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This paper draws on new data from four recent
surveys, and outlines national and state indicators on three key
questions concerning progress in science and mathematics education:
(1) Are students receiving more instruction in science and
mathematics now than 10 years ago? (2) Has the supply of qualified
teachers in science and mathematics improved? and (2) Are students
learning more science and mathematics? Data and findings from the
national transcript studies of high school T7aduates conducted by the
National Center for Education Statistics (NCES), the National
Assessment of Education Progress (NAEP) assessments in science and
mathematics, the Council of Chief State School Officers' State
Indicators of Science and Mathematics Education, and the NCES Schools
and Staffing Survey were used to address these questions. The
analyses show that some improvements have been made in all three
areas. High school course enrollments in science and mathematics have
risen significantly. Scores on the NAEP science and mathematics
assessments have increased since 1982, particularly for students at
ages 9 and 17; however, the level of student proficiency is still too
low. In mathematics, U.S. students score below the level of
proficiency that is expected for their age and grade level. There is
wide variation by state in course enrollments and student
achievement. Most states have not experienced shortages of science
and mathematics teachers but this general picture can mask shortages
of teachers with strong preparation in science and mathematics as
well as greater teacher shortages in school with more poor and
minority students. (45 references) (KR)
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HAS SCIENCE AND MATHEMATICS EDUCATION
IMPROVED SINCE A_ISTAIRMLALIRSK?
Trends in Course Enrollments, Qualified Teachers, and

Student Achievement

Rolf K. Blank and Pamela Engler

Improving student leaning in mathematics and science
is a high priority for our elementary and secondary
schools. The national educational gods of the President
and governors, set in 1990, state that science and
mathematics achievement of American high school
graduates will be first in the world by the year 2000. In
September 1991, the National Education Goals Panel
recommended measures to be used in tracking progress
toward the goal and reported baseline data on several
measures, The Panel set high expectations for
improving the quality of science and mathematic& As
policymakers and educators plan initiatives for working
toward Goal 4 on science and mathematics achievement,
it may be helpful to assess the progress that has been
made over the pag decade in response to the calls for
education reform in the early 1980's.

National Commissions and State Policy
Reforms

In the early 1980's many national and state reports made
recommendations for reform of our education system
(National Commission on Excellence in Education, 1983;
National Science Board Cemmission on Precollege
Mathematics, Science, and Technology Education, 1983;
Task Force on Education for Economic Growth, 1983;
Twentieth Century Fund, 1983). The report of the
National Commission on Excellence in Education,
Nation at Risk The Imperatiye for_gducation Ref . rm,
received the most attention and response. The
Excellence Commission deplored a 'rising tide of

mediocrity" in our education system and identified
specific problems in the areas of science and
mathematics. The report noted the poor performance
of American students on international assessments in
science and mathematics, declining average scores on
national achievement tests, and the relatively small
amount of science and mathematics instruction received
by the average American student. The Excellence
Commission recommended that wee mathematics and
three science clurses be required for high school
graduation and that science be made a "new basic" in
elementary school

National commission reportb also highlighted the
problem of underqualified teachers in science and
mathematics and impending ttacher shc:tag (National
Science Board, 1983; Carnegie Forum on ELlution and
the Economy. 1980. In the early 1980's national experts
saw a major problem in insufficient preparation. of
teachers in science and mathematics, particularly at the
elementary and middle school levels grAnston and
Aldridge, 1984). Other data showed that many well-
qualified science and mathematics Leachers were leaving
teaching, few new graduates in science and mathematics
were going into teaching, and many science and
mathematics teachers would be retiring in the 1990's
(Aldrich, 1983; Darling-Hammond, 1984).

