Current Practices in
Quantitative Literacy

Rick Gillman, Editor
MAA Notes #70

N /////, ° ° ° °
> Mathematical Association of America




Current Practices
in
Quantitative Literacy



© 2006 by
The Mathematical Association of America (Incorporated)

Library of Congress Catalog Card Number 2005937262

Print edition ISBN: 978-0-88385-180-7
Electronic edition ISBN: 978-0-88385-978-0

Printed in the United States of America

Current Printing (last digit):
10987654321



Current Practices

in
Quantitative Literacy

edited by

Rick Gillman
Valparaiso University

<
‘ .

Published and Distributed by
The Mathematical Association of America



The MAA Notes Series, started in 1982, addresses a broad range of topics and themes of interest to all who are in-
volved with undergraduate mathematics. The volumes in this series are readable, informative, and useful, and help the
mathematical community keep up with developments of importance to mathematics.

14.
16.
17.

18.
19.

20.
21.
22.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.

34.
35.

36.
37.

38.
39.

40.
41.

Council on Publications
Roger Nelsen, Chair

Notes Editorial Board

Sr. Barbara E. Reynolds, Editor
Stephen B Maurer, Editor-Elect
Paul E. Fishback, Associate Editor

Jack Bookman Annalisa Crannell Rosalie Dance
William E. Fenton Michael K. May Mark Parker
Susan F. Pustejovsky Sharon C. Ross David J. Sprows

Andrius Tamulis

MAA Notes

Mathematical Writing, by Donald E. Knuth, Tracy Larrabee, and Paul M. Roberts.
Using Writing to Teach Mathematics, Andrew Sterrett, Editor.

Priming the Calculus Pump: Innovations and Resources, Committee on Calculus Reform and the First Two Years, a subcomit-
tee of the Committee on the Undergraduate Program in Mathematics, Thomas W. Tucker, Editor.

Models for Undergraduate Research in Mathematics, Lester Senechal, Editor.

Visualization in Teaching and Learning Mathematics, Committee on Computers in Mathematics Education, Steve Cunningham
and Walter S. Zimmermann, Editors.

The Laboratory Approach to Teaching Calculus, L. Carl Leinbach et al., Editors.

Perspectives on Contemporary Statistics, David C. Hoaglin and David S. Moore, Editors.

Heeding the Call for Change: Suggestions for Curricular Action, Lynn 4. Steen, Editor.

Symbolic Computation in Undergraduate Mathematics Education, Zaven A. Karian, Editor.

The Concept of Function: Aspects of Epistemology and Pedagogy, Guershon Harel and Ed Dubinsky, Editors.

Statistics for the Twenty-First Century, Florence and Sheldon Gordon, Editors.

Resources for Calculus Collection, Volume 1: Learning by Discovery: A Lab Manual for Calculus, Anita E. Solow, Editor.
Resources for Calculus Collection, Volume 2: Calculus Problems for a New Century, Robert Fraga, Editor.

Resources for Calculus Collection, Volume 3: Applications of Calculus, Philip Straffin, Editor.

Resources for Calculus Collection, Volume 4: Problems for Student Investigation, Michael B. Jackson and John R. Ramsay,
Editors.

Resources for Calculus Collection, Volume 5: Readings for Calculus, Underwood Dudley, Editor.
Essays in Humanistic Mathematics, A/vin White, Editor.

Research Issues in Undergraduate Mathematics Learning: Preliminary Analyses and Results, James J. Kaput and Ed Dubinsky,
Editors.

In Eves’ Circles, Joby Milo Anthony, Editor.

You’re the Professor, What Next? Ideas and Resources for Preparing College Teachers, The Committee on Preparation for Col-
lege Teaching, Bettye Anne Case, Editor.

Preparing for a New Calculus: Conference Proceedings, Anita E. Solow, Editor.

A Practical Guide to Cooperative Learning in Collegiate Mathematics, Nancy L. Hagelgans, Barbara E. Reynolds, SDS, Keith
Schwingendorf, Draga Vidakovic, Ed Dubinsky, Mazen Shahin, G. Joseph Wimbish, Jr.

Models That Work: Case Studies in Effective Undergraduate Mathematics Programs, Alan C. Tucker, Editor.

Calculus: The Dynamics of Change, CUPM Subcommittee on Calculus Reform and the First Two Years, A. Wayne Roberts,
Editor.

Vita Mathematica: Historical Research and Integration with Teaching, Ronald Calinger, Editor.

Geometry Turned On: Dynamic Software in Learning, Teaching, and Research, James R. King and Doris Schattschneider,
Editors.



42.

43.
44.

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.

56.
57.

58.
59.

60.
61.
62.
63.
65.
66.

67.
68.

69.
70.

Resources for Teaching Linear Algebra, David Carlson, Charles R. Johnson, David C. Lay, A. Duane Porter, Ann E. Watkins,
William Watkins, Editors.

Student Assessment in Calculus: A Report of the NSF Working Group on Assessment in Calculus, Alan Schoenfeld, Editor.

Readings in Cooperative Learning for Undergraduate Mathematics, Ed Dubinsky, David Mathews, and Barbara E. Reynolds,
Editors.

Confronting the Core Curriculum: Considering Change in the Undergraduate Mathematics Major, John A. Dossey, Editor.
Women in Mathematics: Scaling the Heights, Deborah Nolan, Editor.

Exemplary Programs in Introductory College Mathematics: Innovative Programs Using Technology, Susan Lenker, Editor.
Writing in the Teaching and Learning of Mathematics, John Meier and Thomas Rishel.

Assessment Practices in Undergraduate Mathematics, Bonnie Gold, Editor.

Revolutions in Differential Equations: Exploring ODEs with Modern Technology, Michael J. Kallaher, Editor.

Using History to Teach Mathematics: An International Perspective, Victor J. Katz, Editor.

Teaching Statistics: Resources for Undergraduate Instructors, Thomas L. Moore, Editor.

Geometry at Work: Papers in Applied Geometry, Catherine A. Gorini, Editor.

Teaching First: A Guide for New Mathematicians, Thomas W. Rishel.

Cooperative Learning in Undergraduate Mathematics: Issues That Matter and Strategies That Work, Elizabeth C. Rogers,
Barbara E. Reynolds, Neil A. Davidson, and Anthony D. Thomas, Editors.

Changing Calculus: A Report on Evaluation Efforts and National Impact from 1988 to 1998, Susan L. Ganter.

Learning to Teach and Teaching to Learn Mathematics: Resources for Professional Development, Matthew Delong and Dale
Winter.

Fractals, Graphics, and Mathematics Education, Benoit Mandelbrot and Michael Frame, Editors.

Linear Algebra Gems: Assets for Undergraduate Mathematics, David Carlson, Charles R. Johnson, David C. Lay, and A.
Duane Porter, Editors.

Innovations in Teaching Abstract Algebra, Allen C. Hibbard and Ellen J. Maycock, Editors.
Changing Core Mathematics, Chris Arney and Donald Small, Editors.

Achieving Quantitative Literacy: An Urgent Challenge for Higher Education, Lynn Arthur Steen.
Women Who Love Mathematics: A Sourcebook of Significant Writings, Miriam Cooney, Editor.
Innovations in Teaching Statistics, Joan B. Garfield, Editor.

Mathematics in Service to the Community: Concepts and models for service-learning in the mathematical sciences, Charles
R. Hadlock, Editor.

Innovative Approaches to Undergraduate Mathematics Courses Beyond Calculus, Richard J. Maher, Editor.

From Calculus to Computers: Using the last 200 years of mathematics history in the classroom, Amy Shell-Gellasch and Dick
Jardine, Editors.

A Fresh Start for Collegiate Mathematics: Rethinking the Courses below Calculus, Nancy Baxter Hastings, Editor.

Current Practices in Quantitative Literacy, Rick Gillman, Editor.

MAA Service Center
P.O. Box 91112
Washington, DC 20090-1112
1-800-331-IMAA  FAX: 1-301-206-9789






Introduction

Rick Gillman
Valparaiso University, Valparaiso IN

Quantitative Literacy is one of those things about which we say “I know it when I see it”, but is difficult to describe
precisely and concisely. It includes numeracy (an understanding of numbers and magnitude); some geometric, algebraic
and algorithmic skills; some problem solving ability; an understanding of probability and statistics; and the ability to
quickly capture information, summarize it, and make a decision.

The working definition I find most convenient is the following, extracted from the bylaws of the MAA’s SIGMAA
on Quantitative Literacy. (There are alternatives provided in the various essays included in this volume and in related
works.)

Quantitative literacy (QL) can be described as the ability to adequately use elementary mathematical tools to
interpret and manipulate quantitative data and ideas that arise in individuals’ private, civic, and work lives. As with
reading and writing literacy, quantitative literacy is a habit of mind that is best formed by exposure in many contexts.

As mathematicians, it is very tempting to say that being quantitatively literate is equivalent to being more
proficient at mathematics, and therefore the solution to developing quantitatively literate citizens is to have them
study more mathematics. But this is inherently a poor solution since mathematics is fundamentally about developing
and understanding deeper abstractions and connections. Mathematics uses many tools and techniques that, to put it
bluntly, do not have much value in the daily world of our fellow citizens. A quantitatively literate citizen will be able
to use fairly elementary mathematical tools in sophisticated manners in a wide variety of contexts.

While developing a quantitatively literate citizenry is the responsibility of a much larger community, it is the
obligation of the collegiate level mathematics community to take leadership in (a) identifying the prerequisite
mathematical skills for QL, (b) finding innovative ways of developing and implementing QL curricula, (c) assisting
colleagues in other disciplines to infuse appropriate QL experiences into their courses, and (d) stimulating the national
dialogue concerning QL.

With this perspective in mind, the purpose of this volume is to present a wide sampling of the specific efforts
being made on campuses across the country to achieve our common goal of having a quantitatively literate citizenry.

As you read these essays, you will see the difficulties these colleges and universities have grappled with to
define quantitative literacy within their own communities and to implement appropriate curricula. You will also see a
wide range of solutions that result because of differing pressures created by the student population being served, the
definition that the community accepts, and the pre-existing curricula.

The volume begins with a series of essays that help to develop and set the context for the curricular programs
that follow. The first essays by Sons and Ganter lay the historical framework for the current attention being given to
quantitative literacy. In particular, Sons’ essay describes the context of quantitative literacy over the past two decades,
while Ganter’s essay describes the current initiative to make quantitative literacy a priority. The essay by Briggs helps
to bring these ideas into immediate application when he describes ten problems that every college graduate should be
able to solve.

The majority of this volume consists of examples of institutions working to implement quantitative literacy
curricula. All of these writers have been asked to speak about issues concerning student placement, program history,
curriculum content, and program assessment; individual writers have chosen to focus on different elements of this
list. Because quantitative literacy is inherently part of the general education curriculum and of interest to many other
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individuals on their campuses, they have also been asked to describe input from individuals outside of the mathematics
department and the relationship of their program to the overall general education curriculum.

Each program can be compared with the model described in Quantitative Reasoning: A Complement to the
Standards, published by the MAA in 1995. This volume makes it very clear that any specific quantitative literacy
program must be responsive to the local conditions of an institution including its mission, its student clientele, its
history and its resources.

However, with this understanding, the volume is able to describe the general form of a complete quantitative
literacy program. Such a program would include an appropriate placement exam so that students are able to move
efficiently to a course in which they will succeed and which will support their academic interests. The program may
very well have a remedial component for those students who are not prepared for the collegiate level work being
offered at their institution. The core of the program is a two-tiered system consisting of a “foundations” course usually
taken during the first or second year and “infusion” or applied courses taken in the latter years of undergraduate study.
It is anticipated that the foundation course or courses would usually, but not necessarily, be offered by the mathematics
department. The courses in the second tier of the program would be offered by disciplines outside of mathematics
(frequently within the students’ majors) which would utilize the foundational skills previously developed to address
problems of interest to the students in context.

These essays are organized into three sections. The first describes programs that have significant components outside
of the mathematics department. Bressoud describes a program unique to his institution’s mission. Diefenderfer, Doan
& Saloway, Taylor, Fink & Nordmoe, and Hartzler & Leoni describe programs in which quantitative experiences
are embedded in a wide range of courses throughout the institution. Bukowski, Coe & Ziesler, Haines & Jordan,
Gordon & Winn, Johnson, Kantrowitz & O’Neill, and Mast & Pawlak describe programs in which a finite set of
specific courses satisfy the quantitative literacy requirement.

The third section of the volume describes courses explicitly designed to satisfy a quantitative literacy requirement.
These essays include those by Ellington & Haver, Jabon, Jimenez & Zack, Sevilla & Somers, and Sons. It is
interesting to read how different institutions have resolved issues of curriculum, staffing, and placement.

The final section addresses issues that don’t neatly fit into the other two. Most of this section of the volume
consists of a series of essays that focus on placement, advising, assessment, and remediation. However, essays by Al-
Hasan and Maher are included which describe current efforts to establish a quantitative literacy program. While their
campuses are very different, their essays reveal similar issues involved in this process: effective placement, student
interests, involving other departments, and adapting current courses to serve this purpose. The essay by Muir speaks
directly to placement and advising, while the essay by Lichtman presents some interesting insights into the effect of
high school preparation on placement. Gillman and Cémez & Martin speak to the problem of assessment.

Many of the essays speak to particular issues. The essays by Bressoud, Gordon & Winn, and Mast & Pawlak
address the manner in which the quantitative literacy program is particularly tied to their institutional missions. In
addition, the Gordon & Winn and Cémez & Martin papers demonstrate that the level of quantitative proficiency
expected of students can vary by institutional mission.

Not only does the essay by Hartzler & Leoni describe a quantitative literacy program at a community college,
but it also describes the amount of time and energy required to prepare faculty to include QL topics in their courses.
Bressoud and Diefenderfer, Doan & Salowey address this same issue in their essays. Similarly, Ellington & Haver
and Sons address the same issue of preparing TA’s, part-time faculty, and regular faculty in the mathematics department
to teach QL specific courses.

The issue of faculty development, both within the department and among the faculty of the institution more
generally, leads naturally to the related topic of pedagogy. This is described specifically in several essays (Jimenez &
Zack, Sevilla & Sommers) and implied in many others. As you read these essays, you will see that either explicitly
or implicitly, they say that the student is expected to be actively engaged in his or her learning experience by reading,
writing, working in groups, collecting and manipulating data, and interpreting answers.

The use of student centered pedagogy as described in many of these essays reflects another belief implicit in all
of these essays. This is the belief that learning is an integrated experience. We cannot effectively teach our students in
compartmentalized courses, but each course should be connected to others either formally in the curriculum or more
simply through explicit recognition by instructors that material in one course in one discipline can, and will be, used
in other courses in other disciplines.
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Although the programs and courses described in this volume only represent a sample of what is happening in the
community, some trends do seem to be apparent. For example, the approach that an institution takes to address the
quantitative literacy of its students seems to depend significantly on the size and type of institution.

