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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 algebrd 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.

A Letter from the Secretary of Education

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 1s 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 sttong background in mathematics are
not Jimited to college-going, and workers with high levels of mathematics achievement eam
more and are Jess 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) 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 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 communities, and individual students
by providing federal student financial aid for college, by supplementing Advanced Placement
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 Sth 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 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 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 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.

¢ Algebrais the “gateway” to advanced mathematics and science in high school--yet
most students currently do not take algebra during middle school. Students who plan to
take advanced mathematics and science courses during high schoo! 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.

;ﬁ/ Taking rigorous matbematics 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 tbese 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.
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' Other important findings include:

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.

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 countries, only a small
fracuon of U. S mlddle school students are exposed to these toplcs

% The results of the Third International Mathematics and Science Study (TIMSS) reveal

geometry and other topics through out the elementa.ry mlddle and hlgh school yea:s and oﬁ'er-"
a Sngﬁcant component of* algebra in the 81h grade Buﬂdmg a ﬁrm foundauon n algebra in.
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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 curriculum 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. Sﬁpport 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 that 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
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exploring financial aid options available to students.

6. Show the importance of mathernatics to 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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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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A Letter from the Secretary of Education and Director of the
National Sciencc 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
behind in their course taking 1o get on the road to college.

Recent analyscs conducted by the U.S. Department of Education indicate that students with strong
mathematics backgrounds--those who take geometry and more rigorous mathematics courses during
high schaol--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 courscs 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 telis 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
waorkers who are less proficient in mathematics.

However, not all students have access to rigorous mathemalics 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 Scicnee 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 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 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 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 leaming, and by providing a voluntary national test in 8th grade in
mathematics o help cnsure that all students are given the opportunity to excel,

Sincerely,
Richard Riley Neal Lane
U.S. Secretary of Education Director of the National Science Foundation
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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 cighth 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 raining, 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 and science courses are much more likely to go to
college than those who do not. Data from the National Educational Longitudinal Study (NEI.S)
reveal that 83 percent of students who took geometry in hugh school went on to attend a two or
four year college within two years of their scheduled high school graduation, compared Lo a
college attendance rate of only 35 pereent among students not taking gcometry; 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 schocl--yet most
students currently do not take algebra during middle school. 1996 NAEP data rcvcal 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 distinet disadvantage in taking
advanced mathematics and science courses during high school.

*The effects of taking rigorous mathematics and science courses are most dramatic for low-
income students. Low-incomc students who took gcomctry were almost three times as likely to
attend college as those who did not: While 71 percent of those who took geometry went (o
college, only 26 pereent who did not 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
taok geometry in high school went on to college, while 59 percent of studenls from high income
families and 42 percent of students from middle income familics who did not take geometry still
did go on to college. When course taking is accounted for, differences by income in the rale of
college going diminish dramatically, although they do not disappear completely.

sDespite the dramatic effects of taking rigorous mathematics and science courses for low-
income students, they are less likely to talce these courses. Studcnts from high income
families are almosl Lwice as likely to take algebra and more than twice as likley to take chemisiry
than low income students.

Other important findings include:
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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 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 who are involved in their school work are more likely to take
challenging mathematics courses early. Regardless of whether the level of parent invalvement
was reported by the student, the parcnt, or the student’s teacher, students whose parents were
involved were more likely 1o take courses like algebra and geometry in the eighth and minth
grade, than students’ whose parents were not involved.

*The results of the Third International Mathcmatics and Scicnce Study (I'LMSS) reveal
that the U.S. middle school mathematics curricalum 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. cighth graders scorc below average in eighth grade mathematics,
and only slightly above the international average in science. Inifial 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 important elements in the middle school
curriculumn taught in other countries, only a small fraction of U.S. middle school students are
exposed to these topics.
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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 Figure 1

not. Data from a longitudinal survey of College Access by Geometry
students who were in the eighth grade in % attending any college by 1954

1988 (National Educational Longitudinal 0%

Study or NELS) reveal that 83 percent of - 8%

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 ycars of their
scheduled high school graduation. By
way of comparison, only 35 percent of y i
students not taking geometry went to Took Geometry Did Not Take
college (Figure 1). Similarly, students Soure: Anslysis of NFLS data Geormetry
who take rigorous scicnce courses in high
school are also much more likely to go to
college: While nearly 89 percent of students who took chemistry went to college, only 43
pereent of students who did not take chemistry in high school went to college. Students who take
mare 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 gecometry by the tenth
gradc cxperienced greater gains, on average, than those students who had taken no algebra or
only algebra I during the same periad.

Students of all income levels who 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 third of the income distribution)', the 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 of low-income studcnts 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

Tncome data are based 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.




16/01/97 18:27 2202 401 3036 OPP/PES doos

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 collcge,
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
(Figurc 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
gcomcetry in high school and 50 percent took
chemistry. Students from low-income
tamilies, however, were far less likely than
their peers to take these rigorous courses. Among students in the bottom third of the income
distribution, 46 percent took geometry and only 33 percent look 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 Students in Eighth Grade in 1988

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
similar to students from middle and high income families (Table 2). For example, among
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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 eflects on college-going rates
diminish greatly, although they do not disappear.

Table 2: College Altendance by Course-Taking Patterns of Students in Eighth Grade in 1988
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Mathematics in College, the Workplace, and the 21st Century

The benefits of taking rigorous mathematics and science courses extend to both two- and four-
year colleges, and to the job market. As (he prevalence of technology in the workplace steadily
increases, workers in more and more jobs will be required to have strong backgrounds in
mathematics and science--backgrounds which begin to be formed during high school. Rigorous
mathcmatics and science preparation is also important to students intending to go to a two or four
year college or university. The level and number of mathematics courses that a student needs to
take before and during college dcpend on the type of college and the major that the student wants
to pursue, and while students who plan to major in mathematics- and sciencc-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 an understanding of intermediate algebra
prior to graduation, regardless af their course of study. In many two-year colleges, all entering
degree-seeking students ate required to take mathematics placement exams prior to enrollment.
Students who score high enough may be exempted from taking certain mathematics courses,
while students with low scorcs may be required to enroll in remedial mathematics courses. Many
of the most popular majors at typical two-year colleges--including Business, Nursing, and
Computer Scicnce--require more rigorous mathematics course work, such as statistics.