Rolf K. Blank is Director of the Science and Mathematics indicators
Project at the Council. Pamela Engler is an Educational Pclicy
Analyst in the Florida Department of Education.
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States took the lead in responding to ity_atimmillia
and other national commission reports (National
Governors Association, 1986). States increased course
crock requirements for graduation (particularly in
mathematics and science), raised standards for teacher
preparation, mandated teacher tests for certification, set
higher levels for teacher pay, developed state curriculum
guicklines and frameworks, and established new
statewide student assessments (Blank and Espenshade,
1988; (3oertz, 19843; CCSSO, 1989).

Studies of State Reforms. Debate has arisen concerning
the effects of the state policy initiatives on education
reform at the district, school, and clauroom levels. One
argument is that the state policy changes do not have
substantial or lasting effects on how schools are
organized, on the curriculum that is actually taught in
classrooms, or on how teachers teach (Fuhrman et al,
1' tx; ruestone, et al. 1989; Smith and O'Day, 1991;
David, et 4 1990). Another position is that state policy
reforms did increase the amount of time spent on core
academic subjects and improved student learning of
basic skills, but that teaching and learning of higher
order th;nking skills were not advanced (Clune et al.
1989; ETS Policy Information Center, 1990). Some state
policymakers argue that, while there is evidence that
state reforms have produced improvements in science
and mathematics education, more need, to be done.
(Connecticut Department of Education, 1989; Honig,
1990; California Department of Education, 1991).

Much of the debate about effects of state policies is
based on analyses of education reforms iv one state or
a small number of states. National and state-by-state
data are now available for assessing state policy reforms.
This paper summarizes some of the evidence concerning
key indicators of change in science and mathematics
education.

Three quesdons are addressed:
(1) Are :curlews receiving more instruction in science

and mathematics now than 10 years ago?
Has the supply of qualified teachers in science
and mat! .ematicc unproved?
Are students learning more science and
mathemaLics?

(2)

(3)

Data and findings from four sources are used to address
these questions: National transcript studies of high
school graduates conducted by the National Center for
Education Statistics (NCES), the National Assessment
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of Educational Progress (NAEP) assessments in science
and matlienimics, the Council of Chief State School
Officers' State Indicators of Science and Mathematics
Education, and the NCES Schools and Staffmg Survey.

I. Are Students Receiving More Instruction
in Science and Mathematics?

One of the common responses from state legislatures
and state boards of education to calls for state education
reforms was to raise course credit requirements in
science and mathematics. From 1980 to 1987, 43 states
increased mathematics course requirements for
graduation and 40 states increased science requirements
(Education Commission of the States, 1984; Blank and
Espenshade, 1988). The number of states mandating or
recommending a specific amount of time for science and
mathematics instruction in elementary grades increased
to 26 states by 1987 (Blank and Espenshade, 1988).
One way of measuring the effect of this policy approach
for improving science and mathematics is to determine
the extent of change in student course taking in science
and mathematics.

Rates of course enrollments by course level indicate the
proportion of students advancing through the secondary
science and mathematics curriculum. The rate of course
taking in science and mathematics is also an important
indicator because of the relationship between course-
taking and student learning in these subjects. Research
with large national surveys and international surveys
(e.g., National Assessment of Education Progress,
National Longitudinal Study, High School and Beyond,
Second lEA Mathematics Assessment) demonstrates
that there is a direct, positive relationship between the
amount of elementary instructional time and secondary
course takinfs in science and mathematics and the rate
of student learning in these subjects (Jones, et aL, 1986;
Dossi, et al., 1988; Mullis, et aL, 1988; Rock, et aL,
1985; McKnight, et al., 1987; National Center for
Education Statistics, 1991b). Walberg conducted a
quantitative synthesis of 3,000 studies and identified
instructional time as one of the nine *productive factors*
in learning in schools (1984). Sebring found a positive
relationship between science and mathematics course
taking and College Board achievement test scores for
students in California and New York (1987).

