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The Calculus of School Reform 
Despite years of effort and hundreds of millions of dollars, there's scant evidence that the movement to 
reform U.S. mathematics and science education has significantly improved student learning. Why not? 

Seven years ago, elementary school teacher 
Allyson Glass was a self-described math pho- 
bic. A former physical education teacher in 
her second year of teaching third grade, she 
relied entirely on a standard math textbook 
and spent only the prescribed t i m e a b o u t  1 
hour a day-teaching the subject. But after 
a two-summer fellowship studying how to 
improve math and science teaching, she 
says she was "totally transformed." Even 
during history les- 
sons, her students 
at Benjamin Frank- 
lin Elementary in 
Meriden, Connec- 
ticut, use math to 
study the geomet- 
ric patterns in a 
quilt from colonial 
times. "The kids 
know they can't 
get away from a les- 
son without doing 
some math," she 
says. But they don't 
seem to mind- 
most of her stu- 
dents say it's their 
favorite subject. 

What's hap- 
pening in Glass's 
classroom is being 
repeated this fall 
in thousands of 

to develop standards-based curriculum mate- 
rials in mathematics and science. 

The push is coming from the top: Presi- 
dent Clinton has made a cornerstone of his 
second Administration the goal that U.S. 
students will be first in the world in math and 
science by 2000. And it's a rare Clinton 
speech that omits mention of his proposal for 
a voluntary national test-of reading in the 
fourth grade and of mathematics in grade 

bedrock conviction that local communities 
should control what their kids learn. Indeed, 
in some places, battles between proponents 
and opponents of math reform have left the 
movement in disarray (see sidebar on p. 1 194). 
A debate is also heating up at the national 
level as powerful critics attack the notion of 
national standards as an unwanted incursion 
into local control. For example, Representa- 
tive William Goodling (R-PA), chair of the 

schools across the United States, as a move- 
ment to implement national educational 
standards in math and science takes hold. The 
movement dates back at least to 1989, when 
the National Council of Teachers of Math- 
ematics (NCTM) issued guidelines on what 
students should know at various grade levels. 
In 1993, the American Association for the 
Advancement of Science (AAAS), which 
publishes Science, issued a set of benchmarks 
for science, math and technology education. 
Two years later, the National Research Coun- 
cil (NRC) followed suit with similar stan- 
dards for science. Now, educators are revising 
teacher training, curricula, and assessment 
practices in an attempt to meet these or simi- 
lar guidelines, which call for a new approach 
to teaching, with more hands-on learning 
leading to a deeper understanding of the sub- 
jects. The National Science Foundation 
(NSF) has also poured $25 million a year 
since 1990 into more than a dozen programs 

eight-that will allow parents and teachers 
to chart their children's progress. 

Yet, for all this ferment, the effort to 
implement math and science standards has 
been a slow and, at times, frustrating experi- 
ence. The results speak volumes about the 
difficulties of reforming an educational system 
run by thousands of independent school dis- 
tricts. Although scores on some tests have 
improved nationally, significant gains in stu- 
dent achievement remain, for the most part, 
elusive. One major hindrance is the vast num- 
ber of teachers who took few math or science 
courses in college and, unlike Allyson Glass, 
have had no additional training in the new 
world of standards-based education. Progress 
is also slowed by textbook publishers reluctant 
to make real changes in their products and by 
the continued emphasis on standardized tests 
that measure only proficiency with basic facts. 

The standards-setting movement has also 
stirred up political passions that underlie the 

promised land of standards-based learning. 
Yet many educators take some comfort from 
the fact that, difficult as it is, change is at least 
occurring throughout the vast and frag- 
mented U.S. education enterprise. "Con- 
sidering where American education was [in 
the late 1980~1, there has been remarkable 
progress," says education professor David 
Cohen of the University of Michigan, Ann 
Arbor. "But, considering where American 
education was, it would be really good if 
there had been more progress." 

Whose standards? 
The NCTM, AAAS, and NRC guidelines are 
often billed as national standards, and educa- 
tors say they have had widespread impact. 
'The NCTM standards have definitely been 
used as an important resource document in 
virtually every state," says Gordon Ambach, 
executive director of the Council of Chief 
State School Officers (CCSSO) in Washing- 
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pecial Needs of Science 

of the nation's schools. 

Sciences issued the National Science Education Standards. While the take out of their lesson plans. That's a rn-- 
documents are compatible, say most educators, there are enough everyone agrees, than deciding what to put 



California Spars Over Math Reform 

tion organizations could have a tough time finding a permanent constitute the majoriry on the panels that are drafting both the 
home in U.S. classrooms. new content and performance standards and the 1998 framework. 