Smaller, more liberal arts oriented schools tend to develop more extensive infusion based models for their
programs which involve many faculty and courses outside of quantitative intensive disciplines. Mid-sized or small
comprehensive schools tend to use traditionally quantitative courses outside of the mathematics department, as well
as courses within the department, to teach quantitative reasoning. Large schools tend to rely almost exclusively on
the mathematics department to provide appropriate courses, with very little effort to infuse quantitative material into
courses outside of the quantitative intensive disciplines. There are many reasonable explanations for these tendencies,
but it does indicate how far we are from the model described in Quantitative Reasoning in which students have many
opportunities to develop the “habit of mind” required to be quantitatively literate citizens.

The essays do indicate that there is a consensus on the mathematical skills necessary to be quantitatively literate.
These include elementary logic, the basic mathematics of financial interest, descriptive statistics, finite probability,
an elementary understanding of rates of change, the ability to model problems with linear and exponential models,
estimation and approximation, and general problem solving. In addition, the essays suggest that many of our students
enter college with minimal mastery of these skills and their applications. The goal of quantitative literacy is to raise
student mastery of these skills and their use, but a very significant gap in the literature is an articulated statement of
standards for what “mastery” means.

There seems to be consensus that students do not master this set of skills, nor develop the habit of utilizing them
to solve problems, in a traditional college algebra course. It is generally assumed that students completing a calculus
course, statistics course, or finite mathematics course do achieve these two goals, but the evidence is not provided in
these essays; possibly because the set of standards has not been articulated as of yet.

The “liberal arts mathematics” courses and textbooks deserve particular attention here. While many of them
are intentionally designed to foster quantitative literacy, it seems that many truly wonderful courses and books are
not so designed. For example, it is unclear if a course that teaches the “great ideas” of mathematics to help students
appreciate the “beauty and wonder” of mathematics advances a student’s quantitative literacy.

Even with the concerns that have been raised in the last several paragraphs, this collection of essays suggest that
we have moved a long way in the past ten years in our understanding of quantitative literacy, our ability to implement
effective programs to promote it, and the interest in many types of institutions across the country to address the
issue.

As a closing remark, I would like to say thank you to Joan Steffen, and the MAA Notes Editorial Board without
whose help compiling and editing these essays would have been much more difficult and time consuming.
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Introduction

The classic children’s book “The Little Engine that Could”
provides an interesting framework to use in reflecting
on the movements in the past which have led up to the
quantitative literacy programs at colleges and universi-
ties today. Whether there was a “happy” train to begin
with which was trying to haul “toys and food to the other
side of the mountain” is an unanswered question, but cer-
tainly there were some “well-intentioned” trains which
had engines that either stopped “with a jerk” or slowed to
a crawl while yearning for the aid of other engines.

In looking at quantitative literacy through the years,
this essay seeks to familiarize the reader with some of
the books and proceedings related to quantitative literacy
(past and present), define some terms regularly used in
discussing quantitative literacy, trace the development of
the content and pedagogy for quantitative literacy pro-
grams as it evolved through the work of the Mathematical
Association of America (MAA) and the National Council
of Teachers of Mathematics (NCTM), note connections
of the quantitative literacy “movement” with other cur-
ricular movements being advocated or occurring in the
mathematical community, and link these movements with
changes in text material and pedagogical sources.

Early Movements by the MAA

For the past fifty years the natural MAA curricular group
to consider mathematics for general education in college
has been its Committee on the Undergraduate Program
in Mathematics (CUPM—first called just CUP). In the
summer of 1954, even before Sputnik, the committee
sponsored a writing group for the development of an ex-
perimental general mathematics text for all “normally”
prepared first year college students. The text Universal
Mathematics appeared in two parts with writing continu-
ing from 1954 to 1958. The work presupposed students
having at least two, and preferably two and one-half units
of high school mathematics (a rather common attainment
for college-bound students in the 1950s). It seems that the
intent, even by its title, was some minimal expectation
for all college students, but the term quantitative literacy
was not used.

While there was some pilot-testing of Universal
Mathematics, CUPM’s attention was diverted to other
matters in the years that followed. Its efforts led to the
booklet A General Curriculum in Mathematics for
Colleges (GCMC), aimed at describing “a basic math-
ematics program ... to accommodate today’s diversity of
students and their objectives.” In connection with a sec-
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tion in that report called “One-year mathematics to satis-
fy a B.A. requirement” remarks are made that say no de-
scription is given of a special year-course in mathematics
appreciation for students at liberal arts colleges, because
the Committee felt it better for such students to pursue ei-
ther a year of calculus or a semester of calculus followed
by a course in probability which used the calculus. The
report section then provides a few remarks pertaining to
college students in general, but makes the disclaimer that
these “remarks do NOT have the force of a recommenda-
tion, since CUPM has not yet considered in detail this im-
portant curricular problem” (page 25). Further, the report
is punctuated with concerns for the huge increase in the
number of students going to college in the 1960s and the
shortage of faculty available to cover the students’ needs
in mathematics.

In 1969 CUPM presented A Transfer Curriculum in
Mathematics and advocated that Math A described there-
in have as an objective the development of mathematical
literacy. Such literacy was defined as “the ability to read
and understand mathematical statements and the ability
to translate into mathematical language (making proper
use of logical connectives) statements and problems ex-
pressed in ordinary English. Continual practice should
be given to solving ‘word problems’ and in analyzing
mathematical statements, with particular emphasis on de-
veloping the ability to understand and to use deductive
reasoning.” Math A was intended for those who needed
reinforcement of their high school mathematics as well
as preparation for calculus. It was not prescribed for all
college students, nor was any specific course with a lit-
eracy objective set out for all college students. Math A
was essentially a slower-paced version of the “old-fash-
ioned” algebra, trigonometry, and analytic geometry. The
1969 report “deferred the consideration of lower-level
or non-university parallel courses as a matter for further
study.” In January 1970, CUPM formed a Panel on Basic
Mathematics to provide the “further study”. The consid-
erations of the Panel were presented in January 1971 in
the booklet A Course in Basic Mathematics for Colleges.
The thrust of the January 1971 report was to describe a
single flexible one-year course, known as Math E, togeth-
er with a linked mathematics laboratory.

Math E was proposed to replace some of the courses
being taught below college algebra. The course’s main
aim was stated to be “to provide the students with enough
mathematical literacy for adequate participation in the
daily life of our present society.” The associated labora-
tory was intended to be used to remedy deficiencies in
arithmetic and provide opportunity for drill in algebraic
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manipulation. A secondary aim of the course was to pro-
vide enough algebraic skill and use of mathematical lan-
guage so as to enable students who desired to do so to
continue on to Math A. The course was expected to reach
out to students of a higher age level and greater maturity
than those coming immediately out of high school, ones
for whom it might be their terminal course in mathemat-
ics. Still, the course was not viewed as defining literacy
for all college students.

Continued efforts by CUPM on the curriculum for
four years of college mathematics led to the publication
in 1972 of Commentary on A General Curriculum in
Mathematics for Colleges. The intent of the Commentary
was to note that many of the 1965 suggestions were still
relevant, but to also modify some 1965 suggestions be-
cause of recent developments. The 1965 statement about
a special one-year course in mathematics appreciation
for students in liberal arts colleges was repeated with
the further view expressed “that mathematics is best ap-
preciated through a serious effort to acquire some of its
content and methodology and to examine some of its
applications”(page 43).

Turmoil in the nation in the early 1970s led to many
colleges and universities in America abandoning general
education programs, “core” curricula, and even minimal
competencies. The climate certainly was not ripe for
CUPM to be making recommendations regarding mathe-
matics for ALL college students. However, by 1978 there
was revived interest in general education programs and
minimal requirements for students, and CUPM formed
a committee to consider the mathematical needs of ALL
college students.

Connections with Influential Forces in School
Mathematics

Concern for school mathematics and its teaching be-
came a national concern when Sputnik streaked across
the sky in 1957. The call went out for improved teach-
ing of mathematics and an improved curriculum. CUPM
had an active panel on teacher training for the schools,
and a number of professional organizations went together
to obtain National Science Foundation support for the
School Mathematics Study Group (SMSG). In the sum-
mers of 1960 and 1961 SMSG writers produced materials
for an improved K—12 curriculum. These were field-test-
ed (many at university lab schools) and a longitudinal as-
sessment was carried out in the period 1966 until 1970.
The SMSG materials were part of what came to be
called “the new mathematics”—a movement at its best
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aimed primarily at teaching for greater understanding
of the mathematical concepts at the school level where
too often total rote had taken over as a teaching meth-
odology. Unfortunately, the new materials were thrust
by well meaning educational administrators on teachers
who were not prepared to properly use them. The con-
sequences of such actions led to a “back to the basics”
counter movement seeking to reinstall the once prevalent
rote memorization teaching methodology and intending
to remedy the concern the public held because of prob-
lems evidenced largely on test results. These happenings
came in the early 1970s when colleges and universities
in America were abandoning general education programs
and minimal competencies.

As the 1970s rolled on, the thrust of the two move-
ments in school mathematics which appeared to be coun-
ter to each other was to be taken up by the leadership of the
National Council of Teachers of Mathematics (NCTM)
and its affiliated groups to articulate realistic and respon-
sible directions mathematics programs should take in the
1980s. Using a series of studies funded by the National
Science Foundation, two mathematics assessments of the
NAEDP, and an extensive survey of diverse sectors of the
society (a project called PRISM), the NCTM made its
recommendations in April, 1980 labeled An Agenda for
Action. The Agenda consisted of eight recommendations-
-three of which were: 1) Problem solving must be the fo-
cus of school mathematics in the 1980s; 2) The concept
of basic skills in mathematics must encompass more than
computational facility; and 3) Public support for math-
ematics instruction must be raised to a level commensu-
rate with the importance of mathematical understanding
to individuals and society. Accordingly, the early 1980s
yearbooks of the NCTM provided material supportive of
the Agenda’s implementation.

Actions of the Early Eighties

The report of the CUPM panel formed in January, 1978,
was published in the American Mathematical Monthly
in 1982. It noted that “In a relatively severe, but all too
common form, ignorance of mathematics amounts to a
form of ‘functional illiteracy’.” It sought to answer the
question: What mathematics should every graduate of an
American college or university know?

In response to surveys to determine the current sta-
tus of minimal mathematics expectations at American
colleges and universities, the panel found such great di-
versity that it could not describe an everywhere attainable
goal. Its primary recommendation was: All college grad-

uates, with rare exceptions, should be expected to have
demonstrated reasonable proficiency in the mathematical
sciences.

To implement this recommendation the panel stated
that every college or university should formulate, with ad-
equate concreteness, what this “reasonable proficiency”
should mean for its students; define how students should
demonstrate this proficiency; and establish this demonstra-
tion as a degree requirement. It noted that: “The idea that
all college graduates should be expected to have acquired
a certain familiarity with mathematics rests in part on the
well-founded belief that such a familiarity is necessary
for effective functioning in contemporary life, and cer-
tainly for life in those spheres college graduates are most
likely to enter.” The ignorance the panel deplored, and
the belief it expressed for students being able to function
mathematically, were soon to receive national attention.

Both the MAA and the NCTM were working on re-
form in the teaching and learning of mathematics when 4
Nation at Risk was published by the National Commission
on Excellence in Education in 1983. The publication of 4
Nation at Risk led to a flurry of activity including a retreat
sponsored by the Conference Board for Mathematics at
which the group endorsed the establishment of a set of
standards to be drawn up by the NCTM and the formation
of the Mathematics Science Education Board, an umbrella
organization with representatives from the mathematical
sciences, education, and industry and business that could
provide overall direction for a broad reform movement in
mathematics education.

Calls for Change and Reform

One by one reports issued at the national level pointed
out that mathematically illiterate individuals would not
be able to participate fully in the life of our contemporary
society. Among such reports were: 1) The Mathematics
Report Card: Are We Measuring Up? (Educational
Testing Service, 1988); 2) Everybody Counts: A Report
to the Nation on the Future of Mathematics Education
(National Academy Press, 1989); 3) 50 Hours: A Core
Curriculum for College Students (National Endowment
for the Humanities, 1989); and 4) Moving Beyond Myths:
Revitalizing  Undergraduate Mathematics (National
Academy Press, 1991).

In March of 1989 while some of these reports were
at the printers or still in preparation, the NCTM released
its Curriculum and Evaluation Standards for School
Mathematics (usually shortened to The Standards). These
were to be followed in 1991 by NCTM’s Professional



Standards for Teaching Mathematics. Also appear-
ing in 1991 was a report from the MAA Committee on
the Mathematical Education of Teachers named A Call
for Change: Recommendations for the Mathematical
Preparation of Teachers of Mathematics.

Begun in 1980 the Educational Equality Project of
the College Board aimed to strengthen the academic
quality of secondary education and to ensure equality of
opportunity for post-secondary education for all students.
In 1983 (the year A Nation at Risk appeared) the Project
published its Academic Preparation for College: What
Students Need To Know And Be Able To Do. The basic
competency in mathematics and the specific preparation
in mathematics for a college entrant detailed in the book-
let defined a level of knowledge and skills expected for
all high school graduates intending to do college work.

Also in the early 1980s, the American Statistical
Society joined forces with the NCTM to provide curricu-
lum materials and in-service training so that mathematics
teachers in the secondary schools could effectively incor-
porate basic concepts of statistics and probability into their
teaching. Published in 1987, the resources carried the (un-
fortunate) title Quantitative Literacy Series. Their useful-
ness formed some background for the heavy data analysis
perspective prevalent in strands of the NCTM Standards.

Another call for change in the 1980s was one to re-
form the teaching of calculus. After a remarkable session
of discussion at the national professional meetings, the
Sloan Foundation sponsored a conference/workshop at
Tulane University in January of 1986 to develop alter-
native curriculum and teaching methods for calculus at
the college level. The report on that conference Toward
A Lean and Lively Calculus appeared in the MAA Note
series late in 1986. In 1987 the Sloan Foundation fund-
ed a convocation Calculus For a New Century at the
National Academy of Sciences, and the National Science
Foundation supported the work of many calculus reform
projects from 1988 through 1994.

Two other movements were prevalent in the 1980s
which also impacted quantitative literacy issues. On the
one hand there were those developing new liberal arts
courses--many funded by the Sloan Foundation and
aimed for elective use by students at four-year somewhat
selective institutions, and on the other hand, there were
those seeking to foster a new view of mathematics by
the public. In the latter area, John Paulos published the
book Innumeracy, whereas the television series funded
by the Annenberg Foundation and the 1988 book For All
Practical Purposes (now in Second Edition) simultane-
ously contributed to both movements.