Four-year colleges and universities typically require more high school mathematics
preparation for admission. Typical statc four-year colleges and universitics recommend, and in
sorne cases, require, that all students take at least three, and sumetimes four, years of
mathematics 1n high school. Data collected by the College Board reveal that in 1997, 68 percent
of incoming freshman at four-year colleges and universities had taken four years of mathematics
in hugh school. Furthermorc, almost all of these students had taken algebra and geometry, and
more than half had taken trigonometry. Upon enrollment, most state colleges require students to
take mathematics placement axams. Advanced Placement courses are looked at favorably by
colleges and can result in placement out of introductory mathematics courses. Whilc graduation
rcquirements differ depending on the student's major, many popular majors, such as Business and
Psychology, require students to takc several more rigorous courses in mathematics or science.

In the job market, workers who have a strong buckground in mathematics and science are
more likely to he employed and generally earn more than workers with lower achieverment,
cven if they have not gone on to college. A national survey found that by age 30, lugh school
praduates who had not gone on to turther 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 per
hour than high school graduates 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 thc 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 scorcd in the top quartile of the science section of the ASVAB
also earned more, on average, and were less likely to be unemployed.

In the future, ability in mathematics will be even more important for middle class employment.
‘T'oday, some major firms now require that all job applicants pass stundardized 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 maintcnance positions must pass a standardized test that assesses their ability to
do mathematices at a high school level. Authors Richard Murnane and Frank Levy have identified
a set of "New Basic Skills," in their hook of the same name, that, though fiindamental for middlc
class employment in the modern labor market, are ottcn 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 nol posscss 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
mathematics courses. Rigorous mathematics
courses build upon Lhe 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 complcted one or
more prerequisile courses that provide the
foundation for the next course. Algebra I, or another course that covers basic algebraic concepts,
is the first prerequsite for all more rigorous mathematics classcs in high school.

Students who take algcbra early in their educational career have a clear advantage in taking
rigorous mathemaltics courses. A rigorous sequence of mathcmatics courses spans several
years. Although there i1s some variation from school to school, the sequence o[ recommended
mathematics courses typically involves one year courses in algebra I, gcometry, and algebra I
In many high schools this is followed by a half-year 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 typical high school sequence of rigorous scicnce courses (biology, chemistry,
and physics) also necessitates an early background 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 courscs during high school.

Students who do not take courses covering algebruic concepts early in their educational career
risk closing the door on many important opportunities, including opportunities to take courses
outside of mathematics and science. Somce 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 ahcad to complete the courses that their school
requires have fewer options in choosing which courses they take. Students who do not complete
prerequisite and requircd courses early enough not only risk being unable to take more rigorous
courses in (hose 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.

11
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Course-Taking Patterns in

. Flgure 3
Middle School Proportion of Eighth-Graders Enrolled in Algbra, 1996

Despite recent increases in the
proportion of students laking algebra 1
in the eighth grade, in 1996, most
students were not enrolled in this
course. The proportion of
eighth-graders taking the National
Assessment ol Educational Progress
(NAEP) mathematics assessment who
reported taking algebra has increased in
recent years. In 1992, anly 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 he dueto a
number of factors, including the National Council of T'eachers of Mathematics' INCTM) call for
the inclusion of algebraic lopics in the middle school curriculum. Ilowever, most students still
were not enrolled in courses that include significant amounts of algebra in the eighth grade.

]
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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
mathemalics 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 substaniial
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 esscntially unchanged, indicating that more students were in
fact being exposed to rigorous mathematics.

Minority and low-income students continue to be less likely to take challenging mathematics
courses in middle school than other students. The 1996 NAEP data reveal that minority
students are less likely to report being enrolled in algebra in the eighth-grade (see Figure 3). ‘The
data also provide some indication that students from disadvantaged 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 lunch program reported being enrolled in algebra during the
eighth grade, only |5 percent of students who were cligible for the nalional school lunch program
werc enrolled in algebra.

12
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Parent and Student Attitudes
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Large proportions of middle school 0%
students indicate that they do not plan
to take mathematics and science
courses beyond what their schools
require. A nationally representative
survey of public school students and
parents conducted by T.ouis 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 sc1en-ce T ——
courses as soon as they are able to: 51 THheTHS Ploclep togotociege
percent of the fifth through eleventh Sasoz NOE

grade students surveyed indicated that
they would takc mathematics classes
only as long as required, while 47 pcrcent reported they would study science only as long as it is
required. Distressingly, young minority students--[ifth 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 and science as soon as they were able to (61 percent planned to
drop mathcmatics, and 58 percent planned to drop science). 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 (Figure 4).
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However, the 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 trigonomelry or algebra IT in high school, nearly two-thirds
said that they were interested in taking Advanced Placement or college level mathematics
courses. African-American students were particularly likcly 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 1l 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.

13
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Parent and teacher involvement may make a large difference in students' decisions about
marhematicy and science. Ninety-four percent of students indicated that their parent’s or
guardian's advice was important (o them in deciding what they would study in school, and 88
percent indicated their tcachers’ advice was important. Ninety-one percent of parents want their
children to go to college or continue their cducation 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 parents were
involved in their school life were also more likely to plan to take trigonometry and calculus.

14
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Mathematics in the U.S. Today

International Comparisons of Middle School Mathematics and Science

Proficiency

Recent findings from the Third International US Perfornm on TIMSS,
Mathematics and Science Study (TIMSS), Relative to Intemnational Average
indicate that the mathematics curriculum

Srom grades five through eight may be a weak Fouthgrade  Eghth Grade
link in the U. S. educational system. Newly .

available data from TIMSS (the most Matherretics

comprehensive intemational comparison of
schools and students ever undertaken) reveal
that U.S. fourth graders score above the
international average in both mathematics and )
science. Among 25 other participating nations, Saence
only Korea performed better than the U.S. in
tourth grade science, and only 7 of the 25 other
countries did better than the U.S. in fourth
grade mathematics. These 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 gradcrs 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 cxposure to
algebra, and very few students study geomctry. 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.

