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A Letter from the Secretary of Education 
DRAFT 

Many parents, students, and educators do not realize that within the United States today, 
mastering mathematics has become a gateway to the road to college--and taking algebra or 
courses covering algebraic. concepts by the end of the 8th grade is a key to the '•gate." Although 
almost all parents want their children to go on to college or some advanced training, many 8th 
and 9th graders may be behind in their course taking to get on the road to college, and not realize 
it. 

Recent analyses conducted by the U.S. Department of Education indicate that students with 
strong mathematics backgrounds--those who take algebra and geometry and more rigorous 
mathematics courses during high school--are more likely to go on to college. This is true 
regardless of their family's level of income. In fact, the positive impact of taking rigorous 
courses is most dramatic for students from low-income families. In addition, students who took 
chemistry, a subject which requires a strong background in mathematics, were also more likely to 
go to college. Other research tells us that the benefits of a strong background in mathematics are 
not limited to college-going, and workers with high levels of mathematics achievement earn 
more and are less likely to be unemployed than workers who are less proficient in mathematics. 

However, not all students have access to rigorous mathematics courses--either because their 
school may not offer a full selection of challenging courses to all students, or because students 
are not prepared for and encouraged to take them. The results of the recently completed Third 
International Mathematics and Science Study (TIMSS) confinn that many students enter high 
school without a solid grounding in mathematics, closing doors very early to opportUnities for 
further education and better career opportunities. 

The implications are clear: The 8th grade is a critical point in mathematics education. 
Achievement at that stage opens opportunities for students to take rigorous high school 
mathematics and science courses important for later success. As a nation, we must ensure that all 
our students develop the necessary mathematics background by the end of the 8th grade--and 
build on that foundation throughout high school. We challenge parents, schools, community 
groups, colleges, universities, and employers to ensure that all children have access to rigorous 
mathematics courses and encourage them to go to college. To assist in that effort, the U.S. 
Department of Education stands ready to assist states, local coIIUDunities, and individual srudents 
by providing federal srudent financial aid for college, by supplementing Advanced Pla,cement 
Exam fees for students' who demonstrate need by providing funding through Title I of the 
Elementary and Secondary Education Act (ESEA) and other programs to assist schools in 
upgrading mathematics teaching and learning, and by providing a voluntary national test in 8th 
grade in mathematics to help ensure that all students are given the opportunity to excel. 

Sincerely, 

Richard Riley 

--------- ----------
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Executive Summary 

Within the United States today, mastering mathematics has become more important than ever. 
Students with strong mathematics backgrounds have advantages in academics and in the job 
market. The 8th grade is a critical point in mathematics education, and achievement at that stage 
opens opportunities for students to take rigorous high school mathematics and science courses 
that are keys to college entrance and success in the labor force. However, although most parents 
want their children to go on to college or some advanced training, most 8th and 9th graders are 
behind in their course taking to get on the road to college. Findings highlighted in this report 
include: 

• Students who take rigorous mathematics aod science courses are much more likely to 
go to college than those who do not. Data from the National Educational Longitudinal 
Study (NELS) reveal that 83 percent of students who took algebra I and geometry went on to 
attend a two or four year college within two years of their scheduled high school graduation, 
compared to a college anendance rate of only 36 percent among students not taking algebra I 
and geometry; while nearly 89 percent of students who took chemistry went to college, only 
43 percent of students who did not take chemistry in high school went to college. 

Algebra is the "gateway" to advanced mathematics and science in high scbool--yet 
most students currently do not take algebra during middle school. Students who plan to 
take advanced mathematics and science courses during high school and study algebra during 
middle school are at an advantage: Forty-six percent of students who took algebra I in the 
8th grade took calculus in high school, compared to only eight percent of students who took 
algebra I in the 9th grade. However, 1996 NAEP data reveal that only 25 percent of 8th 
graders in the U.S. were enrolled in algebra, and that low-income and minority students are 
even less likely to be enrolled in algebra during the 8th grade. 

Taking rigorous mathematics and science courses in high schools appears to be 
especially important for low-income students. Low-income students who took algebra I 
and geometry were almost three times as likely to attend college as those who did not: While 
71 percent of those who took algebra I and geometry went to college, only 27 percent who 
did not went on to college. By way of comparison, 94 percent of students from high income 
families, and 84 percent of students from middle income families who took algebra I and 
geometry in high school went on to college, while 60 percent of students from high income 
families and 44 percent of students from middle income families who did not take algebra I 
and geometry still did go on to college. 

Despite the importance of taking rigorous mathematics and science courses for low­
income students, they are less likely to take these courses. Students from higher income 
families are almost twice as likely to take algebra in middle school and geometry in high 
school and more than twice as likely to take chemistry than lower income students. 

l 
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Other important findings include: 

J11 Mathematics achievement depends on course-taking, not the type of school a student 
~ attends. Students at public and private school who had taken the same rigorous 

mathematics courses were equally likely to score at the highest level on the NELS 12th 
grade mathematics achievement test. 

• Students who have parents who are involved in their school work are more likely to 
take challenging mathematics courses early. Students whose parents were involved in 
their educations were more likely to take courses like algebra and geometry in the 8th and 
9th grade, than students' whose parents were not involved. 

The results of the Third International Mathematics and Science Study (TIMSS) reveal 
that the U.S. middle school mathematics curriculum may be a weak link in the U.S. 
educational system. While U.S. 4th graders score above the international average in 
mathematics and science, U.S. 8th graders score below average in 8th grade mathematics, 
and only slightly above the international average in science. Initial analysis of the TIMSS 
data also shows that the U.S. middle school mathematics curriculum is not as challenging as 
that of other countries. The curriculum of average 8th-grade mathematics classrooms in the 
U.S. resembles 7th grade mathematics elsewhere. Although algebra and geometry are 
important elements in the middle school curriculum taught in other cowitries, only a small 
fraction of U.S. middle school students are ex osed to these to ics. 

·=··: ·. :_.:.:. . ·.· .. _:_ ·:.: :: 
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Making a successful trans.idon.fr9rr1··~tllln~ti6-~o··~d~e··ad~ab:cba:·tbpi~s,'.inci~fng·.~ebra:8na·" 
geometry,· has often been difficult for students.:. As:~ result; :ri.iany :mathem.at:ics .programs -in the. 
·U.S. are now ~ystematicail'Y incorp0r~ting·some of.the ftindanienta~ ideas from :algebra.arid .· 
geometry into the upper elcrrieniiuy grades.· tn these prograp1s>sth,.6tfr.and 7th gra<ie·$dents . 
are learning about represeqting and sol\iing equatioJ1$ .. :~ha'.ra~terizing patit:rns 8.rid_rale$ of 
change among varlabies, and oijiei ftln~~ntal aigebrili~_¢oncep~~ • : . . . . . . . . 

. In addition, ihe approach rri.idd.le and high schools take to pre~~~tlng advanced topics diffors .. : . 
Many schools offer the-.traditional:mp4el-of·p~;.Algeb@,:·;\jge.pt.a:1.-C}eonietry~ AJg~btiiI, : . 
Trigonometi-y;·pr~caiculns arui:caiculus;.,JI¢Viever~.an:idcre·as~g,~bt~i:ofsohools:o:ffer · .: 

. courses iri whiCh algehla, ge~Irietry .'aJid -dther -advaric~ topics :are more: integrakd .. This': ... 
approach is consistent v.ith the :practice in oth¢r iA~liStnatj~d WLtio11~ which :m.t.egmte: algebra, . 
geometry. and other topics through out the elemeniar)r; middle anti: -high $Cho·o1 ye~s a:na offer· · 
a significant component of-algebra in the 8th grad~; ·BtjildiAg ~i:tinn foundation in :fiigebra :in:.· 
the elementary and middle schoqJ ye~s :ttlakes the.:shift f!om.arithrii~tic. :to advanced topics .... 
more successful, regardles~_ofthc:for:matofthe'niidd1e. ~a:high schcioi~Urii~tiitinl.: NE:L~:::. 
and N AEP, the two sources ofnationatcourse~taking data 'whi~}l ·at{! '8J.xaiy~ed in. tJijs ~rief; _: . 
employ traditional. cotirses titl~s .• · such as ''·algebra r~ :aria:."ge(lm~tiY·" fo~: m~thematfos.•coui'ses ... 
Thus, these traditional titles aie '.us:echhroughout the_ brief. . :: : : · · · · · · · · ·· " : . · · 
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Next Steps 

Six things educators, policymakers and community members can do: 

1. Provide all students the opportunity to take algebra I or a similarly demanding course that 
includes fundamental algebraic concepts in the 8th grade and more advanced math and science 
courses in all four years of high school. 

2. Build the groundwork for success in algebra by providing a rigorous cQiriculwn in grades K-7 
that moves beyond arithmetic and prepares students for the transition to algebra. 

3. Ensure that all students, parents. teachers, and counselors understand the importance of 
students' early study of algebra as well as continued study of rigorous mathematics and science in 
high school to their future college and career opportunities. 

4. Prepare teachers of mathematics to teach rigorous mathematics by providing teacher 
preparation and professional development opportunities that increases teachers knowledge and 
skills in mathematics and the teaching of mathematics. 

5. Support mathematics achievement outside the classroom such as math clubs, tutoring and job 
shadowing for students who may need extra help to ensure that they can achieve at high levels. 

6. Support parent involvement in their children's mathematics education. 

Six things parents can do: 

1. Discuss your children's mathematics homework with them. 

2. Visit your children's mathematics teacher to find out what your children are learning and how 
you can help. 

3. Insist that your children be enrolled in algebra I or a similarly demanding course that includes 
fundamental algebraic concepts in the 8th grade and more advanced math and science courses in 
high school so they can keep all of their future options open. 

4. Ensure th.at your children are gaining the groundwork for success in algebra through a rigorous 
curriculum in grades K· 7 that moves beyond arithmetic and prepares them for the transition to 
algebra. 

5. Help your children understand the importance of taking challenging mathematics and· science 
courses to their future by visiting colleges, familiarizing them with college requirements, and 

24 



.,.. .. OCT. l6. !997 3::1DPM DEPT ED/OFC OF SEC. NO. 5602 P. 9/9 

exploring financial aid options available to students. 

6. Show the importance of mathematics to career choices by talking with your children about the 
use of mathematics in your work or the work of adults they know. 

25 



Helping Students Master Challenging Mathematics and Prepare for College 
October 15, 1997 -- DRAFT 

Today President Clinton returns from a Latin American trip which highlighted how countries 
around the world are striving to improve education for their people. The President will release a 
new U.S. Department of Education report which shows that students in this country -- especially 
low-income students -- who take rigorous math and science courses in high school are much more 
likely to go on to college. The study also finds that while algebra is the gateway to advanced 
math and science in high school, most U.S. students do not take algebra during their middle 
school years. Finally, the study indicates that when differences in course-taking are accounted 
for, student achievement is the same for students in public, private, and parochical schools. The 
President's noted that his proposed voluntary national test in 8th grade mathematics would 
encourage schools and school districts across the country to offer more challenging math courses 
to .students in the middle school grades, and renewed his call for Republicans in Congress to 
support his plan for high national standards in the basics of reading and math. 

Students Who Take Tough Math and Science Courses Go on to College. The study released 
today analyzes data from the National Educational Longitudinal Study (NELS) which show, for 
example, that 83% of students who take geometry in high school go on to attend college within 2 
years of high school graduation, compared to just 35% of those not taking geometry. The impact 
of rigorous course-taking is most pronounced for low income students. Low income students 
who take geometry are almost 3 times as likely to attend college as those who do not; when 
course-taking is accounted for, income differences in college-going diminish dramatically. 

Algebra is the Gateway to Advanced Math and Science, Yet Most Students Currently 
Don't Study Algebra During Middle School. While we know from the Third International 
Mathematics and Science Study (TIMSS) that students in other countries have begun to master 
the basics of algebra and some geometry by the end of 8th grade, today's report shows that only 
25% of U.S. 8th graders enrolled in algebra during 1996, according to the National Assessment of 
Educational Progress (NAEP). However, students with parents who are deeply involved in their 
education are more likely to take challenging math courses early. 

Math Achievement Is Associated with Student Course-Taking, Not the Type of School 
(Public or Private) that the Student Attends. Students at public and private schools who had 
taken the same rigorous mathematics courses are equally likely to score at the highest level on the 
NELS 12th grade mathematics achievement test. This is also true of low-income students. 

The Voluntary National Test in 8th Grade Mathematics Will Increase Participation in 
Algebra in the Middle School Grades. The President's proposed voluntary national test in 
mathematics will be a rigorous test, including the basics of algebra and even geometry. The tests 
will support communities and schools working to offer challenging mathematics courses, 
including algebra, in middle school. The President renewed his call for Republicans in Congress 
to stop delaying his plan for voluntary national tests so that more students will be able to achieve 
to high levels in math and pursue their dreams of a postsecondary education. 
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to stop delaying his plan for voluntary national tests so that more students will be able to achieve 
to high levels in math and pursue their dreams of a postsecondary education. 
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A Letter from the Secretary of Education and Director of the 
National Science Foundation 

Many parents, students, and educators do not realize that within the United States today, mastering 
mathematics has become a gateway to the road to college--and taking algebra or courses covering 
algebraic concepts by the end of the 8th grade is a key to the "gate." Although almost all parents 
want their children to go on to college or some advanced training, most 8th and 9th graders are 
hehjnd il1 their course taking to get on the road to college. 

Recent analyses conducted by the U.S. Dcpa11mcnt of Education indicate that students with strong 
mathematics backgrounds--those who take geomen")' and more rigorous mathematics courses during 
high school--are more likely to go on to college. This is true regardless of their family's level of 
income. In fact, the positive impact of taking rigorous courses is most dramatic for students from 
low-income families. 111 addition, smdents who took chemistry, a subject which requires a strong 
background in mathematics, were also more likely to go to college. Other research tells us that the 
benefits of a strong background in mathematics are not limited to college-going, and workers with 
high levels of mathematics achievement earn more and are less likely to be unemployed than 
workers who are less proficient in mathematics. 

However, not all students have access to rigorous maLht::maLics courses--either bt::cause their school 
may not offer a full selection of challenging courses to all stl.ldents, or because students are not 
prepared for and encouraged to take them. The results of the recently completed Third International 
Mathematics and Science Study (TIMSS) confirm that many students enter high school without a 
solid grounding in mathematics, closing doors very early to opportunities for further education and 
better career opportunities. 

The implications arc clear: The 8th grade is a critical point in mathematics education. 

