direct Instruction seems to
come from studies of low-performing and special
education students, and because general-education
students do seem to succeed with the less user-
friendly instruction, many educators have concluded
that user-friendly instructionis only appropriate for
those children of lower ability and it is inappropri-

ate for higher-performing students.

However, the observation that high-performing
students succeed in less user-friendly instruction
may result from the presentation of tasks that are
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easy for those students relative to their ability. Per-
haps providing more user-friendly instruction for
high-performing students on content that is more
complex relative to their ability is superior to less
user-fnendly methods, just as it is for low-perform-
ing students. If this hypothesisis true then the quest
for world-class standards is better guided by using
user-friendly instruction to teach all content that is
complex relative to the ability of the student.

The Systems Impact videodisc materials used in
the DI treatment of the present study have been
found effective not only with older at-risk and spe-
cial education students but also with younger gifted
students (Carnine, 1992)," The interaction .of the
programs’ effectiveness when younger learnersrep-
resenting both these populations were taught in the
same classroom environment was tested in the first
year of this study. B

A group of 60 sixth-graders were randomly as-
signed to the DI and NCTM treatments. Each class
contained 5 special education students and 2 tal-
ented and gifted students. (A third teacher in his
first year of teaching, was not included in this ex-
periment. He received a homogeneous group of
average sixth graders leaving more of the extremes
of the population to the two experienced teachers in
the study.) A pretest was administered to both
groups (the Level 5 Inventory from the Scott
Foresman program which sampled a wide-range of
mathematical skills). Based on the pretest, students
in each treatment group were identified as being in
the lower-performing half of the class or the higher-
performing half of the class. The DI group learned
from the Systems Impact Mastering Fractions, Mas-
tering Decimals and Percents, and Mastering Ratios and
Word Problems videodisc programs, The NCTM
students engaged in a large number of small group
hands-on activities using-manipulatives and were
assigned mathematics projects for homework. The
instruction for each group was consistent with that
described later in themethods sechon (see the check-
lists for each treatment). :

After nearly one year of instruction, the perfor-
mance of the sixth-grade DI group was significantly
higher than that of the group learning from the
NCTM program in each comparison. Comparisons
were further analyzed by low- and high-performing
subgroup. Not only was the DI program more
effective for the high performers, as well as the low
performers, but the low performers also scored sig-
nificantly higher than the high-performing half
of the NCTM group on three of four measures. The
results on four measures are graphically displayed -
below: performance on the NCTM program mea-
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sure; performance on the fractions, decimals, and
percents measure, which aligned most closely with
the considerate DI instruction; performance on prob-
lem types that were taughtin both treatments (com-
mon problem types); and performance on items that
were selected by the NCTM teacher as problem
types on which the students receiving the NCTM
treatment would be expected to do well (selected
items).

When compared with the performance of the
previous sixth grade in the same school on a year-
end measure given to both groups, the DI treatment
resulted in a significant reduction in the number of
low-performing and “at-risk” students. Only 5% of
the DI group scored in the range of the low-perform-
ing half of the previous 6th grade on the same test.
On the other hand, the performance of the NCTM
group was comparable to that of the previous sixth

grade. Mainstreamed special education students
worked remarkably well with the rest of the class in
the user-friendly DI treatment. The resource room
teacher reported that the frequent interaction pro-
vided by the DI program helped improve the behav-
ior and work habits of students who prewously had
difficulty attending in class.

METHOD

Subjects

The entire fifth grade (N=58) of an elementary
school in a Rocky Mountain city {population 100,000)
participated in the study over a period of oneand a
half years. The socio-economic level of the school
population was quite high; only 9% of the student
population was eligible for free lunch. Students

Table 2. A Comparison of the NCTM Teaching Practices and User-Friendly Direct Instruction

NCTM Teaching Practices

User-friendly Direct Instruction (DI) d

Not a teli-test’ traditional lecture method, but a
‘test-guide’ method.

Mot & 'tell-test' traditional Iecture method, but &
Yell-guide-test' method, with guide being the major
component

Knowledge cannot be transferred, it must be
invented by the learner. Knowledge grows out of
solving problems in meaningful, natural contexts.

Knowledge is transferable. It is what one
generation pesses to the next. Knowledge is most
efficiently transferred by systematic instruction.