Additional rescarch from TIMSS reports the U.S. curriculum to be more concerned with
breadth than depth, with quantity than quality, and characterizes U.S. curriculum, textbooks,
and teaching as a “mile wide and an inch deep.” A Splintered Vision, conducted by William
Schrmdt, 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

15
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curriculum guides and 628 textbooks from around the world and presents accompanying data on

" teacher practices in the U.S. and two other countries: Germany and Japan. This study reports the
lack of a single coherent vision 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 turn to for
such visions. Further, Schmidt, McKnight, and Raizen report that our “splintered visions”
produce unfocused curricula and texthooks that [l to define clearly what is intended to be
taught. The result is influencing teachers to implement diffuse learning goals in their ¢lassrooms;
emphasizing familiarity with many (opics rather than concentrated attention to a few; and

lowering the academic performance of students who spend years in such a learning environment.
L]

1
Promising Practices }V‘W

Preparing for success: The Algebra Project, supported by the National Science Foundation
(NSF) and directed by Rohert Moses, addresses equity of opportunity by helping sixth,
seventh, and eighth graders in inner city and rural areas gain an understanding of
challenging mathematics. 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 the proper context. An cssential 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 students in 22 urban and rural sites in 13 states to succeed in challenging high
school mathematics courses by introducing rigorous mathematics concepts in the sixth grade,
creating a foundation (o build upon throughout the middle school years. The project has been
successful in helping traditionally underserved students complete algebra [ by the eighth or ninth
grades, and cither pre-calculus or calculus by the twelfth grade utilizing a variety of strategies.
The project places youny college-age students in schools to provide cxtra assistance. In addition,
the project providcs after-school activities; and provides teacher professional development in
examining the curriculum and beliefs about how it should be taught.

The Algebra Project has had important effects for comumunities. For instance, in the Mississippi
Delta and in Jackson, Mississippi, the project showed positive short term effects. Additionally,
an external evaluation of these sites found evidence of posilive outcomes in teaching, student
attitudes about and engagement in mathematical ideas, and community involvement.

Taking the right courses: In 1990, the College Board launched EQUITY 2000 to increase
minority enrollment in college prepuratory mathematics courses. Originally piloted in six
communities, EQUITY 2000 requires participating school districts to phasc out lower-levcl
mathematics and require all students to take a college preparatory curriculum--beginning with
algebra and geometry. FQUITY 2000 influences policies, curricula and student academic
development at all grade levels, with a particular focus on grades six through nine--critical years
tor mathematics education during which key decisions are made about which courses students
should take and how they should begin planning for education and carcers beyond high school.
The project provides on-going professional development to help teachers work with

16
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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 exira ime and
effort to learn challenging content, and trains administrators and teachers to use student
enrollment and achievemcnt 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. Tt has sponsored Saturday and summer academies on college campuses for entire
families. The program also sponsors Family Math nights in which parents and students leamn
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 ninth
grade, and in three pilot districts, all ninth graders enrolled in algebra L.

*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. Twenty
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 determine what a "world class" education looked like, measure their current
performance against that benchmark, and develop an improvement stralegy.

The Consortium's efforts were directed toward three objectives: benchmarking performance
against international standards in mathematics and science, using the T'hird International
Mathematics and Science Study; creating a forum to clarify world-class education standards for
business leaders, policy makers, educators, and community members; and establishing a network
of lcarning communitics involving cducators, parcnts, and community leaders within the
Consortium school districts and beyond.

The districts in the First in the World Consortium took the TIMSS assessment in Spring 1996 at
the fourth, eighth, and twelfth grade level. Their 8th grade results placed them among the top
performing countrics in the world at the 4th and Sth grades, well exceeding the United States'
performance. 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 cxpcctations for students and teachers; and

*Gained broad-based community support for improved student performance.

Howecver, the First in the World Consortium is not resting on their success; in fact the findings

17
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from thetr participation in TIMSS and other studies have caused them to create teacher learning
networks to strengthen curriculum standards, models of instruction, asscssment, and tcchnology.
This “community of learners” approach promotes teacher participation and provides a context for
long-term commitment to the consortium’s goals and to growth in student Icarning.

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
consortium identifies both state and federal support as helping it focus on its goals. These
expericnecs cmphasize that, when given the opportunity, U.S. students can perform as well as, or
better than, students in any part of the world.

Advanced Placement Participation and Scores on the Rise in South Curolina. The College
Board’s Advanced Placement (AP) Program was started nearly four decades ago to enable
students to 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
lcast one AP course, and those courses are widely recognized as setting the standard for high
levels 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’ 1s seen as
the norm and expectation for all schools.

With formec-Governor Riley’s school reform package of 1984, South Carolina became one of the
first states to legislate funding and other aclions to boost participation in AP. Actions included
state appropnations 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 aresult, from 1984 to 1997 South Carolina experienced:

 Inincrease in the number of students taking AP cxams from 2,799 to 9,748.

* 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.

* Amnincrease in the number of AP science exams (Biology, Chemistry, Physics)
from 27 to 2,414,

* Anincrease in the number of AP math exams (Calculus AB and BC) from 46
t0 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 and Twellth Graders)
1984 1997
South Carolina 3,461 14,890
National 223 888 843,399

Sources: College Board. Advanced Placement Program, National and South Carolina Summary Reports, 1934 - 1997.
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Incentives to expand AP participation in Texas. The Advanced Placement Incentives program was
developed in the Dallas, Texas area by the O'Donnell Foundation in reaction to the low rates of
college attendance and poor college preparation of low-income and minorily students.

The Advanced Placcment 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 students. Teachers arc given financial incentives as well as registration and
fees for attending College Roard AP teacher training during the summer, and to begin to teach AP
courses. Students who comp'ete the Advanced Placement course may take the AP exam at half-cost
(the total cost for an AP cxam is about $73), and those who score a three or better (on a five point
scale) are given a financial incentive and rcimbursed 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 of the program 97 students took AP exams, and 52 received a three or better. In the
fifth year of operation 1,099 students took AP exams, and 521 received a score of three or better.
AP participation increased among [emale students in arcas in which females are traditionally under
represented, with 19 female students taking AP exams in math, science, or computer science dunng
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 [irst year, to 116 in the program's fifth year.

Serving disadvantaged and underrepresented students in math-based fields. The purpose of
the Mathematics Engineering Science Achievement (MESA) program is to increase the
number of students who are eligible for the University of California and prepared to complete
degrees in math-hased fields at any four-year institution,

Instructional Reform in Mathematics. Sponsored hy the University of Pittsburgh’s Learning
Research and Development Center, the Quantitative Understanding: Amplifying Student
Achievement and Reasoning (QUASAR) Project is designed to respond to low levels of student
participation and the inadequacy of student performance in mathematics.

Standards-based Reform. Both the New York Regents Exam and the Ohio Early Mathematics
Placement Testing (EMPT) program have spurred thousands more high school students to take
and pass college-preparatory mathematics courses.
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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 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 rigorous curriculum in grades K-7 that
moves beyond arithmctic 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 scicnce in high school
lo their future college and career opportunities.

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

mathematics and the leaching of mathematics.

5. Support mathematics achicvement outside the classroom such as math clubs, tutoring and job
shadowing for students who may need extra help to ensure that thcy 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 thein.

