
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Visit the National Academies Press online, the authoritative source for all books 
from the National Academy of Sciences, the National Academy of Engineering, 
the Institute of Medicine, and the National Research Council:  
• Download hundreds of free books in PDF 
• Read thousands of books online for free 
• Explore our innovative research tools – try the “Research Dashboard” now! 
• Sign up to be notified when new books are published  
• Purchase printed books and selected PDF files 

 
 
 
Thank you for downloading this PDF.  If you have comments, questions or 
just want more information about the books published by the National 
Academies Press, you may contact our customer service department toll-
free at 888-624-8373, visit us online, or send an email to 
feedback@nap.edu. 
 
 
 
This book plus thousands more are available at http://www.nap.edu. 
 
Copyright  © National Academy of Sciences. All rights reserved. 
Unless otherwise indicated, all materials in this PDF File are copyrighted by the National 
Academy of Sciences.  Distribution, posting, or copying is strictly prohibited without 
written permission of the National Academies Press.  Request reprint permission for this book. 
 

  

ISBN: 0-309-59844-3, 32 pages, 7 x 10,  (1993)

This PDF is available from the National Academies Press at:
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html

We ship printed books within 1 business day; personal PDFs are available immediately.

Measuring What Counts: A Policy Brief 

Mathematical Sciences Education Board, National 
Research Council 

http://www.nap.edu/catalog/2250.html
http://www.nap.edu
http://www.nas.edu/nas
http://www.nae.edu
http://www.iom.edu
http://www.nationalacademies.org/nrc/
http://lab.nap.edu/nap-cgi/dashboard.cgi?isbn=0309049865&act=dashboard
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:feedback@nap.edu
http://www.nap.edu
http://www.nap.edu/v3/makepage.phtml?val1=reprint
http://www.nap.edu/catalog/2250.html


MEASURINGMEASURINGMEASURINGMEASURING    WHATWHATWHATWHAT    COUNTSCOUNTSCOUNTSCOUNTS
A POLICY BRIEF

MATHEMATICAL SCIENCES

EDUCATION BOARD

NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY PRESS
WASHINGTON, DC 1993

i

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Measuring What Counts: A Policy Brief
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html


NATIONAL ACADEMY PRESS 2101 Constitution Avenue, NW Washington, DC 20418

NOTICE: The project that is the subject of this report was approved by the Governing Board of the National Research Council, whose mem-
bers are drawn from the councils of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.
The members of the committee responsible for the report were chosen for their special competences and with regard for appropriate balance.
This report has been reviewed by a group other than the authors according to procedures approved by a Report Review Committee consisting
of members of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine.
The National Research Council was organized by the National Academy of Sciences in 1916 to associate the broad community of science
and technology with the Academy’s purposes of furthering knowledge and advising the federal government. Functioning in accordance with
general policies determined by the Academy, the Council has become the principal operating agency of both the National Academy of Sci-
ences and the National Academy of Engineering in providing services to the government, the public, and the scientific and engineering
communities. The Council is administered jointly by both Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. Robert. M.
White are chairman and vice chairman, respectively, of the National Research Council.
The Mathematical Sciences Education Board was established in 1985 to provide a continuing national capability to assess the status and qual-
ity of education in the mathematical sciences and is concerned with excellence in education for all students at all levels. The Board reports
directly to the Governing Board of the National Research Council.

International Standard Book Number 0-309-04986-5

Copyright 1993 by the National Academy of Sciences. All rights reserved.

Permission for limited reproduction of portions of this policy brief for educational purposes but not for sale may be granted upon receipt of a
written request to the National Academy Press, 2101 Constitution Avenue, NW, Washington, DC 20418.

Copies of the policy brief and the complete report may be purchased from the National Academy Press, 2101 Constitution Avenue, NW, Box
285, Washington, DC 20055. Call 800-624-6242 or 202-334-3313 (in the Washington Metropolitan Area).

Printed in the United States of America

ii

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Measuring What Counts: A Policy Brief
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html


CONTENTS

  Preface  vii

  Mathematics in Today's World  4

  Assessment in Today's World  5

  Assessment in the Service of Education  6

  The Content Principle  8

  The Learning Principle  10

  The Equity Principle  12

  Obstacles and Challenges  13

  Benefits from Improved Assessment  15

  Looking to Tomorrow  16

  Study Group on Guidelines for Mathematics Assessment  19

  MSEB Members  20

The contents of the entire report, from which this policy brief is extracted, are reproduced on pages iv and v.