State-by-state course taking data were collected in 1939-
90 and reported by the Council of Chief State School
Officers (CCSSO) through a system of state indicators
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(Blank and Da lkilic, 1990)1. National trends in high
school course enrollments can be assessed by comparieg
the 1990 data with data from transcripts of nationally
representative samples of high school seniors in 1982
(High School and Beyond Study) and 1987 (National
Transcript Study) (Kolstad and Thorne, 1989).

o Enrollments increased in science and mathematics
egatekeepee courses from 1982 to 1990. The percentage
of students taking algebra 1 by the time they graduate
increased from 65 percent in 1982 to 81 percent in 1990,
the percentage taking algebra 2 went from 35 percent to
49 percent, and calculus enrollments increased from 5
percent to 9 percent. The percentage of students taking
first year biology by the time they graduate increased
from 75 percent in 1982 to 95 percent in 1990, the
percentage taking chemistry went from 31 percent to 45
percent, and physics enrollments inaeased from 14
percent to 20 percent. Enrollments increased at all
levels of high school science and mathematics during the
1980's. Rates increased more in lower level courses, such
as algebra 1 and biology, than in upper level courses.

Trends in Course Taking in Science
and Mathematics

% Students
Enrolled

1990

81%

49

9

95

45

20

High School and Beyond data far 1982, Xolstad and
Thorne, 1989; State data for 1990, Blank and DaIkilic,
1990

o Enrollments in science and mathematics vary widely
by state. An example of state-to-state differences in
course taking Is the variation in the proportion of

1 In the 1989-90 school year, 38 states collected and reported data
on enrollments in science and mathematics of public school students
in grades 9-12. States reported the data to CaS0 using common
reporting categories which provide the basis for valid state-to-state
comparisons. CCSSO researchers used statistical analyses to calculate
national estimates from the state data. The science and mathematics
indicators were developed through support of the National Science
Foundation, Office Li Studies, Evaluation, and Dissemination.
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students taking algebra 2. In Montana, 65 percent of
students take algebea 2 while in Hawaii only 33 percent
take mathematim at this level. As of 1989-90, 20 of 38
states reported more than 50 percent of students take
algebra 2. The proportion of students taking chemistry
by the time they graduate varies from 62 percent in
Connecticut to 26 percent in Idaho. As of 1989-90, 11
of 38 states reported more than 50 percent of students
taking chemistry (Blank and Da)kilic, 1990). Tables 1
and 2 (attached) provide state-by-state data on course
earollments for three levels of high school science and
mathematics.

o Gender differences ha course taking are at advanced
levels. Sixteen states reported science and mathematics
course enrollments by student gender in 1989-90. The
data from these states show that rates of course taking
are equivalent for male and female students from junior
high courses up through trigonometry (in mathematics)
and chemistry (in science). Differences occur in the
advanced courses. On average, boys comprise 55
percent of enrollees in calculus and 60 percent of
anrollees in physics; girls comprise 55 percent of
enrollees in advanced/second year biology (Blank' and
Dalkilic, 1.990). A comparison of the state figures to
national statistics from 1982 (Kolstad and Thorne, 1989)
shows that the rate at which &ls take advanced
mathematics and physics increased about three percent
during the 1980's.

o Participation in science and mathematics differs
widely by student race/ethnkity. Data from the
national transcript study in 1987 show that science and
mathematics enrollments are highest for Asian students
and lowest for African-American and Hispanic students.
For example, the percentage of students taking algebra
2 were: Asian--67 percent, white 52 percent, African-
American-32 percent, and Hispanic-30 percent. The
percentage of students taking chemistry were: Asian-70
percent, white-48 percent, African-American-30
percent, and Hispanic-29 percent (Kolstad and Thorne,
1989).

o Science and mathematics enrollments as of 1990 are
below rftommendations of Excellence Commission.
Enrollmorts in science mad mathematics increased in the
1980's but the rate did not reach the level recommended
by the National Commission on Excellence in Education.
The 49 percent rate for algebra 2 in 1990 indicates the
proportion of graduates that take three years of high
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school mathematics, since algebra 2 is typically the third
course in the high school mathematics curriculum. The
45 percent rate for chemistry in 1990 indicates the
proportion of students who take three years of high
school science. Thus, by 1990 not quite half of
American graduates met the standard for high school
side= and mathematics recommended by the
Exceknee Commission.'