141002 

Achievement at that stage opens opportunities for students to take rigorous high school mathematics 
and science courses important for later success. As a nation. we must ensure that nll our students 
develop the necessary mathematics background by lht:: end of the 8th grade--and build on that 
foundation throughout high school. We challenge parents, schools, community groups, colleges, 
universities, and employers to ensure that all children have access to rigorous mathematics courses 
and encourage them to go lo college. To assist in lhat effort, the U.S. Department of Education and 
the National Science Foundation stands ready to assist states, local communities, and individual 
students by providing federal student financial aid for college, by supplementing Advanced 
Placement Exam foes for students' who demonstrate nt:ed by providing funding through Title I of the 
Elementary and Secondary Education Act (ESEA) and other programs to assist schools in upgrading 
mathematics teaching and learning, and by providing a voluntary national test in 8th grade in 
malhemalics Lo help ensure that all students are given the opportunity to excel. 

Sincerdy, 

Richard Riley Neal Lane 
U.S. Secretary of Education Director of the National Science Foundation 

1 
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Executive Suunnary 

Within the United States today, mastering mathematics has become more important than ever. 
Students with strong mathematics b'1ckgrounds have advantages in academics and in the job 
market_ The eighth grade is a critical point in mathematics education, and achievement at that 
stage opens opportunities for students to take rigorous high school mathematics and science 
courses that are keys to college entrance and success in the labor force. However, although most 
parents want their children to go on to college or some advanced rraining, most 8th and 9th 
graders are behind in their course taking to get on the road to college. Findings highlighted in 
this report include: 

~003 

•Students n·ho take rigorous mathematics and science courses are much mun: likely to go to 
college than those who do not. Data from the National Educational Longitudinal Study (NET .S) 
reveal that 83 percent of students who took geometry in high school went on to attend a two or 
four year college within two years of their scheduled high school b1Taduation, compared Lo a 
college attendance rate of only 35 percent among students not talcing geometry; while nearly 89 
percent of students who took chemistry went to college, only 43 percent of students who did not 
take chemistry in high school went to college. 

•Algebra is the "gateway0 to advanced mathematics and science in high school--yet most 
students currently do not take algebra during middle school. 1996 NAEP data reveal that 
only 25 percent of eighth graders in the US. were enrolled in algebra, and that low-income and 
minority students are even less likely to be enrolled in algebra during the e.ighth grade. Students 
who do not begin to study algebra during middle school have a distinct disadvantage in taking 
advanced mathematics and science courses during high school. 

•The effects of taking rigorous mathematics and science courses are most dramatic for Iow­
income students. Low-income students who took geometry were almost three times as likely to 
attend college a~ those who did not: While 71 percent of those who took geometry went tu 
college, only 26 percent who did not went on to college. By way of comparison, 93 percent of 
students from high income families, w1d 84 percent of students from middle income families who 
took geometry 1n high school went on to college, while 59 percent of students from high income 
families and 42 percent of students from middle income families who did not talce geometry still 
did go on to college. When course taking is accounted for, differences by income in tht: rate of 
college going diminish dramatically, although they do not disappear completely. 

•Despite the dramatic effects of taking rigorous mathematics and science courses for low­
income students, they are less likely to take these courses. Students from high income 
families are almosl l wice as likely to take algebra and more than twice as lik.ley to take chemistry 
than low income students. 

Other important findings include: 

2 
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•Mathematics achievement depends on course-taking, not the type of school a student 
attends. Students at public and private school who had laken the same mathematics courses are 
equally likely to score at the highest level on the NELS 12th grade mathematics achievement 
test. 

·Students who have puceots who are involved in their school work arc more likely to take 
challenging mathematics courses early. Regardless of whether the level of parent involvement 
was reported by the student, the parent, or the student's teacher, students whose parents were 
involved were more likely to take courses like algebra and geometry i.n the eighth and ninth 
grade, thml. students' whose parents were not involved. 

•The result.~ of the Third International Mathematics and S~icnce Study (TlMSS) reveal 
that the U.S. middle school matbematics currirulum may he a weak link in the U.S. 
educational system. While U.S. fourth graders score above the international average in 
mathematics and science. U.S. eighth graders score below average in eighth grade mathematics, 
and only slightly above the international average in science. Tnitial analysis of the TIMSS dat.'l 
also shows that the U.S. middle school mathematics curriculum is not as challenging as that of 
other countries. Although algebra and geometry are important elements in the middle school 
cmriculwn taught in other countries, only a small fraction of U.S. middle school students arc 
exposed to these topics. 

3 
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Why Mathematics Matters 

The Power of Mathematics for College Entrance 

Studentr wlio take rignrnll.'i mathematics 
and science courses are mucli more 
like(v to go to college tl1a11 those wlzo do 
not. Data from a longitudinal survey of 
students who wen: in the eighth grade in 
1988 (Nalional Educational Longitudinal 
Study or NELS) reveal that 83 percent of 
srudents who took geometry in high 
school--the course that usually follows 
algebra I in a rigorous mathematics 
program--went 011 to attend a two or four 
year college within two years of their 
scheduled high school graduation_ By 
way of comparison, only 35 percent of 
students not taking geometry went to 
college (Figure 1). Similarly, students 
who take rigorous science courses in high 
school are also much more likely to go to 

Figure 1 
College Access by Geometry 

% attending any college by 1994 

83% 
00%. 
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college: While nearly 89 percent of students who took chemistry went to college, only 43 
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percent of students who did not take chemistry in high schoo1 went to eo11cge. Students who take 
more rigorous mathematics courses also have higher gains in mathematics achievement (as 
measured by the NELS mathematics achievement test) than students who take less challenging 
courses. For example, among students who initially began at the same level of mathematics 
proficiency in the eighth grade, those students who had taken algebra II or geometry by the tenth 
grade experienced greater gains, on average, thai1 those students who had taken no algebra or 
only algebra I duting the same period. 

Students of all income levels wlio take rigorous mathematics and science courses in high 
school are more likely to go to college, and among low-.income students (students in the 
bottom tliird of tire income divtrihution) 1

, tire difference is particularly dramatic. Students 
from low-income families who took geometry were almost three times as likely to attend college 
as those who did not: While 71 percent oflow-incomc srudcnts who took geometry went to 
college, only 26 percent of low-income students who did not take geometry in high school went 
on to college_ The differences are also dramatic among students from middle- and high-income 

1Tncome data are ba-;ed on total family income reported by parents. Low, middle .. and high income groups each 
contain approximately one-third of the sample_ The "all" category includes additional observations with 
missing income data_ 
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families: 93 percent of students from high 
income families, and 84 percent of students 
from middle income families who took 
geometry in high school went on to college, 
while 59 per.cent of students from high 
income families and 42 percent of students 
from middle income families who did not 

take geometry still did go on to college 
(Figure 2). 

Unfortunately, many students, in 
parti~ular low-iticome studt!llts, do llOt takt! 
these rigorous mathematics and sciem·e 
courses in lzigh school. According to 
NELS, 63 percent of all students took 
geometry in high school and 50 percent took 
chemistry_ Srude11ts from low-income 
families, however, were far less likely than 
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their peers to take these rigorous courses. Among students in the bottom third of the income 
distribution, 46 percent took geometry and only 3 3 pt:r~t:nt look cht:mistry. By way of 
comparison, fully 82 percent of students in the top third of the income distribution took 
geomen-y, and 72 percent took chemistry. The differences are similar for other rigorous 
mathematics courses (Table 1). 

Table 1: High School Course-Taking Patterns of Students in Eighth Grade in 1988 

··.········•.·,• .. ••,·•,,•·,•· 

•.:·.~~~~.f~·.f(::,::.::,'.;;:,::.:•.;,,::.·:, .. ,, rr•.r•·•r-•···• 

When lligh school course-taking pattern~· are ucccmntetlfor, the difference in tile rate of 
-college-going between low and high income st11dc11ts is dramatically reduced. When course 
taking patterns are not accounted for, students frorn high income families are almost twice as 
likely to anend college as students from low-income families (86 percent compared to 44 
percent)_ However, when only students who have taken rigorous courses in high school are 
compared to one another, srudents from low-income families go to college at rates much more 
similar to students from middle and high income families (Table 2). For example, among 

s 
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students who took chemistry in high school, 95 percent of high-income students; 89 pen;1;:nl of 
middle-income sn1de11ts; and 79 percent oflow-income students went on to colle.ge_ When low­
income students take rigorous courses in high school, income diecls 011 college-going rates 
diminish greatly, although they do not disappear. 

Table 2: College Allendauce by Course-Taking Patterns of Students in Eighth Grade in 1988 

6 
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All Students 

Mathematics Achievement by 
Highest Mathematics Course Taken 

Algebra II ~~~illi!ii.iilfiliill!l!!!l!!!!!J 

Low Income 
Students 

Algebra II 

Trigonometry 
or Higher 

•Public I 
[ll!l Private. 

0% 20% 40% 60% 80% 100% 

Percent of Students Scoring at the Highest Level of the 
NELS 12th Grade Mathematics Achievement Test 

Source: Analysis of NELS date 
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Mathematics in College, the Workplace, and the 21st Century 

The benefits oftaM11g rigorous matliematics a11d science courl·es e.xte1zd to both two- andfour­
year colleges, and to tire job market. As the prevalence of technology in the workplact: sleadily 
increases, workers in mort: and more jobs will be required to have strong backgrounds in 
mathematics and science--backgrounds which begin to be formed <luring high schooL Rigorous 
mathematics and science preparation is also important to students intending to go to a two or four 
year college or university. The level C\Ild number of mathematics courses that a ~Ludent needs to 
take before and during college depend on the type of college and the major that the student wants 
to pursue, and while slmlents who plan to major i11 mathematics- and science-related disciplines 
typically need to take a more rigorous mathematics program, many other popular courses of 
study also require strong mathematics backgrounds. 

Two-year colleges often require all students to gain a11 u11derstandi11g of intermediate algebra 
prior to graduation, regardless of their co11r.'ie of study. In many two-year colleges, all entering 
degree-seeking students me required to take mathematics placement exams prior to enrolhnent. 
Student<: who score high enough may be exempted from talci11g certain mathematics courses. 
while students with low scores may be required to enroll in remedial mathematics courses. Many 
of the most popular majors at typical tv:o-year colleges--including Business, Nursing, and 
Computer Scicnce--require more rigorous mathematics course work, such as statistics. 

Four-year colleges and universities typically require mare high school mathemlllics 
preparation for admission. Typical state four-year colleges and universities recommend, and in 
some cases, require, that all students take at least three, and sometimes four, years of 
mathematics in high school. Data collected by the College Board reveal that in 1997, 68 percent 
of incoming freshman at four-year ~olleges and universities had taken four years of mathematics 
in high school. Furthermore, almost all of these students had taken algebra and geometry, and 
more than half had taken trigonometry. Up011 enrollment, most state colleges require students to 
take mathematics placement .exams. Advanced Placement courses are looked at favorably by 
collegt:s and can result in placement out of introductory mathematics courses. While graduation 
requirements differ depending on the ~tudent's major, many popular majors, such as Business and 
'Psychology, require students to take several more rigorous courses in mathematics or science. 

Tn the job market, wor!.:eJ"S who have a stro11g background in mathematics and scie1Zce are 
more likely to he employed and generally earn. more titan workers witlz lower achievement, 
even if tlzey have not gone on to college. A national survey found that by age 30, high school 
graduates who had i1ot gone on to further education and had previously scored in the top quartile 
on the mathematics portion of the Armed Services Vocational Aptitude Battery 
(ASVAB--administered to civilians for study purposes) earned, on average, 38 percent more p~r 
hour than high school grnduates who had not gone to college and had scored in the bottom 
quartile of the mathematic portion of the ASVAB. Similarly, the unemployment rate among high 
school graduates who scored in the top quartile of the mathematics test was only 4.4 percent) 
compared to an unemployment rate of 10.3 percent among high school graduates who scored in 
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the lowest quartile. Workers who scored in the top quartile of the science section of the ASVAB 
also earned more, on average, and were less likely to be unemployed. 

141010 

In the future~ ability i11 mathematics will be even more important/or middle class employment. 
Today, some major firms now require that all job applicants pass standardized mathematics and 
reading tesls, so that they may hire only individuals with solid backgrounds in these areas. For 
example) at Diamond-Star Motors, a joint venture of Chrysler and Mitsubishi, all applicants for 
production and maintenance positions must pass a standardized test that assesses their ability to 
do mathematics at a high school lt::vel. Authors Richard Murnane and Frank Levy have identified 
a set of "New Basic Skills," in their book of the same name, that, though fundamental for middle 
class employment in the modern labor market, are often not mastered by non-c.ollege-bound high 
school graduates. The "New Basic Skills" that workers wil111eed to earn a good wage include the 
ability to use mathematics skills and concepts at least at the ninth grade level, yet currently m'my 
non-college bound sludents looking for work do nol possess a sufficient mathematics background 
to do so. 
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Middle School: 
Getting on the Road to Challenging Mathematics 

and Science Courses 

Laying the Foundation 

Algebra is the "gateway" to rigorous 
matflematics courses. Rigorous mathematics 
courses build l.lpon Lhe skills and concepts 
that students learo in earlier mathematics 
courses. Traditionally, :students cannot take a 
rigorous mathematics course in high school 
until they have successfully completed one or 
more prerequisite courses that provide the 

141012 
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foundation for the next course. Algebra 1, or another course that covers basic algebraic concepts, 
is the first pn:n:quisite for all more rigorous mathematics classes in high school. 

Students who take algebra early in their educatiollal career have a clear advantage in takitlg 
rigorous mathematics courses. A rigorous sequence of mathematics courses spans several 
years. Although there is some variation !Tom school to school, the sequence of recommended 
mathematics courses typically involves one year courses in algebra I, geometry, and algebra II. 
In many high schools this is followed by a half-yeetr course in trigonometry, a full- or half-year 
course in pre-calculus or calculus, or an Advanced Placement course. (An increasing number of 
schools use curricula that cover these rigorous content areas, but integrate algebra, geometry and 
other areas of mathematics such as statistics and probability, rather than teaching each 
individually.) The typ.ic:al high school sequence ofrigorous science courses (biology, chemistry, 
and physics) also necessitates an early backgruwid in algebra and geometry. Although not all 
students need to take all of the most rigorous mathematics or science courses that their school 
offers, most colleges encourage students to take four years of challenging mathematics and 
science courses during high school. 