History and Context

Late in 1989 with The Standards now published by
the NCTM, CUPM formed a committee on quantitative
literacy requirements (hereafter referred to as the 1989
QL Committee) to frame recommendations which would
mesh with the new pre-college standards and be realis-
tically achievable in the college years. The Committee
studied the many documents and books noted in this es-
say (and more), gathered input by conducting a series of
well-attended sessions at the national mathematics profes-
sional meetings (including a debate on the use of college
algebra as a requirement which was attended by about
200 people), gathered input and fostered debate through
essays and announcements in national professional news-
letter publications, considered the views of societies such
as the Sigma Xi, sponsored a Focus Group discussion ses-
sion reported in the 1992 publication Heeding the Call for
Change, and studied writing on overcoming math anxiety,
studied research available from mathematics educators—
especially on problem solving—and conducted a massive
poll of colleges and universities across the United States
to determine the then current objectives and requirements
concerning mathematics for all students.

The 1989 QL Committee’s report which CUPM
adopted in January 1995, was NOT a distillation of the
current status in the mathematical community regard-
ing quantitative literacy, but a visionary document with
recommendations supported by suggestions and ap-
proaches intended to enable the recommendations to be
ACHIEVABLE. In some ways the current volume is a
testimony to their usefulness.

QL Terms Defined

The 1989 QL Committee agreed that every college gradu-
ate should be able to apply simple mathematical methods
to the solution of real-world problems. It further defined
a quantitatively literate college graduate in terms of five
capabilities. That is, such a graduate should be able to:

1) Interpret mathematical models such as formulas,
graphs, tables, and schematics, and draw inferences
from them.

2) Represent mathematical information symbolically,
visually, numerically, and verbally.

3) Use arithmetical, algebraic, geometric and statistical
methods to solve problems.

4) Estimate and check answers to mathematical prob-
lems in order to determine reasonableness, identify
alternatives, and select optimal results.

5) Recognize that mathematical and statistical methods
have limits.
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While these capabilities could be attained at vary-
ing levels, the 1989 QL Committee further explained
its intent and how these capabilities would mesh with
The Standards of the NCTM for the college graduate.
It noted that the college graduate should be expected to
have deeper and broader experiences than those who only
graduate from high school and that the level of sophisti-
cation and maturity of thinking expected should extend
to reasoning which is commensurate with the college
experience. “College students should be expected to go
beyond routine problem solving to handle problem situa-
tions of greater complexity and diversity, and to connect
ideas and procedures more readily with other topics both
within and outside mathematics.” Quantitative literacy for
college students is seen in one sense as extending the con-
cept of “mathematical power” in The Standards, includ-
ing some mathematical content, but especially involving
the ability to use concepts, procedures, and intellectual
processes with a greater degree of versatility in approach-
ing and solving problems or understanding quantitative
information.

The British use the word “numeracy” to mean math-
ematical literacy, but in the American mind this word
conjures up the notion of just number sense at its lowest
levels and not the broader implications set by the defini-
tion above.

The 1989 QL Committee recognized that the intro-
duction of a single course would not enable a college
student to move from the high school attainment of math-
ematical power to the college level of quantitative liter-
acy. Research by mathematics educators noted that there
were five aspects of intellectual competency which pro-
vided a framework for problem solving. These included
knowledge of concepts, fact, procedures, and strategies
or heuristics, but also knowledge of how and when to use
these in a manner which is effective and efficient. Further,
students require practice in the acquisition of the habits
of sense-making, interpretation, and exercise of control.
Advocated in the 1989 QL Committee report was thus a
PROGRAM in quantitative literacy. A quantitative litera-
cy PROGRAM normally has the following components:

1) Explicit requirements of quantitative experience for
college entry or for entry into courses or experienc-
es which can be credited towards the baccalaureate
degree;

2) Placement testing intended to help determine appro-
priate entry into the quantitative literacy program;

3) Foundation experience(s) to be accomplished ordinar-
ily within the first year of the student’s college work;

4) Further quantitative experiences in diverse contexts
to be accomplished during a student’s sophomore, ju-
nior, and senior college years so as to be interspersed
throughout the work of these years.

The foundation experiences have generally been
specific courses designated by colleges. They are in-
tended to provide some resources in mathematics, but,
more importantly, the knowledge of strategies and heu-
ristics and guidance on when to use these in conjunction
with the mathematical knowledge. FOUNDATIONS
courses are intended to introduce students to the com-
plexity of thought and maturity of thinking expected
in the college experience; such courses should provide
a background on which a student can draw as the stu-
dent encounters mathematical thought and quantitative
reasoning throughout the undergraduate curriculum. A
quantitative literacy PROGRAM also includes CONTIN-
UATION experiences. CONTINUATION experienc-
es may be courses or projects or other aspects of the
undergraduate curriculum which enable the student
to PRACTICE the patterns of thought introduced
in the FOUNDATIONS experiences. CONTINUA-
TION experiences are an important component
for enabling the student to genuinely extend the
concept of mathematical power, and to more fully acquire
the capabilities intended for the college graduate. Ideally,
quantitative reasoning should permeate the undergradu-
ate curriculum the same way quantitative data permeates
society.

Content and Pedagogy

Whatshould be the content of a “foundations course” or the
nature of the so-called foundations experience? Whatever
the actual mathematics involved in the foundations work,
the content would be a solid introduction to the type of
quantitative reasoning expected of the student. Thus the
content involves the student actually DOING quantitative
reasoning and not just being exposed to it. Depending on
the accomplishment in mathematics of students as they
enter college, the foundations work provides resources
in mathematical knowledge, problem-solving strategies,
interpretive forms, formulation of problems, and engage-
ment in the use of these in genuine applications. As noted
in the 1989 report, “there are plenty of mathematical top-
ics with both utility and beauty, so beauty need not be
sacrificed.” The mathematical topics chosen should link
with the prerequisite knowledge assumed. The content
chosen also provides a basis for instructors in other fields
to show students how to apply the foundation knowledge



in gaining understanding in that field through quantitative
reasoning. Certainly a FOUNDATIONS course cannot be
the “old-fashioned” intermediate algebra or college alge-
bra course or the “old-fashioned” liberal arts mathematics
appreciation course.

The pedagogical approach for a quantitative literacy
foundations course or experience is the study of mathe-
matics in context. And the context is expected to relate to
student interest, daily life, and possible future work set-
tings even when the character is remedial. Of course, the
expectation for a college student is to extend study to the
completion of work beyond that of remedial character.

Teaching methods for quantitative literacy courses
are not lecture and listen, but they may involve group
work, projects, writing, and many of the approaches ad-
vocated by those in the calculus reform movement. In
particular, teaching methods generally enable students
to be actively involved in building their understanding
while connecting with their prior ideas.

Historically, quantitative literacy courses have not
been prevalent in colleges and universities across the
United States. Instead there have been many remedial
and many algebra courses taught which often aimed only
at computational skills, and usually by means of rote
learning. Or there have been liberal arts courses required
which often covered the topics faculty WANTED to teach
and/or provided a survey of mathematical ideas while do-
ing little to develop the student’s reasoning powers. In
fact, they provided a hurdle to jump for degree require-
ments, but little “carry away” value.

Some selective four-year institutions seemed to be
content with the mathematical knowledge their students
had upon entry--namely four years of high school math-
ematics. These institutions appeared to be unconcerned
with whether their students could use the mathematics
they had studied in everyday quantitative settings or in
their study of other disciplines in their college careers.
The development of quantitative reasoning commensu-
rate with the development of the college mind was not an
agenda item for such colleges.

At the time the 1989 QL Committee gave its report
there were very few foundations courses in the United
States and certainly a real lack of text material or other
course material available to support the introduction of
such courses. Indeed, because of the varying levels of en-
try into foundations courses brought on by the varying
level of mathematics required for admissions at colleges
and universities, a wide variety of material was required.
Since 1996 however, a number of colleges have intro-
duced foundations courses for students whose college
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programs require no hierarchy of mathematics, and some
text materials are now in second or third edition. Further,
at a number of colleges, the liberal arts course, tradition-
ally focused on aesthetic topics, has taken on a shift to-
wards having at least a quantitative literacy component,
and some “old” liberal arts mathematics books in latest
editions have shifted to having such a component too. In
fact, for some lower division courses commonly taught
which might be entry points for students in a multiple
entry quantitative literacy program, “reformed” text ma-
terial provides a quantitative literacy component.
Whatever the entry point into a foundations experi-
ence, the 1989 QL Committee noted that the experience
by definition should be a natural transition from the pro-
cesses now listed as the new Standards towards the depth
expected in a college career. These processes of prob-
lem solving, reasoning, connections, communication,
and representation are to be introduced with appropriate
mathematics in context in the foundations experience en-
countered early in college study and developed in con-
tinuation experiences as the college years unfold.

Conclusion

So where IS “the little engine that could”? Since the
adoption by CUPM in January 1995 (and the publication
in 1996) of the 1989 QL Committee report, a large num-
ber of colleges and universities have at least started on
a quantitative literacy program by developing a founda-
tions course. In the State of Illinois the adoption by the
so-called Illinois Articulation Initiative of the viewpoint
that a foundations course be included in its general edu-
cation program has led many institutions to develop such
a course. With foundations courses firmly in place, work
can be done to foster continuation experiences.

Nationally, various efforts supporting quantitative
literacy, noted in another essay in this volume, have kept
the little engine moving a little faster. While some na-
tional reform efforts in mathematics at the collegiate level
may be playing the role of having passed by a slow mov-
ing train, the little engine IS moving.

Among other movements the little engine is being
helped by the work of the new NCTM Standards, and
SIGMAA QL, the new special interest group formed at
the January 2004 national MA A meeting should be greas-
ing the wheels even more.

This volume itself should be helpful to colleges and
universities in developing a quantitative literacy program
more fully. In doing so, it will enable the little switch en-
gine to haul “toys and food to the other side of the moun-
tain” for many more college students!
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Introduction

We live in a society filled with quantitative information
about social, economic, and medical issues that are criti-
cal to decisions we make. In this technological age, the
average citizen is confronted with a wealth of quantita-
tive knowledge that can be overwhelming and often mis-
leading or incorrect (Cox, 2000). Many examples exist
in areas as diverse as developing a budget for the AIDS
crisis in South Africa, religion, sales profits, college rank-
ings, and politics.

This fundamental change in how our culture shares
information requires that every citizen attain a high level
of quantitative literacy (QL). Yet students still learn quan-
titative skills in settings that are isolated from real world
experiences, and therefore complete their education with
inadequate quantitative abilities, unable to deal with the
numbers that appear in everyday life (Steen, 2001).

As much as 20 years ago, national reports were call-
ing for higher standards in mathematics and a curricu-
lum that would help students learn to “apply mathematics
in everyday situations” (U.S. Department of Education,
1983). The National Council of Teachers of Mathematics
(NCTM) emphasizes the importance of QL in Principles
and Standards for School Mathematics (NCTM, 2000),
stating that technology and quantitative information have
become commonplace for today’s American citizen, sig-
nificant change from life just a few decades ago. In ad-
dition, the level of mathematical thinking and problem
solving required in the current workplace has increased
dramatically. The Standards state that QL in the form
of applications and problems from the world around us
should be part of the mathematics curriculum at every
level in elementary and secondary schools.

Unfortunately, most students tend to avoid highly
quantitative courses in mathematics and science once they
enter secondary school (Carnevale & Desrochers, 2003).
And who can blame them? The importance of mathemat-
ics in the curriculum is not made obvious to students, and
there is certainly no explicit vision for QL (Kirst, 2003).
The decontextualized nature of the traditional mathemat-
ics curriculum, and its use as a filter for other courses, is
a system that has failed many students, especially women
and minorities (Steen, 2001). Therefore, it is critical that
QL be seen as critical not only to quantitative disciplines
outside mathematics, but also as critical to effective com-
prehension and communication when solving a multitude
of problems (Brakke, 2003; Steen, 1998; 2000; 2001).

And what about college graduates? The importance
of QL is now equal to that of verbal literacy, and both
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have become qualities of an educated person in today’s
society (Steen, 2001). Unfortunately, the current level
of QL among college graduates is low (Madison, 2003).
The foremost objective of higher education should be to
produce well-educated, enlightened citizens who can rea-
son, communicate, solve problems, and be leaders in their
communities. Thus, quantitative literacy for college grad-
uates should imply different knowledge and skills, both in
depth and quality, from that expected of secondary school
graduates. However, the typical college student enrolls in
mathematics courses that focus on different mathematical
content than is actually needed by the student (Carnevale
& Desrochers, 2003). Significant mathematical ideas and
techniques should be developed within applied contexts
that motivate the use of mathematics as an obvious and
powerful tool for understanding and problem solving;
i.e., a student strong in trigonometry and calculus does
not necessarily comprehend data and numbers as used in
society (Steen, 2001).

As mentioned in Son’s article in this volume, a quan-
titatively literate college graduate should be able to:

1. Interpret mathematical models such as formulas,
graphs, and tables.

2. Interpret mathematical information that is presented
symbolically, visually, numerically, or verbally, and
be comfortable using these formats in his/her own
mathematical representations.

3. Use appropriate combinations of arithmetic, alge-
bra, geometry, statistics, and technology to solve
problems.

4. Estimate and check answers to mathematical prob-
lems in order to determine reasonableness, identify
alternatives, and select optimal results.

5. Recognize the limits of mathematical and statistical
models and be able to explain those limitations in
context (Steen, 2001; 2003).

College graduates should be expected to go be-
yond routine problem solving to handle problem situa-
tions of greater complexity and diversity than secondary
school graduates, and to connect ideas and procedures
more readily with other topics both within and outside
mathematics.

The ability of higher education to impact this learn-
ing process, however, is often limited by the inconsistent
messages sent to K-12 educators about what quantitative
skills are important (Kirst, 2003). Better articulation and
common goals between K-12 education, higher education,
and the larger political and economic environment would
help to solve this problem. However, uncoordinated de-
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cision making between these constituencies have made
effective articulation virtually impossible (Carnevale &
Desrochers, 2003; Kirst, 2003; Madison, 2003). The cur-
rent secondary mathematics curriculum rushes students
to calculus, stating that the primary reason for this rush
is to better prepare students for the college mathematics
curriculum. In fact, the majority of courses taught at the
college level, even at many major research universities,
are well below calculus (Somerville, 2003).

A similar disjuncture occurs in the testing process
used for student placement in college mathematics cours-
es. College placement tests in mathematics focus on stan-
dard precalculus material, while tests with similar place-
ment goals that are administered by individual states to
12" graders focus on elementary algebra and geometry
(Somerville, 2003). With the exception of the Advanced
Placement (AP) Program, there are no major efforts to
provide a smooth transition between secondary school
and college, leaving students to wonder what it all means
in their general education experiences in mathematics
during the first two college years (Kirst, 2003). And, of
course, none of these exams send a message that QL is
important, at any level (Somerville, 2003).