. Merningful leamning is accomplished by allowing
students to develop, invent, construct their own
unique strategies.

. Meaning is taught by presenting carefully
sequenced applications that require constant
mindful discrimination.

Sequencing isa spir.el‘ design. Natural learning
contexts are used in initial learning.

Sequencing is o mastery design. Learning contexts
_ are controlled so they move from structured and
contrived to naturalistic.

Child-directed

Tencher—directed .

Students work in groups, engage in discussion, -
méke presentations, take charge of their own
learning. :

Teacher (or curnculum) p!ans und structures
learning for its most efficient and reliable
conveyance. .

Teacher gives explanations rarely. The teacher
rather plans naturalistic activities that inspire a
lenning need.

Teacher plans and sequences explanations and
applications to develop and fulfill leaming needs.

Teacher presents the problem, allows and
encourages students to form their own algorithms
and strategies. The more algorithms and
strategies they can devise, the better.

Teacher presents (he algorithm or strategy,
followed by a wide range of applications requiring
constant mindful discrimination and integration
with other strategies. '

Independent problem solving is the source of
learning. -

Independent problem solving is the application of
leaming.
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were randomly assigned to the two treatment groups,
constructivist (NCTM) and user-friendly Direct In-
struction at the beginning of fifth grade. One totally
blind student was assigned to the DI treatment asa
case study. His data were not included in the statis-
tical analysis of the results, because he received
uncontrolled prompting from his aide as the test
itemns were presented to himorally. Over the period
of the study, each subject received instruction in the
respective treatments from two different teachers

(fifth- and sixth-grade teachers).

The Standards are upfront about being
“a new research agenda” rather than a
description of the state-of-the-art in
mathematics instructional research, as
many assume them to be.

Treatment Conditions

The user-friendly (DI) treatment was experimen-
tally compared with an NCTM mathematics pro-
gram (Scott Foresman, 1991). Table 2 describes the
experimental comparison between “user-friendly”
DI and the NCTM “constructivist” practices.

User-friendly Direct Instruction. The curricular
materials used in the DI treatment were primarily
the Systems Impact videodisc programs. These pro-

-grams begin by assuming a mastery of whole num-

ber operations. In fifth grade, the DI teacher used
two videodisc programs in the mathematics series
thatteach fractions, and decimals and percents (Mas-
tering Fractions, Mastering Decimals and Percents).
The Mastering Equations, Maslering Informal Geomn-
etry, and Mastering Ratios and Word Problems pro-
grams were implemented in the second year, in

grade 6.

Because the videodisc programs are modular in
The Mastering Equations, Mastering Informal Geom-
etry, and Mastering Ratios and Word Problems pro-
grams were implemented in the second year, in
grade 6. Because the videodisc programs are modu-
lar in design, they do not represent a complete by
application activities in interludes between use of
the videodisc programs. These activities served to
maintain earlier taught skills and provide new con-
texts for use of the knowledge the students had
gained. - These culminating activities were some-
what similar to the activities used in the NCTM
instruction as the main vehicle for learning. Below
is the implementation checklist that was used to
check treatment fidelity.

DIRECT INSTRUCTION IMPLEMENTATION CHECK-
L LIST S )
Observer:
Teacher:
Date:

A. Independent workeheck S if done by teacher)

1. Points or credit is given for accuracy on
worksheets, either at end of lesson or beginning of
next lesson. :

2. Workcheck is efficient (about 10 min.—no lengthy
explanalions from the teacher). ’

B. Lesson presentation _

— 1. Teacher moves among students, observing their
work.

2. Oral responses are required.  *

3. Students correct all mistakes immedialely.

4. Students are referred to the videodisc for instruc
Liens and demonstrations.

5. Extra explanations from the teacher are infrequent,
brief, and use wording consistent with the video
disc presentalion.

6. Only n reasonable 2zmount of time is allowed for
students to work problems. (Teacher does not
necessarily wait for slowest person to finish.)

7. Teacher tells students how they are doing.

- Teacher checks student performance on all Check

Student Performance screens and uses Appropriate

- remedies.

C. Independent work.

1. Teacher provides extra help for low performers
during seatwork using wording consistent with
the videodisc presentation.