CONTENTS iii

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Measuring What Counts: A Policy Brief
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html


1 A Vision of School Mathematics 15

Changes in Mathematics and in Mathematics Education 17

What Mathematics Should Be Learned 18

How Mathematics Should Be Taught 21

Who Should Learn Mathematics 23

Current Efforts at Reform 24

2 A Vision of Mathematics Assessment 29

The Role of Assessment in Reform 30

Principles for Assessing Mathematics Learning 32

Educational Principles in Context 34

3 Assessing Important Mathematical Content 41

Designing New Assessment Frameworks 41

Developing New Assessment Tasks 47

Scoring New Assessments 56

Reporting Assessment Results 61

4 Assessing to Support Mathematics Learning 67

Assessment in Support of Learning 69

Assessment in Support of Instruction 78

Assessment in Support of Teachers 83

5 Assessing to Support Equity and Opportunity in Mathematics Learning 91

Developing Assessments to Increase Equity 92

Interpreting Assessment Results 97

Using Assessments to Communicate New Expectations 99

Using Assessment Results to Support Opportunity 104

CONTENTS iv

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Measuring What Counts: A Policy Brief
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html


6 Evaluating Mathematics Assessment 117

The Content Principle 118

The Learning Principle 125

The Equity Principle 129

Generalization 132

Evidence 133

Costs and Benefits 136

Postscript 139

Commissioned Papers 147

Effects of Mandated Testing on Instruction 149

Design Innovations in Measuring Mathematics Achievement 175

Legal and Ethical Issues in Mathematics Assessment 201

Study Group on Guidelines for Mathematics Assessment 225

MSEB Members 226

CONTENTS v

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Measuring What Counts: A Policy Brief
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html


CONTENTS vi

Ab
ou

t t
hi

s 
PD

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 th
e 

or
ig

in
al

 w
or

k 
ha

s 
be

en
 re

co
m

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 fr
om

 th
e 

or
ig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 fr
om

 th
e 

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e 

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Measuring What Counts: A Policy Brief
http://www.nap.edu/catalog/2250.html

http://www.nap.edu/catalog/2250.html


PREFACE

Calls for standards in education have been echoing across the nation for several years, especially since
political leaders of both parties decided to adopt bipartisan national goals for education. Standards without
appropriate means of measuring progress, however, amount to little more than empty rhetoric. To stay the course
and achieve the national goals for education, we must measure the things that really count.

Since 1989 mathematics has led the national movement toward establishing standards for curriculum,
teaching, and assessment, with publication of several significant reports authored by the National Council of
Teachers of Mathematics (NCTM), the National Research Council, and the Mathematical Sciences Education
Board (MSEB). Measuring What Counts further advances this national discussion by establishing crucial
research-based connections between standards and assessment. It demonstrates the importance of three key
principles—on content, learning, and equity—for any program of assessment that aims to support the national
educational goals.

The intent of Measuring What Counts is not to offer immediate practical advice, but to lay out a conceptual
framework that will help those who are struggling with the urgent need to develop new assessments that align
properly with the national standards for mathematics education. Its message is quite simple, but its implications
are profound: Assessment in support of standards must not only measure results, but must also contribute to the
educational process itself.

Experience reveals enormous gaps between current assessment practice and new goals for mathematics
education. It is clear from the recent history of failed reform that when assessment is
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separated from curriculum and instruction, teaching becomes distorted, thus diminishing learning. Experts agree
that for education to be effective, curriculum, instruction, and assessment must harmonize for their mutual
support. Both internal (teacher-based) and external (district-or state-based) assessment must support improved
learning. However, the path from general agreement to specific assessments is far from clear. We are embarking
on a new venture, guided by the principles of content, learning, and equity. Success at this venture will require
years of exploration by thousands of practitioners working with mathematics education specialists and
measurement experts to achieve a more effective balance of assessment in practice. It will also require leadership
and support from policymakers at every level of government.

All reform is evolutionary. As society changes, the targets and goals for education change. Assessment is
our primary tool for monitoring progress and making midcourse corrections. The principles of assessment set
forth in Measuring What Counts provide a solid conceptual basis for current efforts to improve assessment and
lay the groundwork for more detailed assessment standards to be published by the NCTM.

This policy brief is based on a lengthier report, Measuring What Counts: A Conceptual Guide for
Mathematics Assessment, which was developed by National Research Council's Study Group on Mathematics
Assessment over a period of two years. Members of the study group faced many significant hurdles posed by
their differing professional perspectives, by the rapidly changing context of educational assessment, and by the
challenges posed by the new Standards for school mathematics. We owe each of them a special thanks for
persisting in this formidable task to reach consensus on the key principles enunciated in the two reports.

We are indebted as well to authors of the three commissioned papers published with the full volume, to
provide additional background on several core issues addressed by the study group.

Like all reports of the National Research Council, the policy brief and the full volume of Measuring What
Counts were extensively reviewed—first by outside experts in early draft form, then by the MSEB Committee on
Policy Studies at several key stages, and, at the final stage, under the careful protocol of the NRC's Report Review
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MEASURING WHAT COUNTS

1
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COMMON ASSESSMENT MYTHS

The mathematics for the talented few myth that only students with special talent can learn the kind
of mathematics required to meet new performance standards. New standards call for all students to learn
important and challenging mathematics. The prevailing public belief is that only some are capable of
meeting this expectation. Yet from elementary school to college, challenging mathematics classes are
emerging all across the country that reduce drop-out rates and, more importantly, record significant gains
by students from traditionally underrepresented groups. Such programs invalidate the myth that only a
talented few can learn important mathematics.