Defining QL and the Surrounding Issues

“QL is a major hole in the undergraduate curriculum.”
—Doyle Daves, Rensselaer Polytechnic Institute

Quantitative literacy is the ability to understand and in-
terpret numerical information encountered in all areas of
life, a skill that has become important primarily because
of the technology boom of the late 20" century (Steen,
2001). The current secondary school and college curricu-
la, largely the same as that of the 1960s, focus heavily on
mathematical literacy; i.e., the mathematical skills need-
ed for future courses, especially in mathematics and sci-
ence. However, most graduates will have a much greater
need for QL which, unlike mathematics and many other
traditional school subjects, cannot be separated from con-
text (Steen, 2001). Specifically, quantitative information
presented as statistics is everywhere and although QL
and statistics are not the same, they are intricately linked
(Steen, 2001).

Congress defines literacy as “an individual’s ability
to read, write, and speak in English and compute and solve
problems at levels of proficiency necessary to function on
the job and in society, to achieve one’s goals, and to de-
velop one’s knowledge and potential” (Colwell, 2003).
Using this definition as a backdrop, QL can be loosely
characterized by examples at three levels:
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1. Citizens reading the newspaper. In a technological so-
ciety, citizens are constantly confronted with numeri-
cal data and information. Decisions that they make
concerning this information can dramatically change
quality of life and personal well-being, for better or
worse. In addition, to be a productive and contributing
member of society, citizens must be informed jurors,
voters, and workers, implying the need to understand
the issues presented about policy, economics, and a
host of other areas that utilize quantitative data.

2. Reporters interpreting data. The initial interpretation
of quantitative information is often made by the me-
dia, newspapers, radio, and the like. Therefore, it is
important that reporters understand the information
well enough to first make an accurate interpretation,
and then to write about the data in a way that conveys
the intended message to the reader.

3. Staffers developing bills for Congress. Data from a
variety of sources are used in the development of na-
tional policy in all areas. Congressional representa-
tives and their staff must be able to decide what data
are relevant and important, and then interpret their
use in the writing of bills. Such writing involves a
high level of comfort and ability in working with nu-
merical information, with enormous ramifications for
incorrect use of the information.

Individual citizens are most concerned with issues
that have an effect on their daily lives (Colwell, 2003).
Examples of societal events for which the average citizen
needed QL include the anthrax crisis, the unprecedented
fluctuations in the stock market and the resulting influ-
ence on interest rates, and the SARS epidemic (Colwell,
2003). Decisions made by individuals about how to act
or react in these situations were directly impacted by the
degree to which data presented by the media were un-
derstood and challenged. These examples and a host of
others make clear the need to teach quantitative literacy
as part of our educational system at all levels.

In addition, major needs of the workplace in the U.S.
are not being met by the current mathematics curriculum
(Carnevale & Desrochers, 2003; Madison, 2003). For ex-
ample, a mathematics curriculum that is more accessible
to more individuals is critical to the creation of better job
opportunities for a larger percentage of the working pub-
lic, since those with stronger quantitative skills secure
higher paying jobs than their less quantitatively-mind-
ed peers (Carnevale & Desrochers, 2003). In fact, $63
billion is invested annually by businesses for technical
training, most of which is remediation for K-16 educa-

tion. However, the public does not seem to understand
the growing importance of QL, or the consequences of
ignoring it, a situation that, ironically, may be due to the
innumeracy of the average citizen (Steen, 2001).

In contrast to quantitative literacy, mathematical lit-
eracy can be defined as the “basic skills of arithmetic,
algebra, and geometry that historically have formed the
core of school mathematics” and which are necessary for
the study of advanced mathematics. (Kirst, 2003). The
need for QL does not imply the elimination of mathemati-
cal literacy as an important educational skill, but instead a
need to balance mathematical and quantitative literacy. In
fact, basic mathematical skills and the ability to use these
skills in versatile ways is generally much more important
than advanced mathematical knowledge (Carnevale &
Desrochers, 2003).

Therefore, three dimensions necessary for QL,
in combination with mathematical literacy, emerge as
follows:

1. Elements of QL such as: confidence with mathemat-
ics, cultural appreciation of the role of data in society,
interpreting data, logical thinking, making decisions,
mathematics in context, number sense, practical
skills, prerequisite knowledge, and symbol sense;

2. Areas of life utilizing expressions of OL, such as: citi-
zenship, culture, education, professions, personal fi-
nance, personal health, management, and work; and,

3. Skills needed for QL, such as: arithmetic, data, com-
puters, modeling, statistics, chance, and reasoning
(Steen, 2001).

All three of these dimensions must be addressed if we are
to achieve QL for every citizen.

The Academic and Political Realities of QL

The scope of QL needs to respond to the fact that students
must deal with real contexts and real data. QL must be
everywhere in the curriculum, in all disciplines and all
courses, implying that each institution must find its own
solution to the problems of identifying the level of QL
required of its graduates and the mechanism by which
they attain this literacy.

In an academic environment, this means that QL is
a shared responsibility. Mathematics faculty, non-math-
ematics faculty and administrators are responsible for
consciously keeping QL in classroom conversations
(Madison, 2001; Steen, 2001). Currently, quantitative
skills are not well integrated with other disciplines, in
spite of many mathematical and statistical applications
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in virtually every discipline (Brakke, 2003). Instructors
should take advantage of the frequent opportunities to
promote quantitative understanding.

In addition, QL does not have a department or “slice”
of the academic schedule, so it is at a disadvantage when
competing with the traditional curriculum. Therefore, it
is important to develop a supportive structure that will
help to promote buy-in by all disciplines. Since the types
of quantitative courses that are taught, and how they are
taught, is heavily influenced by the mathematics curric-
ulum, such a structure must include strong support and
leadership from the mathematics community, especially
college faculty, generated via discussions at national
meetings, articles in mathematics publications, and pro-
fessional development opportunities (Somerville, 2003).

Currently, QL is not part of the priorities in the de-
velopment of educational policies, both within the K-12
system and in higher education (Somerville, 2003). There
must be recognition and appreciation of the need for
quantitative knowledge (Colwell, 2003). However, there
are many pressures on the educational system that make
the changes necessary to achieve QL for all students very
difficult (Madison, 2003). So, in the end, it is textbook
publishers and private testing firms that have the greatest
influence on the curricula for quantitative courses at all
levels, although the list of organizations and individuals
that have an influence on the policies that guide these cur-
ricula is extensive and unwieldy (see Kirst, 2003, page
111). Not only should these influential groups be encour-
aged to emphasize QL, but educational policies should be
developed to tip the scales of power so that all parts of the
educational system contribute to QL curriculum develop-
ment as appropriate (Steen, 2001).

Activities That Support QL

Somerville (2003) states that a big part of the solution may
be as simple as agreeing upon what we mean by “college
ready” in terms of quantitative skills. Discussions with
professionals from a variety of disciplinary areas indicate
that virtually everyone agrees on the importance of QL.
However, there is little consensus on exactly what that
means (Steen, 2001).

Madison (2003) points to two other needs if the QL
movement is to have the widespread support necessary
for success:

1. Systematic evidence to support the call for stronger
QL education; and

2. Clear descriptions of the levels of QL and of strate-
gies for how they can be assessed (page 6).

History and Context

Specifically, we need standards for what constitutes
QL at different ages and educational levels if we are to
know that there has been progress. Establishing levels of
QL is even more important as the influence of science and
technology on our society grows (Colwell, 2003).

Successfully educating a quantitatively literate citi-
zenry also calls for the “democratization of mathemat-
ics,” or the process of making mathematics “more acces-
sible and responsive to the needs of all students, citizens,
and workers.” Curricula must coincide with the current
cultural, political, and economic goals (Carnevale &
Desrochers, 2003, page 29), while also helping every
citizen attain a level of QL appropriate to everyday life
(Colwell, 2003). The many constituencies for which QL
is important; medicine, business, politics, and education,
just to name a few, must be motivated to act (Steen, 2001).
And, professionals in the higher education arena, espe-
cially mathematicians, must stand united in their defini-
tion of the skills that constitute quantitative literacy, their
support for QL in grades 11-14, and their notion of how
and where it fits in the mathematics curriculum (Kirst,
2003; Somerville, 2003; Steen, 2001). “Mathematics is
everywhere” should be the message (Colwell, 2003, page
244).
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What Mathematics
Should All College
Students Know?
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Marie and Alex just paid $250,000 for a house. They
made a down payment of $50,000 and assumed a 30-year
83200,000 mortgage with a fixed annual interest rate of
7.50% compounded monthly. The house will serve as a
residence for several years, but Marie and Alex also view
it as an investment, as property values in the neighbor-
hood are projected to increase at a rate of 5% per year in
the near future. Suppose the couple sells the house after
eight years. Neglecting income tax deductions, do they
come out ahead on their investment?

This question doesn’t sound like one encountered in
most mathematics courses. First, while it is a problem in
words, it is not the dreaded word problem that many of us
remember from high school mathematics courses. Second,
the problem is relevant and immediate; it is unlikely that
a student would respond to this question with the familiar
“what does this have to do with my life?”” Third, while the
solution involves fairly elementary mathematics, it is a
multi-step process that requires organizing several pieces
of information. Fourth, the solution requires some under-
standing of home mortgages and appreciation of property
values; these topics are not considered mathematics, but
they represent applications of mathematics. Finally, the
problem invites discussion and extensions: What assump-
tions were made in arriving at an answer? How would the
answer change if Marie and Alex are in a 28% tax bracket
and income tax deductions are considered? How would
the answer change if the interest rate was 8.00% or the
appreciation rate was 4% per year? What is the minimum
time that Marie and Alex must live in the house before
they break even?

We will return to Marie and Alex’ story shortly, but
some background would be helpful first. For the past
twenty years, mathematics educators have been in the
midst of a reform. Driven by a series of influential reports
concerning the deteriorating state of mathematics educa-
tion, many mathematics teachers have changed the way
they teach. For example, they appreciate the diversity of
learning styles in a single classroom; they use comput-
ers and calculators in wise ways to extend, rather than
replace, students’ quantitative skills; and they balance the
practical uses of mathematics with more abstract topics.
It may be too soon to assess the ultimate outcome of these
reform efforts; but many educators believe that they will
have a lasting impact on the teaching of mathematics.

However, this reform has been directed largely at
students who are in the “calculus pipeline,” students
taking calculus or precalculus courses. These so-called
STEM (science, technology, engineering, and mathemat-
ics) students comprise a relatively small fraction of all
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college and university students who take mathematics
courses. Easily half of all post-secondary students who
take mathematics courses are not calculus-bound and do
so only to satisfy a core curriculum or general education
requirement. Therefore these non-STEM students have
not benefited greatly from the recent calculus reforms.
A pressing question remains: What sort of mathematics
course should we offer our liberal arts students? How
should they be designed and taught? Or, what mathemat-
ics should all college students know?

There are several observations that bear on the teach-
ing of liberal arts mathematics and explain why it is so
challenging. First, teaching such courses is not a high
priority of many mathematics departments and it is not
the concern of many full-time faculty members. Second,
students who take liberal arts mathematics courses often
are hindered rather than helped by previous mathemat-
ics courses and instructors. Not surprisingly, they har-
bor genuine fears of mathematics, have lost confidence
in their quantitative skills, and have little belief that
mathematics might be of use in their future. It is unfor-
tunate that because of poor advising or lack of alterna-
tives, many of these students mistakenly end up in the
calculus pipeline, taking a college algebra course. The
outcome is invariably catastrophic. Third, because of the
second observation, providing liberal arts students with a
worthwhile experience in their last mathematics course
requires overcoming significant psychological obstacles.
It cannot be done by subjecting students to more of the
same experiences they have had in previous mathemat-
ics courses. It can be done by demonstrating the breadth
and utility of mathematics with compelling examples of
how it affects students’ lives in immediate ways. Finally,
most mathematics educators have a shared understanding
of the content of an algebra course or a calculus course.
By contrast, there is no common agreement, at the mo-
ment, about the content and expectations of a liberal arts
mathematics course. Indeed, transferring such courses
between institutions is often difficult.

The task is further complicated by the algebra dilem-
ma, one side of which is the belief that a minimally edu-
cated person must be proficient with the abstractions and
manipulations of algebra. Risking analogies with other
disciplines, this claim might be compared to the belief
that a student must be able to identify a diminished sev-
enth in order to have a lifelong appreciation of music, or
that Sartre must be read in French in order to understand
his philosophy. For calculus-bound students, there is no
question that algebra is a gatekeeper and its thorough
mastery is essential. For a more general audience, such as
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liberal arts students, selected algebraic skills are impor-
tant, but there are other, equally vital skills.

For those of us who have spent much of a lifetime
studying, using, and teaching mathematics, it is difficult
to concede that when it comes to algebra, less could be
better. However, this concession is an important key to
designing a successful liberal arts mathematics course.
As the story of Marie and Alex and the examples below
illustrate, it is possible to identify a wealth of fascinating
mathematics and relevant applications that do not rely on
extensive algebra and symbolic manipulations. A useful
principle is to avoid doing algebra when there is no ulte-
rior purpose and to let the applications determine the nec-
essary mathematics. If an important application requires
some algebra, then it is always possible to isolate that par-
ticular skill and focus on its mastery, without introducing
unnecessary generalizations.

Achieving a reasonable balance with respect to the
role of algebra leaves room in a one-semester course for
other truly essential topics. These topics should prepare
students for careers and lives that will be filled with quan-
titative information and decisions. For example,

e students must be equipped with strong critical and
logical thinking skills, so they can navigate the media
and be informed citizens;

e they should have a strong number sense and be profi-
cient at estimation, unit conversions, and the uses of
percentages;

e they should be able to read a statistical study — or at
least a summary — and evaluate it critically;

e they should possess the mathematical tools needed to
make basic financial decisions; and

e they should understand exponential growth and know
that it governs everything from populations and prices
to tumors and drugs in the blood.

Any remaining time (or a second semester) can be filled
with a wealth of breadth topics, such as risk analysis, vot-
ing, apportionment, mathematics and the arts, and graph
theory, to name only a few.

The consequence of being selective about algebra
and including a variety of practical topics is not a watered
down mathematics course. The tradeoff is that mathemat-
ics becomes part of a larger set of skills, often called
quantitative literacy or numeracy, which involves critical
thinking, problem formulation, and written and oral com-
munication. The quantitative reasoning approach allows
students to see mathematics in a larger interdisciplinary
setting that provides new problem-solving and decision-
making powers. It presents mathematics in context, as a



What Mathematics Should All College Students Know?

discipline that is connected to the world around them and
essential to an understanding of that world. It also pro-
vides students with a much broader survey of mathemat-
ics and statistics than afforded by other courses.