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

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

4. Ensure that ybur 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
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explonng financial aid oplions 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.
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Appendix

The NELS:88 data. The National Education T.ongitudinal Study of 1988 (NCLS:88) initially
surveyed a nationally representative sample of 26,000 public and private school eighth grade students
in 1988. Thc 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 reporl are based on a sub-sample of over 13,000 individuals from whom data were collecled 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 ewmploys these
titles, but should not be intcrpreted as implying that courses covering Lhe relevant content (for
example, geomeltric concepts), but employing different titles, would have a diftcrent 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 (o the “gate.” Although
almost all parents want their children to go on to college or some advanced training, many 8th
and 9th gradcers may be behind in their course taking to get on the road to college, and nat realize
it.

Recent analyscs conducted by the U.S. Departinent of Education indicate that students with
strong mathcmatics backgrounds--those who take algebra and geometry and more rigorous
mathematics courses during high school--are more likcly 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 stxong background in mathematics are
not Jimited o college-going, and workers with high levels of mathematics achieverment cam
more and are less likely to be unemployed than workers who are less proficicnt in mathematics.

However, not all students bave access to rigorous mathematics courses--either becausc their
school may nol offer a full selection of challenging courses to all students, or because students
are not preparcd for and encouraged to take them. The results of the recently completed Third
Intcrnational Mathematics and Science Study (IIMSS) confirm that many students enter high
school without a solid grounding in mathematics, closing doors very early to opportunities for
further cducation and belter career opportunities.

The implications are clear: The 8th grade is a critical point in mathematics cdutation.
Achievement at that stage opens opportunities for students to take rigorous high school
mathematics and sciencc courses important for later success. As a nation, we must cnsure that all
“our students develop the necessary mathematics background by the end of (he 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 courscs and encourage them to go to vollege. To assist in that effort, the U.S.
Department of Education stands ready to assist states, local communities, and individual students
by providing federal studcnt financial aid for college, by supplementing Advanced Placement
Exam fees for students’ who demonstrate need by providing funding through Title I of the
Elementary and Secondary Education Act (CSEA) and other programs to assist schools in
upgrading mathematics teaching and learniny, and by providing a voluntary national test in 8th
grade in mathemalics to help ensure that all students are given the opportunity to excel.

Sincerely,

Richard Riley
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Execuntive Summary

Within the Umted 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 mathemnatics education, and achicvement 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 sore 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 and scienec courses arc 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 attendance rate of only 36 percent among students not taking algebra |
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 school--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 [ 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 arc
even less likely to be enrolled in algebra during the 8th grade.

=  Taking rigorons mathematics and science couxses in high schools appears to be

especially important for low-income students. Low-income students who took algebra T
and geomctry 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 algcbra I
and geometry still did go on to collcge.

*  Despite the importance of taking rigorous mathematics and sciencc courses for low-
income students, they arc less likely to take these courses. Students from higher income
Fumilics arc almost twice as likely 1o take algebra in middle school and geomctry in high
school and more than twice as likely to take chemistry than lower income students.
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Other important indings include:

*+  Mathematics achievcment depcnds on course-tuking, not the typce of school a student
attends. Studcnts 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.

= Siundcnts who have parents who are invalved 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. middlc school mathematics curricalum may be a weak link in the U.S.
cducational system. While U.S, 4th graders score above the international average in
mathematics and scicnce, U.S, 8th graders scote below average in 8th gradc mathematics,
and only slightly above the inlernational average in scicnce. Injtial 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 classrovms in the
U.S. resembles 7th grade mathematics elsewhere. Although algebra and geometry are
important elements in the middle school curriculum taught in other countrics, only a small
fraction of U.S. middle schoo! students are exposed to these topics.
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Mathematics and Future Opportunities

The Importance of Mathematics for College Eatrance

Students who take rigorous
mathematics and science courses Figure 1

are much more likely to go fo College Attendance by C | Taking

college than those whe do not.
Data from a longitudinal survey of % attending college

students who were in the 8th grade 100%

in 1988 (National Educational 83%

Longitudinal Study or NELS) ol L

reveal that 83 percent of students

who took algebra I and geometry 60% -

wenl on to attend college' within

two years of their scheduled high A1

school graduation. By way of

comparison, only 36 percent of A%/

students not taking algcbra I and Sl __]
geormetry went (o college (Figure 0% TookAlgebral  Did Not Take
1). Similarly, students who take andGeometry  Algebral and
rigorous science courses in high Geoimetry
school are also much more likely Soure: Analysis of NELS data

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 collcge. Students who take more rigorous mathematics courses also have higher gains in
mathematics achievement (measured by the rnathematics 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 at the same level of mathematics proficiency in
the 8th grade, those students who had taken algebra IT or geometry by the 10th grade experienced
grealer gains, on average, than those students who had taken no algebra or only algehra 1 during
the same period.

Students of all income levels who 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 third of the income distribution), the difference is particularly dramatic. Students

lTlu-oughout this report, the term “college’ is used to refer to any postsecondary education tuken at a public,
private uol-for-profit, or private tor-profit institution.

Income data are based on total family income roported by parents. Low, middle, and high income groups cach
contain approximately one-third of the sample. The “all” category includes additional abscrvations with
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from low-income families who took algebra
I and gcometry were almost three times as
likely to attend college as those who did not:
Whilc 71 percent of low-income students
who took algebra I and geometry went to
college, only 27 percent ol low-income
students who did not take algebra I and
geometry went on to college. The
differences are also dramatic among
students fom middle- and high-income
families: Y4 percent of students from high-
income families, and 84 percent of studcnts
from middle-incomc families who took
algebra I and geometry went on to college,
while 60 percent of students from high-
income families and 44 percent of siudents fro
middle-income families who did not take
geometry still did go on te college (Figure
2).

Unfortunatcly, many students, in particular low-income students, do not luke these rigorous
muthematics and science courses. According to NELS, 63 percent of all students took algebra 1
and geometry and 50 percent took chemistry. Siudents from low-income tamilies, howcver, were
far less likcly than their peers to take these rigorous courses, Among students in (he 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
distribution took algebra | and geometry, and 72 percent took chemistry. The differences are
similar for other rigorous mathematics courses (Tuble 1).

missing ncome data.
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Table 1: Course-Taking Patterns of NELS Students

When course-taking patterns are accounted for, the difference in the rate of college-going
between low und 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). ITowever,
when only students who have taken rigorous courses are cormpared to one another, students 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 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,
income effects on college-going rates diminish greatly, although they do not disappear.