D. General,

1. The videodisk program is used at lenst 4 times a
week.

2. Special remediation sessions are provided for sty
dents who consistently score below criterion.

NCTM instruction. The teachers responsible for the
NCTM instruction were well-trained in the philoso-
phy and ideals of constructivism: Asa resource, the
teachers used the newly adopted Scott Foresman
1991 basal mathematics program, which was de-
signed to apply the NCTM Curriculum and Evalig-
tion Standards (1989). The Scott Foresman program
did not use a mastery design, but rather “spiraled”
frequently through topics. Each day’s lesson seemed
quite different from the previous day’s lesson, pro-
viding plentiful opportunities for inventive think-
ing, which the teacher highly praised. The teacher
assigned daily problem-solving activities for stu-
dents to do with their parents as homework. Stu-
dents were seated in groups of four. Most lessons
involved both whole group and small group discus-
sion. The teachers maintained firm control and
classes were characterized by relevant, on-task be-
havior.
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CONSTRUCTIVIST (NCTM) TEACHING PRACTICES
" IMPLEMENTATION CHECKLIST

Observer:

Teucher

A. Classroom tasks...( if done by teacher)

..are characterized by variety in materials
(ﬂroblem booklets, comfmter software, practice

eets, puzzles, manipulatives, calculators,
lﬂxtbooks teacher-made)

..often allow more I.hﬂ.n one legitimate way to
npproach the problem, or more thnn one solution
to the problem,?

3. ...foster problem solving and reasoning in greal
life ,meaningful context whenever possible.

4. ..sometimes grow out nf studenis’ conjectures or
questions and interests.®

3. ...include discussion, efther in small or whole
group format.

B. The teacher...

6. ...encournges srudems to talk, model gd
explmn, rather than téacher doing it nll

1. lends and keeps student dlscnurse focused

l_ l_ l_-

Lﬁlckmg up on some student ideas, leaving

ers behind
b. ...askin cIﬁn ing or provocative questions.®
c. ...providing information.

d.. ettmg students struggle.

8. provokes students reasoning by asking
questlons like “why™‘explain that,” “how did you
reach that conclusion™?

9. ...gets each student to participate.

10, .listens carefully to students’ ideas.

11. ..requires students to respond in a variety of
forms (orally, concrete or representational,

written or pictorial)

H IHH

? For example, rather than require students to find the mean, median,
and mode for a set of data (a task requiring student to produce right
answers}, the task would require them to decide whether to calculate
means, medlans, or modes for glven sets of data and particular claims
to be madeabout the data, to calculate those skatistics, and then defend
their decisions.

® For example, rather than simply practice addition and subtraction
facts to develop automaticity, the students would roll dice as part of an
investigation of probability—a task that requires rapid fire addition.
€ The teacher helps students learn to conjecture, invent, and salve
problems by asking questions such as “What would happen if...?”
“What are some possibilities here?” “How did you think about that
problem?” “What is alike and what is different about your solution
method and another student’s method?”

4 The teacher develops a sense of community in working out math-
ematics problems by asking questions such as “What do others think
aboutwhat]aniesaid?” “Doyouagree? Disagree?” “Doesanyone have
the same answer buta different way to explain it?” “Can you convince
the rest of us that that makes sense?”

* ® The teacher helps students to connect mathematics, its ideas, and its

applications by asking questions such as “How does this relate to...2”

“What jdeas that we have learned before were usefid in solving this
problem?” “Haveweeversolvedaproblem likethisonebefore?” “Can
you give me an example of...?”

Procedures

The two 5th grade teachers had taught different
grade levels the previous year. Comparisons of the
mathematics performance of their previous students
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with that of students taught by other experienced
teachers indicated no significant differences. : .

One 6th grade teacher was particularly knowl-
edgeable of the NCTM methods and had piloted the
NCTM program the previous year. She wasrespon-
sible for training many teachers in the district in the
new method that was now adopted district-wide.
She also strongly preferred to use the district’s newly-
adopted mathematics basal and implemented it with
zeal, spending long hours after school preparing
lessons. -In contrast the DI teacher could be de-
scribed as competent but dispassionate.