As the story of Marie and Alex demonstrates, typi-
cal problems in an effective quantitative reasoning course
involve the application of relatively elementary mathe-
matics to practical situations. They are often open-ended
problems that disabuse students of the belief that answers
to mathematics problems are unique and always given in
the back of the book. They may involve the use of library
or Internet resources for background information. And
they have the goal of strengthening students’ problem
solving confidence and communications skills. Here are
five examples (numbered 2 through 6) that further illus-
trate the nature of quantitative reasoning. These examples
involve no mathematics or prerequisite material beyond
what is easily covered in a liberal arts course.

2. Suppose that the United States government decided
to institute a national lottery, the proceeds of which
would be used to retire the federal debt. Based on
information that you gather about lottery finances,
estimate how much money could be raised (after ex-
penses and prizes) each week in a national lottery.
How long would it take to pay off the federal debt
assuming that the budget is exactly balanced every
year in the future? Do you feel that this is a feasible
strategy to pay off the federal debt?

3. Suppose that 1000 people are given a drug test that is
98% accurate and that 50 of the people actually are
drug users. What percentage of the positive tests are
false positives (nonusers who test positive)? Discuss
the implications of this calculation for the practice of
drug testing.

4. Recent studies have shown that the probability of a
woman getting a false report on a mammogram is 7 in
100 (or 0.07). If a woman has annual mammogrames,
what is the probability that she has at least one false
report in 10 years?

5. The following ballot initiative appeared before
Colorado voters in 1992:

Shall there be an amendment to the Colorado con-
stitution to prohibit the state of Colorado and any of
its political subdivisions from adopting or enforcing
any law or policy which provides that homosexual,
lesbian, or bisexual orientation, conduct, or relation-
ships constitutes or entitles a person to claim any
minority or protected status, quota preferences, or
discrimination?

What does a yes vote mean?
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6. The world population is increasing at a rate of 1.3%
per year. At this rate, how long will it take the popula-
tion to double in size? Estimate the world population
near the end of your lifetime.

The development of effective mathematics courses for
liberal arts students is happening, albeit on a slow time
scale. However, the “client departments” that comprise
the liberal arts can hasten the pace. These departments
must insist that liberal arts mathematics courses be given
the attention lavished on more advanced mathematics
courses. They must express to the mathematics faculty
their expectations of a valuable mathematical experience
for their students. In the end, the development of these
courses should be a collaborative and interdisciplinary ef-
fort, in which mathematics departments either participate
or take the lead. The effect will be to raise the tide of
quantitative skills among all students, which is a worthy
cause to be sure.

Problem Solutions

1. After 8 years, they have paid approximately $120,000
in interest and their property has appreciated by
$119,360. So 8 years is very close to the break-even
point.

2. Assuming a federal debt of $6 trillion and lottery rev-
enues of $50 million per week, it would take about
2300 years to pay off the debt.

3. About 28% of the positive tests are false positives.
4. The probability is 0.52 or about 1 in 2.

5. Ayes vote is a vote against protected status for homo-
sexual, lesbian, or bisexual people.

6. The doubling time is roughly 55 years. Assuming a
current population of 6 billion people, a 20-year old
today would see a world population of roughly 13 bil-
lion 60 years from now.
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Quantitative Methods
for Public Policy
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Macalester College, St. Paul, MN

Introduction

What is quantitative literacy? How do you teach it? How
do you measure it? How can you develop a program that
will ensure that all undergraduates have it by the time
they graduate? During the academic year 2001-02, fac-
ulty from Macalester College wrestled with these ques-
tions and found answers. These have led to a pilot pro-
gram, Quantitative Methods for Public Policy (QM4PP),
that is currently running at Macalester with funding from
the Department of Education’s Fund for the Improvement
of Post-Secondary Education and the National Science
Foundation’s Course, Curriculum, and Laboratory
Instruction program.

The QM4PP program is interdisciplinary. It involves
courses from the sciences, social sciences, and humani-
ties. It is also cohesive. The focus is on public policy, and
all courses use the same policy issue as a source of illus-
trations and applications. All students from all of the par-
ticipating courses come together one evening per week
to hear experts debate the policy issue and to talk about
their own use of quantitative methods in analyzing op-
tions. The policy topic changes on a regular basis. While
a core of courses participate each year, there are depart-
ments that participate only when the topic is particularly
relevant. This is a mechanism for drawing in a variety of
less quantitative departments.

Viewing quantitative methods through the lens of
policy analysis is a strong motivator for students, espe-
cially those who are “math averse,” demonstrating the
power of quantitative methods in a context they recog-
nize as important.

Program History

Macalester College has no graduation requirement in
mathematics. While close to 75% of our students do take
some mathematics, many of the remaining students in-
tentionally avoid any courses that are at all quantitative.
Sizeable numbers of our students graduate without the
basic understanding of hypothesis testing, correlation,
rates of change, or discounting that would enable them to
be critical readers of the popular press. For a campus that
prides itself on civic engagement and the examination of
political issues, this had become a matter of concern to
many of the faculty.

The inability to critique quantitative arguments was
recognized as a problem not just for the students who had
avoided mathematics. It was clear that all our students, even
mathematics and economics majors, would benefit from
a program that directly addressed quantitative literacy.
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During 2001-02, fifteen faculty from across the
college, but representing mostly the sciences and social
sciences, met every other week to create a program that
would address this problem. Some of the criteria that
emerged from the first meetings were that our program
would have to be

* Interdisciplinary, different

departments,

involving  many

e Well structured and focused. We were not interested
in a program that only gave a “quantitative” designa-
tion to an assortment of courses,

* Built on existing courses. In a small college there is
little flexibility to create permanent new courses, and
what flexibility exists is jealously guarded by each
department,

* Tied to Macalester’s traditional emphasis on civic en-
gagement and interest in public affairs.

It was decided that each year we would select an im-
portant issue which could be used as a source of examples
of quantitative methods used in public policy debate and
as a unifying theme for all participating courses.

We also sought to provide all students with a survey
of the fundamental quantitative ideas that arise regularly
in public debate. These were grouped into three broad
categories:

e Chance: statistical hypothesis testing, sampling, ex-
perimental design, measures of correlation.

* Change: percentages and rates; marginal versus av-
erage rates; linear versus exponential growth; impor-
tance of units; estimation.

* Trade-offs: cost/benefit and cost/effectiveness analy-
sis; other mathematical techniques for comparison.

An early proposal was to require all participating
courses to spend some time on each of these topics. The
problem was that we were using existing courses that al-
ready had full syllabi. There was little flexibility to add
the remaining topics that were not traditional.

The solution was to create an evening time when all
students from all participating courses come together. It
can be thought of as a common laboratory section for all
participating courses. Some of the evenings are devoted
to introduction of quantitative tools in the context of the
public policy issue. Other evenings provide background
in the policy issue or bring in speakers who can address
the issues and illustrate how quantitative tools are used to
bolster their own arguments.

The first year of the program was 2002—03. The pol-
icy topic was the school voucher debate. Six departments
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participated: Communication Studies (introductory jour-
nalism), Economics (principles of economics), English
(college writing), Geography (methods of geography),
Mathematics (introductory statistics, discrete mathemat-
ics), and Political Science (empirical research methods).
Some did so on a voluntary basis: encouraging but not
requiring their students to attend the evening class. One
hundred students enrolled in the evening class in the fall,
seventy in the spring.

In the second year, 2003-04, the focus is on immi-
gration policy. Only four departments are participating,
but all now require their students to attend the evening
class: Economics (principles of economics), Geography
(urban geography), Mathematics (introductory statistics),
and Political Science (economics and the law).

Program Goals and Learning Objectives

The purpose of this program is to give students an appreci-
ation for the role of quantitative methods in deciding ques-
tions of public importance as well as the ability to think
critically about quantitative arguments made by others.
These issues are not addressed in any other courses, and
so our intention is to make participation in this program a
graduation requirement. No other course in mathematics
or any other department would satisfy this requirement.

The evening class does not attempt to teach how to
measure a correlation or calculate a net present value.
When a quantitative technique is taught, that is done with-
in the participating course. The evening class is designed
to acquaint students with the concepts and vocabulary of
quantitative analysis. Its purpose is to help students learn
how to critique a position paper that relies on quantitative
analysis.

The QMA4PP program as a whole has three broad
goals:

1. Introduce all students to basic methods of quantita-
tive analysis in a context that illustrates usefulness in
thinking about issues of public importance,

2. Enable students to think critically about quantitative
arguments that are presented in defense of a position
on an issue of public importance,

3. Assist faculty from all disciplines to understand the
relevance of quantitative methods to their own schol-
arship, and enable them to make connections to quan-
titative methods in their classes.

The first goal is quantitative literacy in the broad
sense. We want our students to see and appreciate its use-
fulness. The public policy piece is an important part of
the program. It receives as much attention as the quantita-
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tive topics in terms of choosing speakers, presenting the
issues, and engaging students in wrestling with the ques-
tions that arise in the policy topic. What is unique about
our program is that the quantitative literacy is embedded
within this policy debate.

The second goal gets to the heart of this program.
We want our students to learn how to critique a statement
made in a newspaper or by a proponent of a particular po-
sition. We want them to know the basic terminology, the
kinds of questions to ask when judging the validity of an
argument based on numbers, and where they can turn for
deeper explanations. These skills are important for all stu-
dents, even those in traditionally quantitative majors. It is
because of the centrality of this second goal that students
are not able to satisfy this requirement with any other
course in mathematics or any other quantitative subject.

The third goal is unusual among quantitative liter-
acy programs, but it is an important part of how we see
QMA4PP and its mission within the college. Quantitative
literacy is not just a goal for the students. Appreciation
for and a reasonable level of comfort with quantitative
tools are aspects of quantitative literacy that we would
like to pervade our campus. Our program is designed spe-
cifically to encourage and support participation by faculty
who normally would not teach courses with a quantitative
component. The intention is to foster community-wide
appreciation of the power and pitfalls of arguments that
call on numbers.

There are two important aspects of the program that
were made possible by the funding from the Department
of Education. The first is an annual workshop built
around the policy topic for the following year designed
to acquaint a broad range of faculty with how quantita-
tive methods come into play in thinking about this issue.
The second is support personnel who are available to help
quantitatively literate faculty tie their courses to the policy
topic, and to help non-quantitative faculty who are inter-
ested in the topic to see how they can bring quantitative
ideas into their own syllabi. There are two faculty pro-
viding this support. One is a faculty member who is re-
leased from one course each year specifically for this pur-
pose. The other is someone hired with the title of “Policy
Associate.” He teaches one of the participating classes
each semester and the remainder of his time is devoted to
supporting other faculty engaged in the program.

Student Placement into the Program

At the time this article is being written, we are in the sec-
ond year (2003-04) of the piloting of the program. Ten
classes are participating this year. Each requires its stu-
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dents to attend the Wednesday evening classes and to par-
ticipate in the program. Many of these classes are part of
multi-section courses. For this year, students have some
choice of whether to enroll in a section that participates in
the program or one that does not.

Our intention is to make enrollment in at least one
participating QM4PP class a graduation requirement for
all Macalester students, and one that cannot be satisfied
by any other courses. We hope that this requirement will
be in place by the summer of 2006. Please visit our web-
site for the most current information.

Program Details

We are still in the pilot phase of developing the QM4PP
program, so some of the program details may be changed
or modified in the future. But having run it for over a
year, we now have a fairly good idea of its structure.
For 2003-04, the focus is on immigration policy, and
the title for this year is Policies Affecting the Immigrant
Experience in Minnesota. Because immigration policy is
such a rich topic, we expect to continue to explore ques-
tions related to immigration in 2004-05. In addition to
the departments that are participating this year, American
Studies, Anthropology, English, History, Psychology, and
Spanish, all teach courses that deal with immigrant is-
sues. We hope to entice some of them into the second year
of focus on immigration.

The Workshops

Preliminary planning for the coming academic year be-
gins with a two-day workshop in late January. This is an
opportunity to assess the progress of the current year’s
program and make adjustments before we run it a second
time in the spring semester. It also is intended to identify
faculty preferences for the questions and choice of em-
phasis for the following year. It is at this workshop that
we seek commitments from faculty for engagement in the
QMA4PP program the following year. Those who are par-
ticipating for the first time receive a $2500 stipend over
the summer for the additional work required to adapt their
class so that it takes full advantage of the program.

The primary planning workshop runs for three days
and is held in early summer. We bring in potential speak-
ers for the coming year as well as other experts in the
field. The structure of these workshops has been to spend
two days learning about the policy questions. The first
day is devoted to establishing a broad understanding of
the topic. The second day focuses on questions that have
a strong quantitative component. These might include
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work that raises questions about experimental design and
hypothesis testing or analysis of economic costs and ben-
efits. We also bring in people who can discuss relevant
databases and talk about how to access and use them.

At this stage, we are working with local experts. Our
close association with the Hubert H. Humphrey Institute
of Public Affairs at the University of Minnesota is par-
ticularly helpful. Their faculty have provided some of
the expertise and have helped to identify others in gov-
ernment, academe, and the non-profit sector who can il-
luminate the issues and show how quantitative methods
actually are used.

The third day is the real workday. This is when we
sketch out the sequence of topics for the coming fall. We
determine the questions that will be the primary focus of
the coming year, the speakers we wish to invite, the quan-
titative questions that we will choose to highlight. Most
of the speakers that we will ask to address our students
are local experts, but we also try to identify one or two
individuals who are nationally recognized for their work
on the policy issue.

Our workshops have benefited from the presence of
interested faculty from other colleges and universities
as well as high school teachers. These have been faculty
who have been interested in learning about our program
and searching for ideas that they can carry back to their
own institutions. Currently, while our program has fed-
eral funding, we are able to pay the costs of participa-
tion for these individuals as part of our outreach and dis-
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semination. Our intention is that as our program gains in
expertise and experience, the outreach and dissemination
piece of these workshops will grow, possibly paying for
itself or attracting additional funding.

The Evening Class

All students in all participating classes are required to
register for the common evening class, held Wednesday
evenings from 7:00 to 8:30 PM. Students who have previ-
ously taken the evening class are exempt from registering
for it, but their instructor in the participating class may
still require their attendance for particular evenings. The
common evening class carries 1 credit (1/4 of a normal
class’s credit). Students receive a pass/fail grade for it.

One faculty member is in charge of the evening class,
but there is almost always a different person who does the
presentation. Often there will be a team of two faculty that
presents the evening’s topic. The topics are split roughly
in half between those that are primarily quantitative and
those that focus on the policy question.

We have thirteen Wednesday evening classes in the
fall semester. The schedule for fall, 2003 is representative
of how the semester was organized.