The arithmetic myth that mathematics is synonymous with the facts and procedures of arithmetic.
Mathematics is much more than arithmetic. It is finding, making, and describing patterns. It is constructing
mathematical models for both practical and theoretical situations, using technology when appropriate. It is
representing and reasoning about quantities and shapes. It is devising and solving challenging problems
and justifying and communicating about the solutions. Students today need to learn and be assessed on all
of these ways of knowing and doing mathematics.

The ground rules myth that changing methods of assessment is unfair to students who are doing well
or showing improvement on the traditional choose-the-right-answer approach to assessment. In fact, doing
well or doing better by old standards is no longer good enough. Current assessment misleads us about
how much important mathematics is deeply understood by even high achievers. Current assessment
provides little or no information about whether students have developed the skills and concepts they need
to live and work in the twenty-first century. Nothing could be fairer than to hold students to the new high
levels of performance they will need as adults.

The high risk myth that new assessments ignore important, time-honored measurement criteria for
evaluating assessments. Neither mathematics educators nor measurement experts are proceeding alone in
assessment reform. In recent years, there has been increased collaboration and cross-fertilization between
the two fields on how this might be accomplished. As a result, the educational principles that mathematics
educators have articulated and the new technical criteria that measurement experts have proposed are
mutually supportive.

The expense myth that new assessments are just too costly to be realistic for a nation such as the
United States with its commitment to universal education. The direct costs will be higher than those
associated with traditional testing, but so are the benefits. The ''true benefit'' of an assessment depends on
more than dollars and cents. Time spent on high-quality mathematics assessment is time well spent
because such assessments function as part of the learning process. The U.S. cannot afford the cost of any
assessment that might work against current goals in mathematics education, no matter what its price tag.

The magic bullet myth that mathematics assessment reform, as embodied in three principles, will be
a panacea for the many ills that plague education. Nothing could be further from the truth. Educational
reform depends on much more than changing assessment. Efforts to reform school mathematics must
proceed along three lines: revitalizing the curriculum, redesigning the professional development of
teachers, and reconceptualizing the assessment of learning. Teachers are the central agents for changing
school mathematics, and they, in particular, will need continuing support and adequate resources to make
the necessary transformations.
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POLICY BRIEF

"You can't fatten a hog by weighing it." So said a farmer to a governor at a public hearing in order to
explain in plain language the dilemma of educational assessment. To be useful to society, assessment must
advance education, not merely record its status.

Assessment is a way of measuring what students know and of expressing what students should learn. As the
role of mathematics in society has changed, so mathematics education is changing, based on new national
standards for curriculum and instruction. Mathematics assessment must also change to ensure consistency with
the goals of education.

Three fundamental educational principles form the foundation of all assessment that supports effective
education:

Assessment is a way of measuring what students know and of expressing what students should learn.

The Content Principle

Assessment should reflect the mathematics that is most important for students to learn.

The Learning Principle

Assessment should enhance mathematics learning and support good instructional practice.

The Equity Principle

Assessment should support every student's opportunity to learn important mathematics.

Despite their benign appearance, these principles contain the seeds of revolution. Few assessments given to
students in America today reflect any of these vital principles. For educational
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reform to succeed, the yardsticks of progress must be rooted in the principles of content, learning, and equity.

MATHEMATICS: THE FLAGSHIP FOR STANDARDS

Measuring What Counts fits naturally into the continuing efforts by the American mathematics
community to improve mathematics education. In 1989, the National Council of Teachers of Mathematics
released its first standards volume, entitled Curriculum and Evaluation Standards for School Mathematics,
in a planned release precisely two months after publication by the Mathematical Sciences Education Board
(MSEB) of Everybody Counts, a "report to the nation on the future of mathematics education." This was
followed in 1990 by the MSEB report Reshaping School Mathematics and in 1991 by the second NCTM
standards volume, Professional Standards for Teaching Mathematics. These volumes on curriculum and
instruction were followed by Measuring Up (MSEB, 1993) in which 13 examples of fourth grade tasks for
mathematics assessment offer educators and policymakers a glimpse of how new assessment could
support standards-based education.

Measuring What Counts heralds the next major thrust of the standards movement in mathematics
education. It sets forth principles upon which assessments must be constructed if they are to serve
educational purposes. These principles form the basis for the third volume of the NCTM standards series,
on assessment, which will be published in 1995. The mathematics community's standards development
work is recognized as the model for reform in other academic disciplines, from history to the sciences.

Measuring What Counts has two primary purposes: to put assessment in the context of broader
mathematics reform efforts and to establish educational principles for mathematics assessment. The report
was developed by a broad cross section of mathematicians, academics, and educators under the direction
of the Mathematical Sciences Education Board of the National Research Council. This policy brief
summarizes the salient points of the full report, which is available from the National Academy Press, and
describes what changes in assessment reform will mean for a variety of different audiences.

MATHEMATICS IN TODAY'S WORLD

The pressures to change mathematics education reflect society's disappointment with the lack of interest and
accomplishment of so many students in today's schools. In the background of public debate is the steady
criticism that school mathematics is out of step with today's world and is neither well taught nor well learned.