The 6th grade DI and NCTM teachers were also
equivalent in mathematics teaching skill based on
the achievement results of their previous class of
students. The DI teacher’s previous class had a
mean total mathematics percentile of 61 on the lowa
Test of Basic Skills (ITBS) with 32% of her students
scoring below the fiftieth percentile. The NCTM
program teacher’s previous class had a mean of 63
with 33% of her students scoring below the fiftieth

" percentile.

The DI and NCTM teachers were observed. twice
a week initially, untl all the guidelines for imple-
menting the videodisc programs were followed.
Thereafter, the teachers were observed monthly.

Measures : :

The Inventory from the 4th-grade level of the
Scott Foresman text was used as a pretest (internal
consistency reliability was .83, calculated using
Pearson’s coefficient alpha), The 4th-grade level
was selected because it sampled a very wide range
of mathematical skills and was at a level that would
resultin wider variation in the students scores. The
pretest was administered prior to lrnplementahon
of the differential treatments.

Two mid-term tests were administered in May of
the first year of instruction. Posttests were adminis-
tered in February of the second instructional year,
with the exception of the Iowa Test of Basic Skills,
which was administered in April of the second year.

Mid-term DI criterion-referenced test. The ex-
perimenters developed a 29-item test covering the
skills that were taught in the DI treatment. The
items tested students’ ability to manipulate quanti-
ties involving fractions, decimals, and percents.

Mid-term NCTM criterion-referenced test. The
22-item year-end cumulative test from the Scott
Foresman text was used as a criterion-referenced
measure of the material covered in the NCTM pro-
gram. _

NCTM problem-solving posttest. The experi-
menters designed a 40-item measure that sampled
the items described in the NCTM standards. These
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problems were non-routine or atypical; however,
they were closely aligned with the NCTM curricu-
lum. For example, one problem presented a visual
display of a cube inside another cube with sides
“twice the size of the sides of the small cube, and the
question was: If you double the sides of this square,
how many times bigger is the surface area of the new
square, and how many times bigger is the volume of

the new square? Another problem involved catego-

rizing-a set of fractions according to their most
approximate size {0, 1/2, 1, 1 1/2). These problems
were taken directly from the NCTM standards for
grade six. ‘

Algebraic word-problems posttest. The experi-
menters designed a 27-item algebraic word problem
test that aligned with the DI treatment. The prob-
lems wereroutine or typical of the kinds of problems
one encounters in school and real life. For example,
“Kyle paid 4/5 of the total bill. The total bill was
$10.25. How much did Kyle pay?” or “Three times
a number is 4 less than 25. What is the number?”

Woodcock Johnson applications scale, posttest.
The applications subscale of the Woodcock Johnson
wasused asa standardized assessment of the breadth
of problem solving ability. Problems on the Wood-
cock Johnson sample a wide range of problem solv-
ing skills. However, the test was administered to the
groups as a whole, rather than individually, as the
standardized procedures would require.

Iowa Test of Basic Skills, Level 14, Form G

(ITBS). The Level 14 Form of the ITBS is usually
administered to the eighth grade. We chose to
administer this level of the test to the sixth grade
because we believed the test would be more sensi-
tive to the more advanced mathematics skills that
we believed the groups were learning,

The ITBS consisted of three subscales: Concepts,
problem solving, and computation. The concepts
subscale covered primarily concepts in measure-
ment and geometry. The testing manual comments
that students’ ability to manipulate quantities is no
longer tested in the meaningful context of the prob-
lem-solving subscale. Instead, what was once mea-
sured in the “problem-solving” subscale has now
been separated into two subscales, problem solving
and computation:

“In earlier forms of the tests, computation
skills had been tested in a functional settingin
the problem-solving tests. Al though the prob-
lem-solving tests in Form G... still require
computation, the fundamental operations and
concepts involved are those which, in most
cases, have been introduced at least a year

prior to the grade for which a level of the test
is primarily intended.” (ITBS, 1986, p.-71)

The manual makes this comment about the com-
putations subscale:

“In earlier editions of the ITBS, there was
no separate comptation test. Instead, compu-
tation was measured in a meaningful setting
in.[the problem-solving subscale].... This is
still true to some extentin the current formsin
that pupils have to be able to compute in
order to get the correct answer. However, in
order to obtain a purer measure of problem -
solving, the computational level required in
the problem-solving test has been reduced
significantly. The construction of a problem-
solving test relatively independent of
computation skills necessitated the addition -
of a separate computation test.” (ITBS, 1986,
p. 72) '