Macalester College prides itself on its small classes.
Classes of over thirty students are unusual. In contrast, the
common evening class is now running with close to 200,
and eventually should reach over 300 students. The first
part of each evening is devoted to a presentation of the

September 3 Introduction to course, introduction to is-
sues of migration
September 10 pre-test assessment, guest speaker on
US immigration laws: Gatekeeping Nation: U.S.
Immigration Policy in Historical and Contemporary
Perspectives
September 17 rates of growth, average vs. marginal
rates
September 24 trade-offs
October 1 guest speaker on economic impact of im-
migration: Estimating the economic impact of im-
migration: how and why to do it
October 8 guest speaker on reasons for more restrictive
immigration policies
October 15 sampling and hypothesis testing
Give out articles for individual critiquing (major
group project for course assessment).

QM4PP syllabus for fall, 2003

Oetober22 (before fall break)

October 29 what to look for when critiquing the quan-
titative components of articles and opinion pieces
Groups begin to build common critique of assigned
article.

November 5 correlation and causation
November 12 detection

November 19 polling issues, web sites with data, infor-
mation, and opinions

November26 (before Thanksgiving)

December 3 Cost Benefit Analysis and net present val-
ue/discount rates

December 10 faculty debate

December 17 final assessment
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topic, which can take as much as 45 minutes. To foster
interaction among the students and to provide some sense
of individualized instruction, the students then break into
groups of approximately six students each. The groups are
created to include students from as many different classes
as possible. Here the students work on activities that allow
them to explore the ideas they have just seen and to help
cement their understanding of the topic from the previous
week. Faculty from the participating classes circulate to
answer questions. We also plan on developing a cadre of
undergraduate preceptors with experience in the program
who can assist and help guide the individual groups.

Each group is also given a semester-long project to
complete. For the 2003-04 year, this consisted of an in-
depth critique of a controversial position paper or journal
article.

Program Assessment

We have retained a professional consultant for assess-
ment. In addition, a Macalester faculty member is re-
sponsible for the actual assessment that takes place on
campus.

Since the focus of our program is to be able to critique
statements made by others, that is also the primary focus
of our assessment. At the beginning of each semester, the
students in the program are given newspaper articles, ran-
domly assigned, which they are asked to critique. At the
end of the semester, as part of their final examination,
these same articles are included in a slightly larger set,
and the articles are again randomly distributed. Students
are asked to critique two of the articles.

In addition, focus groups and interviews with indi-
vidual students are held near the end of the semester or
during the following semester to gather information on
student perceptions of what they learned, the value of
the experience, and improvements that could be made.
Our assessment also includes a piece of a larger study
being conducted in preparation for our next accreditation
review. Fifteen members of the class of 2007 have been
selected for a longitudinal study of their development.
Each semester, each student is interviewed individually.
The study explores impressions of and attitudes toward
the undergraduate experience, including the student’s
own sense of personal development.

Cross-disciplinary Commitment and
Participation

The foundations of this program lie in the departments
of Mathematics and Economics. This has built on a tra-
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dition of strong cooperation between these departments.
The faculty of both departments see the need for this
program and have been willing to participate. In addi-
tion, the chairs of the departments of Geography and
Political Science have supported the development of this
program and have ensured that their departments partici-
pate. We have also had participation from individuals in
Communication Studies (Introduction to Journalism) and
English (one section of College Writing).

Other departments with an interest in the policy is-
sues we have studied have participated in the planning
workshops or assisted with evening presentations. These
include the departments of Anthropology, Dramatic Arts
and Dance, Education, History, Psychology, Sociology,
and Spanish.

Our greatest obstacle so far has been the reluctance
of many departments to require the additional component
of the evening course while it is still unproven. Until the
program has run long enough that it has established a
reputation for being useful and interesting, departments
that attract math-averse students will be reluctant to re-
quire it.

On the other hand, we have received nothing but
good will from all members of the faculty. We have been
careful not to convey the impression that quantitative
methods are the only or the principal foundation for pol-
icy decision-making. Even those faculty members who
are themselves math-averse recognize the value of what
we are doing.

Outreach and Dissemination

Because our program is funded by the US Department of
Education and the National Science Foundation, outreach
and dissemination are important responsibilities. While it
is not clear whether any other institution could import our
program as it stands, we do hope that our unique approach
may provide a model and inspiration that others can adapt
to their individual needs, drawing on the materials that
we are developing to teach quantitative literacy in the
context of a focused question of national importance.

Our website contains links to Power Point slides
from the evening presentations, worksheets, and other
materials from the evening class.

Faculty from other colleges and universities are wel-
come to attend the planning workshops as either observ-
ers or participants. Until the summer of 2006, we have
funding to help underwrite the cost of attending these
workshops. We also have a few small subgrants to give
out under our NSF-CCLI grant. These can be used to pay
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an individual who will spend time learning about our pro-
gram, looking for how it might be shaped to fit the needs
of another institution, and possibly writing a grant pro-
posal to NSF for Adaptation and Implementation.
Another important piece of our outreach is to sec-
ondary teachers, especially secondary teachers in the so-
cial sciences. They also will be involved in the summer
planning workshops, with an additional day devoted to
their particular needs, showing them how they can bring
an awareness of quantitative literacy and its role in under-
standing important public issues into their own classes.

Interdisciplinary and Interdepartmental Programs

Contact Information
The website for this project is at
www.macalester.edu/qm4pp

Project director: David Bressoud,
bressoud@macalester.edu
Associate director: Danny Kaplan,
kaplan@macalester.edu
Policy Associate: Steve Holland,
holland@macalester.edu

Evening class and assessment coordinator: Dave Ehren, ehren@
macalester.edu
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Curriculum and Program History

Juniata College is a small liberal arts institution with a
strong reputation in the sciences, especially biology and
chemistry. In fact, about half of each entering class in-
tends to major in one of these two subjects. About 23 per-
cent of Juniata students do complete a major in biology/
pre-health. This context has an impact on the institutional
understanding of quantitative literacy.

Before 1994, Juniata College had in its curriculum
a computer literacy requirement, which was satisfied
by the course “Introduction to Computing,” offered by
the Department of Mathematics and Computer Science
(MACS). This course contained work with Minitab and
some spreadsheets, along with some simple program-
ming. In this course, the main focus was on the computer,
and any mathematics that was done was driven by the
computing.

In 1994, the faculty of Juniata instituted a new cur-
riculum, which included a Quantitative Literacy re-
quirement (the “Q”). This requirement was partly mo-
tivated by the preliminary work of the MAA’s CUPM
Subcommittee on Quantitative Literacy, whose final doc-
ument, “Quantitative Reasoning for College Graduates:
A Complement to the Standards,” provides many impor-
tant suggestions for such programs. The college formed
a four-member committee (two mathematicians, a psy-
chologist, and a musician) to oversee the Q requirement,
which is stated in the course catalog as follows: “Students
must demonstrate (1) basic competence in statistics, and
(2) an understanding of basic mathematical skills. To
satisfy the requirement, students have three options: (1)
completion of a “Q” course, which deals explicitly with
both statistical and mathematical skills, or (2) comple-
tion of a statistical (QS) and a mathematical (QM) course,
or (3) pass proficiency exams in math and statistics.”
There are only two “Q” courses at Juniata: Quantitative
Methods (in the MACS department), which is the subject
of Section II of this article, and Advanced Statistics for
Psychology (in the Psychology department).

QS courses seek to instill basic competence in sta-
tistics, defined by the Q committee to include “sampling,
data organization and representation, measures of central
tendency, measures of dispersion, and elementary prob-
ability concepts.” There are currently seven QS courses
at Juniata:

Chemistry-Biology Lab I and II

(Chemistry and Biology Depts.)
Biostatistics (Biology)
Statistics for Social Science (Non-departmental)
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Quantitative Business Analysis 11

(Acct., Business, Econ. (ABE) Dept.)
Hydrology I (Environmental Sci. and Studies)
Introduction to Probability and Statistics (MACS)
Probability and Statistics (MACS)

QM courses, according to the Q committee, offer “an
understanding of mathematics includ[ing] such topics as
percentages, ratios, proportionality, rates of change, lin-
ear functions and systems in two unknowns, but the true
essence is a combined algebraic, graphical, and numeri-
cal approach to problem solving and an emphasis on word
problems.” The committee is clearly influenced here by
Juniata’s use since the mid-1990’s of reform calculus (in
particular, the books by Hughes-Hallett, et al.), which re-
lies on the so-called “Rule of 3,” the idea of solving prob-
lems using algebraic, graphical, and numerical approach-
es. Juniata currently offers seventeen QM courses:

Quantitative Business Analysis I (ABE)
Managerial Accounting (ABE)
Financial Management II (ABE)
Precalculus (MACS)

Linear Algebra (MACS)

Discrete Structures (MACS)

Calculus I, II, and IIT (MACS)
Mathematical Modeling (MACS)
Combinatorics (MACS)

Differential Equations (MACS)
Numerical Analysis (MACS)

General Physics I and II (Physics)
Introductory Physics I and II (Physics)

As evidenced by the course lists above, the Quan-
titative requirement is not strictly the responsibility of
the mathematics department. Especially on the statistics
side of the program, many students satisfy the require-
ment within their own departments with courses appro-
priate to their own subject areas. This is consistent with
the CUPM suggestion that quantitative literacy is learned
via “a framework of mathematics across the curriculum,”
with the mathematics and statistics “taught in context.”

Virtually all of Juniata’s students satisfy the Q re-
quirement through coursework, that is, through either
option (1) or (2) above, as the proficiency exam is very
rarely taken. The Q committee tracks how Juniata stu-
dents satisfy the Quantitative requirement. For the Class
of 2002, which contained 276 students, 105 of them took
Quantitative Methods to satisfy the Q, while two took
Advanced Statistics for Psychology. The remaining 169
students took some combination of QM and QS courses.
Due to Juniata’s science-heavy student body, 100 mem-
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bers of this class took a math or physics course, coupled
with the Chemistry-Biology Lab, to satisfy the require-
ment. Of course, students majoring in mathematics or
computer science satisfy the quantitative requirement
simply by taking courses in their own department.

“Quantitative Methods” Course

As mentioned above, the mathematics course Quantitative
Methods is the simplest way for a Juniata non-science
student to satisfy the Q requirement. Indeed, more than
one-third of Juniata students in each graduating class sat-
isfy the requirement in this way.

Since its inception, Quantitative Methods has used
a textbook written by Juniata mathematics professor Sue
Esch. Over the years it has been updated and revised by
Sue Esch, John Bukowski, and Jerry Kruse. Much of the
philosophy of the textbook, and therefore of the course
itself, is stated in the book’s Preface, the highlights of
which we state here with comments:

All the problems are word problems. Whenever fea-
sible, real world data are used.

This is a very important point, as the types of quanti-
tative problems our students will encounter in their lives
are most definitely “word problems.” The real world data
in the book are updated in a new version each year—the
federal budget, starting salaries, populations, and other
such data.

The text approaches mathematics as the ‘science of
patterns.’ It pays particular attention to the relationship
between numerical patterns, algorithms, and algebraic
formulas.

The text applies the Rule of 3 whenever possible.
When problems can naturally be solved several ways,
they are. In addition, we try to show how the algebraic,
graphical, and numerical approaches complement each
other—and are themselves supported and related by al-
gorithm design. In class, and to some extent in the text,
the Rule of 3 is expanded to the Rule of 4, adding writing
to learn. Students are expected to document their reason-
ing and explain their conclusions.

This point is well-illustrated in the section on finding
maximums and minimums. After figuring out how to get
the function to be optimized—from a word problem, of
course!—we look at finding the maximum or minimum
in all three ways: graphically, by plotting and “zooming
in”; numerically, by checking x-values at regular inter-
vals, and algebraically, by completing the square, for ex-
ample. It is useful and important for the student to real-
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ize that different approaches are possible and to see how
these different strategies relate to each other, ultimately
leading to the same result.

Writing is an important part of this course. In addition
to the usual documentation and explanations on weekly
assignments, students complete two projects in the course
—one at the end of the statistics section, and one at the end
of the mathematics section. Each project must be present-
ed in MSWord, as an article with supporting equations,
tables, and graphs embedded in the document. We do get
some really nice projects from our students!

The concept of ‘algorithm’is developed as a funda-
mental conceptual tool, not just a programming tool. ...
Our emphasis on algorithms begins in the statistics sec-
tions, with the development of algorithms tailored to the
form in which the data present themselves. The theme
carries through the mathematics sections, presenting al-
gebraic, graphical, and numerical algorithms for prob-
lem-solving. And finally, in the sections on personal fi-
nance, the text shows not only how repetitive tasks can
be represented and implemented with simple numerical
algorithms, but also how algebraic formulas can be de-
rived by following these algorithms through algebraically
instead of numerically.

One of the first times we see algorithms used in this
course is in the section on data spread. When discussing
standard deviation, we introduce the well-known formula,
then we try to understand the formula and its notation by
developing it as an algorithm. This way of thinking about
the formula helps us when we are confronted with data in
the form of a frequency distribution, as opposed to data in
raw form. With raw data, Minitab or any similar program
can quickly compute the standard deviation — not so for
a frequency distribution. Now the students are forced to
understand the standard deviation algorithmically, as we
create a Minitab “macro” (a short program) to compute
the standard deviation.

One of the central themes of the text is ‘How we solve
problems depends on the tools we have available.” As
215 century problem-solvers, we cannot ignore technol-
ogy. Therefore the text integrates the ‘spirit’ of technol-
ogy—generically discussing the use of statistics packag-
es, calculators, computer algebra systems, etc. ... [I]t is
our opinion that quantitative literacy in this day and age
includes computer literacy. At Juniata, the statistics sec-
tions are implemented in Minitab. The mathematics and
programming sections are implemented in Maple.

Keeping the emphasis in the course on the statistics
and mathematics, as opposed to the computer, is impor-
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tant. We do realize, however, that the theme mentioned
here is crucial, that our approach to solving problems de-
pends on the tools (technology!) we have available. This
would have been a very different course before the advent
of programs such as Minitab and Maple.

The inclusion of programming has two purposes.
First, we think that a little programming can go a long
way in problem-solving — and is a natural extension of
numerical solutions and of algorithm design. ... Second,
and equally important, is the concept of controlling and
enhancing existing problem-solving tools. When a tool
does not supply a command to do exactly what we want
or need, it is useful to know how to create our own.

The use of the Minitab macro, as described above, is
the first appearance of programming in the course. Later,
during the mathematics section of the course, we intro-
duce the fundamental ideas of program design in order
to write short programs in Maple (called procedures).
Writing these programs often makes numerical approach-
es to solving problems much simpler, as we no longer
need to do many repeated or similar calculations one at
a time. The ability to write (and modify) short programs
comes in especially handy in the book’s final chapter on
Personal Finance Applications. For example, using sim-
ple, student written programs, students can produce loan
payment schedules by simply executing a procedure with
a few input parameters.