a Lars e high school enrollments in lower level
mathanvdcs courses. In the fall ti 1989, 84 percent of
all studcits in grades 9-12 were taking a course in
mathematics. Over one-fourth of the students (27%)
were taking a course at a level prior to algebra 1, ie.,
general mathematics, vocational/business mathematics,
or pre-algebra (Blank and Dalldlic, 1990). Thus, to
meet state graduation requirements, many students are
taking mathematics courses which are generally not in
the high school mathematics curriculum.

o States with higher requirements have more overall
course taking in schnsce and mathematics and slightly
more upper level course taking. The data on course
taking confirm that the amount of science and
mathematics instruction did incrrase in the time period
after states set higher graduation requirements. Were
increases the result of changing state requirements?
The 1990 CCSSO data show that states requiring 2.5 to
3 credits (13 states in mathematics, 6 states in science)
had au average of 10 percent higher enrollments overall
in mathematics and science than states requiring two
credits (34 states mathematics, 38 states science). The
high-requirement states have two to four percent more
students taldng upper level science and mathematics
courses (e.g., chemisuy, physics, geometry, algebra 2,
trigonometry) (Blank and Dalkilic, 1990). Thus, the
cross-sectional data from 1989-90 show that students
take more courses in states with higher requirements.
However, they do not necessarily take higher level
courses. Data show there is a weak relationship
between state requirements and enrollments in upper
level science and mathematics courses. This issue will
be studied further as state trend data are available
through CCSSO.

In sum, course taking data indicate that American high
school students are now taking more science and
mathematics courses in high school at all levels, and the
data suggest that state policies are related to the

2 The average number of credits earned in mathematics increased
from 2.4 in 1982 to 2.98 in 1987 (these statistics included lower level
courses such as general mathematics and pre.algebn), and the
avenge number of credits in science increased (rom 2.19 in 1982 to
243 in 198Z ivtich is an increase of half a credit in each subject
(Noland and Thorne, 1989).
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increased enrollments. However, the rates of increased
course taking are smaller for more advanced courses
such as chemistry, physics, trigonometry, and calculus.

2. Has the Supply of Qualified Teachers in
Science and Mathematics Improved?

Central to policy reforms in the 1980's many states
began initiatives aimed at improving the supply and
quality of teachers. State policies increased incentives
for entering and staying in teaching. For example, many
states raised the minimum pay scale for teachers, and
about half established alternative certification policies
(CCSSO, 1989). States also developed loan and
scholarship programs in critical teaching fields. At the
same time, states raised standards for becoming a
teacher. For example, by 1987 all states had specific
state requirements for the amount a subject area
preparation for certification of science and mathematics
teachers (Blank and Espenshade, 1 ). In addition, 36
states mandated written tests of teacher knowledge for
certification (ETS Policy Information Center, 1990-

These policy initiatives responded to predictions that
supply of qualified teachers was declining and existing
teachers wore insufficiently prepared, particularly in
science and mathematics. Now, as we enter the 1990's,
it is important to assess whether the condition of the
teaching force in scier.ce and mathematics has improved
and whethei predictions of severe shortages in the
1990's are still likely. One of the major objectives under
Goal 4 on science and mathematics is to "increase by
50% the number of teachers with a substantive
background in science and mathematics" (National
Governors Association, 1990). Two national panels have
recently outlined the need for improved data on teacher
supply, demand, and quality (National Research Council,
1990; NEGP, 1991). At present, sonic data are available
from the NCES Schools and Staffing Survey and the
CCSSO Science and Mathematics Indicators to assess
key indicators of supply and shortages of qualified
science and mathematics teachers.