Students who do not take courses covering algebrt1ic concepts early i11 tlieir educational career 
risk closing tlze door on many important opportunities, inclucling opportunities to take courses 
out!iitle of mathematics and science. Some high schools require students to complete a specific 
package of courses, including mathematics and science, in order to graduate. Dy the junior and 
senior year, students who have not planned ahead to complete the courses that their school 
requires have fewer options in choosing which courses they take. Students who do not complete 
prerequisite and required courses early enough not only risk being unable to tak..: more rigorous 
courses in Lhose disciplines later, but also may not have time in their schedules to take other 
courses that can help prep<1re them for college or a career, including foreign languagi:, rut. 
Advanced Placement, and ''tech prep" courses. 
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Course-Taking Patterns in 
Middle School 

OPP/PES 141013 

Flgure3 
Proportioo d Eig~ Enrolled In Algebra, 1996 

Taal 

Hsparic 

Despite recent. increases in tile 
proportion of studentl· tt1kilig algebra I 
in the eightli grade, in 1996, most 
studellts were not e11rolled in tllis 
course. The proportion of 
eighth-graders taking the National 
Assessmenl of Educational Progress 
(N.AEP) mathematics assessment who 
reponed taking algebra has increased in 
recent years. In 1992, only 20 percent 
of students reported taking algebra_ In 
1996, the nexl yt:ar the NAEP 
mathematics assessment was 
administered, 25 pi::rcent reported taking 
algebra. This increase may he due to a 

80% 1CXJl/o 

nwnber of factors. including the National Council of Teachers of Mathematics' (NCTM) call for 
the inclusion of algi::brni<.; topics in the middle ~chool curriculum. Ilowever, most students still 
were not emollcd in courses that include significant arnowits of algebra in the eighth grade. 

While the numbeT ofstudent5 taking algebra courses has incre1uetl, recent evidence suggests 
that the co1Ztent oftlzese courses has remained rigorous. Many states have recently increased 
mathemalics requirements for high school graduation, oflen requiring that students take more 
years of mathematics than were required in the past, or mandating that students complete certain 
courses. A reci::nt study supp01ted by the National Science Foundation (NSF) examined the · 
content of mathematics courses in schools in several of the states making the most substantial 
changes in mathematics requirements. TI1c srudy focused on basic courses, such as algebra I, 
which had experienced large enrollment increases because of the more stringent graduation 
requirements_ Despite the larger numbers of students enrolling in the course~, the stlJ.dy found 
that the content of these courses was essentially unchanged, indicating that more students were in 
fact being exposed to rigorous mathematics. 

Minority and low-income stu.dentf comi11ue to be less likely to take chal/e11gi11g mathematics 
courses in middle school than other students. The 1996 NAEP data reveal that minority 
students are less likely to rep01t being emolled in algebra in the eighth-grade (see Figure 3 ). The 
data also provide some indication that students from di!>advantaged backgrounds arc less likely to 
be enrolled in algebra during the eighth grade: While 29 percent of students who were not 
eligible for the national school lw1ch program rt:portcd being enrolled in algebra during the 
eighth grade, only .15 percent of students who were eligible for the national school lunch program 
were enrolled in algebra. 

12 



10/01/97 18:37 '6'202 401 3036 

Parent and Student Attitudes 
about Mathematics and 
Science 

Large proportions of middle school 
students indicate tlzat they do not pla11 
to take matlrematics and .fcience 
courses beyond what their schools 
require. A nationally representative 
survey of public school students and 
parents conducted by Louis Harris 
Associates for the National Action 
ColUicil for Minorities in Engineering 
(NACME), Inc. found thaT. large 
proportions of students would like to 
stop taldng mathematics and science 
cow-ses as soon as they a.re able to: 51 
pt:rcent of the fifth through eleventh 
grade students Sl.lIVeyed indicated that 
they would take mathematics classes 
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only as long as required, while 47 percent reported they would study science only as long as it is 
required. Distressingly, young minority sn1dents--fifth through eighth grade students who •..vill 
soon be facing major decisions about which courses to take--were more likely to indicate that 
they planned to drop mathematics and science as soon as they were able to (61 percent planned to 
drop mathematics, and 58 percent planned to drop science). Minority students of all ages were 
more likely thai1 other students to indicate that they would like to stop taking mathematics and 
science as soon as they were able to (Figure 4). 

However, the same group ufstudents i11dicate tltat tltey would he interested in going to college, 
and taking college-level matlzematics courses. Eighty-six percent of all students surveyed said 
that they would like to go to college. Although fewer than half of the ninth- to eleventh-grade 
students said that they planned to take trigonometry or algebra II in high school, ne1uly two-thirds 
said that they were intere~ted in taking Advanced Placement or college level mathematics 
courses. African-American students were particularly likely to say that they would be interested 
in taking Advanced Placement or college-level mathematics courses (78 percent of those 
surveyed), although they were also less likely to say that they planned to take. algebra 11 or 
trigonometry in high school. These contrast::; sign.al that mai1y smdents do not w1derstand the 
impurtance of, and requirements for_, talcing rigorous mathematics and science cow-ses in high 
school and do not undt!rstand the need to take algebra in the 8th grade so they can get the 
sequence to have taken algebra II, trigonometry, and other rigorous courses before high school 
graduatio11: Only 25 percent of minority and 42 percent of non-minority fifth- through eighth­
grade students recognized that if they did not take algebra they would not be able to take other 
mathematics classes in the future. 
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Parent and teacher involvement may make a large difference in students" decisions about 
matliematics and science. Ninety-four percent of students indicated that their parent's or 
guardian's advice was important lo them in deciding what they would study in school. and SS 
perct=nt indicated their teachers' advice was important_ Ninety-one percent of parents want their 
chil<ln:n to go to college or continue their education beyond high school. Although it is difficult 
to estimate the effects greater parent involvement has on course-taking, the NACME survey docs 
provide a possible indicator: 50 percent of students who said their parents talked to them about 
school said that they planned to take algebra II, while only 37 percent of students whose parents 
did not talk to them about school planned to do so. Students who reported that their parenls were 
involved in their school life were also more likt:ly to plan to take trigonometry and calculus. 
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Mathematics in the U.S. Today 

International Comparisons of Middle School Mathematics and Science 
Proficiency 

141016 

Rece11tfindingsfrom the T/iird International 
Mathematics and Science Study (TIMSS), 
indicate that t/1e mathematics curriculum 
from grades five tltrouglz eight may be a we!ak 
link in the ll. S. educational system. Newly 
available data from TIMSS (the most 
comprehensive international comparison of 
schools and students ever undertaken) reveal 
that U.S. fourth graders score above the 
international average in both mathematic~ and 
science. Among 25 other participating nations, 
only Korea performed better than thr;: U.S. in 
fourth grade science, and only 7 of the 25 other 
countries did be1.tr;:r than the U.S. in fourth 
grade mathematics. These findings are in 

U.S. Performance on TIIVSS, 
Relative to International Average 

Frurth grade Eighth Grade 

rvlatherretia) 

Sde.nra 

contrast to earlier findings from TIMSS that 
indicate that U.S. eighth graders perfonn slightly below the international average in mathematics, 
and only slightly above the international average in :science. In fact, only one counlry--thc U.S. 
in mathematics--falls from above the international average at fourth grade to below the 
international average at eighth brrade. 

The TIMSS clutu 5·uggest that tile middle sclrool mathematics curriculum in the U.S. is 
significantly Len challenging than the curricula 1tsed in other c:ountries. Although it is too 
early to determine definitively why U.S. eighth graders perform relatively poorer in mathematics 
than U.S. fourth graders, TIMSS curriculum analysis and videotape studies indicate that students 
in other countries are commonly taught more rigorous material during the middle :school years 
than U.S. students. Eighth-grade mathematics courses in other countries include algebra and 
geometry, while in the U.S., only students in higher-level classes receive significant exposure to 
algebra, and vciy few stl.1dents study geometry. ln fact, the TIMSS findings indicate that in 
comparison to other col.mtrie:s, the content of mathematics taught in U.S. eighth grade classrooms 
is gi::nerally at a seventh grade level. 

Additional research from TJMSS reports the U.S. curriculum to be more c:oncerned wirlt 
breudth than depth, witlz qua1ztity than quality, alld cliaracterius U.S. curric11l11m, textbooks. 
U11d teaching a.it a "mile wide a11d an inch deep." A Splinrered Vision, conducted by William 
Schmidt, Curtis McKnight and Senta Raizen of the U.S. National Research Center for the Third 
International Mathematics and Science Study, reports findings from the analysis of 491 
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curriculum guides mld 628 textbooks from around the world and presents accompanying data on 
teacher practices in the U.S. and two other countries: Gennany and Japan. This study repo1ts the ) 
lack of a single coherent vi:iion of how U.S. mathematics and science educators should teach 
today's students. It also emphasizes _the lack of a single, commonly accepted place to tum to for 
such visions. Further, Schmidt, McKnight~ and Raizen report that our '~splintered visions" 
produce unfocused curricula and textbooks that fail to define clearly what is intended to be 
taught. The result is influencing teachers to implement diffuse learning goals in their r,;lassrooms; 
emphasizing familiarity with many topics rather than concentrated attention to a tcw; and 
lowering the acad~mic performance of students who spend years in such a learning environment. 

Promising Practices 

Preparing for success: Tlte Algebra Project, supported by the National Science Foundation 
(NSF) and directe1/ by Rohert Moses, ml1Iresse.'i equity of opportunity by liclpillg sixth, 
seventlz, and eighth graders in inner city and rural areas gain an understanding of 
challenging matlzemt1lics. Serving over 40,000 traditionally low-income and minority middle 
school students, the Algebra Project is based on the conviction that all students can learn algebra 
given lhe proper context. An essential first step is that all students study algebra as early as 
possible to ensure their access to a college preparatory high school curriculum. 

The project assists :sl~adent.s in 22 urban and rural sites in 13 states to succeed in challenging high 
school mathematics courses by introducing rigorous malhematics concepts in the sixth grade, 
l:reating a f01111dation to build upon throughout the middle school years. The project has been 
successful in helping traditionally unc.lerserved students complete algebra I by the eighth or ninth 
grades, and either pre-calculus or calculus by the twelfth grade utilizing a variety of strategies. 
The project places yolmg college-age srudents in schools to provide extra assistance. In addition, 
the project provides after-school activities; and provides teacher professional development in 
examining the cuniculum and beliefs about how it should be taught. 

The Algebra Project ha.shad important effect<; for communities. For instanc~, in the Mississippi 
Delta and in Jackson, Mi:s:sissippi, the project showed positive short term effects. Additionally, 
an external evaluation of these sites found evidence of positive outcomes in teachiug, student 
attitudes about and engagement in mathematical ideas, and community involvement. 

Takilig t/ze right courses: In 1990, the College Board la1mched EQUITY 2000 to increase 
minority enrollment in college preparatory matlzematics courses. Originally piloted in six 
communities, EQUITY 2000 requires participating school districts to phase out lower-level 
mathematics and requirt! all students to take a college preparatory curriculum--beginning -with 
algebra and geometry. F.QUITY 2000 influences policies, cwricula and student academic 
development at all grade levels, with a particular focus on grades six through nine--critical year::; 
for mathematics education dming which key decisions are made about which comse.s students 
should take and how they should begin planning for education and careers beyond high school. 

The projecl provides on-going professional development to help teachers work with 
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heterogeneous ability classes, encourages and supports parents to become advocates on behalf of 
their children, helps schools establish support services for students who need exlra time and 
effort to learn challenging content, and trains administrators and teachers to use student 
enrollment and achievement data to drive school-based decision-making_ 

Finally, EQUITY 2000 has made increased parental involvement a priority because it recognizes 
the important role that parents play in nwturing and reinforcing their children's desire to attend 
college. It has sponsored Saturday and summer academies on college campuses for entire 
families. The program also sponsors family Math nights in which parents and students learn 
mathematics concepts together_ 

An analysis of results at the six pilot sites found that: 

•All sites dramatically increased the percentage of students enrolled in algebra I by the ni_nth 
grade, and in three pilot districts, all ninth graders enrolled in algebra I. 

•The percentage of students passing algebra I did not decline significantly, and in some cases 
rose, as more students from the discontinued lower tracks began enrolling in algebra classes. 

Living Up to Our Potential: The First in the World Consortium, Chicago, lllinois. T\:venty 
school districts from Chicago's North Shore joined forces in 1995 to meet the challenge of 
providing their srudents with a world class education in mathematics and science. Their first 
challc:ngc: was to dc:tc:m1inc: what a "world class'' education looked like, measure their current 
performance against that bendumuk, and develop an improveme::nl slralegy. 

The Consortium's eff011s were directed toward three objectives: benchmarking performam.:~ 
against international !:itand~rrds in mathematics and science, using the Third lntern.ational 
Mathematics and Science Study; creating a forum to clw.ify world-class education standards for 
business leaders, policy makers, educators, and community members; and eslabli:ihing a net work 
of leaming comm.u11.itics involvi11g educators, parents_, and community leaders ·within the 
Consortium school districts and beyond_ 

The districts in the First in the World Consortiwn took the TIMSS assessment in Spring 1996 at 
the fowth, eighth, and twelfth grade level. Their 8th b'Iade results pla~ec.1 them among th~ lop 
performing countries in the world at the 4th Wld 8th grades, well exceeding the United States' 
perfo1111a11ce_ In addition: 

•Fifty percent of their 8th grade students took algebra or geometry compared to 25 percent of 
students nationally who take algebra; 
•The Consortium had high expectations for students and teachers; and 
•Gained broad-based community support for improved student performance. 

However, the First in the World Consortium is not resting on their success; in fact the findings 
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from their participation in TIMSS and other studies have caused them to create teacher learning 
11etworks to strengthen curriculwn !Slandards, models of instruction, assessment, and technology. 
This ''community of learners" approach promotes teacher participation and provides a context for 
long-tem1 corrunitmcnt to the consortium's goals and to growth in student learning. 

Although the First in the World Consortium is at an advantage in terms of its resources, its 
willingness to identify its weaknesses and address them has distinguished its efforts. The 
consorti"Wil identifies both state and federal support as helping it focus on its goals. These 
experiences emphasize that, when given the opportunity, U.S. students can perform as well as, or 
better than, students in any part of the world. 

Advanced Placemem Participation and Scores 011 the Rise in South Carolina. The College 
Board's Advanced Placement (AP) Progrrun was started nearly four decades ago to enable 
studt:nls Lo complete college-level studies while still in high school and to obtain college credit or 
placement. Today more than 500,000 students in about half of the nation's high schools Lake at 
least one AP course. and tho.'le courses are widely recognized as setting the standard for high 
leve]s of academic achievement in high school. Participation and scores in South Carolina 
illustrate the success of a reform initiative.in one state in which 'high standards for all' is seen as 
the norm and expectation for all schools. 