Unfortunately, these pressures often suggest inconsistent courses of action, with standards-based curriculum
and instruction moving in one direction while mandated tests remain aimed in another direction, at an older,
more traditional target. Too often, teachers are caught in the middle. To be effective, mathematics education
must be rooted in the practice of mathematics, in the art of teaching, and in the needs of society. These pivotal
forces drive the current movement to improve mathematics education:
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•   A more comprehensive view of mathematics and its role in society: mathematics is no longer just a
prerequisite subject for prospective scientists and engineers but is a fundamental aspect of literacy for
the twenty-first century.

•   A recommitment to the traditional wisdom that mathematics must be made meaningful to students if it
is to be learned, retained, and used.

•   The growing recognition that in this technological era, all students should learn more and better
mathematics.

MATHEMATICS FOR LIFE

Because Americans do not know enough mathematics, they are at a disadvantage in a modern world
where making many decisions requires mathematical proficiency. We encounter mathematics in every
corner of our lives. Graphs, charts, and statistical data appear on television and in newspapers. Results of
opinion polls are reported with margins of error. Banks, credit card companies, insurance companies, and
other financial services advertise varying rates, both for investment returns and finance charges.

The complexity of the modern workplace requires employees who can think, who can adapt to
changing circumstances, and who can cooperate with co-workers to solve unexpected problems. These
skills are important if American businesses are to be competitive in a rapidly changing international
environment.

The complexity of modern life also requires us to reason with numbers and interpret graphs, maps and
diagrams. Although computers perform ordinary tasks, they do not eliminate the need to understand ideas.
Any home buyer ought to understand how interest rates operate even if a computer performs the
computations. Likewise, anyone building a structure or redecorating a room should understand how to read
and prepare scale drawings.

Mathematics also plays a major role in how people make informed social decisions. With so much
information today presented in graphics or as survey results, it is critical for Americans to know the correct
way to draw accurate conclusions from data.

ASSESSMENT IN TODAY'S WORLD

Assessment is the guidance system of education just as standards are the guidance system of reform.
Assessment helps teachers and parents determine what students know and what they need to learn. It can play a
powerful role in conveying clearly and directly how well students are learning and how well school systems are
responding to the national call for higher education standards.

At its root, assessment is a communication process that tells students, teachers, parents, and policymakers
some things—but not
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everything—about what students have learned. Assessment provides information that can be used to award
grades, to evaluate a curriculum, or to decide whether to review fractions. Internal assessment communicates to
teachers critical aspects of their students' performance, helping them to adjust their instructional techniques
accordingly. External assessment provides information about mathematics programs to parents, state and local
education agencies, funding bodies, and policymakers.

Assessment can be the engine that propels reform forward, but only if education rather than measurement is the
driving force.

Many reformers see assessment as much more than an educational report card. Assessment can be the
engine that propels reform forward, but only if we make education rather than measurement the driving force in
the development of new assessments. By setting a public and highly visible target to which all can aspire,
assessment can inform students, parents, and teachers about the real performance-based meaning of curriculum
guidelines. Assessments not only measure what students know but provide concrete illustrations of the important
goals to which students and teachers can aspire.

ASSESSMENT IN THE SERVICE OF EDUCATION

Improved assessment is required to complement and support the changes under way in mathematics
education: both in the kinds of mathematics that are taught and in the ways in which they are taught. As such,
assessment is an integral part of an interlocking triad of reforms along with curriculum and professional
development of teachers. Because assessment is key to determining what students learn and how teachers teach,
it must be reshaped in a manner consistent with the new vision of teaching and learning.

Students learn important mathematics when they use mathematics in relevant contexts in ways that require
them to apply what they know and extend their thinking. Students think when they are learning and they learn
when they are thinking. Good teachers have long recognized that mathematics comes alive for students when it is
learned through experiences they find meaningful and valuable. Students learn best and most enduringly by
engaging mathematics actively, by reflecting on their experience, and by communicating with others about it.
Students want to make sense of the world, and mathematics is a wonderful tool to use in this eternal quest.
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Because teamwork is important on the job and in the home, mathematics students learn important lessons
when they work in teams, combining their knowledge and discovering new ways of solving problems. Often
there is no single right answer, only several possibilities that unfold into new questions. Students need
opportunities to advance hypotheses, to construct mathematical models, and to test their inferences by using the
mathematics of estimation and uncertainty alongside more traditional techniques of school mathematics. Hand-
held graphing calculators allow, for the first time, thorough exploration of complex, real-life problems.
Computational impediments need no longer block the development of problem-solving or mathematical
modeling skills.

Educational assessment has been driven largely by practical and technical concerns rather than by educational
priorities.

This new vision of learning and teaching is now being tried in some classrooms across the country. Current
assessment does not support this vision and often works against it. For decades, educational assessment in the
United States has been driven largely by practical and technical concerns rather than by educational priorities.
Testing as we know it today arose because very efficient methods were found for assessing large numbers of
people at low cost. A premium was placed on assessments that were easily administered and that made frugal use
of resources. The constraints of efficiency meant that mathematics assessment tasks could not tap a student's
ability to estimate the answer to an arithmetic calculation, construct a geometric figure, use a calculator or ruler,
or produce a complex deductive argument.

