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Beginning in 1989, the Nationa Council of Teachers of Mathematics (NCTM) set forth avison for
school mathematics intended to influence the way teachers taught and students learned mathematics for
the ensuing decade. The Curriculum and Evaluation Standards for School Mathematics document
was followed by publication of the Professional Standards for School Mathematics and Assessment
Standards for School Mathematics *. Together these documents contain suggestions that both overtly
and subtly ater the mathematical experience for studentsin grades K-12. In the classroom, the vison
includes changes in both teacher culture and student culture by suggesting changes in content, pedagogy,
student assessment, and the ways in which various technologies are utilized. While an update of the
Sandards documentsis now underway a NCTM, it is anticipated that the fundamenta messages and
vison will be the same, and will be based in part on what we have learned so far.

The Standar ds documents are not prescriptive. Rather, they give usideas to think about relative to the
aress of teaching and learning mentioned above so that we might improve the mathematical experience
of our students. Thereis much additional documentation to suggest that mathemati cs education was not
fulfilling its role during the 1980's. For instance, see the booklet Everybody Counts: A Report to the
Nation on the Future of Mathematics Education® and references contained in its bibliography.

Shortly &fter publication of the first Standar ds document, the National Science Foundation (NSF)
solicited proposals through a series of Requests for Proposals (RFPs) for new ingructiond materids
development aimed at the improvement of K-12 mathemeatics education. Severa proposals were
funded at each of the three schoal levels. e ementary, middle, and secondary.

This booklet contains descriptions of content for five secondary school curricula devel oped with support
of the NSF; five curricula that take us from an abstract vison in the Standar ds documents to concrete
redlity - five projects which accepted the chalenge on page 12 of the first Standar ds document “to
reflect on [the Standards] vison. Consider what needs to be done and what you can do, and
collaborate with others to implement the standards for the benefit of our students, as well asfor our
socia and economic future.” These curricula were selected for this monograph on secondary education

!Nationa Council of Teachers of Mathematics, Reston, Va.,, 1989, 1991, and 1995
respectively. These publications will be referred to in this monograph as the Standar ds documents.
Un-italicized use of the word "standards’ refers to an actua standard for school mathematics. Thereis
alig of gandardsin the Standards document. The definition of a standard, which is given on page 2 of
the fird Standards document, is*a statement that can be used to judge the quality of mathematics
curriculum or methods of evaluaion. Thus, astandard is a statement about what is vaued.”

M athematical Sciences Education Board, National Research Council, Washington D.C.,
Nationa Academy Press, 1989.



because they congtitute the multi-grade, comprehensive, secondary curricula developed with NSF
support during thistime. Each curriculum described herein has undergone an extensive program of
design, pilot testing, redesign, field-testing, evauation, and redesign before commercia publication.
Indeed, each curriculum has been in development for aminimum of five years, atime frame that has
alowed the devel opers an opportunity to think long and hard about standards for school mathematics
and the latest research on how students learn. They have had the opportunity to create and evaluate
nationa modds of mathematics curriculaintended for all students about to enter the twenty-first
century. The development team for each curriculum included professiond teachers, mathematics
educators, educationd researchers, and mathematicians.

These indructiond materids offer digtinctive answers to the question: what should a school student
know and be able to do as aresult of completing athree- or four-year sudy of mathematicsin high
school? Indeed, while each curriculum devel opment project knew of the existence of the other
projects, and, in fact, freely shared information with the other projects, these five projects did develop
independently and they provide five distinct models of innovative curriculum.

Nonetheless, the projects do share some common characteristics. As mentioned above, dl the projects
are multi-grade, comprehensive curricula. That means that the student books and supporting materids
span severd years of secondary school mathematics® and each year of each curriculum contains material
for afull year course. In addition, each curriculum includes: at least some content thet, in dl probability,
will be new to many current teachers; pedagogy that focuses on students as active learners; the
utilization of technology that requires at least a graphing caculator; and student assessment drategies
that sgnificantly augment the ways in which student success was traditionally measured.

All of the curriculaareintegrated curricula. Broadly spesking, that means that each year contains
content from severa sub-disciplines of mathematics. In our analysis, we describe curricular content
using four content "strands’: dgebralnumber, geometry/trigonometry, probability/data andyss/satistics,
and discrete mathematics. Following our review of the Core-Plus curriculum, we decided to include a
fifth srand, mathematica reasoning/logic in our descriptions. (We hope to revise the Core-Plus
description to include this strand in the near future)) The concept of integration can be implemented in
more than one way. Integration could be implemented in such away that topics from the mathematical
disciplines are developed in pardld, in tandem, or Sde by side, with the topics from the disciplines
dternating but remaining quite separate. There have been textbooks in existence for anumber of years
that have taken that approach. On the other hand, integration could mean that the topics are mixed,
blended, combined, or interwoven. What did we find with these curricula? Both types of integration
occur. There are occasons where one or more of the curricula reviewed in this monograph will develop
some content in a purely geometric or purely agebraic, etc. manner. But, it is accurate to say that the
vast mgority of each curriculum can be characterized as a blending together of topics from at least two,

3See the included descriptions to determine the number of years each curriculum spans.



and often more than two, content strands. When this latter gpproach is taken sengbly (i.e. with good
reason, asis done in these cases) and smoothly, it can provide severa sgnificant benefits. Fird, it can
emphasize the unity of mathematics asasngle discipline. Second, it can provide opportunitiesto do
things that were not possible before.  Third, it can provide synergidtic circumstances for the

devel opment of two or more topics, enhancing the development of each. And, of coursg, it can
provide opportunities for review and extenson. We saw many examples of each benefit. Moreover,
often this blending was accomplished so effectively that a times it was dmost self-defeating to separate
content into our strands or to congigtently list topics under only one strand. (Indeed, in severa caseswe
could have included atopic or concept, such as matrices, under more than one strand.) So, we must
emphasize that our review is often a dissection of the curriculum that obfuscates the vadue of the
integration within the ingructional materids themsdves.