Current Teacher Supply in Science and
Mathematics

In 1989-90, there were approximately 111 thousand
teachers of mathematics and 102 thousand teachers of
science in public high schools in the 50 states and the
District of Columbia (Blank and Dalkilic, 1990). This
compares with 10.8 million students in grades 9-12
enrolled in public schools, (NCES, 1990), or an average



of 107 students per mathematics teacher and 116
students per science teacher?

Considering these overall numbers of students and
teachers, what data are available to tell us if the supply
of teachers for our schools has improved or declined?
A first level of analysis is whether school districts are
able to hire teachrts to put in science and mathematics
classrooms, Le, the availability of new or continuing
teachers, without considering teacher quality.

o Low attrition rate of teachers. The supply of
teachers did not decline during the 1980's due to high
attrition. The attrition rate of teachers is now relatively
lowabout 5 percent per year for science and
mathematics teachen as well as for all public school
teachers (Bobbitt, 1991). However, attrition rates are
higher for teachers in the physical sciences, due to more
professional opportunities outside of teaching that offer
significantly higher pay (Murnane, et al, 1988).

o Teachers reaching retirement age varies by statq
rate of retirement will increase in mid 1990's. Data on
the ages of current teachers allow Fojections of
potential shortages due to retirements. In 1989-90, state
data showed that 19 percent of high school mathematics
teachers and approximately n percent of science
teachers were over age 50, while 21 percent of all high
school teachers were over age 50. Thus, as a national
average, science and mathematics teachers will not be
retiring more rapidly than other teachers. However, the
proportion of science and mathematics teachers over age
50 varies by state from 10 percent to over 30 percent.
A shortage of science and mathematics teachers can be
anticipated in a few states that have much higher
percentages of their teaching force over 50 than other
states. These states include Minnesota, Delaware,
California, Michigan, and Illinois (Blank and Dalkilic,
1990). Projections by NCES show that attrition rates
will rise to almost 10 percent after 1995 due to
increasing retirement (NCES, 1989).

Percentage of Teachers Oyer Age 50

Math Biology

National
Average 19% 20%

California 26% 21%

Connecticut 20 24

Delaware 28 23

Illinois 23 28

Michigan 24 26

Minnesota 29 30

Wsconsin 21 27

Chemistry Physics

n% 23%

23% n%

27 29

41 29

30 32

33 29

45 43

Blank and Da &ilk, 1990

o Mort new hires from reserve pool and more college
graduates in science and math education. In 1987-88,
about seven percent of all teachers were new hires
(NUS, 1991a). This rate was constant during the
1980's (ICtrby, et 4 1991). However, in the 1980's
school districts depended less on new college graduates
for new hires than in the past. NCES found that in
1988, only 26 percent of new hires were first-year
teachers (Rollefson, 1991). In some districts, over half
of new hires were from the °reserve poor of teachers
who

3 Students per teacher averages adjusted by the number of part-
time teachers of science and mathematics.

left teaching and returned (NRC, 1990, Kirby, et al,
1991). Hiring from the reserve pool went up sharply in
the 1980's. At the same time, efforts in the 1980's to
encourage more science and mathematics teachers
appear to have worked because the number of new
certified college graduates in science and mathematics
teaching increased (Lauritzen, 1990). The number of
1988 college graduates with majors in mathematics
education was more than twice the number in 1982
(2,250 vs. 1,000), and the number of graduates with part-
time majors in science education doubled in the same
period (2,200 in 1988 vs 950 in 1982) (NCES, 1985.
1990).



o Shortage of chanistry and physks teachers.
National data for the 1987-88 school year show that only
one percent of all teaching positions veze unfilled
(NCES, 1991a). Howevrx, school principals report that
physics and chemistry teachers are harder to hire than
teachers in any other field (Weiss, 1987). According to
state data in 11 states, there are more high schools than
the total number of assigned chemistry teachers, and in
28 states there art more high schools than the total
number ef assigned physics teachers. The number of
assigned physics teachers is less than ixie-balf the
number of high schools in Illinois, Michigan, Mississippi,
New Hampshire, Oklahoma, and Utah (Blank and
Da Mc, 1990).