With former-Governor Riley's school reform package of 1984, South Carolina became one of the 
first states to legislate ft.mding and other actions to boost participation in AP. Actions included 
stale appropriations to train the AP teacher and to help pay for AP exams. as well as a 
requirement that public colleges accept AP courses if the student scored 3 or higher on the exam. 
As a result, from 1984 to 1997 South Carolina experienced: 

In increase in the number of students taking AP exams from 2, 799 to 9, 7 48. 
• An increase in the number of AP exams from 3,595 to 15,286, with the mean 

grade decreasing only slightly from 2.75 to 2.72. 
An increase in the orn11ber of AP science exams (Diology, Chemistry, Physics) 
from 27 to 2,414. 

• An increase in the number of AP math exams (Calculus AB and BC) from 46 
to 2,767. 

• Nearly all the public high schools in the state participating in AP, 93.4 percent 
(184 of 197 public high schools). 
AP participation rates above the national average. 

AP Exams Taken 
(Eleventh ;md Twelfth Graders) 

1984 

South Carolina 3,461 

National 223,888 

1997 
14,890 

843,399 
Sources: College Board. Advanc:ud Placement Program, National and South Carnlina Summary Reparrs. 1984 • I 997. 
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Incentives to expand AP participation in Texas. The Advanced Placement Incentives program wai:; 

developed in the Dallas, Texas area by the O'Donnell Fowidation in reaction to the 10\v rates of 
college attendance and poor college preparation of low-income and minority sludenls. 

The Advanced Placement Incentives program addresses shortfalls in both the supply and demand 
for AP courses in math, science, and the arts, by providing performance-based financial incentives 
to teachers, school and sludents. Teachers arc given financial incentives os well as registration and 
fees for attending College Board AP teacher training during the summer, and to begin to teal:h AP 
courses. Students who comp~_ete the Advanced Placement course may take the AP exam at half-cost 
(Lhe lolal cosl for an AP exam is about $73), and tho~e who score a three or better (on a five poinl 
scale) are given a financial incentive and reimbursed for the cost of the exam. 

In five years of operation in nine Texas public schools the O'Donnell foundalion reports that: 

·In the first year of the program 97 students took AP exams, and 52 received a three or better. Tn the 
fifth year of operation 1,099 students took AP exams, and 521 received a score of three or better. 
•AP participation increased among female students in areas in which females are traditionally under 
represented, with 19 female sn1dents taking AP exams in math_, science, or computer scienr.:e during 
the program's first year, and 240 female students (compared to 272 male students) doing so in the 
program's fifth year. 
•Minority participation increased, from 7 African-American or Hispanic students taking AP exams 
during the program's fir~t year, to 116 in the progran1's fifth year. 

Serving disadva11taged ancl underrepresented .ftude11l'i i11 matl1-ba.sed fields. The purpose of 
the Mat/iematics Engineering Scie1zce Aclzievement (MESA) program is to increase the 
11umber of stlldellts who are eligible for the University of California and prepared to complete 
degrees in matlz-hasedfield.'i at a11y four-year institution. 

Instructional Reform in M"thematics. Sponsored hy the University of Pittsburgh's Learning 
Research a11d Development Ce11ter, the Quantitative Understanding: Amplifying Student 
Achievement and Reasoning (QUASAR) Project is designed to respond to low levels of .~tudetzt 
participation and the inacleq11C1cy of stu1Jent performance in matlzematics. 

Standards-based Reform. Both the New York Regents Exam and the Ohio Early ~f athematics 
Placeme11t Testing (Eft1PT) program have spurred thousands more high school students to take 
ancl pt1:,·5 cQ/lege~preparatory matllematics coul"ses. 
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Next Steps 

Six things educators, policymakers and community members can do: 

1. Provide all students the opportunity to take algebra I or a similarly demanding course that includes 
flmdaxm:ntal algebraic concepts in the eighth grade and more advanced math and science courses in 
all four years of high school. 

2. Build the groundwork for success in algebra by providing a rigororn; cuniculurn in grades K-7 that 
moves beyond arithmetic and prepares students for the transition to algebra. 

3. Ensure that all students, parents, teachers, and counselors under~tand the importance of sludents' 
early study of algebra as well as continued study of rigorous mathematics and science in high school 
lo their fumre college and career opportunities. 

4. Prepare teachers of mathematics to teach rigorous mathematics by providing teacher preparation 
and professiom1l development opportl.Ulities that increases teachers knowledge and skills in 
mathematics and the Leaching of mathematics. 

5. Support mathematics achievement outside the classroom such as math clubs, tutoring and job 
shadowing for students who may need extra help to ensure that they can achieve at high levels. 

6. Support parent involvement in their children1s mathematics education. 

Six things parents can do: 

1. Discuss your children's rnathemati.cs homework with them. 

2. Visit your children's mathematics teacher to find out what your children are learning and how you 
can help. 

3. Insist that your children be enrolled in algebra I or a similarly demanding course that includes 
fundamenl.al algebraic concepts in the eighth grade and more advanced math and science courses in 
high school so they can keep all of I.heir future options open. 

4. Ensure that your childre11 are gaining the groundwork for success in algebra through a rigorous 
curriculum in grades K-7 that moves beyond arithmetic and prepares them for the transition to 
algebra. 

5. Help your children understand the importance of taking challenging mathematics and science 
courses to their future by visiting colleges, familiarizing them with college requirements, and 
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exploring financial air.I oplions available lo students. 

6_ Show the importance of mathematics to career choices by talking with your children about the use 
of mathematics in ym.u- work or the work of adults they know. 
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Appendix 

The NELS:88 data. The National Education Longitudinal Study of 1988 (NELS:88) initially 
surveyed a nationally representative SilTl'lple of26,000 public and private school eighth grade students 
in 1988. The data collected include responses to student quest1onnaires, scores on standardized 
achievement tests, high :s1.:hool transcripts, and interviews with parents and teachers. Sini;e the initial 
survey in 1988, the students have been reswvcyed every two years, with the most recent data 
available gathered two years after their scheduled high school graduation in 1994. The analyses in 
this report are based on a sub-sample of over 13,000 individuals from whom data were collected in 
all three follow-up surveys. The NELS data use traditional names of mathematics courses (i.e. 
"geometry,'' "algebra II") to reflect the content of courses. This analysis necessarily employs these 
t1tles, but should not be interpreted as implying that courses covering lhe relevant content (for 
example, geometric concept!i), but employing different titles, would have a different relationship to 
the data. 
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A Letter from the Secretary of Education 

Many parents, students, and educators do not realize that within the United States today, 
mastering mathematics has become a gateway to the road to college--and taking algebra or 
courses covering algebraic concepts by the end of the 8th grade is a key to the "gate.1

' Although 
al.most al1 parents want their children to go on to college or some advanced training. many 8th 
cmd 9th graders may be behind in their coiirse taking to get on the road to college, and not realize 
it. 

Recent am.dyscs conducted by the U.S. Department of Education indicate that students with 
strong mathematics baekgrounds--those who take algebra and geometry and more rigorou~ 
mathematics courses during high school--are more likely to go on to college. This is true 
regardless of their family's level of h1come. In fact, the positive impact of taking rigorous 
courses is most dramatic for students from low-income fmnilies. In addition, students who took 
chemislry, a subject which requires a strong background in mathenlatics, were also more likely to 
go to college. Other research tells us that the benefits of a sttong background in mathematics are 
not 11mited to college-going, and workers with high levels of mathematics achievement earn 
more and are less likely to be unemployed than workers who are less proficient in mathematics. 

However, not all students have access to rigorous mathematics courses--either because their 
school may nol offer a full selection of challenging courses to all students, or because students 
are not prepared for and encouraged to take them. The results of the recently completed Third 
Intcmational Mathematics and Science Study (TIMSS) confirm that many students enter high 
school without a solid grounding in mathematics, closing doors very early to opportunities for 
fwther education and helter career opportunities. 

'111e implications are clear: The 8th grade is a critical point iu mathematics education. 
Achievement at that stage opens opportunities for students to take rigorous high school 
mathematics and science courses important for later success. As a nation, we must ensure that all 
our sn1dents develop the necessary mathematics backgrow1d by the end of lhe 8th grade--and 
build on that foundation throughout high school. We challenge parents, schools, COIDIIlWlity 

groups, coJJegcs, universities, and employers to ensure that all children J1ave access to rigorous 
mathematics courses and encourage lliem to go to college. To assist in that effo11, the U.S. 
Department of Education stand<> ready to assist states, local commw1ities, and individual studenti::: 
by providing federal student financial aid for college, by supplementing Advanced Pl.acemcnt 
Exam fees for students' who demonstrate need by providing funding through Title I of the 
Elementary and Secondary Education Act (TISEA) and other programs to assist ~cbools in 
upgrading mathematics teaching ai1d Jear:n.ing, and by providing a voluntary national test in 8th 
grade in mathematics to help ensure that all students are given the opportlll1ity to excel. 

Sincerely, 

Richard ltilcy 
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Executive Summary 

Within the United States today, m~"tering inathematics has become more important than ever. 
Students with strong mathematics backgrounds have advantages in academics and in the job 
market. The 8th grade is a critical point in mathematics education, and achievement at that stage 
opens oppo1tunities for students to take rigorous high school mathematics and science courses 
that <U'e keys to college entrnncc and success in the labor force. However, although most parents 
want their children to go on to college or some advanced training, most 8th and 9th graders are 
behind in thdr course talcing to get on the road to college. Findings highlighted in this report 
include: 

141003 

.. Students who take rigorous mathematics and science courses arc much more likely to 
go to cullege than those who do not. Data from the National Educational Longitudinal 
Study (NELS) reveal that 83 percent of .stl.ldcntc; who took algebra I and geometry went on to 
attend a two or four year college within two years of their scheduled high school graduation, 
compared to a college attendance rate of only 36 percent among st'Ltdents not taking algebra I 
and geometry; while nearly 89 percent of students who took chemistry went to college, only 
43 percent of ic;tudents who did not take chemistr)' in high school went to college. 

• Algebra is the ''gateway" to udvanced mathematics and science in high school-yet 
most students currently do not take algebra during middle school. Students who plan to 
take advC:1Ilced mathematics and science courses during high school and study algebra during 
middle school are at an advantage; Forty-six percent of students who took algebra I in the 
8th grade took calculus in high school, compared to only eight percent of students who took 
algebra I in the 9th grade. However, 1996 NAEP data reveal that only 25 percent of 8th 
graders in the U.S. were enrolled in algehl"a, and that lnw-incomc and minority students arc 
even less likely to be enrolled in algebra during the 8th grade. 

Taking rigorous mathematics and science courses in high schools appears to be 
esi>ecially important for low"'.'income students. Low-income students who took algebra I 
and geometry were almost Lhree tinles as likely to attend college as those who did not: While 
71 percent of those who took algebra I and geometry went to college_, only 27 percent who 
did not went on to college. By way of compal'ison., 94 percent of students from high incoille 
families, and 84 percent of .l>iudcntc; from nliddle income families who took algebra I and 
geometry in high school went on to college. while 60 percent of .students from high income 
families and 44 percent of students ·from middle income families who did not take algebra I 
and geometry slill did go on to college. 

• Despite the importauce of taking rigorous mathematics and science cour-ses for low­
income students, they arc less likely to take these courses. Students from.higher income 
famil1cs arc almost twice as likely to take algebra in middle school and geometry in high 
school and more than twice a~ likely to take chemistry than lower income students. 
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Other important findings include: 

• Mathematics achievement depends on course-tnking, not the type of school a student 
attends. Students at public and private school who had taken the same rigorous 
mathematics courses were equally likely to score at th~ highest level on the NELS 12th 
grade mathematics achievement test. 

Students who have parents who arc involved in theit' school work are more likt=ly to 
take cl1allenging mathematics courses early. Students whose parents were involved in 
their educations Wt'lre more likely to take courses like algebra and geometry in the 8th and 
9th grade, tha11 students' whose parents were not involvoo. 
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Mathematics and Future Opportunities 

The Importance of Mathematics for College Entrance 

Students who lflke rigorolls 
mathematics a1rd scie1ice courses 
are m11.cl1 more likef;v to go to 
college tlla1i those wlio t/o not. 
D(lta from a longitudinal survey of 
students who were in the 8th grade 
in 1988 (National Educational 
Lo11gitudinol Study or NELS) 
reveal that 83 percent of stude11ts 
who took algebra I and geomet1y 
wenl 011 to attend col1ege1 within 
two years of their scheduled high 
school graduation. By way of 
comparison, only 36 percent of 
~tudents not taking olgcbra I a.11d 
gcomt:try we11t lo college (.Figure 
1). Similarly, students who ta.kc 
rigorous science courses in high 
school are also much more likely 
to go to college: While nearly 89 
perce11t of students who took 

Figure 1 
College Attendance by Course-Taking 

% attending college 

60%· 
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Took Algebra I 
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Geon~by 

141006 

chemistry went to colleg~. only 43 percent of students who did not take chemistry iu high school 
went to college. Students who take more rigorous mathematics courses also have higher gains in 
mathematics achievement (measured by the mathematics achievement test given as part of 
NELS) than students who take less challenging courses, even when controlling for achievement. 
For example, among students who initially began ot the same level of mathematics proficiency in 
the 8th grade, those students who had taken algebra TT or geometry by the 10th grade experienced 
greater gains, on ave .. age, than those students who had taken no algebra or only algebra 1 during 
the same period. 

Stude11ls of all income levels who take rigorous matliematic.~ 11m/.scie11ce COllrses iii liigll 
scltool are more likely to go to college, a11d among /ow-income st11dents (students in the 
bottom tliirrl oft/re incom~ distributi01ip, tile difference is particularly dramatic. Students 

1Tiiroughout this rep01t, the Lerm "college" is used to refer to any postsecondary education LW<.en at a public, 
private uot-for-profit, or private for-profit institution. 

2Income data are based on tot.al family income reported by parent$. Low, middle, and high income groups each 
contain approximately one-third of the sample. The "all" category includes additional observations with 
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from low-income families who took algebra 
I and geometry were almost three times as 
likely to attend college as those who did not: 
While 71 percent oflow-income srudents 
who took '1lgebra I and geometry went to 
college, only 27 percent oflow-incorne 
students who did not take algebra I and 
geometry went on to college. The 
differences are also dramatic among 
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sn1de11ts from middle- and high-income 
families: 94 percent of students from high­
income tam ilies, and 84 percent of students 
fro1n middle-income families who took 
algebra I and geometry went on to college, 
while 60 percent of students from high­
illcome fa.milie~ and 44 percent of students fro 
middle-income families who did not take ..._••••••••••••••••• 
geometry still did go on to college (Figure 
2). 