Tahlc 2: College Attendance by High School Course-Taking Patterns of NELS Students
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Figure 3
Mathematics Achievement by
Highest Mathematics Course Taken

All Students
Algebra 1 s

Trigonometry
or Higher

Low Income
Students

Algebra Il %

Trigonometry
or Higher

20% 40% 80% 80%  100%
Percent of Students Scaring at the Highest Leve] of the
NELS 12th Grade Mathematics Achievement Test

Achievement divided into thirds; Students in highest level scored in the top third
Source: Analysis of NELS data

#l Public

il Private
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Mathematics in College, the Workplace, and the 21st Century

The benefits of tuking rigorous mathematics and science courses extend to both two- and four-
year colleges, and to the job market. As the prevalence of technology in the workplace steadily
increases, workers in more and more jobs will be required to have strong backgrounds in
mathernatics and science--backgrounds which begin to be formed during 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 and number of mathematics courses that a student nceds to
take before and during collcge depend on the type of college and the major that the student wanls
to pursue, and while students who plan to major in mathematics- and science-related disciplincs
typically nced to take a more rigorous mathematics program, many othcr popular courses of
study also require strong mathematics backgrounds.

Two-year colleges aften require all students to gain an understanding of intermediate algebra
prior to graduation, regardless of their course of study. In many two-year colleges, all entering
degree-sceking students are required to take mathematics placement exams prior to enrollment.
Students who score high enough may be exemnpted from taking cerlain mathematics courses,
while students with low scorcs may be required to enroll in remedial mathematics courses. Many
of the most popular majors at typical two-year colleges--including Business, Nursing, and
Computer Science--rcquire more rigorous mathematics course work, such as statistics.

Four-year colleges and universities typically require more high school mathematics
preparation for admission, Typical state four-year colleges and universities recommend, and in
somme cases, require, that all studeats 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 freshmen at four-year colleges and universities had taken four years of mathematics
in high school. Furthermore, almost all of these students had taken algebra and geomeiry, and
morc than half had (aken trigonometry. Upon enrollment, most state colleges require students to
take mathematics placement exams. Advanced Placement courses are lookcd at favorably by
colleges and can result in placement out of introductory mathematics courses. 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 mathematics or science.

In the job market, workers who have a strong background in mathematics and science are
more likely (o 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 and had previously scored in the top quartile
on the mathematics portion of thc Armed Services Vocational Aptitude Battery

(ASV AB--administered to civilians for sludy purpases) earned, on avcrage, 38 percent more per
hour than high school graduates 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

9
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the Jowest quartile. Workers who scored in the top quartile of the science section of the ASVAB
also carned mure, on average, and were less likely to be unemployed.

In the future, ability in mathematics will be even more important for goad-paying jobs. Today,
some major firms now require that all job applicants pass standardizcd 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 mus! pass a standardized tcst that asscsses their ability to
do mathematics at a high schoal level. Authors Richard Murnane and Frank Tevy have identified
a set of "New Basic Skills," in their book of the same name, that, though fundamental for good-
paying jobs in the modern labor market, are often not mastered by non-college-bound high
schoo! graduates. The "New Basic Skills" that workers will need to earn a good wage includc the
ability to use mathematics skills and concepts at least at the 9th grade lcvel, yet currently many
non-college bound students 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 is the ""gateway"” to rigorous
mathematics courses. Rigorous mathernatics
courses build upon the skills and concepts
that students learn in earlier mathematics
courscs. 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 prerequisite for more rigorous mathematics classes in high school.

Students who planm to take advanced mathematics and science courses during high school and
begin tv study algebra during middle school are at a clear advantage. A rigorous sequcnce of
mathematics courses spans several years. The traditional scquence of recommended mathematics
courses involves one year courses in algebra I, geomeiry, and algebra IT, followed by a half-year
course in trigonometry, a full- or half-year course in pre-caleulus then calculus, or an Advaaced
Placement course. In addition, an increasing number of schools use curticula that cover these
rigorous content areas, but intcgrate algebra, geometry and other areas of mathcmatics such as
statistics and probability, rather than (eaching each in a separate coursc. According tov 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 (ook algebra I in the 9th grade. The typical high
school sequence of rigorous scicnee courses (biology, chemistry, and physics) also necessitates
an early background 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 {our years of challenging mathematics and science courses during high school,

Students who do not take courses covering algebraic concepls early in their educational career
risk closing the dnor on many 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
requites have fewer options in chyosing which courses they take. Students who do not complete
prerequisite and required courses early cnough 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
courscs that can help prepare them for college or a carcer, including foreign language, art,

12
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Advanced Placement, and "tech prep" courses.

Course-Taking Patterns in Middle

School Figure 4
Proportion of Eighth-Graders Enrolled in Algebra, 1996

: —
Despite recent increases in the proportion . _

of students taking algebra I in the Sth grade, All IS
in 1996, most students were not enrolled in
this course. The propartion of 8th-graders
taking the National Assessmcnt of
Educational Progress (NAEP) mathematics
assessment who reported taking algebra has Black
increascd in recent years. In 1992, anly 20 '
percent of students reported taking algebra. -
In 1996, the next year the NAEP mathematics | jyispanic (RS

assessment was administered, 25 percent :

reported taking algebra. ‘This increasc may be % o a0 5% o 100%
due to a number of faclors, including the
National Council of Teachers of
Mathematics' (NCTM) call for the inclusion
of algebraic topics in the middle school curriculum. However, most students still werc not
enrolled in courses that include significant amounts of algebra in the 8th grade.

White

Sams, 1608 NAEP Mathomedics Assessment baoliraund quasii i

Minority and low-income students continue to be less likely to take challenging mathematics

courses in middle school than other students. The 1996 NAEP data reveal that minority

studcents are less likely to report being entolled in algebra in the 8th-grade (Figure 4). The data

also provide some indication that students from disadvantaged backgrounds are less likely to be "
enrolled in algebra during the 8th grade: While 29 percent of students who were not eligible for :
the national school lunch program reported being enrolled in algebra during the 8th grade, only

15 percent of students who werc eligible for the national school lunch program were enrolled in

algebra.

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 complcte certain
courses. A recent study supportcd by the National Science Foundation (NSF) examined the
content of mathcmatics 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
requitcments. Dcspite the larger numbers of students cnrolling in the courses, Lhe study tfound
that the content of these courses was cssentially unchanged, indicating that more students were in
fact being exposed to rigorous mathematics.