RESULTS

Fifty-eight subjects completed year 1 and were
assessed on the mid-term measures. Forty-five treat-
ment subjects remained at the end of the second
year, 19 in the DI treatment and 26 in the NCTM
treatment. However, class sizes for each treatment
were larger; there were now 33 students assigned to
each class. The new students generally came from
other classesand schools where theN CTMapproach
was being implemented.. This created a special
problem for the DI teacher. She had to continue
providing the 19 original DI subjects with additional
levels of the DI treatment; along with 14 additional
students who had not mastered the preskills.
Is User-Friendly DI Instruction Only for Low Per-
forming Students?

Because the number of subjects in each treatment
was not adequate at the end of the second year for a
separate analysis of the low- and high-performing
groups, weanalyzed only the midterm data by these
subgroups. In May the DI and NCTM midterm
criterion-referenced tests were administered. The
graph below displays the performance of the ability
subgroups on the DI and NCTM program tests.
Differences for low performers were significant on
both measures, favoring the DI group. Differences

- for high performers were significant only on the DI

measure, again favoring the DI group. However,
the low-performing half of the DI group also scored
significantly better on the DI measure of fractions,
decimals, and percents than the high-performing
half of the NCTM group.
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Figure 2. Performance at the End of Fifth Grade

Do the NCTM Standards Result i in Better Problem
Solving?

We administered the problem»solvmg posttests
near the end of the second year. An MANOVA
indicated that overall the DI group scored signifi-
cantly higher than the NCTM group (Wilks lambda
= .56, F(6,33) = 4.35, p < .01). Table 3 displays the
univariate F-test results for each of the separate
tests. The DI subjects scored significantly higher on
the algebraic word  problems test and on the compu-
tation subscale of the 1TBS. Figures 3, 4, and 5
graphlcally dlspIay these results. -

User-friendly Direct Instruction resulted
in better overall problem-solving
performance than the NCTM teachmg
' practtces.
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Table 3. Mean Score and Standard Deviation of the NCTM:
and DI Groups on All Meoasures ‘

NCTM Di .
Mean (SD) Mean (SD) E(138) p

Pretest 28,0 (4.5) f 77368 D014 9
NCTM Problems 7776 26803 13 72
{nonroutine} L g

Algebraic Word Problems 12_6 (55) 17.7 (5.4) . 9.96 ;0(1'3‘

(routine) _ o .
Waoodcock Johnson 10140  118G4H 206 16
Applications B
ITBS Concepts 229(90) 26268 241 .13
ITBS Problem Solving - 164 (7.0) ~ 171(54) 28 60
ITBS Operations 212(83) 2880.1) 89 005

i signiﬁcnni :
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Figure 5. Eighth-Grade ITBS Achievement Test

DISCUSSION

' Anuncontrolled variable was the amountofhome-
work assigned in the 6th grade classes. The teacher
and the parents of the NCTM 6th grade group re-
ported that these subjects did approximately 3 hours
of mathematics homework each week. In contrast,
the D classes were assigned no homework. Also the
NCTM 6th grade teacher emphasized the integra- .
tion of mathematics in other subjects and strongly
reinforced mathematics when studying science, so-
cial studies, and so on. The DI teacher did not
integrate in this way.  The overall time students
spent engaged in mathematics activities seemed
much higher for the NCTM treatment. .

Inspite of these biases favoring the NCTM treat-
ment, the results of this study do not support the
exclusive use of the NCTM teaching practice recom-
mendations as the most effective means for achiey-
ing the NCTM problem-solving goals. User-friendly
Direct Instruction resulted in significantly better
overall problem solving performance than the NCTM
teaching practices. Furthermore, not only low-per-
forming, butalso high-performing studentsachieved
greater gainsin mathematics skills with user-friendly
Direct Instruction than with the NCTM teaching
practices, according to the mid term criterion-refer-
enced tests. : :
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" Though the DI students spent little to no time
engaged in nonroutine problems (problems that do
not lend themselves to an algorithmic solution), the
scores for the DI students were not significantly
different from those for the NCTM group, who spent
agreat deal of time engaged in nonroutine problems
on the NCTM measure. For the DI treatment, the
problems on the NCTM measure were completely
new and unpracticed. The NCTM treatment had,
" however, practiced problems in these forms. There-