!41007 

Ulifortunatc(v, ma1ty studentt, in particul11.r low-income students, do not take t/1ese rigorQllS 
mat/zema.tics 11nd scitmce courses. According to NELS, 63 percent of all srudents took algebra l 
and geometry and 50 percent took chentistty. Sludents from low-income families. however, were 
far less likely than their pi:ers to take these rigorous courses. Among students in lhe bottom third 
of the income distribution, 46 percent took algebra I and geometry and only 33 percent took 
chemistry. By way of comparison, fully 81 percent of students in the top third of the income 
di::;Lribution took algebra land geometry, and 72 percent took chemistry. The differences are 
similar for other rigorous mathematics courses (Table l). 

missing income data. 
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Table 1: CouTI1e~Taking Patterns of NELS Students 

When course-taking patterns are accou1ltedfur, tlze difference i11 tlie rate of college-goi11g 
between low and lligh income students is dramatically reduced. When cow-se taking pattems 
a.re nol accounted for, students from high-income families are almost twice as likely to attend 
college as students from low-income families (86 percent compared to 44 percent). However, 
when only srudcnls who have taken rigorous courses are compared to one another, students from 
low-income families go to college at rates much more similar to student~ from middle- ruid high­
income fwnilies (Table 2). For example, cUnong students who took chemistty in high school, 95 
percent ofhigb-income students; 89 percent of middle-income students; and 79 percent of 
low-income students went on to college. When low-income students talce rigorous courses, 
income effel;ts on college-going rates diminish greatly, although they do not disappear_ 

Table 2: College Attendance by High School Course-Taking Patterns of NELS Students 
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All Students 

Figure 3 
Mathematics Achievement by 

Highest Mathematics Course Taken 

0% 20% 40% 60% 80% 100% 

Percent of Students Scoring at the Highest Level of the 
NELS 12th Grade Mathematics Achievement Test 

Achievement divided into thirds; Students in highest level scored in the top thlrCI 
Source: Analysis of NELS data 
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Mathematics in College, the Workplace, and the 21st Century 

The bem!jit.r of t11king rigorous mathematics and science courses extend to both two- a11d four­
year chlleges, and to tl1ejoh market. As the prevalence nftechnology in the workplace steadily 
increases, workers in more and more jobs will be required to have strong backgn.n .. mds in 
mathematics and science--backgrounds which begin to be formed during high school. Rigorous 
mathematics and science preparation is alsn important to students intending to go to a two or four 
y~ar co11ege or university. The level and number of mathematics courses that a student needs to 
take before and during college depend on the type of college and the major that the student wants 
to pursue, and while students who plan to major in mathematics- and science-related disciplines 
typically need to take a more Iigoruus mathematics program, many other popular course;:s of 
study also require strong mathematics backgrounds .. 

Two-year colleges often re1111ire all stu.dents to gain a11 understandilzg ofi11termetliate algebra 
prior IQ gradttation, regardless tJftlteir course of study. In many two-year co11eges, all entering 
degree-seeking students are required to take mathematics placement exams prior to enrollrne;:nt. 
Stude11ts who score high enough may be exempted from taking certain mathematics courses, 
while students with low scores may be requirt:d to enroll in remedial mathematics courses. Many 
of the most popular majors at typical two-year colleges--including Busin~ss, Nursing, and 
Computer Science--rcquire more rigorous mathematics course work, such as statistics. 

Four-year colleges a11d ulliversities typically req11ire more high school mathematics 
preparatiol'lfor admi'<.Yion. Typical. state four-year colleges mid w1iwrsities recommend, and in 
some cases, require, that all students take at least three, and sometimes four, years of 
matbcn1atics in h.igh school. Data collected by the College Board reveal that in 1997, 68 percent 
of incoming freshmen at four-year colleges and wliversities had taken four years of mathematics 
in high school. Furthem10rc, almost all of these students had taken algebra and geometry, and 
more than half had laken trigonometry. Upon enrollment, most state colleges require students to 
take mathematics placement exams. Advanced Placement courses are looked at favorably by 
colleges and can result in placement out of intrnductory mathematics cow·ses. While graduation 
requirements differ depending on the student's major, many popular majors, such as Business and 
Psychology, require students to take several more rigorous courses in mathe1natics or science. 

In tile joh market, workers who /rave a str011g background i11 matliematic.~ and science are 
more likely lo be employetl and generally eam more t/1a11 worker ... witli tower achievement, 
even iftliey have not gone on to college. A nati.onal survey found that by age 30, high school 
graduates who had not gone on to fwther education and had previously scored in the top quartile 
on the mathematics portion of the Armed Services Vocational Aptitude Battery 
(ASV AB--administered to civilian!; for sludy purposes) earned, on average, 38 percent more per 
hour tha11 high school graduates who had not gone to college and had scored in the bottom 
quartile of the mathematic portion of the ASV AB. Similarly, the unemployment rate among high 
school graduutes who scored in the top quartile of the mathematics test was only 4.4 percent, 
compared to an unemp.loyment rate of 10.3 percent among high school graduates who scored in 
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the lowest quartile. Workers who scored in the top quartile of the science section of the ASV AH 
also earned more, on average, and were less likely to he unemployed. 

Ill 011 

111 tire future, ability ;,, mathematics will h~ evc11 more imp,,rtu,,t for gootl-paying jobs. Today, 
some major firms now require that all job applicants pac;s standardized mathematics and reading 
tests, so that they may hire only individuals with solid backgrounds in these tu"eas. For example, 
nt Diamond-Star Motors, a joint venture of Ch.ryslc::r and Mitsubishi, all applicants for 
production and maintenance positions must pass a standardized test that assesses their ability to 
do mathematics at a. high school level. Authors Richard Murnane aud Frank Levy have identified 
a set of "New Basic Skills," in their book ufthe same name, that, though fundamental for good­
paying jobs in the modem labor market, are often not mastered by non-college-bound high 
school graduates. The "New Basic Skills" that workers will need to earn a good wage include t.he 
ability to use mathematics skills aud concepts at least at the 9th grade level, yet currr.::ntly many 
non-co Hege bound student'!l looking for work do not possess a sufficient mathematics background 
Lo do so. 

10 
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Middle School: 
Getting on the Road to Challenging Mathematics 

and Science Courses 

Laying the Foundation 

Algebra if the "gateway" to rigorous 
matlielllatics courses. Rigorous mathematics 
courses build upon the skills and concepts 
that students learn in earlier mathematics 
courses. Traditionally, students cannot take a 
rigorous mathematics course in high school 
until they have successfully completed one or 
more prerequii:;it.e collrses that provide the 
foundation for the next course. Alg~bra I, or another course that covers basic algebraic concepts, 
is the prerequisite for more rigorous mathematics classes in high school. 

Ill 013 

Students who pl.a11 to take adva1iced mathematics alld science coU1we5· tluring high school and 
begin tu study algebra d11ring middle school al'e at a clear ad11a11tage. A rigorous sequcnc~ of 
mathematics courses spans several years. The traditional sequence of recommended mathematics 
courses ilwolvcs one year courses in algebra I, geometry, and algebra IT, followed by a half-year 
cour~e in trigonometry, a fi.ul- or half-year course in pre-calculus then calclllus, or an Advanc~d 
Placement course. Ill addilion, an increasing number of schools use curricula that cover these 
rigorous content areas, but integrate algebra, geometry and other areas of mathematics such as 
statistics and probability, rather than teaching each in a separate course. According to NELS, 
forty-six percent of students who took algebra I in the 8th grade took calculus in high school, 
compared to only eight percent of students who took aJ gebra I in the 9th grade. The typical high 
school sequence of rigorou:) science courses (biology, chemistry, and physics) also necessitates 
an early background in algebra and g~ometry. Although not all students need to take all ofthe 
most rigorous mathematics or scienc~ cow·ses that their school offers~ most colleges encourage 
students to take four years of challenging mathematics and science courses during high school. 

Students wllo do not take courses covering algebraic concepts early in their educational career 
risk closing tile dnor on ma11y importa11t opportu11ities, including opportunities to take coursel· 
outdde of mathematics and science. Some high schools require students to complete a spedfic 
package of courses, inchiding matheillatics and science~ in order to graduate. Hy the junior and 
senior year, students who have not plrumed ahead to complete the courses that their school 
requires have fewer optio11s in choosing which courses they take. Students who do not complete 
prerequisite and required courses eady enough not only risk being unable to take more rigorous 
courses in those disciplines later, but also n1ay not have time in their schedules to take other 
courses that can help prepare them for college or a career, including foreign language, art, 
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Advanced Placement, and "tech prep" courses. 

Figure4 
Course-Taking Patterns in Middle 
School 

Proportion of Eighth-Graders Enrolled in Algebra, 1996 

Despite rece11t i1zcre11ses in the propomo11 
of students taking algebra I i11 tlie Btli grade, 
in 1996, most students were llol enrolled in 
tliis course. Tue proportion of 8th-graders 
taking the National Assessment of 
Educational Progress (NAEP) mathematics 
assessment who reported taking algebra ha.c; 
increased in recent years. In 1992, only 20 
percent of studentc:: reported taking algebra. 
In 1996, the next year the NAEP ma.thematics 
assessment was administered, 25 percent 
repo1ted taking algebra. 'I 'his increase may be 
clue to a number of factors, including the 
National Cou11dl ofTeaehers of 
Mathematics' (NCTM) call for the inclusion 
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of algebraic topics in the m1ddle school cuniculum. However, most students still were not 
enrolled in courses that include significant a.mounts of algebra in the 8th grade. 

80%" 

il1intJrity atzd luw-i11come st11dents co11ti1111e to be les.t lil<e/y to take challengi11g matlleniatics 
cu11rses in middle school tllan otlier st11dents. The 1996 NAEP data reveal that mir1ority 
students are less likely to report heing enrolled in algebra in the 8th-grade (Figl:rre 4). The data 
also provide some indication that students from disadvantaged backgrounds are less likely to be 
enrolled in algebra during the 8th grnde: While 29 percent of students who were not eligible for 
the national school lunch program reported being enrolled in algehra during the 8th grade, only 
15 percent of students who were eligible for the national school lunch program were enrolled in 
algebra. 

While tlze number ofstude1lt~ taking algehrll cot•rses lias increased, recent evidence Sllggests 
t/iat the come11t oft/rese courses has remai11ed rigorous_ Mooy stat.es have recently increased 
mathematics requirements for high school graduation, often requiring that students take more 
years of mathematics than were required in the past, or mandating that student.:; complete certain 
courses_ A recent study supported by tl1e National Science Foundation (NSF) examined the 
content of mathematics courses in schools in several of the states making the most substantial 
changes in mathematics requirements. The study ·focused on basic cour!;es, such as algebra I, 
which had experienced large enrollment increases because of the more stringent gr<iduation 
requirements. Despite the larger numbers of students enrolling i.n the courses, Lhe study frnmd 
that the c011tent of these courses was essentially unchanged, indicating that more students were in 
fact being exposed to rigorous mathematics. 
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Parent and Student Attitudes about Mathematics and Science 

Large proportiottr qf middl.e :school 
stude111Y indicate that they do not p/a11 to 
take maJhematics and science courses 
heyond wliat their sclinols req11ire. A 
nationally representative survey ofpublk 
school students and parents conducted by 
Louis Harris Associates for the National 
Action Cmlllcil for Minorities in 
Engineering (NACME), Inc. fom1d that 
large proportions of students would like to 
stop tnking ma.thernatics and science 
courses as soon as they are able to: 51 
percent of the 5th through 11th grade 
student.<: surveyed .indicated that they would 
t.ake mathematics classes only as long as 
required~ while 4 7 percent reported they 
would study science only as long as it is 
required. Distressingly, young minority 
students--5th through 8th grade students 
who will soon be facing major decisions 
about which courses tn take--were more 
likely to indicate that they plarmed to drop 

40% 

mathematics and science us soon as they were able to (61 percent plarmed to drop mathematics, 
i:IIld 58 percent planned to drop science). Minority students of all ages were more likely ihan 
other students to indicate that tl1ey wo\.lld 11ke to stop taking mathematics and science as ~oon as 
they were able to (Fii:.rure 5). 

~015 

However. tile same grnup of students indicate that tliey wmild b~ i11.terested in going to college, 
am/ taking collt!ge-level matlientatics courses. Eighty~six percent of all students surveyed said 
that they would like to go tu college. Although less than half of the 9th~ to 11 th-grdde students 
said that they planned to take trigonometry or algebra II in high school, nearly tvvo-thitds said 
that they were interested in taking Advru1ced Placement courses. 11tese contrasts signal thal 
many students do not understand the importance ot~ and requirements for, taking rigorous 
mathematics and science courses in high school, including the need to take algebra by the 8th 
grade_ In fact, only 25 percent of minority and 42 percent of non-minority 5th- through 8th-grnde 
students recognized that if they did not take algebra they would not be able to take other 
mathematics classes in the future. 

Parent atid leac/1er im•olt .. ement may make a large difference ill st11dents' decisions abo11t 
m11thematics and scie11ce. According to the NACMR survey, ninety-four percent of students 
indicated that their parent's or guardian's advice was important tu them in deciding what they 
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would study in school, and 88 percent indicated their teachers' advice was important. Ninety-one 
percent of pan:nts want their children to continue their education beynnd high school. However, 
when 9th- through eleventh-graders were asked who decided which mathematics classes they 
wouJd take, seventy-nine percent indicate that they had made the decision by themselves. 

Anlllysis of tlie NELS data indicates I/rat st11dents with grt!ater levels· of parental involvement 
are more likely to take advanced mathematic.5 courses. Analysis of the course-taking patterns 
of the NELS students who were in 8th-grade i11 1988 reveals that regardless of whether the level 
of parent involvement was reported by the student, the parent. or the teacher, higher levels of 
parental involvement were consistently associated with higher likelihoods of taking rigorous 
mathematics courses. While only 8 percent of those students who said that they did not discuss 
programs at school with their parents took algebra I by the 8th grade, I 7 percent of those who 
said that they discussed school programs three or more ti.mes during the previous semester took 
algebra I by the 8th grade. Students who had parents or teachers who said lhat there were greater 
levels of parental involvement were also more likely to take advanced courses. Thirty-seven 
percent of those students whose parents said that they rarely talked to their child about high 
school plans took geometry by the l 0th grade, while 48 perce11t of those students whose parents 
said they regularly spoke to the child about high school plans took geometry by the I Olli grade. 
While 27 percent of students whose teachers said their parents were not involved took geometry 
by the 10th grade, a full 63 percent of the students whnse teachers said that their parents were 
very i11volved took geometry by the l 0th grade. 
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Mathematics in the U.S. Today 

International Comparisons of 
Middle School Mathematics and 
Science Proficiency 

Rece1rtfindi11.pfrom t/1e Third International 
Matlzematle.s t1nd Science Study (TIMSS) .• 
indicate that the mat/1e111atics cu1·ri~ulum 
from grades jive through eight may be a weak 
li.tik i11 the U. S. educati01zal system. Newly 
available data fron1 TIMSS (the most 
compl'ehensive international comparison of 
schools and students ever undertaken) reveal 
that U.S. 4th graders score above the 
intematiomtl average in both n1athematics and 
science. Among 25 other participating nations, 
only Korea performed better than the U.S. in 
4th brrade science, and only 7 of the 25 other 

U.S. Perfonnance on TIMSS, 
Relative to International Average 

Fourth arack! t;lghth Grade 

Mathematics 

Science 

countries did better than the U.S. in 4th grade mathematics. These findings are in contrast to 
earlier findingi:: from TIMSS that indicate that U.S. 8lh graders perform slightly below the 
international average in mathematics, and only slightly above the international average in 
science. In fact, only one country--thc U.S. in matheniatics--falls from above the international 
'1verage at 4th grade to below tht: international average at 8th grade. 