13
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Parent and Student Attitudcs about Mathematics and Science

Large proportions of middle school
students indicate that they do not plan to
take mathematics and science courses Fgue5

beyond what their schools require. A Stuerts Fanto Crop Mathemetics, But Viént fo Goto Callege
nationally representative survey of public
school students and parents conducted by
Louis Harris Associates for the National 100%
Action Council for Minorities in
Engineering (NACME), Inc. found that %
large proportions of students would like to
stop taking mathernatics and science P
courses as soon as they are able to: 51 _
percent of the 5th through 11th 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, young minority
students--5th through 8th grade students
who will soon be facing major decisions Souroe NAOVE Suney
aboutl 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 werc more likely than
ather students to indicate that they would like to stop taking mathematics and science as soon as
they were able to (Figure 5).

-mmaﬂmmﬂ

2%

0%

However, the sume group of students indicate that they would be interested in going to college,
und taking college-level mathematics courses. Eighty-six percent of all students surveyed said
that they would like to go to college. Although less than half of the 9th- to 11th-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 courses. These contrasts signal that
many students do not understand the importance of, 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-grade :
students recognized thal if they did not take algebra they would not be able to take other o
mathematics classes in the future, L

Parent and teacher involvermnent may make a lurge difference in stidents’ decisions about

mathematics and science. According to the NACME survey, ninety-four percent of students
indicated that thcir parent’s or guardian's advice was important Lo them in deciding what they

14
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would study in school, and 88 percent indicated their teachers' advice was important. Ninety-one
pereent of parents waal their children to continue their education beyand high school. However,
when 9th- through eleventh-graders were asked who decided which mathematics classes they
would take, seventy-nine percent indicate that they had made the decision by themselves.

Analysis of the NELS data indicates that students with greater levels of parental involvement
are more likely to take advanced mathematics courses. Analysis of the course-taking patterns
of the NELS students who wcre in 8th-grade in 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 hagher likelihoods of taking rigorous
mathematics courscs. While only 8 percent of those students who said that they did not discuss
programs at school with thceir parents took algebra I by the 8th grade, 17 percent of those who
said that they discussed school programs threc or more times during the previous semester took
algebra I by the 8th grade. Students who had parents or teachers who said that there werc greater
levels of parental involvement werc 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 10th grade, while 48 percent of those students whose parents
said they regularly spoke to the child about high school plans took geomcetry by the 10th 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 studcnts whose teachers said that their parents were
very involved took geometry by the 10th grade.

15
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Mathematics in the U.S. Today

International Comparisons of
Middle School Mathematics and

Science Proficiency U.S. Performance on TIMSS,
Relative to Intemational Average

Recent findings from the Third International

Mathematics and Science Study (TIMSS), Fourthgrade  Eighth Grade

indicate that the mathematics curriculum Mathematics

Jrom grades five through eight may be a weak
link in the U. S. educational system. Ncwly
available data from TIMSS (the most
comprehensive international comparison of ,
schools and students cver undertaken) reveal Science
that U.S. 4th graders score above the
international average in both mathematics and
science. Among 25 othcr participating nations,
only Korea performed better than the U.S. in
4th grade science, and only 7 of the 25 othet
countries did better than the U.S. in 4th grade mathematics. These findings are in contrast to
earlier findings from TIMSS that indicate that U.S. 8(h graders perform slightly below the
international average in mathematics, and only slightly above the international average in
scicnce. In fact, only ane country--the U.S. in mathematics--falls from above the international
average at 4th gradc to below the international average at 8th grade.

The U.S. expects less of its middle school and junior high students compared to high
performing nations. TIMSS data suggest that one reason U.S. students do less well at 8th grade
is that the middle school mathematics curriculum in the U.S. is significantly less challenging than
the curricula used in other countries. Tn Germany and Japan, virtually all students in grades S
through & move beyond arithmetic to the foundations of algebra and geometry. By 8th grade,
mathematics courses in virtually all other countrics participating in TIMSS include significant
algebra and geometry, while in the U.S., only students in college-preparatory classes receive
signiticant exposure to algebra, and very few students study geometry. As a resul(, 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 also found that U.S. mathematics classes require students to engage in less high-level
mathematical thought and solve fewer multi-step problems than clusses in Germany and
Japan. A 1].S. mathematics teacher’s typical goal is 1o teach students the mechanics of solving 4
problem versus understanding the concepts behind it, while a Japanese teacher’s goal is 1o help L
them learn the basics as well as understand the relevant mathematical concepts. In a typical U.S. '
classroom, students follow the teacher as he or she leads them through solutions to mathematics o
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problems. In Japan, students are asked to solve
problems, prescut them to the class i
how they approached the problem to increase their own understanding. S and describe
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Promising Practices

In many places across the country, there are promising programs underway that focus on
improving student achievernent in mathcmatics in science. Many of these are greatly expanding
the numbers of students taking rigorous courses in mathcmatics 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 number of places that demonstrate effective strategies. We hope that these
cxamples will be useful to you as you plan efforts to improve matheratics and science education
for students in your community and across the nation.

Preparing for success: The Algebra Project, supported by the National Science Foundation
(NSF) and directed by Robert Moses, addresses equity of opportunity by helping 6th, 7th, and
8th graders in inner city and rural areas gain an understanding of challenging mathematics.
Serving over 40,000 traditionally low-income and minority middle school students, the Algebra
Project is based on the conviclion that all students can learn algebra given the proper context. An
cssential first step is that all students study algebra as eacly as possible to ensure their access t0 4
college preparatory high school curticulum.

The project assists students in 22 urban and rucal sites in 13 states to succeed in challenging high
school mathematics courses by introducing rigorous mathermatics concepts in the 6th grade,
creating a foundation to build upon throughout the middle schoal years. The project has been
successful in helping traditionally underserved students complete algebra [ by the 8th or 9th
grades, and either pre-calculus or calculus by the 12th grade utilizing a variety of strategies. The
project places young college-age students in schools to provide extra assistance, In addition, the
project provides afler-school activities; and provides teacher professional development in
examining the curriculum and beliets about how il should be taught.

The Algebra Project has had important effects for communities. For instance, in the Mississippi
Della and in Jackson, Mississippi, the project showed positive short term effects. Additionally,
an evaluation team, compriscd of education experts from across the country, found evidence of
positive pulcomes in teaching, student attitudes about and engagement in mathematical 1dcas
and community involvement.

Taking the right courses: In 1990, the College Board launched EQUITY 2000 to increase
minority enrollment in college preparatory mathematics courses. Originally piloted in six
communities, EQUITY 2000 requires participating school districts to phase out lower-levcl
mathematics and require all students to take a college preparatory curriculum--beginning with
algcbra and gecometry. 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 which key decisions are made about which courses students
should take and how they should begin planning for education and careers beyond high school.
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The project provides on-going professional development to help teachers work with
heterogeneous ability classes, encourages and supports parents to become advocates on behalf of
their children, helps schools establish support services for students who need exi(ra time and
effort to learn challenginy content, and trains administrators and teachers to use student
cnrollment and achievement data to drive school-based decision-making.