fore, the NCTM test required the DI group to make
~ further transfer of their learning than it required of
the NCTM group. The fact that performancedid not
differ significantly in this area may indicate that
students do not really develop a deep understand-
ing of mathematics by working nonroutine types of
problems The NCTM recommendation emph351z~
ing nonroutine problems in both mathematics in-
struction and assessment should be carefully recon-

dents in the first group complained that they al-
ready knew fractions, though their pretest scores
indicated their knowledge was spotty. However,
their prior knowledge of fractions was much more
variable than their prior knowledge of other con-
cepts taughtin the videodisc programs, for example,
how to set up ratios and equations.” In these other

- programs where students had no prior knowledge,

their response was very positive. The Mastering
Fractions program was better placed in fifth grade
because there none of the students claimed to know
much about fractions and were eager to learn from
the videodisc. The groups were heterogeneous in
this study. We believe better results would be
achieved by grouping students according to their
specific skill needs.” For example, those students
who have mastered fractions should be able to move
beyond fractions to learn higher mathematics where
fractions are used in a sophisticated way, such as

sidered. In addition to their possible instructional  setting up ratio or algebraic equations.
benefit, routine problems also seem more represen-
tative of the types of mathematics problems stu-

dents will encounter in real life. Learning common

T

Note: Systems Impact videodisc pro-
grams are available from:

R

é}' patterns of mathematical problems may facilitate, BFA Educational Media
i rather than hinder creative problem solving and the 2349 Chaffee Drive

iﬁ students’ ability to solve nonroutine problems. This Saint Louis, MO 63146

1-800-221-1274

LTI

i e o

question warrants further research.

Results for high-performing students were fa-
vorable. On five of the six measures comparing the
performance of low- and high-performing groups,
the DI high performers scored significantly better
than the NCTM high performers. On three of the six
measures, the low-performing half of the DI group
scored significantly higher than the high-perform-
ing half of the NCTM group.

Results were also favorable for special education
students. Onestudent who had anIEP in mathemat-
ics achieved an above-grade-level score in math-
ematics after receiving instruction from the DI pro-
grams. A blind student who worked withan aide in
the DI treatment showed greatimprovementin math-
ematics achievement and in his attitudes towards
mathematics. He seemed to get a boost from re-
sponding with the class to the frequent questions

presented by the DI programs. His aide commented

that the auditory stimulus from the videodisc pro-
gram seemed 50 much clearer than the normal ver-
bal instruction that he hears in the classroom, re-
gardless of the fact that he could not see the video
presentation.

* The Mastering Fractions program seemed better
placed in fifth grade than it was in sixth. The first
group of sixth graders who learned from the Master-
ing Fractions program had already been exposed to
fractions. For this reason, some sixth-grade stu-
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The Surefire Way to Better Spelling combines a morphemic approach.to
spelling with the proven design techniques of Direct Instruction in a
complete sixty-lesson, self-study instructional program for:

‘o Students in adult education programs
® Sécondary students with spelling problems |
° Any adult who would like to improve spelling knowledge:

Your spouse, your grown child, your boss,
or even, possibly, YOU!

*RobertC. Dixon and Siegfried Engelmann are principal co-authors of SRA s Spellmg Masteryland Corrective
Spelling through Morphographs.
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Engelmann's Programs on...

Interactive OdiSC‘: - |

Recognized as effective in improving Math and Science
performance by the U.S. Department of Education, Sys-
tems Impact’'s CoreConcepis™ Programs, from BFA, are
used in more than 550 school districts in 47 states, ad-
dress NCTM standards and are proven to significantly =
improve learning. | .