Supply of Qualified Science and Mathematics
Teachers

To address the question of whether there is au adequate
teacher supply also requires application of a criterion of
a 'qualified" teacher in science and mathematics. For
example, the criterion used by the National Education
Goals Panel is the proportion of science and
mathematics teachers in each state vnth a college major
in their assigned field of teaching (NEGP, 1991).
Another definition of qualified has been based on the
standards established by the professional science and
mathematics teacher associations (Weiss, 1989; National
Science Board, 1989). A definition often used by states
is whether a teacher is state-certified in the assigned
teaching field (Blank and Dalkilic, 1990). Data are
available to examine the supply of qualified teachers
using several different indicators.

o 1 of 11 science and mathematics teachers not
certified in assigned field (assigned out-of-ffeld).
CCSSO data from states show that nine percent of high
school mathematics teachers are not certified in
mathematics, and eight percent of biology teachers, tight
percent of chemistry teachers, and 12 percent of physics
teachers are not certified in these fields.' State-by-state
analyses of teacher certification show that some states
have 20 to 30 percent of mathematics and science
teachers assigned *out-of-field' while a few states have
no teachers assigned out-of-field. The state data show
that states with more out-of-field teachers have many
small, rural districts (e.g. South Dakota, Illinois,
Mississippi) or states experiencing rapid population
growth (e.g. California).

4 These Agates include leachers with a primary, secondary, or one
period assignment.
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50%

45%

40%

35%

30%

25%

20%

15%

5%

0%

Percent of Mathematics and Science
Teachers Assigned Out-of-Field

(30 States)

12%

MAYMEMATICS 810105Y DIEMi5TRY 1204v5lcs

Out.of-Fisld ci Not slate certified in asskgued field
Blank and Dalkilic, 1990

o One-half of science and mathematics teachers
ninjored in their teaching field. The NCES Schools and
Staffing Survey provided data on the proportion of
teachers in science and mathematics with a college
major in their assitmed teaching field. The data show
that 42 percent of all high school teachers of
mathematics have a mathematics major, and 54 percent
of all teachers of science majored in a science field.
The percent of teachers with majors in mathematic.;
varies by state from 20 percent (Louisiana) to 62 percent
(Kentucky), and in science from 31 percent (Louisiana)
to 73 percent (Minnesota, Missouri) (Blank and Dalkilic,
1990; National Education Goals Panel, 1991). Table 3
(attached) provides state-by-state percentages of
teachers that majored in mathematics, mathematics
education, science, and science education.

Equity in the Teaching Force

Another consideration in analyzing the supply of science
and mathematics teachers is equity, i.e., the extent to
which gender and racefethnicity of teachers matches the
characteristics of siudents. Oakes (1990b) found that
the rate of participation of female and minority students
in science and mathematics courses is related to the
presence of female and minority teachers.
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o The proportion of &male teachers in science and
mathematics varies widely by state. The majority of
high school science and mathematics teachers are male,
but the gender distrilution varies by field and by state.
For example, 45 percent of mathematics teachers are
female, while 22 percent of physics teachers are female.
The percent of female teachers in mathematics varies by
state from 21 percent (hrmnesota) to 69 percent (South
Carolina), and the percent of female teachers in physics

Gender of Mathematics and Science
Teachers

Percent
Female

Percent
Male

Mathematics 45% 55%

Biology 37 63

Chemistry 34 66
4

Physics 22 78

All Public High
School Teachers

50 50

Blank and Dalkilic, 1990

varies by state from 10 percent (Michigan, Minnesota,
Utah) to 49 percent (Alabama) (Blank and Dalkilic,
1990).