A narrow focus on technical criteria—primarily reliability— also worked against good assessment. For too
long, reliability meant that examinations composed of a small number of complex problems were devalued in
favor of tests made up of many short items. Students were asked to perform large numbers of smaller tasks, each
eliciting information on one facet of their understanding, rather than to engage in complex problem solving or
modeling, the mathematics that is most important.

In the absence of expressly articulated educational principles to guide assessment, technical and practical
criteria have become de facto ruling principles. The content, learning, and equity principles are proposed not to
challenge the importance of these criteria, but to challenge their dominance and to strike a better balance
between educational and measurement concerns. An increased emphasis on
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validity—with its attention to fidelity between assessments, high-quality curriculum and instruction, and
consequences—is the tool by which the necessary balance can be achieved.

In some ways, test developers do acknowledge the importance of curricular and educational issues.
However, their concern is usually about coverage, so they design tests by following check-off lists of
mathematical topics (e.g., fractions, single-digit multiplication). This way of determining test content matched
fairly well the old vision of mathematics instruction. In this view you could look at little pieces of learning, add
them up, and get the big picture of how well someone knew mathematics.

MATHEMATICS AS LANGUAGE

Assessment in writing provides a good analogy for assessment in mathematics. We would not
accomplish much if we tried to measure writing skills by testing only grammar, spelling, and vocabulary. To
assess writing, teachers must ask their students to actually write: sentences, paragraphs, essays.
Moreover, when we test children by having them actually write, teachers tend to focus instruction on the
substantive facets of writing rather than only on the mechanics. Similarly, in mathematics, we should
assess children by asking them to engage in real mathematics—to solve problems, make conjectures,
formulate convincing arguments.

Assessment should reflect the mathematics that is most important for students to learn.

Today we recognize that students must learn to reason, create models, prove theorems, and argue points of
view. Assessments must reflect this recognition by adhering to the three principles of content, learning and
equity. You cannot get at this kind of deep understanding and use of mathematics by examining little pieces of
learning. Assessments that are appropriately rich in breadth and depth provide opportunities for students to
demonstrate their deep mathematical understanding. Mathematics education and mathematics assessment must
be guided by a common vision.

THE CONTENT PRINCIPLE

Any assessment of mathematics learning should first and foremost be anchored in important mathematics.
Assessment should do much more than test discrete procedural skills so typical of today's topic-by-process
frameworks for formal assessments. Many current assessments distort mathematical reality by presenting
mathematics as a set of isolated, disconnected fragments, facts, and procedures. The goal ought to be assessment
tasks that elicit student work on the meaning, process, and uses of mathematics.
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A Mosaic Problem

Tri-Tex Corporation has the following logo. It's going to put a large-scale
mosaic of the logo on the side of its corporate headquarters building.

A 2' × 2' scale model of the logo
uses:

144 yellow tile pieces
144 blue tile pieces
288 red tile pieces

When the logo is placed on the side of the building it will also have a border that consists of a single band of
long black tiles. It takes 40 of the black tiles to make a border for the 2' × 2' scale model.

• How many tiles of each color will the purchasing department have to order if the full-scale mosaic is 4' × 4'?
What if it's 6' × 6'?

• Tri-Tex's president says he'll decide later just how big the mosaic will be, but he wants everything set up in
advance so the purchasing department can send out the order as soon as he makes up his mind. Your job is
to write a two-part memo to the purchasing department.

(a) In part I of the memo, tell how the purchasing department can do a simple calculation to find out how
many yellow, blue, red, and black tiles they need to purchase, for any size design. The instructions should be
as simple and direct as possible.

(b) In part 2 of the memo, explain how you arrived at the answer you did, so the people in the purchasing
department can understand why your instructions give the right answer.

Important mathematics must shape and define the content of assessment. Appropriate tasks emphasize
connections within mathematics, embed mathematics in relevant external contexts, require students to
communicate clearly their mathematical thinking, and promote facility in solving nonroutine problems.
Considerations of connections, communication, and nonroutine problems raise many thorny issues that
testmakers and teachers are only beginning to explore. However, these considerations are essential if students are
to meet the new expectations of mathematics education standards.

The content principle has profound implications for those who design, score, and use mathematics
assessments. Many of the assessments used today, such as standardized multiple-choice tests, have reinforced the
view that the mathematics curriculum should be constructed from lists of narrow, isolated skills that can be
easily disassembled for appraisal. The new vision of school mathematics requires a curriculum and matching
assessment that is both broader and more integrated.
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Rather than forcing mathematics to fit assessment, assessment must be tailored to the mathematics that is
important to learn.

The mathematics in an assessment must never be distorted or trivialized for the convenience of assessment.
Assessment should emphasize problem solving, thinking, and reasoning. In assessment as in curriculum
activities, students should build models that connect mathematics to complex, real-world situations and regularly
formulate problems on their own, not just solve those structured by others. Rather than forcing mathematics to fit
assessment, assessment must be tailored to the mathematics that is important to learn.