Every lesson in the CoreCancepts™ Math
and Science series fits into 2 35-45
minute period and each program includes
an Instructor’s Manual and 30 Student
Response Booklets. :

Each program operates on the Pioneer®.
LD-V2200 and other consumers and’
industrial laser videodisc players, and is -
designed for use with the wireless remote
control or the Pioneer ® UC-V104 Laser
BarCode Scanner. Disc players and
scanners are available for purchase
through BFA. ' :

Programs may be purchased individually -
or in sets. R

Educators rave about CoreConcepts™ user friendly programs:

“CoreConcepts™ allow teachers
to spend their time monitoring
and interacting with their stu-
dents. They remain in full
control of the learning process.”
~Supervisor of Externally
Funded Projects,

Compton School District,
Califomia

“As a staff development tool,
the discs model good teaching
and learning strategies. By
using the Systems Impact
Programs, effective teachers
are becoming even more
effective.”

—Principal,

Cobb County Schools,
Georgia
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“Remedial and Chapter 1
students in the Mastering
Fractions program jumped more
than 300% in fraction skills and
improved 43% in the state math
tests (TELS).” -
—Bethe! Park Schools District,
Pennsylvania



Software for CoreConcepts™ Math Videodiscs

Woa also offer a simple, efficient way to Use the videadiscs with computers, giving students direct independent
control over the CoreConcepts™ programs. Students mat work at their own pace in labs or at workstations, and
the software provides teachers with the tools needed to monitor student progress.

Students control instruction with a mouse, following lessons as they would be presented in a classroom. Dy-
namic teaching segments, guided practice problems, student performance evaluations, quizzes and tests are
directed by the computer. The need for reteaching is easily provided for, if necessary. '
The software was designed to help teachers offer individualized attention to students who were absent from
class, have difficulty with specific concepts or wish to work at an accelerated pace.

These software programs are compatible with Macintosh LC, Classic, SE, Plus, 512Ke or the Mac Il series. An
BOOK disk drive, an interface cable and a color monitor are required for operation, and a printer and a hard drive
‘are recommended. The software supports Pioneer ® 2200, 4200 and 6000A Laser Videodisc Player.
Software programs are available at $89.00 each.

A DOS-based version of the software Programs is also available.

Discounts are available when purchasing complete sets.

EVERYTHING YOU NEED!

' Problem Solving with Addition and Subtraction
Problem Solving with Multiplication and Division
Problem Solving with Tables, Graphs, and Statistics

SAVE: Problem Solving Set with videodisc player ‘
Mastering Fractions -

-Mastering Decimals and Percents............oo.o........ terereresesnnnne e $3715

Mastering Ratios and Word Problem Strategies
Mastering Equations, Roots, and Exponents
Mastering Informal L@U=T0) 11 o OO 52860
SAVE: Mastering Mathematics Set with videodisc player $9450
Earth Science .. .
Understanding Chemistry and Energy
SAVE: Science Set with videodisc player

Call or write for details.
BFA Educational Media
2349 Chaffee Drive

. Saint Louis, MO 63146
(212) 685-5910 or (800) 221-1274
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AVAILABLE SUMMER 1994!!!
PRE-SERVICE |
TRAINING VIDEOS

Produced and field-tested by the developers of
The Direct Instruction Model—Follow Through Project, University
' of Oregon \

The first interisive‘training tapes in the series on

READING MASTERY 1
FAST CYCLE 1

the pre-reading lessons

(5 tapes with facilitator's guide and participant's manual)
Send check or purchase order to DITV for $86 (includes S & H):
D.L Training Videos
P. O. BOX 10459
EUGENE OR 97440

(503) 485-1163

INTRODUCTION

This video tape training series was produced by authors / implementorsof the Direct Instruction Model on
a not-for-profit basis so that high quality staff development might be widely disseminated. The first five tapes
in the series were designed as infensive pre-service training on READING MASTERY I/FAST CYCLE I for
personnel—teachers, instructional assistants, tutors, supervisors, administrators and other implementors—
who may have had no prier knowled%e or experience with any Direct Instruction program. The tapes may also
be used ‘as a thorough review of implementation procedures with persennel who have had experience with
Direct Instruction. Another way the series may be used is to provide a model for consultants and trainers.
Obviously, the optimum way to use the pre-service tapes with instructional personnel is in a group before
instruction begins with children. The five Fre-service tapes run slightly more than 6 hours; however, since the
off-screen practice sessions are an essential part of the training, the total pre-service time required is at least 11
hours. Group sessions are highly recommended, because each person must have a partner or small group for
practice sessions. When new personnel enter an on-going implementation during the school year, it's helprul if
arrangements can be made for a peer partner or mentor.