~017 

T//e U.S. expect~· less of its middle sc/lool a11dju11.ior lligh st11de11tf compared to higlt 
performing 12atio11s. TIMSS data suggest that one reason U.S. students do less well at 8th grade 
is thaL the n1i.ddle school mathematics curriculum in the U.S. is s1gnificantly less challenging 1.han 
the curricula used in other oountries. T n Germany nnd Japan. virtually all students 1n grades 5 
through 8 rnove beyond arithmetic to the foundations of algehra. and geometry_ By 8th gi:"'dde, 
math.cmatics courses in virtually all other countries participating in TTMSS include significant 
algebra. ancl geometry, while in the U.S., only students in college-preparatory classes receive 
significant exposure to algebra, a:nd very few students study geometry. As a resull, the content 
taught in U.S. 8th grade mathematics classrooms is usually at a 7th-grade level compared to the 
40 other nations in the TIMSS study. 

TIMSS {lfso found that U.~: niat/iematics classes req11ire .ftudents to engage i11 less hig/1-/evel 
mathematical tlioug/it a11.d solve/ewer mu/Ji-step problems tlial'I classes in Germany anti 
Japan. A U.S. mathematics teacher's typical goal is to teach students the mechanics of solvu1g a 
problem versus understanding I.he concepts behind it, while a Japanese teacher's goal is tu help 
them learn the basics as well ac; understand the relevant mathen1ati.cal concept.s. In a typical U.S. 
classroom, students follow t11e teacher as he or she leads them through solutions to mathematics 
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problems. In Japan, students are asked to solve problems, present them to the class. and describe 
how they approached the problem to increase their own understanding. 
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Promising Practices 

In many places across the country, there are promising programs underway that focus on 
improving .student achievement in mathematics in science. Many of these are greatly expanding 
the numbers of students taking rigoruus courses in mathematics and science, and are finding that 
students are doing quite well. While recognizing that there is no one formula to success, we have 
highlighted a nl.1mber of places that demonstrate effective strategies. We hope that these 
examples will be useful to yuu as you plan efforts to improve mathematics and science education 
for students in your community and across the nation. 

PrepariT1g for success: The Algebra Pl'oject, suppfJrted by the National Science Fmmdation 
(NSF) and directed by R<Jbel't Mos~·, addresses equity of opportunity by helping 6th, 7th, and 
Btlt graders in itmer city and rural areas gain an understa1ldi.11g of challenging mathematics. 
Serving over 40,000 trnditionally low-income and minority middle school students, the Algebra 
Project is based on the conviclion that all ~tudents can learn algebra given the proper context. An 
essential first step i$ that all students study algebra as early as po!lsible to ensure their access to a 
college preparatory high school curricuhun. 

Th~ project as~ists students in 22 urban and mral sites in 13 states to succeed in cha1lengi11g high 
school mathematics courses by introducing rigorous mathematics concepts in the 6th grade, 
creating a foundation to build upon throughout the n1iddfo school years. The project has been 
successful i.t1 helping n·adilionally underserved students complete algebra I by the 8th or 9th 
grades, and either pre-calculus or calculus by the 12th grade utilizing a variety of strategies. The 
pr<Jject places young college-age students in schools to provide extra assistance. In addition, the 
project provides after-school activities; and provides teacher professional development in 
exam.i.11i11g the curriculum and beliefs about how il should be taught. 

The Algebra Project has had important effects for conununities_ For instance, in the Mississippi 
Dcll'1 and in Jackson, Mississippi. the project showed positive short term effects. Additio11ally, 
an evaluation team, comprised of education experts from across the country, found evidenc.e of 
positive outcomes in teaching, student attitudes about aml engagement in mathematical ideas, 
and community involvement. 

Taking the right co11rses: In 199(), tlr.e College Board launclied EQUITY 2000 to increase 
minority enrollment i11 college preparatory mathematics courses. Originally piloted in six 
communities, EQUITY 2000 re.quires participating school districts to phac;e out lower-level 
mathematics· and require all students to take a cullege preparatory curriculum--beginning with 
algebra and geometry. EQUITY 2000 influences policies~ curricula and student academic 
development at all grade levels, with a particular focus on grades six through ninc--critical years 
for mathematics education during whkh key decisions are made about which courses students 
should take and how they should begin planning for education and careen:: beyond high school. 
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The project provides on-going professional development to help teachers work with 
heterogeneous ability cla::.ses, encourages and supports parents to become advocates on behalf of 
their children, helps schools establish support ::;ervices for students who need c:x.lra time and 
effort to learn challenging content, and trains administrators and teachers to use student 
enrollment and achievement data to drive school-based decision-making. 

Finally, D.QUITY 2000 has made increased parental involvement a priority because it recognizes 
the important role that parents play in nurturing and reinforcing their children's desire to attend 
college. It has sponsored Saturday and summer academics on college campuses for entire 
families. The program also sponsors Frunily Math nights in which parents and students learn 
mathematics concepts together. 

An analysis of results at the six pilot sites follnd that: 

• All sites dramatically increased the percentage of students enrolled in algebra 
I by the 9th grade, and in three pilot districts, all 9th grader!: ertrolled in 
algebra I. 

• The percentage of students passing algebra I did not decline significantly, and 
in some cases rose, as more students from the discontinued lower tracks 
began enrolling in algebra classes. 

Adl'anced Placemem Participation Rising i11 Soutli Caroli11.a and Texa.f. The College Board's 
Advanced Placement (AP) Program was started nec1rly four decades ago to enable students to 
complete coUege~lcvel studies while still in high school and to obtain college credit or 
placement. Today more than. 500,000 studcals in a.boul half of the nation's high schools take at 
least one AP course, and those courses are wi.dely recognized as setting the standard for high 
levels of academic achievement in high school. Dramatically increased participation in 
Advanced Placement courses in South Carolina and Texas illustrate the success of AP-ba.i;;ed 
refonn initiatives in two states. 

South Carolina: With former-Governor Riley's school reform pack.age of 1984, South Carolina 
became one of the first states to legislate funding and other actions to boost participatio11 in AP. 
Actions included state approprialions to train AP teachers and to help pay for AP exams, as we!l 
as a requirement that public colleges accept AP cour~es if the ~dent scored 3 or highet on the 
exam. As a result, fron1 1984 to 1997 South Carolina experienced: 

• An increase in the number of students talcing AP exanis from 2, 799 to 9, 748. 
• An increase in the number of AP exams from 3,461to14,890, with the mean grade 

remaining stable at approximately 2. 7 - 2.8. 
• An increase in the number of AP science exams (Biology, Chemistry. Physics) from 27 

to 2,414. 
• A11 increase in the number of AP math exams (Calculus AB and BC) from 46 to 2,767. 
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• Ninety~threc percent of all the public high schools in the state participaling 1n AP( 184 of 
197 pubJic high schools). 

• AP participation rates above the national average. 

AP EI:.1ms Taken 
(Eleventh and TwelftJ1 Graders) 

1984 1997 Percent increase 

South Carolina 3,461 14,890 77 percent 

National 223,888 843,399 73 percent 
Sources: College Board. Ad11anced PlacemtJnt Pr<Jgram. Nal1012al and South Carolina S1.1mmmy Reporr.f. 1984 -
1997. 

Texas: The Advanced Placement Incentives program was developed in the DaUas, Texas area by the 
O'Donnell Foundation in reaction to the low rates of college attendance and poor college prevaration 
of low-income and minority students. The Advanced Placement Incentives program addresses 
shortfalls in both the supply and demand for AP courses irJ 111alh., science, and the arts, by providing 
pe1formance-based financial incentive;:s to teachers, school and students. Teachers are given 
financial incentives as welJ as registration and fees for attending College Board AP teacher training 
during the summer, and to begin to teach AP courses. Student<s who complete the Advanced 
Placement course may talc:c the AP exam at haH:.cost (the total cost for an AP cxwn is about $73), 
and those who score u three or better (on a five point scale) are given a financial incentive and 
reimbursed for the cost of the exam. 

In five years of operation in nine Texas public schools the O'Donnell foundation reports that: 

• In the first year ufthe program 97 students took AP exams> and 52 received a three or better. 
Tn the fifth year of operation 1,099 students took AP exams, and 521 received a score of three 
or better. 

• AP participation increased wnong female sludent<; in areas in which females are Tl'aditionally 
under represented, with 19 female students trucing AP exams in math, science, or computer 
sdence during the program's first year, and 240 female students (compared to 272 male 
students) doing so in the program's fifth year. 
Minority participation increased, from 7 African-American or Hispanic students taking AP 
exams during the prograrn's first year, to 116 in the program's fifth )'~'11'. 

Instructional Refonn in Mat/1e1H.atic;)" ·Sponsored by tlie University of Piltshurg/1 's Leaming 
Research and Development Center, the Quantitative Understanding: Amplifying Stude11t 
Acltievement and Reasoning (QUASAR) Proj~cl is designed to respond to low levell· of student 
participation a11d tile inadequa~y oj;)·t11de1itperformance in mat/iematics. QUASAR is a 
practical school demonstration project for urban middles schools that fosters the development and 
implementation of enhanced mathematics in$ln1ctional programs in economically disadvantaged 
communities. The program's key principles are that all students are able to learn a broad range of 
mathematical cunte11t., acquire a deeper and more meaningful understanding of mathematical ideas, 
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and demonstrate proficiency in mathematical reasoning and complex problem solving. 

lN QUASAR schools, teams of mathematics teachers, !';chool administrators and "resource 
partners"-· generally mathematics educators from local universities-- eollabor·ate to develop, 
implement, and. refi11e rnathematics instructional progr.:uns. All project schools have eliminated 
most forms of academic tracking, and have emphasized deeper student undersimding and high-level 
thinking a11d reasoning for all ::;tudents. While there is variation acwss the sites in curricula, 
teaching strat~gies, and approaches to professional development, all QUASAR sites included 
extensive attention to professional development and teacher support. AdditionaIJy, the University 
of Pittsburgh's Leaming Research and Development Ce.nter provides the schools with ongoing 
support and updated information on progresi;. 

Program data indicate that QUASAR schools build the capacity of teachers to improve: the quality 
of their mathematics insLniction. and to increase the capacity of students to think, reason, solve 
complt::x prohlems, and communicate matl1ematically. Students in QUASAR schools, pa.iticularly 
those who are from minority groups and those with limited English proficiency, have increased 
their undersl<.mdi11gs of important mathematical ideas at:ross a range of content topic areas. 
Additionally, QUASAR students in grade 8 performed as well as students on basic and traditional 
items of the 1992 NAEP Mathematics Assessment, and above their peers on Jess traditional middle 
school mathematics content. 

Standard'l-based Reform. Tlie New York Regents Exam has spurred tl1ousanth· more high 
school stude11ts to take and pass coll.ege-preparatory mathemaJk.f courses. T n 1993 then-New 
York-Chancellnr Ramon Cortines reqllircd all srudents to t.ake tougher Regents~leve1 mathematics 
and science courses traditionally re;:served for college-bowid students. Beginning in l 995, the state 
required that ail students take Regents-level classes. The number of Hispanic and black students 
whn passed the science portion of the Regents Exam more than doubled from the previous year. 
Since then, the state has decided to require that all students take und pa5s the Regents Exams. In 
addition, Commissioner of Education Richard Mills has recently called for an increase in the rigor 
of the state's rcq uirements for graduation from high school, including adding another year of both 
mathematics and science to the cun-ent two years required in each. 

Livi11g Up to Our Pote11tial: The First ill the World Consortium, Cliicago~ Illinois. Tw~nty 
school districts from Chicago's North Shore joined forces in 1995 to meet the challenge of 
providing their students with a world class education in mathematics and science. Their first 
challenge was to detemunc what a "world cla.'is" education looked like, measure their current 
performance against thut benchmark, and develop au improvement strategy. 

The Consortium's efforts were directed toward three objectives: benchmal'lcing performance aga1nst 
international standards in mathematics and science, using the Third International Mathematics and 
Science Study; creating a forum Lo clarify world-clac;s education standards for business leaders, 
policy makers, educators, and community members; and establishing a network of learning 
commm1itics involving educators, parents, and communily leaders within the Consortium school 
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districts and beyond. 

The districts in the First in the World Cons011ium took the TIMSS assessment in Spring 1996 at the 
4th, 8th, and 12th grade leveL Their 8th grade results placed them among the top performing 
countries in the world at the 4th and 8th grades~ well exceeding the lJnited States' performance. h1 
addition: 

• Fifty percent of their 8th grade students took algebra or geometry compared to 25 percent of 
students nationally who take algebra; 
The Consortium had high expectations for students and teachers; and 

• Gained broad-based community support for improved student perfonnance. 

However, the First in the World Consortium is not resting on their success; in tact they have creuted 
teacher learning networks to strengthen curriculum standards, models of instruction, assessment, 
and use of technology. This "commw1ity of learners" approach promotes teacher participation and 
provides a context for long-tenn collllnitment to the consortium's goals and to growth in stud~nt 
learning. 

Although the First in the World Consortium is at an advantage in tenns of its resources, its 
willingness to identify its weaknesses and address them has distinguished its efforts. The 
consortium identifies both state nnd fode:ral support ac: helping it focus on its goals. These 
experiences emphasize that, when given the opportunity, U.S. students can perform cis well as, or 
better that1, students in any part of the world. 
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Next Steps 

Six things educators, policymalrers and community members can do: 

1. Provide all students the opportunity to take algebra I or a shu.i.farly demanding course that 
includes fundamental algebraic concepts in the 8th grade and more advanced math and science 
courses in all four years of high school. 