Implications of the content principle extend as well to the scoring and reporting of assessments. New
assessments will require new kinds of scoring guides and ways of reporting student performance that more
accurately reflect the richness and diversity of mathematical learning than do the typical single-number scores of
today.

THE LEARNING PRINCIPLE

To be effective as part of the educational process, assessment should be seen as an integral part of learning
and teaching rather than as the culmination of the process. Time spent on assessment will then contribute to the
goal of improving the mathematics learning of all students.

Assessment should enhance mathematics learning and support good instructional practice.

If assessment is going to support learning, then assessment tasks must provide genuine opportunities for all
students to learn significant mathematics. Too often a sharp line has been drawn between assessment and
instruction. Teachers teach, then instruction stops and assessment occurs. In the past, for example, students'
learning was often viewed as a passive process whereby students remember what teachers tell them to remember.
Consistent with this view, assessment has often been thought of as the end of learning. The student is assessed on
material learned previously to see if her or she remembers it. Earlier conceptions of the mathematics curriculum
as a collection of fragmented knowledge led to assessment that reinforced the use of memorization as a principal
learning strategy.

Today we recognize that students make their own mathematics learning individually meaningful. Learning
is a process of continually restructuring prior knowledge, not just adding to it. Good education provides
opportunities for students to connect what is being learned to prior knowledge. Students know mathematics if
they have developed the structures and meanings of the content for themselves.
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If assessment is going to support good instructional practice, then assessment and instruction must be better
integrated than is commonly the case today. Assessment must enable students to construct new knowledge from
what they know. The best way to provide opportunities for the construction of mathematical knowledge is
through assessment tasks that resemble learning tasks in that they promote strategies such as analyzing data,
drawing contrasts, and making connections. This can be done, for example, by basing assessment on a portfolio
of work that the student has done as part of the regular instructional program, by integrating the use of scoring
guides into instruction so that students will begin to internalize the standards against which the work will be
evaluated, or by using two-stage testing in which students have an extended opportunity to revise their initial
responses to an assessment task.

Assessment tasks must provide genuine opportunities for all students to learn significant mathematics.

Not only should all students learn some mathematics from assessment tasks, but the results should yield
information that can be used to improve students' access to subsequent mathematical knowledge. The results
must be timely and clearly communicated to students, teachers, and parents. School time is precious. When
students are not informed of their errors and misconceptions, let alone helped to correct them, the assessment
may both reinforce misunderstandings and waste valuable instructional time.

INTEGRATING ASSESSMENT AND INSTRUCTION

The Pacesetter™ project, currently under development by the College Board, seeks to integrate
assessment activities and instruction in a new capstone high school mathematics course. Teachers assist
students through case studies of applications of mathematics to problems in industrial design, inventions,
economics, demographics, and other areas. Throughout the activities, students answer questions about the
models they construct and write them up in a portfolio. Pacesetter also includes methods to certify that
students have met the course's goals. Even though Pacesetter has not been fully evaluated, the project
shows that assessment can be integrated into instruction in a variety of ways including

•   responses to open-ended questions, problems, and tasks;
•   projects that take several days or weeks;
•   portfolios of mathematical products;
•   writing intended to express mathematical ideas;
•   demonstrations, including some computer models;
•   presentations, discussions, and debates;
•   investigations and research-type explorations; and
•   models and simulations.

When the line between assessment and instruction is blurred, students can engage in mathematical tasks that
not only are meaningful and contribute to learning, but also yield information the
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student, the teacher, and perhaps others can use. In fact, an oft-stated goal of reform efforts in mathematics
education is that visitors to classrooms will be unable to distinguish instructional activities from assessment
activities.

THE EQUITY PRINCIPLE

The idea that some students can learn mathematics and others cannot must end; mathematics is not reserved
for the talented few, but is required of all to live and work in the twenty-first century. Assessment should be used
to determine what students have learned and what they still need to learn to use mathematics well. It should not
be used to filter students out of educational opportunity.

Assessment should support every student's opportunity to learn important mathematics.

Designing assessments to enhance equity will require conscientious rethinking not just of what we assess
and how we do it but also of how different individuals and groups are affected by assessment design and
procedures. The challenge posed by the equity principle is to devise tasks with sufficient flexibility to give
students a sense of accomplishment, to challenge the upper reaches of every student's mathematical
understanding, and to provide a window on each student's mathematical thinking.

Some design strategies are critical to meeting this challenge, particularly permitting students multiple entry
and exit points in assessment tasks and allowing students to respond in ways that reflect different levels of
mathematics knowledge or sophistication. But there are no guarantees that new assessments will be fairer to
every student, that every student will perform better on new assessments, or that differences between ethnic,
linguistic, and socioeconomic groups will disappear. While this is the hope of the educational reform
community, it seems clear that hope must be balanced by a spirit of empiricism: there is much more to be learned
about how changes in assessment will affect longstanding group differences.