o Shortage of minority teachers in all science and
mathematics fields. State data on the race/ethnicity of
high school science and mathematics teachers show that
there is a wide disparity between the supply of minority
science and mathematics teachers and the number of
minority students in virtually all states. The proportion
of minority teachers are: mathematics-11 percent,
biologyW percent, chemistry-7 percent, and physics-5
percent, while 11 percent of all high school teachers are
from minority gaups (Blank and Dalkilic, 1990). The
student population in our public schools is 32 percent
minority. Table 4 (attached) summarizes the state-by-
state dats on minority teachers and minority students.
From 1982 to 1987 the percent of all public school
teachers that are from minority groups increased two
percent (from 8 to 10 percent), and the proportion of
teachers who are African-American declined by one
percent (NCES, 1990).
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Minoriq and White Teachers in
Mathematics and Science

Mathematics

Biology

Chemistry

Physics

All Public
High Schools

Percent
Minority

11%

10

7

5

Percent
White

89%

93

95

89

Blank and Dalkilic, 1990

o Fewer qualified teachers in schools with high
percent of disadvantaged and minority students. Oakes
(1990a) analyzed the qualifications of science and
mathematics teachers by student and school
characteristics and found that inner-city schools and
schools with more disadvantaged and minority students
have a significantly lower proportion of well-qualified
teachers thau other schools.

Other Factors in Analyzing Teachers. The data
presented here on supply and shortages of science and
mathematics teachers provide some indicators of the
condition of science and mathematics teaching in our
schools. To obtain a complete analysis, several other
factors should be considered. For example, a key
variable is the effects of increased demand in the future,
such as from higher enrollments in high school and
mathematics. The data have addressed teacher supply
and shortages in high school science and mathematics,
but shortages of qualified teachers may be more acute
at the middle school/junior high level. Also, recent
research has found that the average elementary
classroom teacher has poor preparation in science and
limited preparation in mathematics (Weiss, 1989).
Finally, the indicators of "qualified teachers" do not
measure actual teaching skills or practices, rather they
measure the teacher's preparation for teaching in their
subject. The National Education Goals Panel has
recommended the collection and reporting of more
detailed information on teachiLg skills and practices.

In sum, the current data on science and mathematics
teachers lead to three general findings: first, some
indicators of teacher shortages have improved since the
early 1980's; second, teacher shortages vary by specialty



within science and mathematics and by state; and, third,
the critezion of a "qualified teacher' needs to be
specified to determine shortages of science and
mathematics teachers. We also know that shortages are
greater in certain types of school districts and schools.

3. Are Students Learning More Science and
Mathematics?

The National Assessment of Educational Progress
(NAEP) has been monitoring the knowledge and skills
of American students in science and mathematics since
1970. Nationally-representative samples of students at
ages 9, 13, and 17 have been assessed every two to four
years in science and mathematics. The use of common
test items over time in NAEP provides a basis for
measuring achievement trends. The recent NCES
report Trends in Academic Progress provides details on

the extent of improvement in science and mathematics
learning of students since 1982 when state reforms
began (NCES, 199103

o Average achievement in science and mathematics
increased slight/3, from 1982 to 1990. NAEP proficiency
saxes declined from 1973 to 1982 in both science and
mathematics. From 1982 to 1990, NAEP scores showed
significant improvement in science at ages 9 and 17
(from 221 to 229, 283 to 290) and in mathematics n.
ages 9 and 17 (219 to 230, 299 to 305). During the samt
period, NAEP scores sLowed less improvement in
science and mathematics at age 13. Levels of
achievement in science and mathematics are about the
same as they were 20 years ago, and leading educators
agree that much improvement is needed. However, the
NAEP trends do show that progress has been made
during the 1980's in increasing science and math
learning.