These curricula can dso be described as context-rich. Asimplemented here, there is a difference
between a context and an application. Whereas an gpplication isintended to stress the utility of
mathematics and thereby increase the vaue of mathematics for the student, the purpose of an effective
context is to heighten the under standing of the mathematics. A context, then, is an environment in
which the mathematics can be developed or augmented. It isin pat a“motivator” and in part a
framework, or loca structure, upon which to secure concepts and study them. Contexts can be red
world stuations, abstract mathematica settings, or fantasy. Both contexts and gpplications are important
and vauable, but there is a difference. We found that these curriculaincluded both contexts, in the
sense we have described, and gpplications. It should aso be pointed out that contexts and applications
are primary vehicles for asking higher-order questions. An emphasis on higher-order thinking isa
fundamenta objective of these curriculum projects. [Also, see the section on “sense-making” below.]

All the curriculainvolve the use of technology. Different curricula use different types of technology,
dthough dl minimaly require the use of a grgphing caculator. [See theindividud reviews for
descriptions of the technology required or recommended for each curriculum.]

One of the mogt significant characteristics of these curriculais ther attention to what we cal “sense-
making” standards set forth by NCTM: mathematics as problem solving, as communication, and as
reasoning. Inour opinion it is critica for sudents to view mathematics as away of thinking, away of
making sense out of a Situation---redl or abstract. Such aprocessidedlly taps and reinforces the
fundamenta human characteristics of wonder and curiosity that seek explanations for conclusions. A
fundamenta student understanding should be that mathematics involves figuring out why or
understanding how something works. Reflecting further on how mathematicians do mathematics, it is
clear that there are a number of important aspects to the mathematica thinking process. Such a process
is much broader than smply providing the technicd logicd details of the result. The process for a
professona mathematician entails, anong other things, exploring examples, searching for patterns,
drawing analogies, utilizing intuition, using inductive reasoning, constructing and testing
conjectures, justifying special cases, calling upon mathematics background usually from many
sub-disciplines in mathematics or other sources, specifying assumptions, creating mathematical



models, and, finally, providing a deductive argument to substantiate general conclusions. The
curriculain this booklet are filled with many of these attributes of mathemetica reasoning.

The curricula differ from each other in some ingtances in their choice of content, the order in which
content is encountered, and in emphasis placed ontopics.  They differ in yle, to some degreein
pedagogica and assessment Srategies, in the amount and type of technology utilized, and in aspects of
the mathematica process they choose to highlight. Our review may help to eucidate some of these
differences. However, full appreciation of the differences requires some careful sudy of the materids
themsdves.

It isimportant for the reader to keep in mind that what is offered within the various reviews that follow is
primarily adescription of the content agpects of each curriculum. It was our intention only to provide
an answer to the question: what will a student know and be able to do as a result of completing
each of these curricula?

A curriculum, and mathematics, is much more than content. The mathematical thinking processes that
students are developing as they progress are extremely important. Moreover, how studentslearn is
critical to what they learn, and how learning is measured is centra to the teaching and learning endeavor.
Although there is brief mention of philosophy, pedagogy, and assessment in each of the descriptions we
present, much of these facets, aswell as the effective integration of topics, the richness of contexts and
gpplications, and the attention to the mathematica thinking process, has been stripped away from the
discussion in order to concentrate on the central focus of our investigation.

Our review is based on a combination of published and pre-publication materid that was available at the
time of our review. We have indicated in our review of each curriculum which part was commercidly
available at the time of review. The reader should keep in mind that pre-publication materid is subject
to additiond revison before it reaches the commercid market. Whileiit is not anticipated that greet
changes will be made, some subsequent changes may affect the completeness of descriptions contained
in this document.

What is obvious from the descriptions contained herein is the rich nature of the mathematica content
that will be available for dl secondary school studentsin the twenty-first century. Beginning in 1989,
NCTM Sandards documents presented a vison for school mathematics. The projects that have
culminated with the publication of these ingtructiond materids certify that such avison can, indeed,
become part of aredity in which standards are raised, mathematica understanding isincreased, and the
quality of mathematica experiencesfor our nation’'s Sudents is significantly improved.

The material in this booklet is based upon work supported by the National Science Foundation
through grant number ESI-9634085. Any opinions, findings, or conclusions expressed in this

-iv-



material are those of the authors and do not necessarily reflect the views of the National Science
Foundation.

Eric E. Robinson, Ithaca College Margaret F. Robinson, Ithaca College