Equity implies that every student must have an opportunity to learn the important mathematics that is
assessed. Obviously, students who have experience reflecting on the mathematics they are learning, presenting
and defending their ideas, or organizing, executing, and reporting on a complex piece of work will have an
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advantage when called upon to do so in an assessment situation. Especially when assessments are used to make
high-stakes decisions on matters such as graduation and promotion, the equity principle requires that students be
guaranteed certain basic safeguards. Students cannot be assessed fairly on mathematics content that they have
not had an opportunity to learn.

Assessments can contribute to students' opportunities to learn important mathematics only if they are based
on standards that reflect high expectations for all students. There can be no equity in assessment as long as
excellence is not demanded of all. If we want excellence, the level of expectation must be set high enough so
that, with effort and good instruction, every student will learn important mathematics.

We have much to learn about how to maintain uniformly high performance standards while allowing for
assessment approaches that are tailored to diverse backgrounds. Uniform application of standards to a diverse set
of tasks and responses poses an enormous challenge that we do not yet know how to do fairly and effectively.
Nonetheless, the challenge is surely worth accepting.

Students cannot be assessed fairly on mathematics content that they have not had an opportunity to learn.

OBSTACLES AND CHALLENGES

The boldness of our vision for mathematics assessment should not blind us to either the obstacles educators
will face or the limitations on resources we possess for making it come about. Even if new assessments were to
magically appear and be implemented across the nation, many substantial problems will remain. Examples of
important, unresolved issues abound:

•   Open-ended problems are not necessarily better than well-defined tasks. The mere labels ''performance
assessment'' and "open ended" do not guarantee that a task meets sound educational principles. For
example, open-ended problems can be interesting and engaging but mathematically trivial. Performance
tasks can be realistic and mathematically appropriate but out of harmony with certain students' cultural
backgrounds.

•   The equity principle implies that students must be provided an opportunity to learn the mathematics that
is assessed and that schools must be held to "school delivery
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standards" to ensure that students are provided with appropriate preparation, particularly for any high-
stakes assessment. However, many would argue that past remedies designed to improve schools often
failed precisely because the emphasis was placed on the resources schools should provide rather than
the outcomes that schools should achieve.

•   The equity principle also requires some consideration of consequences for schools of the way
assessments are used. Fair inferences can be drawn and comparisons can be made only when
assessment data include information on the nature of the students served by the school, students'
opportunities to learn the mathematics assessed, and the adequacy of resources available to the school.
Assessments based only on partial data—typically outcome scores on basic skills—can seriously
mislead the public about how schools are performing and how to improve them.

•   On the job and in the real world, knowledge is frequently constructed and validated in group settings
rather than through individual exploration. Mathematics is no exception: learning and performance are
frequently improved in group settings. Hence assessment of learning must reflect the value of group
interaction. The challenge of fairly appraising an individual's contribution to group efforts is immense,
posing unresolved problems both for industry and education.

Our Vision For Mathematics Assessment Should Not Blind Us To The Obstacles That Must Be Overcome.

•   New performance-based assessments introduce significant challenges both for the mathematical
expertise of those who score assessments and for the guidelines used in scoring. Problem solving
legitimately may involve some false starts or blind alleys; students whose work includes such things are
doing important mathematics and their grades need to communicate this in an appropriate fashion. All
graders must be alert to the unconventional, unexpected answer that, in fact, may contain insights that
the assessor had not anticipated. Of course, the greater the chances of unanticipated responses, the
greater the mathematical sophistication needed by those grading the tasks.
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•   As assessments become more complex and more connected to real-world tasks, there is a greater chance
that the underlying assumptions and points of view may not apply equally to all students, particularly
when differences in background and instructional histories are involved. Despite good intentions and
best efforts to make new assessments fairer to all students than traditional forms of testing, preliminary
research does not confirm the corollary expectation that group differences in achievement will diminish.
Indeed, recent studies suggest that differences may be magnified when performance assessment tasks
are used.

•  Teachers are a fundamental key to assessment reform. As evaluation of student achievement moves
away from short-answer recall of facts and algorithms, teachers will have to become skilled in using
and interpreting new forms of assessment. As a result, teachers' professional development—at both the
preservice and inservice levels—will become increasingly important.

•   To the extent that communication is a part of mathematics, differences in communication skill must be
seen as differences in mathematical power. To what extent are differences in ability to communicate to
be considered legitimate differences in mathematical power?

•   Current assessment frameworks, derived as they were from a measurement-based tradition largely
divorced from mathematics itself, rarely conform to the principles of content, learning, and equity.
Today's mathematics reveals the paramount importance of interconnections among mathematical topics
and of connections between mathematics and other domains. Much assessment tradition, however, is
based on an atomistic approach that hides connections both within mathematics and among
mathematical and other domains.

BENEFITS FROM IMPROVED ASSESSMENT

Assessment based on the principles of content, learning, and equity are already being tested in numerous
schools and jurisdictions
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in the United States. It is clear already that despite obstacles and challenges, many benefits accrue even beyond
the central goal of improved assessment.