In the late 1980s and early 1990s, California was seen as a shirung Supporters of the 1992 framework fear that the new version 
example of how to implement standards-based reform. And because will abandon a cornerstone of reform: namely, that all students- 
the state buys 12% of the nation's textbooks, what was happening in not just those pegged as gifted--should be able to understand 

tical reasoning in addition to knowing the basic facts. 
mpts to be bold and visionary have been cast as the only 

about," says Shelley Ferguson, an elementary school 
Diego who has been involved in the reform pro- 
been taken to the nth degree in an effort to 

Legislature speeds up 
to problems in their daily lives. The primary vehicle for change revision of guidelines; t 

was the state's cumculum h e w o r k ,  which guides local school antireform activists . . 
named to panel 

New performance 

, based Parents 

- - 
alsmctr ana me state's texuxx)~ aaopaon commtttee. I ne IWL ma-~ugust, are a tar cry m NL I MP aownent. wnat IS atrvuig 
framework, quoting generously from the NCTM standards, called the new standards, say Even and other committee members, is a 
fot teachers to question more and explain less, to group higher and state mpbement to enumerate what dents need toknow ineach 
lower ability students together, and to assign more projects and grade. In drawing up their plan, the group relied heavily on stan- 
fewer workbook drills. By 1994 the radically new textbooks started dards from Virginia and from the Charlotte-Mecklenburg, N d  
appearing in classrooms. Carolina, school district, which follow that format. 

The reaction was &: Parent gmups mmd the state organiaed Evers says the new draft contains %tandzt& as rigorous as those 
to fight what they called "fuay mathn and "new New Math."They in high-performing JapanI and that it wiU prepare students to go 
said the new curriculum used umried teaching methods a d  replaced on to algebra and geometry in eighth grade, 1 year earlier than had 
basic skill drills, such as rnulw- tables and long division, with been the norm. But Eerguson disagrees. Y t's back to a laundry list 
p j ec t s  such as writing and illustmting a "Problem of the Week." of topics to know," she laments. "Conceptual understanding and 
"It transformed math problems into English essay wrimg" and problem solving are pretty absen~" 
sadiced mathematid precision, says Bill Evers, a poLitical scien- Whatever the outoome, reformers elsewhere say rhat the Calif&- 
tist at Stanford Univetgity and a leader of a Palo iQItohed parent nia mathwars have taught them the importance 0feducath-g parents 
p u p  on math reform called Iimest Open Logical Debate (HOLD). and poliq-makers as well as teachers. 'We can't neglect the &oft 

In an effort to wipe the slate clean, HOLD and other grassroot~ to e b t e  the public about public education," wys Suzanne W ~Isnn 
orgwizations persuaded state &i& to move up by 1 year, to d Michigan State University in East Lading, who has followeil the 
1g98, the next revision of its frameworks. The state test imple- California reforms for more than a decade. If they do, reformers 
mentedwith the 1992 standards, which included open-ended and could end up with a repore card marked incomplete. 4 . V .  

meager evidence is decidedly mixed. On the 
plus side, mathematics scores on the Na- 
tional Assessment of Educational Progress 
(NAEP)-a national test given by the Depart- 
ment of Education-have risen since 1992. 
Progress on this test isespecially heartening, say 
reformers, because it includes open-ended 
questions that measure the kinds of learning 
they are trying to encourage. And U.S. third 
and fourth graders scored above the intema- 
tional average in math on the highly publicized 
Third International Mathematics and Science 
Study (TIMSS), which compared students 
from 29 countries. Yet seventh and eighth 

graders scored below the intemational mean 
(Science, 22 November 1996, p. 12%; and 13 
June, p. 1642). The TIMSS results were espe- 
cially curious because the new standards have 
so far had a limited impact in the lower grades, 
at least judgug by the proportion of teachers 
who say they are familiar with them. 

At the local level, reformers say that tra- 
ditional tests. which tend to measure how 
good students are at remembering facts 
quickly, are not a fair gauge of their efforts. 
"So much of what is in the standards," says 
Iowa's Wheeler. "is not adeauatelv measured 
by traditional multiple-choice norm refer- 

enced tests like the IowaTests of Basic Skills," 
which hundreds of thousands of students 
across the country take each year. "So if 
you're not testing that kind of thing, you 
don't have any baseline data to go on." At 
the same time, the push for accountability 
has increased the use of such tests. And when 
scores have dipped, parents have taken to the 
streets-and school board offices-to pro- 
test standards-based reforms. 

Accordingly, the standards not only call 
for a new curriculum and new teaching strat- 
egies, but also new tools to measure students' 
learning. The NAEP mathematics and sci- 
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ence tests are a step in the right direction, say 
reformers, with their open-ended problems 
that require students to explain their reason- 
ing and give credit for correct reasoning as 
well as correct answers. In addition. the New - -  

Standards, a student assessment system that 
includes o~en-ended test auestions and stu- 
dent portfolios, is gaining popularity. 