Quantitative Methods is a three-credit course that
meets for three one-hour “lectures” per week plus a one-
hour lab/help session. The three “lecture” days are partly
traditional lecture, with basic theory and many examples
on the board. This material, however, is enhanced by the
use of problem-solving demonstrations on the computer,
either using Minitab or Maple. The course is taught in a
laboratory classroom, with approximately thirty PCs, so
that students can work along at their seats. Time often
remains at the end of the class for students to work on
problems at their computers.

Homework problems are found at the end of each
section of the book and are assigned each day. As stat-
ed before, these are all word problems, most of which
can be solved “by hand” with the use of a calculator.
Approximately weekly, computer assignments are also
given, in Minitab or Maple. In all cases, students are re-
quired to document their work and to explain their results.
Midterm and final projects, as described earlier, are writ-
ten in Word as articles with supporting graphs and tables.

All work in the course, including exams, is done in
teams of two students. A great deal of learning occurs as
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the students interact with each other. Additionally, work-
ing with a partner tends to have the effect of alleviating
some stress for the students, most of whom are uncom-
fortable taking a math class in the first place.

Examples of Other Courses Used to Satisfy
Quantitative Requirements

As mentioned in Section I, a majority of Juniata students
satisfy the quantitative requirement by taking both a QS
course and a QM course. In these courses, several of
which are housed outside the mathematics department,
students gain an appropriate statistical knowledge and
understanding of mathematics via algebraic, graphical,
and numerical approaches to problem solving. Much of
the philosophy that permeates the Quantitative Methods
course is present in the QS and QM courses, as well.

Because there are multiple routes to satisfying
Juniata’s Q requirement, not every student will emerge
with exactly the same set of quantitative skills. We believe,
however, that through either the Quantitative Methods
course or a combination of QS and QM courses, students
obtain a “habit of mind, an approach to problems that
employs and enhances both statistics and mathematics,”
as articulated by the Quantitative Literacy Design Team
(Steen, p 5).] A number of skills involved in these ap-
proaches are mentioned by the Design Team: arithmetic,
data, computers, modeling, statistics, chance, and reason-
ing. (Steen, p 16—17) Students appear to learn these skills
as they follow their own paths to the Q requirement.

The following is a collection of examples of courses
that satisfy either the QS or QM requirement, which to-
gether satisfy the Q.

Chemistry-Biology Lab I and II (QS)

More than one-third of Juniata students take these two
semesters of lab, both of which are needed to satisfy the
QS requirement. The instructors place great emphasis on
data analysis in these courses. The statistical topics used
most in this sequence are average, standard deviation,
confidence intervals, and #-tests. For example, in the first
semester, in a module on titrating water samples for hard-
ness, students come to understand data scatter by using
a 95% confidence interval. In the same lab module, they
also compare the hardness of two different water samples
with a #-test.

Statistics for the Social Sciences (QS)

The syllabus describes this course as an applied statis-
tics course, in which “emphasis will be on learning under
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what conditions it is appropriate to use particular tests,
what those tests do, and how to interpret the results.” Data
used throughout the course are collected from a sample
of Juniata students. Students in the class do frequent
homework problems to understand the many appropriate
statistical tests. These problems may or may not require
the use of technology. Students also complete about five
computer assignments throughout the semester, on topics
such as distribution of data, t-tests, analysis of variance,
correlation and regression, and chi-squared tests. They
use Minitab to analyze the data, and they are required to
include a written interpretation of their results.

Managerial Accounting (QM)

The catalog description states that this course
“[elmphasizes accounting concepts for the internal use of
management in planning and control,” and that it “focuses
on spreadsheet applications to analyze management prob-
lems.” Managerial Accounting is a data-driven course in
which students must understand numerical relationships
in data presented to them, in order to develop an Excel
spreadsheet appropriate for the accounting scenario at
hand. Students often use quantitative ideas such as abso-
lute and percent change, and they present their results in
numerical and graphical form. At the end of each week,
students are tested with new data for their spreadsheet.
They must then demonstrate their understanding of the
results by writing a short memo in non-technical lan-
guage to a fictional CEO.

Calculus I (QM)

As mentioned above, Juniata uses a reform style in its
calculus courses, so virtually by our definition, Calculus
I satisfies the QM requirement by utilizing analytical,
graphical, and numerical approaches throughout. Daily
homework assignments come from the textbook, which
contains many word problems and very few drill prob-
lems. In addition, students complete six to eight Maple
assignments throughout the semester. These assignments
require the students to figure out the best way—or ways
—to solve the problems (often graphically or numeri-
cally), and to document their work throughout the entire
worksheet.

Assessment

Juniata has not collected much assessment data for the
Quantitative requirement, but there is some information
related to the Quantitative Methods course. A substantial
cohort of Quantitative Methods students comes from the
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Education Department, now approaching fifty students
per year. All of these students are required to pass the
Pre-Professional Skills Test in Mathematics (PPST:M),
from the Praxis Series of the Educational Testing Service,
in order to receive certification to teach in Pennsylvania.
This exam has five main content categories: conceptual
knowledge; procedural knowledge; representations of
quantitative information; measurement and informal ge-
ometry; and formal mathematical reasoning. Many of
these areas overlap with Juniata’s goals for quantitative
literacy.

Juniata students have done quite well on this exam,
with a 99% pass rate over the past four years. The score
range for the exam is 150-190, with a passing score of
173 in Pennsylvania; Juniata has a mean score of 182.

Although this data does not account for all Juniata
students, it displays a certain level of quantitative success
for a substantial portion of the student population.

Concluding Remarks

This college-wide framework for the quantitative require-
ment allows many Juniata students to achieve quantita-
tive literacy in courses appropriate to their own fields of
study. Students for whom there is no quantitative course
offered in their program may take Quantitative Methods,
which provides them with quantitative skills for many dif-
ferent applications in a broad range of areas. All Juniata
students, through the completion of the Q requirement,
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are then able to understand and use various ideas, such as
simple statistical quantities, graphs, rates of change, and
algorithms. These students — tomorrow’s leaders — then
have the tools necessary, along with the habit of mind, to
make good decisions based on quantitative information.
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Introduction

At Dominican University, in the context of a complete
review of the undergraduate general education require-
ments, we have been able to add a Quantitative Literacy
component to our curriculum. In this paper we will de-
scribe what that Qualitative Literacy component is, what
it has done to departmental enrollments, our struggles
with advising and placement, assessment of our program,
and some outstanding problems.

Background Information

Dominican University currently consists of an undergrad-
uate college and four graduate schools (Business, Educa-
tion, Library and Information Science, and Social Work)
with an enrollment of about 2,800 students (1,200 of
whom are undergraduates). In 1997, the school changed
its name from Rosary College and restructured its admin-
istration into a university model. Concurrent with this
change was a complete review of the general education
requirements of the undergraduate curriculum. The math-
ematics department proposed increasing the mathematics
requirement for graduation from Intermediate Algebra to
one course beyond Intermediate Algebra, from a specific
list which follows. This list included a new course, Con-
temporary Mathematics, created as part of the proposal.

The proposal was based on the fact that most com-
parable universities in our geographical area had higher
requirements, many majors already required additional
mathematics courses beyond Intermediate Algebra, and a
belief that graduates of Dominican University should be
able to understand and use mathematics in a more mean-
ingful way than simple algebraic manipulation. To our
department’s surprise, the proposal was accepted with
little opposition.

The goals of the revised foundation requirement in
mathematics are as follows:

The student should be able to:

e understand and use numbers and mathematical
symbols,

e manipulate and understand algebraic expressions,

e think logically to solve problems,

e model real life problems using mathematics, read and
understand mathematical information in the media
and professional literature.

These skills may be demonstrated by placement
examination or by completing with a passing grade col-
lege-level course work equivalent to College Algebra,
Mathematics for Elementary Teachers, Finite Mathemat-
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ics, and Contemporary Mathematics. (A student testing
into pre-calculus or above is not required to take a math-
ematics course at Dominican, although we strongly en-
courage all students to do so.) We will now discuss these
courses in more detail.

Curriculum Details

College Algebra (MATH30)

This is a traditional course, which does not include trigo-
nometry. It is the usual bridge course between intermedi-
ate algebra and pre-calculus, and its intended audience is
students wanting or needing to take additional mathemat-
ics courses. Students taking college algebra are primar-
ily majors in biology, chemistry, and the natural sciences,
who need improved algebra skills before going on to a
five-hour-per-week combined pre-calculus/ calculus 1
course. No major directly requires this class, except as a
prerequisite for the precalculus/calculus 1 course. Conse-
quently, the main emphasis of college algebra is to pre-
pare students for that course. Topics covered include

e Properties of the real numbers

e Integral and rational exponents

e Radicals

e Manipulation and factoring of polynomials

e Manipulation of rational expressions

e Linear inequalities

e Complex numbers

e Quadratic equations

e Absolute value and quadratic inequalities

e Functions and inverse functions

e Exponential and logarithmic functions

e Arithmetic and geometric sequences and series

e Binomial Theorem.

While these topics do not in themselves satisify QL
expectations, throughout the course there is an emphasis
on applications and the modeling of real life problems,
with particular attention being paid to those problems
relevant to the student population. For example, when
learning functions, one can discuss deforestation of
rainforests, or the function describing declining choles-
terol levels. Newton’s law of gravity and consequences
of Kepler’s law can be introduced when learning direct
variation. The exponential function is a rich source of
applications. Possible examples include carbon-dating,
radioactive half-lives, Newton’s law of cooling, and the
logistic growth model for the spread of a virus.

Possible texts for this course include those by
Sullivan, Dugopolski and Lial, Hornsby & Schneider.
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These are all texts with an optional graphing calculator
component. While we have not yet required students to
purchase graphing calculators for any 100-level course,
many instructors in this class and finite mathematics use
them for classroom presentations.

Mathematics for the Elementary School Teacher
(MATH 1 60)

This course is only for prospective elementary school
teachers. The prerequisites for this course are Intermedi-
ate Algebra and a course in geometry at the high school
level. Relationship to content in the elementary classroom
is stressed throughout this class and manipulatives are
used as much as possible. The content is also informed by
the Illinois Education Standards. Topics include

e Problem Solving

e Inductive and deductive reasoning

e Sets

e Symbolic logic

e Numeration systems

e Geometry.

We have been using a text by Miller, Heeren, and
Hornsby for several years. However, in place of the mate-
rial in the text on numeration systems, we use some mate-
rial developed by Thomas Hungerford at Cleveland State
University. It is called Fen Arithmetic and covers whole
numbers and then integer arithmetic in base 5 (without
calling it base 5). The intent of the material is to allow
the students to experience learning how to add, subtract,
multiply, and divide in this context in the same way that
an elementary school student would learn these concepts
in base 10. Student response to this material has always
been excellent. They find it fun, unusual, and very helpful
in understanding how arithmetic works and how children
learn it. Thomas Hungerford’s notes are available from
him at no charge.

Finite Mathematics (MATH I 70)

This course is designed as a service course for those ma-
joring in computer science, business or the social sciences.
It is required for students majoring in computer science,
computer information systems, and computer graphics,
and is strongly recommended for those majoring in ac-
counting, business administration, economics, psychol-
ogy, and environmental studies. We have had formal and
informal discussions with the relevant departments to
determine course content, and are careful to choose ap-
propriate examples of applications. The inclusion of the
rather unusual topics of binary and hexadecimal number
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systems and Boolean operators in this course is a direct
consequence of discussions with our colleagues in com-
puter science. We choose an applied text for this course.
Possible texts include those by Anton, Kolman & Aver-
bach and Mizrahi & Sullivan. Course topics include

e Number systems (binary and hexadecimal)

e Boolean operators

e Linear equations, inequalities and applications
e Matrices, linear systems and applications

e Linear Programming

e Set theory, counting techniques and probability.

Contemporary Mathematics (MATH I 50)

Contemporary Mathematics is a new course, created as
part of the proposal to require one course beyond inter-
mediate algebra. The target audience for this course is all
students who do not need to take one of the other three
options. (A discussion of enrollment figures is provided
below.)

The curriculum for this course is less well defined
than for the other options, and much is left to the indi-
vidual instructor’s preference. Some instructors also
solicit student input into the selection of topics chosen.
Our main aims are to demonstrate the wide range of ap-
plications of mathematics in the real world, to persuade
students that mathematics can be interesting and even en-
tertaining, and to create informed user of mathematics.
Each instructor chooses different topics (although with
substantial overlap). Possible topics include
e Voting theory
e Weighted voting and the Electoral College
e Apportionment
e Graph Theory (Euler circuits, the Traveling Salesman

Problem, networks)
e Graph coloring
e Scheduling
e Coding theory
e Modular arithmetic and cryptography
e Fibonacci Numbers and the Golden Ratio
e Population Growth
e Statistics.

Typically, an instructor will cover at most five or six
of these topics in the course.

One thing that we have noticed is that class size seri-
ously affects both the quality of learning in this class, and
also the quantity of material covered. The optimal class
size for such a course is no more than 15-18, and once
the size goes above 25 this is a very hard class to teach.
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While the department caps most classes at 30, we now
cap contemporary mathematics at 25. This course works
best when students spend a considerable amount of class
time working on problems. Once the class size gets too
large it becomes very hard to keep all students occupied
productively.

Some of our faculty assign student projects and/or
papers in this course. This also works best when the class
size is small, especially if one wishes to have student pre-
sentations. Many of the topics listed are very well suited
to student projects/papers, and many textbooks make
suggestions for such things.

There are several good options for texts for this
course, including books by COMAP and Tannenbaum,
and each of us in the department has different preferences
for material to cover. Although we have been choosing the
same text for every section in a given semester, we may
discontinue that practice and let each instructor go with
his/her own preference. Additional material that we have
found very useful includes Donald Saari’s book Chaotic
Elections and Helen Christensen’s book Mathematical
Modeling for the Marketplace, a great source of examples
for graph theory. We also usually include some material
on the coding of Illinois Driver’s License Numbers, since
our school is in Illinois. Students find this material par-
ticularly surprising and interesting.