Finally, BQUITY 2000 has made increased parental involvement a priority because it recognizes
the important role that parcnts play in nurtucing and reinforcing their children's desire to attend
college. Tt has sponsored Saturday and summer academics on college campuses for cntire
families. The program also sponsors Family Math nights in which parcnts and students learn
mathematics concepts togcther.

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

» All sites dramatjcally increased the percentage of students enrolled in algebra
I by the 9th grade, and i three pilot districts, all 9th graders enrolled in
algebral.

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

Advanced Placement Participation Rising in South Carolina and Texas. The College Board’s

Advanced Placement (AP) Program was started nearly four decades ago to enable students to :
complete college-lcvel studies whilc still in high school and to obtain college credit or !
placement. Today more than 500,000 studcnts in aboul half of the nation’s high schools take at
least one AP course, and those courses are widely 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-based

reform initiatives in two states.

South Carolina: With former-Govemor Riley’s school reform package of 1984, South Carolina
became one of the first states to legislate funding and other actions to boost participation in AP,
Actions included state approprialions ta train AP teachers 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 expcrienced:

+ Anincrease in the number of students taking AP exams from 2,799 to 9,748.

«  An increasc in the number of AP exams from 3,461 to 14,890, with the mean grade
temaining stable at approximately 2.7 - 2.8.

» An increase in the number of AP science exams (Biology, Chemistry, Physics) from 27
102414.

* An increase in the number of AP math exams (Calculus AB and BC) frora 46 to 2,767.
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» Ninety-three percent of all the public high schools in the state participating in AP(184 of
197 public high schools).
» AP participation rates abuve the uational average.,

AP Exams Taken
(Eleventh and Twelfth Graders)
1984 1997 Percent increase
South Carolina 3,461 - 14,390 : 77 percent
National 223,888 843,399 73 percent
Sources: College Board. Advanced Placement Program, Nutional and South Carolina Summary Repores. 984 -

1997.

Texas: The Advanced Placement Incentives program was developed in the Dallas, Texas area by the
O'Donnell Foundation in reaction to the low rates of college attendance and poor college preparation
of low-income and minority students. The Advanced Placement Incentives program addresses
shortfalls in both the supply and demand for AP courses ir: malh, science, and the arts, by providing
performance-based financial incentives to teachers, school and students. Teachers are given
financial incentives as well as registration and fees for attending College Board AP teacher training
during the summer, and to begin to teach AP courses. Students who complcte the Advanced
Placement coursc may takc the AP exam at half-cost (the total cost for an AP exam is about $73),
and thosc 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 ninc Texas public schools the O'Donnell foundation reports that:

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

+ AP participation incrcased among female students in areas in which females are traditionally
under represented, with 19 female students taking AP exams in math, science, or computer
science during the program's first year, and 240 female students (comparcd to 272 male
students) doing so in the program's fifth year.

» Minority participation increased, from 7 African-American or Hispauic students taking AP
exams during the program's first year, to 116 in the program's fifth year.

Instructional Reform in Muthematics, Sponsored by the University of Pittshurgh’s Learning

Rescarch and Development Center, the Quantitative Understanding: Amplifying Student

Achievement and Reasoning (QUASAR) Project is designed to respond to low levels of student

participation and the inadequacy of student performance in mathematics. QUASAR is a

practical school demonstration project for urban middles schools that fosters the development and

unplementation of enhanced mathematics insiructional programs in cconomically disadvantaged “
communities. The program’s key principles are that all students are able to learn a broad range of i
mathematical content, acquire a deeper and morc meaningful understanding of mathematical ideas, -
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and demonstrate proficiency in mathcmatical reasoning and complex problem solving,

IN QUASAR schools, tearas of mathematics teachers, school administrators and “resource
partners”-- generally mathematics educators from local universities-- collaborate to develop,
implcruent, and refine mathematics instructional programs. All project schools have eliminated
most forms of academic tracking, and have emphasized deeper student undersianding and high-level
thinking and reasoning for all students. While there is variation across the sites in curricula,
teaching strategies, and approachcs to profcssional development, all QUASAR sites included
extensive attention to professional development and teacher support. Additionally, the University
of Pittsburgl’s Learning Research and Development Cenler provides the schools with ongoing
support and updated information on progress.

Program data indicate that QUASAR schools build the capacity of teachers to improve the quality
of their mathematies instruction. and to increase the capacity of students to think, reason, solve
complex problems, and communicate mathematically. Students in QUASAR schools, particularly
those who are from minority groups and those with limited English proficiency, have increased
their understandings of important mathematical ideas across a range of content topic arcas,
Additionally, QUASAR shudents in grade 8 performed as well as students on basic and traditional
items of the 1992 NAEP Mathematics Assessment, and above their peers on less traditional middle
school mathematics content.

Standards-based Reform. The New York Regenis Exam has spurred thousands more high

school students to take and pass college-preparatory mathematics courses. Tn 1993 then-New
York-Chancellor Ramon Cortines requircd all students to take tougher Regents-level mathematics

and science courses traditionally reserved for college-bound students. Beginning in 1995, the state

required that all students take Regcents-level classes. The number of Hispanic and black students

who passed the science portion of the Regents Exam more than doubled [rom the previous year.
Since then, the state has decided to requirc that all students take and pass the Regents Exams . In
addition, Commissioncr of Education Richard Mills has recently called for an increase in the rigor '
of the state’s requirements for graduation from high school, including adding another year of both

mathematics and science to the current two years required in each.

Living Up to Our Potential: The First in the World Consortium, Chicago, Illinois. Twenty
school districts from Chicago's North Shore joined forces in 1995 to meet the challenge of
providing their students with a world class cducation in mathematics and scicnce. Their first
challenge was to determinc what a "world class" education looked like, measure their current
performance against that benchmark, and develop an improventent strategy.

The Consortium's efforls were directed toward three objectives: benchmarking performance against
international standards in mathematics and science, using the Third International Mathematics and
Scicnce Study; creating a forum (o clarify world-class education standards for business leaders,
policy makers, educators, and community membcrs; and establishing a network of learning
communitics 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 Consortium took the TIMSS assessment in Spring 1996 at the
dth, 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 United States' performance. 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 they have created
teacher learning networks to strengthen curriculum standards, models of iustruction, ussessment,
and use of technology. This “community of learners” approach promotes tcacher participation and
provides a coatext for long-term commitment to the consorlium’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
consortium identifies both state and federal support as helping it focus on its goals. These
cxperiences emphasize that, when given the opportunity, U.S. students can perform as well as, or
better than, students in any part of the world.
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Next Steps

Six things educators, policymakers and community members can do:

1. Provide all students the opportunity to take algebraI 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 curriculum in grades K-7
that moves beyond arithmetic and preparcs 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 levcls.