If Clinton has his way, by 1999 every eighth 
grader in the country may have the chance to 
take a standards-based test. Such a test could 
help shepherd teachers toward a more con- 
sistent interpretation of the standards, note 
former NCTM President John Dossey and 
current President Gail Burrill, who are chair 
and vice chair of the committee charged 
with writing the mathematics exam to be 
given to eighth graders nationwide. 

But some reformers wonder how much 
impact a voluntary test can have. It is not 
yet clear what rewards and punishments 
Clinton's proposed test would carry, but it 
may be a test without teeth. "I'm skeptical 
about it." savs NCISE's Raizen. "Does it 
count? NO. There are a lot of people who 
think this kind of test is going to drive re- 
form, but I don't think so." 

There's also the question ofcoverage. So far, 
only six states and 15 urban school districts 
have volunteered to join the testing Drogram - -  - 
(see map). Still, the White House remains 
committed to preparing such a test through the 
Department of Education, and officials claim 
that a dozen more states are ready to join in. 

Standard iterations 
Even as educators around the countrv are 
struggling to implement the 1989 standards, 
NCTM leaders are workine on a new and 
improved version for 2000. The revision pro- 
vides a "chance to see where we are and what 
we've done," says Mary Lindquist, education 
professor at Columbus State University in 
Georgia, who heads the math council's 
Commission on the Future of the Standards. 
The main message will stay the same, but the 
revised document will "clarify" several ar- 
eas-includine basic skills and ~roofs-that " 
critics fault in the current version. The new 
document. called Standards 2000, will also 
update recommendations for using calcula- 
tors and computers in the classroom. The 
NCTM has received critiques and sugges- 
tions in sessions at its national and regional 
meetings and through its Web site (www. 
nctm.org), and it's sorting through thousands 
of responses before proposing revisions. 

But Glass says she doesn't need a national 
survey to glimpse the future of standards- 
based reform. "The teachers who have taught 
bv the standards and who have invested in 
them believe in them," she says. As a result, 
she adds, her students "become problem solv- 
ers. And I don't think that leaves a child." 

-Gretchen Vogel 

1998 BUDGET 

Bipartisan Mood in Congress 
Opens Door for Pork 
T h e  bipartisan flavor that has become so lab at Loma Linda University, a Seventh-Day 
popular in Congress these days has brought Adventist school east of Los Angeles, which is 
with it the distinct aroma of ~ o r k .  After fall- in his district. Lewis has also arranged for the 

ing into temporary disfavor with remediation research at ~ c ~ e e s e  
congressional budget cutters, legislative ear- State University in Lake Charles, Louisiana. 
marks-also known as porkbarrel projects- The Senate version of the bill has fewer 
no longer seem to be a lightning rod for criti- earmarks, but they are individually more im- 
cism. That's good news for the institutions pressive. Senator Ted Stevens (R-AK), who 
that stand to gain millions of dollars in R&D chairs the Senate Appropriations Commit- 
funding set aside by lawmakers in 1998 tee, succeeded in winning the largest NASA 
spending bills that Congress hopes to wrap earmark of all-$2.5 million for a science 
up as it returns to work next week. But others learning center in the small town of Kenai, 
worry that Congress is encouraging bad sci- Alaska. And again, Democrats shared the 
ence by circumventing peer review. spoils. Senator Daniel Inouye (D-HI), for ex- 

Adding money not requested by the Ad- ample, inserted $2 million for work on a na- 
ministration and targeted for specific districts tional space education curriculum by the 
or states is an ancient practice. However, it Center for Space Education at the Bishop 
came under attack in recent years useum in Honolulu. 
part of a broader assault on wastefu At this point, the projects ap- 
government spending. But times pear to be mostly add-ons rather 
have changed. The antigovern- than substitutes for the agency's 
ment ardor has cooled, key op- scheduled research. The House 
ponents of pork have retired, version of EPA's overall budget 
and Republicans and Demo- is $104 million above this year's 
crats have set aside their differ- level and $41 million above the 
ences in a plan to eliminate the president's request, while at 
budget deficit by 2002. NASA, the House has included a 

NASA and the Environmental Protection little less than $10 million in specific earmarks 
Agency (EPA) appear to be the biggest recipi- to a $5.7 billion appropriation that is $50 mil- 
ents of proposed earmarks among R&D agen- lion higher than the White House requested 
cies. About $20 million of the $614 million for science, aeronautics, and technology. The 
that the House appropriated for EPA research bills that include funding for the Energy and 
in 1998 is for specific pork projects, for ex- Defense departments also have a smattering 
ample. A typical earmark is the one offered of specific R&D earmarks, such as the 
by Representative Jeny Lewis (R-CA), who Senate's offer of $3.9 million in DOE money 
chairs the House panel with funding oversight for biological imaging at the University of 
of NASA and EPA. He's designated $2 mil- California, Los Angeles. 
lion in NASA funding for a space radiation Some appropriators have resisted the 
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