[The first tape which runs 37 minutes may be used separately as an orientation to Direct Instruction for
school personnel, parents and community members or as a vehicle for public relations. Beginning with Tape 6,
the series continues as in-service trainin%; Sessions should be planned for an hour or more, scheduled weekly
during the first months of school, and then as often as necessary to "stay ahead of the children.” Trainin
segmerits cover approximately a 10-lesson span. The whole series may be used as the basis of a college credit
course,
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.Scope and Sequence A
READING MASTERY I /FAST CYCLE T
PRE-SERVICE TRAINING VIDEOS

Tape 1 (37 min)*
Introduction to Direct Instructlon

Development History, Research—Data, Philospliy and Goals, Design Strategies
Messagg from Slegf?-lrgd Engelman : P B el

READING MASTERY I-VI Overview

_ 2 (69 min, + Practic ions)*
Materials Orientation—Level I

Prerequisite Teacher Skills
Sounds—practice
Blending—practice
Reading words spelled phonetlcally—mpractlce
Prequisite Organization/Management Strategies
P]acement testing—practice
ecl:mg students

Tape 3 (1:56 + Practice Sessions)*
Training and Practice segments—L.evel I Pre-reading Exercises

Pronunciation

Say the Sounds

Say It Fast

{moved to next tape during revision—Say the Sounds-Say It Fast}

Tape 4 (1:39 + Practice Sessions)*
Continuation of Training and Practice

Say the Sounds-Say It Fast}
Symbotl Identification
Sounds Firm Up
Sequencm Games
“"Workbook Applications
Sounds
Writing

Tape 5 (45 minutes)*
-Classroom Management and Organization

Demonstration with children
"" Lesson 12 READING MASTERY I=lesson 2 FAST CYCLE I

In-program mastery testing

* total actual runmng time—6 hours; with practice, 5 tapes = 11+ hours
tapes 1-5 cover pre-reading skill lessons, Series is contmued on tape 6—in-service training.

© Haddox/Silbert, 1994
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ADI MATERIALS PRICE LIST
' The Surefire Way to Better Spelling (1993)

by Robert C. Dixon
Membership Price: $8.75 : ‘ List Price: $10.75

Theory of Instruction (1991)
by Siegfried Engelmann & Douglas Carnine ' S
Membership Price: $32.00 : List Price: 340.00

" Direct Instruction Reading (Revised, 1990)

by Douglas Carnine, Jerry Silbert, & Ed Kameenui :
Membership Price: $32.00 _ Order from: MacMillan Publishing 1-800-257-5755
’ DI Reading, ISBN 0-675-21014-3

Direct Instruction Mathematics (Revised, 1990)

by Jerry Silbert, Douglas Carnine, & Marcy Stein Order from: MacMillan Publishing 1-800-257-5753
Membership Price: $32.00 DI Math, ISBN 0-675-21208-1

Teach Your Child o Rz 0 Easy Lessons {1983)

List Price: $17.95

List Price: $14.00

War Against the Schools’ Academic Child Abuse (1992)

_ by Siegfried Engelmann _
Membership Price: $14.95 , ‘ ’ List Price: 31795
Becoming a Nation of Readers (1985) Mail orders to: University of Iinois—BNR
The Report pf the Commission on Reading : , $4.50 PO Box 2276, Station A
Membership Price: $4.00 ) Champaign, IL 61825-2276
. Beginning lo Read: Thinking and Léarning About Print (1990) | Mai} orders to: University of Tllinois
by Mariltyn Jager Adams (A summary by the Center on Reading) Summary
Membership Price: $8.00 $5.00 PO Box 2276, Station A
Champaign, I. 61825-2276
: ‘ Subtotal
Postage & Handling: Iyowr orderis: P& His:
$0.00 10 $20.99 3400
35210010 340.99 $5.50
1001036099 - - §7.00
561.00 to $80.99 $4.50
381.00 or more $10.00
Ouwtside the continental U1 S, add 33 more ‘ P& _H
ADI Membership Dues
Total

{U.S. Funds)

FPlease make checks payable to and send to: ADI » PO Box 10252 « Eugene, OR 97440
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