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

Six things parents can do:
I. 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 dcrunanding course that includes
fundamental algebraic cancepts 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 preparcs 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 collcges, familiarizing them with college rcquirements, and
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exploring financial aid options available to students.

6. Show the importance of mathematics (o 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. The National Education Longitudinal Study of 1988 (NELS:88) initially
surveyed a nationally representative sample of 26,000 public and private school 8th 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 (he most
rccent data available gathered two years after their scheduled high school graduation in 1994.
The analyses in this report arc based on a sub-sample of vver 13,000 individuals from whom data
were collected in all three follow-up surveys. Analysis of course-taking patterns is based on
student reports of 8th-grade course-taking and high school transeript data. The actual titles of
mathematics courses as they appear on the transcripts may vary, despite covering similar content
(for example, geometric concepts); accordingly, we have attempted to include all courses
covering similar content under traditional course names (i.e. “geometry,” “algebra II"") rctlective
of their content.
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A Letter from the Secretary Ve T et

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[i\n 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.
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Success in challenging mathematics is important for long-term academic and labor market o
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



Executive Summary L AFT
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(effects of taking rigorous mathematics and science courses are most dramatic
for low income 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.
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. As the first prerequisite for geometry and other rigorous mathematics 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 concepts \‘\ S%/
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 wghg_gl,a student
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 li@ 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 studeng’ whose parents were not involved. -




Mathematics in the U.S. Today DRAF T

International Comparisons of Middle School Mathematics and Science
Proficiency

Recent findings from the Third International US Perforrmnce on TIMSS,
Mathematics and Science Study (TIMSS), Relative to International Average
indicate that the mathematics curriculum .

Jfrom grades five through eight may be a weak Fouthgrade  Eighth Grade
link in the U. S. educational system. Newly .
available data from TIMSS (the most Mathematics
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 Science
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
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.

&Iow

Above average

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 EJE@AF ‘F:
The Power of Mathematics for College Entrance I

Students who take rigorous mathematics
and science courses are much more

likely to go to college than those who do Figure 1
not. Data from a longitudinal survey of College Access by Geometry
students who were in the eighth grade in o .
. % attend oll 1994
1988 (National Educational Longitudinal ° a;? ing any college by
Study or NELS) reveal that 83 percent of 83%
students who took geometry in high 80% |

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, 2%

compared to a college attendance rate of &

only 35 percent among students not o Took Geometry Did Not Take
taking geometry (Figure 1). Similarly, Source: Analysis of NELS data Geometry

students who take rigorous science
courses in high school are also much
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

'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.



comparison, 93 percent of students from |
high income families, and 84 percent of Figure 2 '
students from middle income families who

took geometry in high school went on to Callege Acoess by Incame and Gearmetry
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).

% attending college

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
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

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

8




DRAW

similar to students from middle and high income families (Table 2). For example, among
students who took chemistry in high school, 95 percent of high-income students; 89 percent of - -~ 2277 =
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 ofSt its Attendmg Postsecondary
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Percent of Students Scoring atthe Highest Level of the NELS
12th Grade Mathematics Achievement Test
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Students

Algebra Il

Trigonom etry
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I Public CJPrivate

Source: Analysis of NELS data
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Working in the 21st Century

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 portion of the Armed
Services Vocational Aptitude Battery (ASV AB--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 10.3 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

12



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.

Middle SchooD

13
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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 | 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. _ .y
AlthOUgh there is some variation from school to —
school, the sequence of recommended

mathematics courses typically involves one year courses in algebra 1, 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

14




important opportunities, including
opportunities to take courses outside of Figure 3

mathematics and science. Some high Proportion of Eighth-Graders Enrolled in Algebra, 1996
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 . . L l
have time in their schedules to take other % 0% 40% 60% 8%  100%
courses that can help prepare them for
college or a career, including foreign
language, art, Advanced Placement, and
"tech prep" courses.

Total

25%

Black 2%

Hspanic 20%

Sourcer 1988 NAEP Matharnatics Assessment badkgraund questionaire

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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fact being exposed to rigorous
mathematics.

Minority and low-income students
continue to be less likely to take
challenging mathematics courses in
middle school than other students.
1996 NAEP data reveal that minority
students are less likely to report being
enrolled 'n the
eighth-grade (see Figure 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
for the national school lunch program were enrolled in algebra.

Parent and Student Attitudes about Mathematics and Science

Large proportions of middle school students indicate that they do not plan to take mathematics
and science courses beyond what their schools require. A nationally representative survey of

Figre 4
Students Flan to Drop Meth, But Vet to Go to College
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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, the 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 Scrence 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 underlying conviction is that all {)
children can learn algebra. The Project is based on the expectation that v1rtu5ﬂﬁ11 middle school } i
students can learn algebra given the proper context, The Project assists Geiatudents to succeed in
challenging high school mathematicscourses 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 ether 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
‘ \*u)‘/\ \(Oenrollment in college preparatory mathematics courses. Originally piloted in six communities,
)‘5 \,\U‘VA Equity 2000 reqmgﬁhgelpﬁag-sehcdﬂemm@phase out lower-level mathematics and require ——
Qﬂ oeooall students to take a college preparatory curriculum--beginning with algebra and geometry. The
project provides on-going professional development to help teachers work with¢heterogeneous —
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
[ by the ninth grade, and in three pilot districts, all ninth graders enrolled in
algebra [.

. 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. /

j Advanced Placement Participation and Scores on the Rise in South Carolina N% P u) A1
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Parents:
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Ensure that all students, parents, teachers, and counselors recognize the
importance of students’ early enrollment in algebraito their future
opportunities.

Ensure that all children have access to algebra I or a similarly challenging
class that includes fundamental algebraic conceptsﬁn)the}\eighth grade.

by ord v
Ensure that all children have access to rigorous mathematics and science
courses. rp
Ensure that all students are taught by well-prepared teachers. "CQ&’%
A )(V"" Lo e &’OVV—() Wbe $2 e At~
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Ins&t that your 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 & {/l,

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.

20



. 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.

>
Sk gt A
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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,
would have a different relationship to the data. v v .

23