2. Bulld the groundwork for success in algebra by providing a rifiorous cmTiculum in grades K-7 
that moves beyond arithmetic and prepares students for the transition to algebra. 

141024 

3. Ensure that all stude1mi, parents, teachers, and counselors understand the importance of 
students' early study of algebra as well as continued study of rigorous mathematics and science in 
high school to their future college and career opportunities. 

4. Prepare teachers of mathematics to teach rigorous mathematics by providing teacher 
preparation and professional development opportunities that increac;es teachers knowledge and 
skilJs in ma.thematics and the teaching of mathematics. 

5. Support mathematics achievement outside the c1ru:;sroom such as math clubs, tutoring and job 
shadow1ng for students who may need extra help to ensure that they can achieve at high levels. 

6. Support parent involvement in their children's mathemat1cs edLication. 

Six things parents can do: 

I . Discuss your children's mathematics homework with them. 

2. Visit your chi1dren's mathematics teacher to find out what your children are learning and how 
you can help. 

3. Insist that your children be enrolled in algebra I or a similarly demanding course that includes 
fundamental a.Jgebraic concepts in the 8th grade and more advanced math and science courses in 
high school so they can keep all of their future options open. 

4. Ensure that your children arc gaining the groundwork for success in algebra through a rigorous 
curriculum in grades K-7 that moves beyond arithmetic and prepares them for the transition to 
algebra. 

5. Help your children understand the importance of taking challenging mathematics and science 
courses to their future by visiting colleges, familiarizing them with college requirements, and 

2J 

., 
",1 

'1 



OPP/PES 
~025 

10/15/97 13:10 '6'202 401 3036 ···- -·· ·-· ---· ·-·- ·--.. ---

exploring financial aid options available to students. 

6. Show the importance of mathematics lo career choices by talking with your children about the 
use of mathematics in your work or the work of adults they know. 
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Appendix 

The NELS:88 data. TI1e National Educatfon Longitudinal Study of 1988 (NELS:88) initially 
surveyed a nationally representative sample of26,000 public wid private school 8th grade 
students in 1988. The data collected include re~ponses to student questionnaires, scores on 
standardized achievement tests, high school transcripts, and interviews with parents and teachers. 
Since the initial survey in 1988, the studentc; have been resurveyed every two years, wjth the most 
recent data available gathered two years after their scheduled high school graduation in 1994_ 
The analyse!; in this report are based on a sub-sample of over 13,000 individuals from whom data 
were collected in all three follow-up surveys. Analysis of course-taking patterns is bac;eil on 
student repo1ts of 8th-grade course-taking and high school transcript data. The actual titles of 
mathematics courses as they appear on the transcripts may vary, despite covering similar cunte11t 
(for example, geometric concepts); accordingly, we have attempted to include all courses 
covering similar content under traditional course names (i.e. ''geometry," "algebra TI") rctlective 
of their content. 
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A Letter from the Secretary 
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Within the United States today, mastering mathematics has become a gateway to the road to 
college, and taking algebra in the 8th grade is a key to the "gate." Even though almost all parents 
want their children to go on to college or some advanced training, most 8th and 9th graders are 
behind in their course taking to get on the road to college. 

Recent analyses conducted by the U.S. Department of Education indicate that students with 
strong mathematics backgrounds--namely those who take geometry and more rigorous 
mathematics courses during high school-- are much more likely to go to college. This is true 
regardless of their family's level of income. In addition, these more rigorous mathematics 
courses allow students to take and succeed in chemistry and physics in high school--also helpful 
for college acceptance and success. 

We also know from other research that the benefits of a strong background in mathematics are 
not limited to college-going. Workers with high levels of mathematics achievement earn more 
and are less likely to be unemployed than workers who are less proficient in mathematics. As the 
prevalence of technology in the workplace steadily increases, it is easy to recognize that more 
and more jobs will require a solid background in mathematics. 

However, not all students have access to rigorous mathematics courses(hi high schoo]}-either -
because their school does not offer a full selection of challenging courses to all students, or 
because students are not prepared for and encouraged to take them. Although algebra I is 
considered the primary "gateway" course for other important mathematics courses, many 
students do not take it early enough to enroll in higher level mathematics courses and science 
courses in high school. · 

Furthermore, the results of the recently completed Third International Mathematics and Science 
Study (TIMSS)--the most comprehensive international comparison of education ever undertaken­
-indicate that while our fourth graders are developing a strong foundation in mathematics and 
science, and score above average among twenty-five other participating nations, U.S. eighth 
graders score below the international average in eighth grade mathematics. Early analysis of the 
TIMSS data shows that our middle school mathematics curriculum is not as challenging as that 
of other countries. In fact, in comparison to many other countries, which commonly cover some 
algebra and geometry during the eighth grade, the U.S. eighth grade mathematics curriculum is at 
a seventh grade level. 

The implications are clear: The eighth grade is a critical point in mathematics education, and 
achievement at that stage opens opportunities for students to take rigorous high school 
mathematics and science courses that are keys to college entrance and success in the labor force. 
Yet, too many students today enter high school without a solid grounding in mathematics, 
closing doors very early to opportunities for further education and better career opportunities. 

1 



Success in challenging mathematics is important for long-term academic and labor market 
success; it is critical that we, as a nation, ensure that all children master more rigorous 
mathematics by the end of the eighth grade--and build on that foundation throughout high school. 
I encourage teachers, parents, policy makers and all others who are concerned with the well­
being of our children, to work together to ensure that all children have the opportunity to take-­
and master--the most challenging mathematics courses our schools have to offer. 

Sincerely, 

Richard Riley 
U.S. Secretary of Education 
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Executive Summary 
DRAFT 

Within the United States today, mastering mathematics has become more important than ever. 
Students with strong mathematics backgrounds have advantages in academics and in the job 
market. The eighth grade is a critical point in mathematics education, and achievement at that 
stage opens opportunities for students to take rigorous high school mathematics and science 
courses that are keys to college entrance and success in the labor force. However, although most 
parents want their children to go on to college or some advanced training, most 8th and 9th 
graders are behind in their course taking to get on the road to college. Findings highlighted in 
this report include: 

• The results of the Third International Mathematics and Science Study (TIMSS) 
reveal that the U.S. middle school mathematics curriculum may be a weak link in 
the U.S. educational system. While U.S. fourth graders score above the international 
average in mathematics and science, U.S. eighth graders score below average in eighth 
grade mathematics, and only slightly above the international average in science. Early 
analysis of the TIMSS data also shows that the U.S. middle school mathematics 
curriculum is not as challenging as that of other countries. Although algebra and 
geometry are commonly featured in the middle school curriculum taught in other 
countries, only a small fraction of U.S. middle school students are exposed to these 
topics. 

• Students who take rigorous mathematics and science courses are much more likely 
to go to college than those who do not. Data from the National Educational 
Longitudinal Study (NELS) reveal that 83 percent of students who took geometry in high 
school went on to attend a two or four year college within two years of their scheduled 
high school graduation, compared to a college attendance rate of only 35 percent among 
students not taking geometry; while nearly 89 percent of students who took chemistry 
went to college, only 43 percent of students who did not take chemistry in high school 
went to college. 

• The& of taking rigorous mathematics and science courses are most dramatic 
for low mcome students. Low income students who took geometry were almost three 
times as likely to attend college as those who did not: While 71 percent of those who took 
geometry went to college, only 26 percent of low income students who did not take 
geometry in high school went on to college. By way of comparison, 93 percent of 
students from high income families, and 84 percent of students from middle income 
families who took geometry in high school went on to college, while 59 percent of 
students from high income families and 42 percent of students from middle income 
families who did not take geometry still did go on to college. When course taking is 
accounted for, income differences in the rate of going to college diminish dramatically, 
although they do not disappear completely. 

3 



·--DRAFT 
• As the first prerequisite for geometry and other rigorous mathematfos· courses, 

algebra is the "gateway" to advanced mathematics and science in high school--yet 
most students currently do not take algebra or a course covering algebraic concerns ~\ ~ 
during middle school. 1996 NAEP data reveal that only 25 percent of eighth graders in ~~ 
the" U.S. were enrolled in algebra, and that low income and minority students are even )-
less likely to be enrolled in algebra during the eighth grade. Students who do not begin to 
study algebra during middle school have a distinct disadvantage in taking advanced 
mathematics courses during high school. 

Other important findings include: 

• 

• 

Mathematics achievement depends on course-taking, not the ~ stud]nt 
attends. Students at public and private school who had taken the same mathematics 
courses are equally likely to score at the highest level on the NELS 12th grade 
mathematics achievement test. 

Students who have parents that are involved in their school work are more Ii~ to 
take challenging mathematics courses early. Regardless of whether the level of parent 
involvement was reported by the student, the parent, or the student's teacher, students 
whose parents were involved were more likley to take courses like algebra and geometry 
in the eighth and ninth grade, than studen~ whose parents were not involved. 
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Mathematics in the U.S. Today DRAFT '1 

International Comparisons of Middle School Mathematics and Science 
Proficiency 

U.S. Performance on TINISS, 
Relative to International Average 

-· ... ., ..... 

Recentfindingsfrom the Third International 
Mathematics and Science Study (TIMSS), 
indicate that the mathematics curriculum 
from grades jive through eight may be a weak 
link in the U. S. educational system. Newly 
available data from TIMSS (the most 
comprehensive international comparison of 
schools and students ever undertaken) reveal 
that U.S. fourth graders score above the 
international average in both mathematics and 
science. Among twenty-five other participating 
nations, only Korea performed better than the 
U.S. in fourth grade science, and only seven of 
the twenty five other countries did better than 
the U.S. in fourth grade mathematics. These 

Fourth grade Eighth Grade 

rvbtherrat:ics 

BalCMI average 

Scierce 

/lbcNe average 

findings are in contrast to earlier findings from 
TIMSS that indicate that U.S. eighth graders perform slightly below the international average in 
mathematics, and only slightly above the international average in science. In fact, only one 
country--the U.S. in mathematics--falls from above the international average at fourth grade to 
below the international average at eighth grade. 

The TIMSS data suggest that the middle school mathematics curriculum in the U.S. is 
significantly less challenging than the curricula used in other countries. Although it is too 
early to determine definitively why U.S. eighth graders perform relatively poorer in mathematics 
than U.S. fourth graders, TIMSS curriculum analysis and videotape studies indicate that students 
in other countries are commonly taught more rigorous material during the middle school years 
than U.S. students. Eighth-grade mathematics courses in other countries often include algebra 
and geometry, while in the U.S., only students in higher-level classes receive significant exposure 
to algebra, and very few students study geometry. In fact, the TIMSS findings indicate that in 
comparison to other countries, the content of mathematics taught in U.S. eighth grade classrooms 
is generally at a seventh grade level. 
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Why Mathematics Matters 

The Power of Mathematics for College Entrance 

Students who take rigorous mathematics 
and science courses are much more 
likely to go to college than those who do 
not. Data from a longitudinal survey of 
students who were in the eighth grade in 
1988 (National Educational Longitudinal 
Study or NELS) reveal that 83 percent of 
students who took geometry in high 
school--the course that usually follows 
algebra I in a rigorous mathematics 
program--went on to attend a two or four 
year college within two years of their 
scheduled high school graduation, 
compared to a college attendance rate of 
only 35 percent among students not 
taking geometry (Figure 1 ). Similarly, 
students who take rigorous science 
courses in high school are also much 

Figure 1 
College Access by Geometry 

% attending any college by 1994 

83% 
00%· 

60%. 

40% -

2C1'A. . 

O'A. 

Took Geometry Did Not Take 
So.rce: P<lalysis al NELS data Geometry 

more likely to go to college: While nearly 89 percent of students who took chemistry went to 
college, only 43 percent of students who did not take chemistry in high school went to college. 
Earlier analysis of the NELS data reveal that students who take more rigorous mathematics 
courses also have higher gains in mathematics achievement (as measured by the NELS 
mathematics achievement test) than students who take less challenging courses. For example, 
among students who initially began at the same level of mathematics proficiency in the eighth 
grade, those students who had taken algebra II or geometry by the tenth grade experienced 
greater gains, on average, than those students who had taken no algebra or only algebra I during 
the same period. 

Although students of all income levels who take rigorous mathematics and science courses in 
high school are more likely to go to college,for students from low income families (students in 
the bottom third of the income distribution)!, the difference is even more dramatic. Low 
income students who took geometry were almost three times as likely to attend college as those 
who did not: While 71 percent of those who took geometry went to college, only 26 percent of 
low income students who did not take geometry in high school went on to college. By way of 

1 Income data are based on total family income reported by parents. Low, middle, and high income groups each 
contain approximately a third of the sample. The "all" category includes additional observations with missing 

income data. 
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comparison, 93 percent of students from 
high income families, and 84 percent of 
students from middle income families who 
took geometry in high school went on to 
college, while 59 percent of students from 
high income families and 42 percent of 
students from middle income families who 
did not take geometry still did go on to 
college (Figure 2). 

Unfortunately, many students, in 
particular low income students, do not take 
these rigorous mathematics and science 
courses in high school. According to 
NELS, 63 percent of all students took 
geometry in high school and 50 percent took 
chemistry. Low income students, however, 
were far less likely than their peers to take 

Fig.re2 
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these rigorous courses. Among students in the bottom third of the income distribution, 46 
percent took geometry and only 33 percent took chemistry. By way of comparison, fully 82 
percent of students in the top third of the income distribution took geometry, and 72 percent took 
chemistry. The differences are similar for other rigorous mathematics courses (Table 1). 

Table 1: High School Course-Taking Patterns of Eighth Graders from 1988 

. Percent of Students .f ~kihf¢ourse .. /•.•.•··· 

.· .. 

Trig9119metry 

When high school course-taking patterns are accounted for, the difference in the rate of 
college-going between low and high income students is dramatically reduced. When course 
taking patterns are not accounted for, students from high income families are almost twice as 
likely to attend college as students from low income families (86 percent compared to 44 
percent). However, when only students who have taken rigorous courses in high school are 
compared to one another, students from low income families go to college at rates much more 
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similar to students from middle and high income families (Table 2). For example, amER AF r 
students who took chemistry in high school, 95 percent of high-income students; 89 percent of·· 
middle-income students; and 79 percent of low-income students went on to college. When low 
income students take rigorous courses in high school, income effects on college-going rates 
diminish greatly, although they do not disappear. 

Table 2: College Attendance by Course-Taking Patterns of Eighth Graders from 1988 

Percent of $t~derlts A ttendip~ Pcistsecondary ~~µ~~tlcin 

Geometry•·•·•···.· .. 