Assessments represent an unparalleled tool for communicating the goals and substance of mathematics education
reform to various stakeholders.

Assessments represent an unparalleled tool for communicating the goals and substance of mathematics
education reform to various stakeholders. Assessments make the goals for mathematics learning real to students,
teachers, parents, policymakers, and the general public, all of whom need to understand clearly where
mathematics reform will take America's children and why they should support the effort. Assessments can be
enormously helpful in this re-education campaign, especially if the context and rationale for various tasks are
explained in terms that the public can understand.

Improved assessment can lead to improved instruction. Assessment can play a key role in exemplifying the
new types of mathematics learning students must achieve. Assessments can indicate to students not only what
they should learn but also the criteria that will be used in judging their performance. For example, a classroom
discussion of an assessment in which students grade some (perhaps fictional) work provides a purely
instructional use of an assessment device. The goal is not to teach answers to questions that are likely to arise,
but to engage students in thinking about performance expectations.

Assessment can also be a powerful tool for professional development as teachers work together to
understand new expectations and synchronize their expectations and grades. Teachers are rich sources of
information about their students. With training on methods of scoring new assessments, teachers can become
even better judges of student performance.

LOOKING TO TOMORROW

Improved assessment is not a panacea for the problems in mathematics education. Our findings neither
diminish nor reject important, time-honored measurement criteria for evaluating assessment; nor do they suggest
that changes in assessment alone will bring about education reform. Clearly, they will not.

What we can say with assurance is that if old assessments remain in use, new curriculum and teaching
methods will have little
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impact. Moreover, if new assessments are used as inappropriately as some old assessments, little good will come
of changes in assessment.

Although The Necessary Change In Mathematics Assessment Will Be Neither Swift Nor Straightforward, We
Cannot Afford To Wait Until All Questions Are Resolved.

It will take courage and vision to stay the course. As changes in curriculum and assessment begin to
infiltrate the many jurisdictions of the U.S. educational system, these changes will at the outset increase the
likelihood of mismatches among the key components of education: curriculum, teaching, and assessment. It is
not unlikely that performance will decline initially if assessment reform is not tightly aligned with reform in
curriculum and teaching.

Mathematics education is entering a period of transition in which there will be considerable exploration.
Inevitably there will be both successes and failures. No one can determine in advance the full shape of the
emerging assessments. Mathematics education is in this respect an experimental science, in which careful
observers learn as much from failure—and from the unexpected—as from anticipated success. The necessary
change will be neither swift nor straightforward. Nevertheless, we cannot afford to wait until all questions are
resolved. It is time to put educational principles at the forefront of mathematics assessment.
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NEW ROLES

Like any change in the fundamental way something gets done, the initial adjustment will require work.
In no time, people will grow accustomed to their new roles. Soon they will wonder how they got by in the
past.

... for Students
Students will learn to work in teams, to solve problems both individually and collectively, and to

approach tasks with creativity and precision. In short, they will learn to think, and they will expect to
demonstrate what they have learned on tests and assessment tasks. By learning more and understanding
better, students will have an easier time showing their teachers what they have mastered and where they
need more assistance.

... for Parents
Parents are the most influential advocates for improved mathematics assessment. It is their job to

monitor the improvements their children make and then let school boards, administrators, and legislators
know their feelings. Part of their challenge will be to relearn mathematics with their children. Mathematics is
not just about calculations; but that is what was drilled into the heads of today's adults. It will take
perseverance and patience, because parents may no longer recognize their children's homework.

... for Teachers
Teachers will have to carry the major burden, because there is simply no way to reduce the time it

takes to analyze each child's unique approach to solving a mathematical problem. Teachers will have to
devote more time to assessment as part of improved education. Their roles will change from the
authoritarian master who transmits knowledge to an intellectual coach encouraging active exploration. In
this new role teachers will exercise greater discretion in selecting, administering, and interpreting
assessments.

... for Administrators
School administrators are on the front line when any educational change is introduced. They hear

praise and complaints from all directions. Their role is pivotal, in communicating the ideas embodied in the
educational principles of assessment—content, learning, and equity—to parents, teachers, and students.
Administrators also bear responsibility for implementing policy and legislative mandates. They can help
legislators involved in school reform understand the implications of proposed changes in assessment for
the quality of learning and teaching. They also can ensure that the assessments they select meet
appropriate criteria.

... for Test Developers
Like teachers, those who develop assessments will have more responsibilities. Although multiple-

choice tests will not disappear, other types of assessments will require different approaches to
development and evaluation. In particular, developers will need to know much more mathematics and will
need to use more creativity in developing assessment tasks.

... for Policymakers
Legislators and other policy leaders often set the constraints within which teachers, assessment

developers and school administrators work in matters of assessment. They play a very critical role in
ensuring that assessment-based accountability programs do not undermine the goals of educational
reform. After all, legislators decreed that students would need to meet minimum competency standards for
graduation and promotion. Legislators and other policy leaders make decisions about the levels of
resources that will be put into assessment programs and other aspects of reform. They need to understand
the essential linkage of standards for content, for teaching, and for assessment.
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