Advising and Placement

With our breakdown of the foundation requirement into
four options, and with a very specific audience in mind
for each, it is extremely important that students be placed
into the correct course. We base our belief in the effec-
tiveness of this test on success rates in the placed class
(80% with a C- or better in the fall of 2004, showing that
the placements are not too high) and student satisfaction
surveys. (The students aren’t bored or mad at taking a
class in which they are already proficient, showing that
the placements aren’t too low.) The process for this is
twofold. First, all incoming freshmen must take a math-
ematics placement test. This test was written some years
ago by a member of the department, and has proved to
consistently place students in the appropriate course. The
multiple-choice test lasts one hour, and has thirty-six
questions on material ranging from basic skills through
college algebra. Based on the results of the placement
test, in conjunction with ACT mathematics sub-score and
high school mathematics classes taken, we place students
in an appropriate course. The possible placements are

e Basic Skills in Mathematics (MATH090)
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o Intermediate Algebra (MATH120)

e One of the four college algebra equivalents discussed
in this paper: College Algebra (MATH130), Contem-
porary Mathematics (MATH150), Mathematics for
the Elementary School Teacher (MATH160), and Fi-
nite Mathematics (MATH170)

e Mathematical Functions and Calculus I: our com-
bined precalculus/calculus class

e Calculus I.

The second part of the process is the advising
component. Having received the placement MATH
130/150/160/170, students need to make the appropriate
choice. The audiences for college algebra, finite math-
ematics and mathematics for the elementary teacher are
well defined and we have rarely (if ever) had a problem
with students who need to be in one of those classes mis-
takenly enrolling in contemporary mathematics. There
have been occasions when students have chosen to take
contemporary mathematics and have later decided to go
into education, computer science or business. In this case
they have had to take a second mathematics class. This
seems unavoidable.

The most significant problem has been to ensure
that the students for whom contemporary mathematics is
designed, which are the majority of our students, do not
mistakenly enroll in one of the other options. Historically,
the main reasons for this happening have been poor advis-
ing and scheduling conflicts. In order to ensure that stu-
dents enroll in the appropriate course both advisors and
students need to be well informed. When the quantitative
literacy component was introduced, our first step was to
distribute written information to all advisors describing
possible placements, course descriptions, and most im-
portantly, intended audiences. Another part of the process
has been to ensure that at least one of the mathematics
faculty attend the annual advisors meeting to present the
same information, both orally and in writing, and to give
advisors the opportunity to ask questions. Although this
is an important forum for ensuring that advisors have up-
to-date information, these meetings are not mandatory,
and many advisors do not attend. Consequently, we also
present the same information to the freshman advisors
at the (mandatory) meetings that they hold every year.
We also ensure that mathematics faculty are available for
questions throughout the biannual advising periods.

Ensuring that students are well informed has been
more straightforward. To ensure that students who place
into intermediate algebra make the appropriate choice of
which course to take next, a full-time faculty member
visits each intermediate algebra class in the fall before
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the spring advising period. We have not done this in the
spring; however, we may consider doing so in the future.
We also make a point of discussing the various placement
options on the first day of all MATH 130/150/160/170
classes.

Word of mouth has also been instrumental in getting
students to select the appropriate course. The response
to contemporary mathematics has been overwhelmingly
positive, and consequently many students tell their friends
to take the class.

Program Assessment

Over the last few years our departmental assessment de-
velopment has focused on creating, implementing, and
refining goals, objectives and assessment tools for our
major. We are now at the beginning of a similar process
for our quantitative literacy requirement. The goals are
as stated earlier; we are now working on the assessment
component. All of our courses are assessed both numeri-
cally, using the SIR II forms, and qualitatively, using
a common locally-created form for all undergraduate
courses. This form solicits written answers to a variety of
questions. Some of these are routine questions concerning
issues such as organization, fairness, and overall quality
of teaching, however there are also questions concerning
the stimulation of intellectual curiosity, and the develop-
ment of critical thinking. Some typical responses to these
latter questions are presented at the end of this section.
Our program assessment involves both assessing
each course individually, and also assessing the extent to
which students are enrolled in the appropriate classes.
Tables 1 and 2 show the enrollments in each of our
four alternatives over the years 1993-2003. The years
93-97 have been grouped together and the average taken
over that period. When looking at these tables, it helps to
note that Dominican University has experienced consid-

Table I. Enrollment figures 1993-2002

Academic Fall Math Math Math Math
Year FTE 130 160 170 150
93-97 739 15 16 19
97-98 778 55 17 46 10
98-99 860 42 18 71 39
99-00 919 46 19 79 62
00-01 930 32 14 75 47
01-02 1008 45 14 83 66
02-03 1010 43 12 61 87
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Table 2. Percentage of college algebra level students in
each of MATH 130/150/160/170

Academic Math Math Math Math
Year 130 160 170 150
93-97 29.59 | 32.65 | 37.76 0
97-98 | 42.97 | 13.28 | 35.94 | 7.81
98-99 24.71 | 10.59 | 41.76 | 22.94
99-00 | 22.33 | 9.22 | 38.35] 30.10
00-01 19.05 | 8.33 | 44.64 | 27.98
01-02 21.63 | 6.73 | 39.90 | 31.73
02-03 21.18 | 591 | 30.05 | 42.86

erable growth over the period under consideration, with a
change from 739 FTE’s prior to 1997, to our current 1010
FTE’s. Consequently the numbers must be interpreted in
the context of substantial institutional growth.

The percentage of students enrolling in finite math-
ematics (MATH 170) has remained essentially steady,
falling in 2002, with the number of computer science
and business majors, in reaction to the national economy.
Satisfaction levels seem to be steady over time.

The number of students enrolling in mathematics
for the elementary teacher (MATH 160) has been steady.
The percentage decrease is because the growth in student
numbers has not been matched by an increase in the num-
ber of pre-service elementary teachers. However, student
satisfaction with the course has increased with the greater
focus on the elementary curriculum.

One can see that by far the most dramatic changes
have been the enrollments in contemporary mathemat-
ics and college algebra. The first year that contemporary
mathematics was offered only 10 students (8% of college
algebra level students) enrolled, and there was a surge
in the number of (unhappy) students enrolled in college
algebra (43% of college algebra level students).

There are several possible reasons for this. First,
there is anecdotal evidence that students and advisors
mistakenly assumed that Math 130 must be the easiest
course, as it had the lowest number. Second, contem-
porary mathematics was an unknown, and, therefore,
students may have been reluctant to enroll in it. Third,
students may have been poorly advised by advisors who
were not aware of the changes in our program.

However, in the next two years, one sees the impact
of our promulgation efforts, with a big increase in the
percentage of students in our contemporary mathemat-
ics classes, and a corresponding decrease in our college
algebra classes.
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In terms of student satisfaction, contemporary math-
ematics may be our most successful course. A selection of
student comments from our qualitative assessment tool is
given below.

e This class is fun!

o [ think that it helped me a lot to think in a critical
way.

e [ really dislike math in general but this class has
helped me to understand it, and look at it from a dif-
ferent perspective.

e Since the material in this particular course applied
to everyday situations and problems, I found it very
interesting.

e [t challenged me unlike any other class I have ever
had.

e This course opened up a new world of possibilities
and fine-tuned my critical thinking.

o A few things we did I found myself doing on my own
time. A first for me math-wise.

e This was the first math course that I truly was in-
trigued by.

e [ am not a person who enjoys math but I have found
that this class is actually my favorite class this semes-
ter! I like seeing how math is applied to everyday life
and situations.

The percentage of college algebra students has settled
to around 20%. Now that the audience in college algebra
is primarily students who need to take further mathemat-
ics, the satisfaction levels in this class are back to their
pre-1997 levels.

Qutstanding Issues

Advising

In spite of all our efforts, we still cannot be sure that we are
reaching all advisors. Although we can be fairly sure that
incoming freshmen are advised correctly, many mathe-
matics averse students delay taking their mathematics re-
quirement, often until their senior year, and we cannot be
so confident that their major advisors are well informed.
However, seniors who started at Dominican as freshmen
will usually have learned the appropriate choice by word
of mouth from their peers. Because of the value of the
content of the Quantitative Literacy courses to courses in
their major fields, we believe that all students should take
these courses in their first or second year at Dominican.
We strongly encourage advisors to follow this policy, but
we have no way to enforce it.
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Transfer Students

Placement of transfer students is less straightforward.
While formal times are set up for incoming freshman to
take the placement test, transfer students are handled on a
case-by-case basis. Transfer students who have credit for
a math class at the college level are not currently required
to take the placement test at all. Once at Dominican, these
students only see advisors in their major fields, who are
not the best equipped to handle math placements. A solu-
tion to this problem may be to require all transfer students
to take the placement test and meet with an advisor in the
math department to determine their placement. A solu-
tion would have to be developed to address students who
placed at or below the level of a course for which they
already had college credit.

Another problem for transfer students (and some se-
niors) is that they often have more restrictions in terms of
scheduling, and so may be unable to choose the appropri-
ate course. One partial solution to this would be to offer
an evening section of contemporary mathematics, and we
may do this in the future. (See below for a discussion of
evening classes).

Articulation

The State of Illinois has an articulation agreement requir-
ing acceptance of community college general education
courses such as intermediate algebra, college algebra,
finite mathematics and mathematics for the elementary
school teacher, so these courses transfer in (and out) with-
out difficulty. Unfortunately, we have no way of ensuring
that transferred courses meet the goals that we have es-
tablished for quantitative literacy.

Transfer in and out of credit for contemporary mathe-
matics is not straightforward, and at this point is reviewed
on a case-by-case basis by us and, we believe, by other
schools as well.

Evening Classes

Currently only finite mathematics and college algebra are
offered in the evening, so part-time students taking eve-
ning classes are restricted in their options. Historically,
evening classes have been taught by adjunct faculty, who
may not have the background to teach either of the other
options. The number of elementary education majors does
not justify adding an extra evening section; however, as
mentioned above, we may add an evening section of con-
temporary mathematics. An appropriate instructor for the
latter course would have to be secured, perhaps from the
full time mathematics faculty.
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Conclusions

In 1997, in conjunction with a complete revision of the
general education requirements, the newly-renamed Do-
minican University increased its undergraduate gradua-
tion requirement in mathematics to include a Quantitative
Literacy component and created a new course, contem-
porary mathematics, as one of four courses to fulfill it.
We believe the addition has been a success. After several
years of struggling with advising and proper placements
of students, word of mouth and increasingly well-trained
advisors now place most students in courses in which they
are interested. If the students in math courses at this level
leave the class more interested in and less anxious about
mathematics than when they entered, we consider this a
success. Our qualitative evaluations attest to the fact that
this is happening. In addition, in these courses students
are engaged in mathematics that is applicable outside of
these courses and at a level that they can understand.

Our challenge now is to develop and implement
effective assessment tools for our quantitative literacy
goals.
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Introduction

An intelligent citizen reads a newspaper account of an out-
break of disease in a small community. How can she tell
if the number of those afflicted looms out of proportion to
the expected incidence of disease? A parent must choose
whether or not his child will receive a smallpox vaccine.
How can he evaluate the benefits and the risks of such an
inoculation? An employer asks an employee to develop
a profile of the local population to provide a foundation
for a marketing campaign. How can the employee assess
the significance of distributions of age, race, gender, or
other categories in the population? In order to become
effective citizens, workers, parents, advocates, indeed in
order to perform a great variety of roles, students must
become competent in using and reading quantitative data,
in understanding quantitative evidence and in applying
basic quantitative and mathematical skills so that they
can solve real life problems. Lynn Steen, past president of
the Mathematical Association of America (MAA) notes,
“Quantitatively literate citizens need to know more than
formulas and equations. They need a predisposition to
look at the world through mathematical eyes, to see the
benefits (and risks) of thinking quantitatively about com-
monplace issues, and to approach complex problems with
confidence in the value of careful reasoning. Quantitative
literacy empowers people by giving them tools to think
for themselves, to ask intelligent questions of experts,
and to confront authority confidently. These are skills re-
quired to thrive in the modern world.”

Quantitative understanding, also called numeracy,
is traditionally taught through work in mathematics and
statistics courses, but it can often be learned more effec-
tively through work in courses within the student’s own
major or minor discipline or in the context of courses of
interest to the student. “To be useful for the student, nu-
meracy needs to be learned and used in multiple contexts,
in history and geography, in economics and biology, in
agriculture and culinary arts. Numeracy is not just one
among many subjects but an integral part of all subjects.”
(Steen, 2001)

A program that involves quantitative reasoning
across the disciplines gives students an opportunity to
learn the broad significance and applicability of quantita-
tive reasoning and mathematical skills in the particular
subjects that are meaningful, important, and interesting
to them. In this sense, quantitative reasoning across the
curriculum becomes a partner with writing across the cur-

* This essay is extracted from the longer monograph written by the au-
thors listed in the references above.
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riculum. College teachers have too long heard the com-
plaint, “This is not an English course, why should gram-
mar and style count?”” The writing across the curriculum
movement has sought to address that misunderstanding
on the part of students by demonstrating that writing is
a skill necessary across disciplines and across jobs, re-
sponsibilities, and social roles. Similarly, too many stu-
dents believe that quantitative reasoning comes into play
only in mathematics courses, and that once one fulfills a
math requirement, those pesky numbers will disappear.
Scholars know better; quantitative reasoning enters into
work in fields as diverse as English and biology, history
and physics, theatre and statistics.

If those who teach know that students need to be-
come competent in quantitative reasoning, students must
gain the motivation to achieve that competence. Offering
a student the opportunity to analyze and apply quantita-
tive techniques in the process of studying a subject that
the student cares about sparks such motivation. The stu-
dent has the opportunity to see that her understanding of a
question which engages her will be deepened by applying
quantitative techniques or that her ability to persuade oth-
ers to accept her point of view will be strengthened by the
use of quantitative evidence carefully presented.

Hollins’ General Education Program

In the fall of 1998, the Hollins faculty began to work on a
major overhaul of general education requirements.
Under the leadership of the Vice President for
Academic Affairs and the Academic Affairs Council, the
central curricular body of the university, the Hollins com-
munity worked together to develop a new framework to
define the intellectual perspectives students should en-
gage during their course of study at Hollins, as well as
various skills students should acquire. In particular, our
new general education requirements, Education through
Skills and Perspectives (ESP), allow for foundational
work in the skills areas (writing, oral communication,
quantitative reasoning and information technology) as
needed, and then encourages the melding of skills acqui-
sition within courses designed to introduce students to
various perspectives. (For more details visit our website,
given in the references.) ESP requires that students com-
plete four semester credits in each of seven perspectives:
Aesthetic Analysis, Creative Expression, Ancient and/or
Medieval Worlds, Modern and/or Contemporary Worlds,
Scientific Inquiry, Social and Cultural Diversities, and
Global Systems. In addition, there is a language require-
ment. The Hollins’ faculty approved the ESP program in
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the spring of 2001, and all students entering Hollins since
the fall of 2001 are following this program.

The QR Requirements

Quantitative Reasoning is one of the skill areas in this
new general education program. We have two require-
ments in this area.

The QR Basic Skills Requirement. The QR Basic Skills Re-
quirement is designed to help students gain an understand-
ing of fundamental mathematical skills that are required
for success in quantitative reasoning. The basic skills
requirement can be satisfied by achieving a satisfactory
score on the Quantitative Reasoning Assessment (