Chemistry 
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Working in the 21stCentury 

Students who have strong backgrounds in mathematics have significant advantages in today's 
job market. Workers who have a record of high academic achievement in mathematics and 
science, as measured by achievement test scores, are more likely to be employed and generally 
earn more than workers with lower achievement, even if they have not gone on to college. A 
national survey found that by age 30, high school graduates who had not gone on to further 
education who had previously scored in the top quartile on the mathematics PC?rtion of the Armed 
Services Vocational Aptitude Battery (ASVAB--administered to civilians for study purposes) 
earned, on average, 38 percent more per hour than high school graduates who had not gone to 
college who had scored in the bottom quartile of the mathematic portion of the ASVAB. 
Similarly, the unemployment rate among high school graduates who scored in the top quartile of 
the mathematics test was only 4.4 percent, compared to an unemployment rate of I 0.3 percent 
among high school graduates who scored in the lowest quartile. 

In the future, ability in mathematics will be even more important for middle class employment. 
Today, some major firms now require that all job applicants pass standardized mathematics and 
reading tests, so that they may hire only individuals with solid backgrounds in these areas. For 
example, at Diamond-Star Motors, a joint venture of Chrysler and Mitsubishi, all applicants for 
production and maintenance positions must pass a standardized test that assesses their ability to 
do mathematics on a high school level. Authors Richard Murnane and Frank Levy have 
identified a set of "New Basic Skills," in their book of the same name, that, though fundamental 
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DRAFT 
for middle class employment in the modern labor market, are often not mastered by 
non-college-bound high school graduates. The "New Basic Skills" that workers will need to earn 
a good wage include the ability to use mathematics skills and concepts at least at the ninth grade 
level, yet currently many non-college bound students looking for work do not possess a sufficient 
mathematics background to do so. 

····· <• <.• ... •.•·.···•Mathemitfas altdsci~ri~~J.1toili6tfbW's .ioh Market · / 
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Getting on the Road to Challenging Mathematics-·------~·~--· .. '.· .. ····.··:'' 

and Science Courses 

Laying the Foundation 

As the prerequisite for all rigorous 
mathematics courses, algebra is the 
"gateway" course that all students must 
master. Rigorous mathematics courses build 
upon the skills and concepts that students 
master in earlier mathematics courses. 
Traditionally, students cannot take a rigorous 
mathematics course in high school until they 
have successfully completed one or more 
prerequisite courses that provide the foundation 
for the next course. Algebra I, or another 
course that covers basic algebraic concepts, is 
the first prerequisite for all more rigorous 
mathematics classes in high school, from 
geometry to calculus. As the first course that 
students must master, algebra I acts as the 
"gateway" course to rigorous work later in the 
student's education not only in mathematics, 
but in science as well. 

Students who take algebra early in their 
educational career have a clear advantage in 
taking rigorous mathematics courses. The 
series of prerequisites for more rigorous 
mathematics courses can span several years. 
Although there is some variation from school to 
school, the sequence of recommended 
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mathematics courses typically involves one year courses in algebra I, geometry, and algebra II; in 
some high schools a half year course in trigonometry; and in many high schools, a full or half-year 
course in pre-calculus or calculus and even one to two Advanced Placement courses. Similarly, the 
sequence of rigorous science courses (engineering, chemistry, and physics) necessitates an early 
background in algebra and geometry. Other models incorporating concepts from these courses 
provide an integrated approach to studying challenging mathematics. Although not all students need 
to take all of the most rigorous mathematics or science courses that their school offers, most colleges 
encourage students to take four years of challenging mathematics and science courses during high 
school. Students who take algebra I early in their educational careers increase greatly their ability to 
take rigorous mathematics and science courses later in high school. 

Students who do not take algebra early in their educational career risk closing the door on many 
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important opportunities, including 
opportunities to take courses outside of 
mathematics and science. Some high 
schools require students to complete a 
specific package of courses, including 
mathematics and science, in order to 
graduate. By the junior and senior year, 
students who have not planned ahead to 
complete the courses that their school 
requires have fewer options in choosing 
which courses they take. Students who 
do not complete prerequisite and required 
courses early enough not only risk being 
unable to take more rigorous courses in 
those disciplines later, but also may not 
have time in their schedules to take other 
courses that can help prepare them for 
college or a career, including foreign 
language, art, Advanced Placement, and 
"tech prep" courses. 

Proportion of Eighth-Graders Enrolled in Algebra, 1996 

Tctal 25% 

Blad< 

Hsparic 

0'% 20% 40% 00°/o 80% 100°/o 

Course-Taking Patterns in Middle School 

Despite recent increases in the proportion of students taking algebra I in the eighth grade, in 
1996, most students were not enrolled in this course. The proportion of eighth-graders taking 
the National Assessment of Educational Progress (NAEP) mathematics assessment who reported 
taking algebra on the accompanying background questionnaire has increased in recent years. In 
1992, only 20 percent of students reported taking algebra. In 1996, the next year the NAEP 
mathematics assessment was administered, 25 percent reported taking algebra. This increase 
may be due to a number of factors, including the National Council of Teachers of Mathematics' 
(NCTM) call for the inclusion of algebra in the middle school curriculum. However, most 
students still were not enrolled in this course. 

While the number of students taking algebra courses has increased, recent evidence suggests 
that the content of these courses has remained rigorous. Many states have recently increased 
mathematics requirements for high school graduation, often requiring that students take more 
years of mathematics than were required in the past, or mandating that students complete certain 
courses. A recent study supported by the National Science Foundation (NSF) examined the 
content of mathematics courses in schools in several of the states making the most substantial 
changes in mathematics requirements. The study focused on basic courses, such as algebra I, 
which had experienced large enrollment increases because of the more stringent graduation 
requirements. Despite the larger numbers of students enrolling in the courses, the study found 
that the content of these courses was essentially unchanged, indicating that more students were in 
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Minority and low-income students 
continue to he less likely to take 
challenging mathematics courses in 
middle school than other students. 
1996 NAEP data reveal that minority 
students a'.e less likely to report being 
enrolled in either algebra · n the 
eighth-gra e see 1gure 3). The data 
also provides some indication that 
students from disadvantaged 
backgrounds are less likely to be 
enrolled in algebra during the eighth 
grade: While 29 percent of students who 
were not eligible for the national school 
lunch program reported being enrolled 
in algebra during the eighth grade, only 
15 percent of students who were eligible 

8J'/o -
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40'/o -
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for the national school lunch program were enrolled in algebra. 
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g::> to cx:ll6J3 

Parent and Student Attitudes about Mathematics and Science 

Pcra1 eqB::ts dild 
tog::> to cx:ll6J3 

Large proportions of middle school students indicate that they do not plan to take mathematics y~ 
and science courses beyond what their schools require. A nationally representative survey of 
students and parents conducted by Louis Harris Associates for the National Action Council for 
Minorities in Engineering (NACME), Inc. found that large proportions of students would like to 
stop taking mathematics and science courses as soon as they are able to: 51 percent of the fifth 
through eleventh grade students surveyed indicated that they would take mathematics classes 
only as long as required, while 47 percent reported they would study science only as long as it is 
required. Distressingly, the younger students--fifth through eighth grade students who will soon 
be facing major decisions about which courses to take--were more likely to indicate that they 
planned to drop mathematics or science as soon as they were able to. Furthermore, minority 
students of all ages were more likely than other students to indicate that they would like to stop 
taking mathematics and science as soon as they were able to. 

However, tile same group of students indicate that they would be interested in going to college, 
and taking college-level mathematics courses. Eighty-six percent of all students surveyed said 
that they would like to go to college. Although fewer than half of the ninth to eleventh grade 
students said that they planned to take trigonometry or algebra II in high school, nearly 
two-thirds said that they were interested in taking Advanced Placement or college level 
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mathematics courses. African-American students were particularly likely to say that they would 
be interested in taking Advanced Placement or college-level mathematics courses (78 percent of 
those surveyed), although they were also less likely to say that they planned to take algebra II or 
trigonometry in high school. These contrasts signal that many students do not understand the 
importance of, and requirements for, taking rigorous mathematics and science courses in high 
school and do not understand the need to take algebra in the 8th grade so they can get the 
sequence to have taken algebra II, trigonometry, and other rigorous courses before high school 
graduation: Only 25 percent of minority and 42 percent of non-minority fifth through eighth 
grade students recognized that if they did not take algebra they would not be able to take other 
mathematics classes in the future. 

Parent and teacher involvement may make a large difference in students' decisions about 
mathematics and science. Ninety-four percent of students indicated that their parent or 
guardian's advice was important to them in deciding what they would study in school, and 88 
percent indicated their teachers' advice was important. Ninety-one percent want their children to 
go to college or continue their education beyond high school. Although it is difficult to estimate 
the effects greater parent involvement would have on course-taking, the NACME survey does \{ 
provide a possible indicator: fifty percent of students who said their parents talked to them 
about school said that they planned to take algebra II, while only 37 percent of students whose 
parents did not talk to them about school planned to do so. Students who reported that their 
parents were involved in their school life were also more likely to plan to take trigonometry and 
calculus. 
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Preparing for success: The Algebra Project, supported by the National Science Foundation (NSF) 
and directed by Robert Moses, addresses equity of opportunity by helping sixth, seventh, and 
eighth graders in inner city and rural areas gain mastery of challenging mathematics. An 
essential first step is that all students complete algebra as early as possible to ensure their access to a .-}"\~ 
college preparatory high school curriculum. The Algebra Project's un~l_y!~g conviction is_that al~~ 

1 
tif P 

children can learn algebra. The Project is baseaon the expectation that virtuartyall middle school / 
students c n earn a ge ra given t e prop con e . he Project asSiSfs ~tudents to succeed in .:_...., 
challenging high schoo mathematics courses by introducing rigorous mathematics concepts in the 
sixth grade, creating a foundation to build upon throughout the middle school years. Through the 
infusion of young college-age students into the school, the work of individuals to provide 
after-school activities, and the connection of the Algebra Project to ethet- avenues that give students 
a chance to pursue other interests (for example, theater), the project has been successful in helping 
traditionally underserved students complete algebra I by the eighth or ninth grades, and either 
pre-calculus or calculus by the twelfth grade. The Project serves over 40,000 traditionally 
low-income and minority middle school students in 22 urban and rural sites in 13 states. 

Taking the right courses: In 1990, the College Board launched Equity 2000 to increase minority 
, \\ J: Yoenrollment in colleg~ari;J,ory mathematics courses. Originally piloted in six communities, 
d~~vf Equity 2000 rsquireii:viRg sehool distriets W°phase out lower-level mathematics and require --

\" ,·'("' all students to take a college preparatory curriculum--beginning with algebra and earn . The 
project provides on-going professional development to help teachers work wit eterogeneous ~ 
classes, encourages and supports parents to become advocates on behalf of their children, helps 
schools establish support services for students who need extra time and effort to master challenging 
content, and trains administrators and teachers to use student enrollment and achievement data to 
drive school-based decision-making. An analysis of results at the six pilot sites found that: 

• 

• 

All sites dramatically increased the percentage of students enrolled in algebra 
I by the ninth grade, and in three pilot districts, all ninth graders enrolled in 
algebra I. 

The total number of students taking and passing algebra I increased, as more 
students from the discontinued lower tracks began enrolling in algebra 
classes. 

Finally, Equity 2000 has made increased parental involvement a priority because it recognizes the 
important role that parents play in kindling and reinforcing their children's desire to attend college. 
It has sponsored Saturday and summer academies on college campuses for entire families. The 
program also sponsors Family Math nights in which parents and students learn mathematics concepts 
together. 

Advanced Placement Participation and Scores on the Rise in South Carolina 
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·~ 
Ensure that all students, parents, teachers, and counselors reco nize the 
importance of students' early enrollment in algebra to their future 
opportunities. 

Ensure that all children have access to algebra I or a similarly challenging 
class that includes fundamental algebraic concepts\!n)he,.eighth grade. 

~'\ ~ .p 
Ensure that all children have access to rigorous mathematics and science 
courses. 

Ensure that all students are taught by well-prepared teachers . 

7'- ~ S-<... vvw-c ~c,,v<r-J - ~l- 80 le,, -~ 
'7~ ,;.-0 '\AA~ ~~ 6 { c.- (J., c).)-- "'~ 
m1;JL,_~ ~ ~1"'1n;~.;;r:- i 

Ins~t t~our children be enrolled in challenging mathematics and science 
courses in the middle and high school years so they can keep all of their 
future options open. 

Visit your children's mathematics teacher to find out what your children are 
learning and how you can help. 

Discuss your children's mathematics homework with~ 

Take the opportunity to talk with your children about applications of 
mathematics that you use in your job or in your everyday life. Articles in the 
newspaper containing scientific, statistical, business data, or graphs and 
charts make especially good examples. Helping your child to budget for 
expenses and plan ahead for needed items is also important. Work on 
household improvements or repairs offers interesting uses of measurement of 
scaling. Planning trips can involve consulting maps and planning for travel 
time and expenses. 

Administrators and Policymakers: 

• 

• 

Eliminate dead-end middle and high school courses that shortchange 
students; provide all children with access to rigorous mathematics and 
science courses beginning with algebra I in the 8th grade. 

Encourage stiffer and more explicit college mathematics and science entry 
requirements. 
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Encourage states to offer special diplomas and scholarships to students who- · ··. ·- -··-·-· ......... ~ .. 
have taken college-prep mathematics courses and have done well. 

Develop and make readily available instructional materials and assessments 
which support the kind of curriculum that needs to be taught in the early and 
middle grades. 
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The NELS:88 data. The National Education Longitudinal Study of 1988 (NELS:88) initially 
surveyed a nationally representative sample of 26,000 public and private school eighth grade 
students in 1988. The data collected include responses to student questionnaires, scores on 
standardized achievement tests, high school transcripts, and interviews with parents and teachers. 
Since the initial survey in 1988, the students have been resurveyed every two years, with the 
most recent data available gathered two years after their scheduled high school graduation in 
1994. The analyses in this report are based on a sub-sample of over 13 ,000 individuals from 
whom data were collected in all three follow-up surveys. The NELS data use traditional names 
of mathematics courses (i.e. "geometry," "algebra II") to reflect the content of courses. This 
analysis necessarily employs these titles, but should not be interpreted as implying that courses 
covering the relevant content (for example, geometric concepts), but employing different titles, l( 
would have a different relationship to the data. <{vv' . 

23 

~~ 
v"'().I~~ 

.1.J.lllh 0 
v~ ~ o\ 

AU VV'/J' 

~1-cJ.h-r 
l,f-~ o/1' 

u v-li-- 7 y· 