Achievement Trends in NAEP

Average NAEP Proficiency Scores from 1982 to 1990

1990

255

229

NCES, 1991 Trends in Academic Prozress

Mathematics 1982 1990

Age 17 299 305

Age 13 269 270

Age 9 219 230

Mathematics and science educators have pointed out
that the NAEP achievement trends are based on
information from multiple choice questions. Even
though the trend results are valuable, multiple choice
items largely assess students' factual knowledge rather
than student learning and skills in problem solving and
application. Some changes are being made in the
NAEP design. Beginning with the 1990 mathematics
assessment and the 1994 science assessment, the
subsequent NAEP trend results will incorporate new
open-ended items and other alternate methods of
assessment.

o Increased achievement of African-Americans in
science and mathematics.' Although the achievement

levels of African-American students continue to average
below the level of white students, the gap in
achievement between African-Americans and whites has
been reduced in both science and mathematics since
1982. As shown on page 9, the scores of African-
Americans in science improved significantly at ages 9,
13, and 17 in the 1980s, with the largest gain at age 17
of 18 points. African-American students' scores in
mathematics also increased significantly at all ages, with

17 point increase at age 17 (NCES, 1991c). Smith and
O'Day use the NAEP trend data to show that there has
been considerable progress toward the goal of equality
of educational outcomes since 1966, even though there
is still much more progress needed (1991).

5 NAEP scores are reported on a proficiency scale that ranges from 0 to 500.
6 The NAEP trend data are also reported for Hispanic students. This population also showed impmved achievement, although with a pattern by
Age, subject, and level that is somewhat different from African-American students.
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Achievement Trends in NAEP for African-American Students

NCES, 1991 Trends in Academic Proms

o Student proficiency in mathematics Improving, but
still low. The National Education Goals Panel reported
the 1990 NAEP mathematics scores in its first report in
September 1991, and concluded that at grades 4, 8, and
12, less than 20 percent of students demonstrated
'competency in mathematics for their grade level
(1991). NAEP trend data are reported by proficiency
levels, and 1990 results indicate that the majority of
students are proficient at a level of mathematics that is
below what could be expected for their age and grade?
However, the trend data also show that mathematics
proficiency has improved at all gade levels, with the
most improvement at age 9. The trends by age and
proficiency level are shown on page 10.

o Among 17 year olds, only 7 percent scored at or
above the mathematics level indicating proficiency
with algebra and geometry and multi-step problem
solving (i.e., prepared for advanced mathematics
beyond high school). From 1982 to 1990 the
percentage of students at this level increased only
one percent. The percent of 17 year olds at or above
the next lowest levelproficiency in fractions,
decimals, percents and simple algebra and geometry-
-increased from 49 percent to 56 percent.

o At age 9 (about 4th grade), 28 percent of students
scored at or above the proficiency level of numerical
operations with multiplication and division and
beginning problem solving, which was a 9 percent
increase since 1981 At the next lowest level
proficiency in additive numerical operations and
problem solving with whole numbers-82 percent of
the nine year olds were proficient, which was an 11

percent increase from 1982 (NCES, 1991c).

o At age 1.3 (about 8th grade), 17 percent of students
scored at or above the proficiency level of
fractions,decimals, percents, and simple algebra and
geometry, and this represented no change over 1982.
In 1990, 75 percent of 13-year olds were proficient at
the next lowest levelnumerical operation's with
multiplication and division and beginning problem
solving, and this percentage increased by 4 percent in
the 1980's.

o State-by-state mathematics results show wide
variation in learning. In 1990, NAEP conducted a Trial
State Assessment of public school students in
mathematics at grade 8. The results provide the first
state-by-state comparisons on mathematics proficiency
of U.S. eighth graders (NCES, 1991b).

The 1990 results showed wide variation in mathematics
knowledge and skills within and between states. The
percentages of students scoring at the proficiency level
of reasoning and problem solving with fractions,
decimals, percents, and simple algebra and geometry
(300 scale level), varied by state from 24 perccat of
students in North Dakota to 2 percent of students in the
District of Columbia. At the proficiency level of
znultiplication and division and two-step problem solving
(250 scale level), state percentages varied from 88
percent of eighth path= in North Dakota azd Montana
to 43 percent in Louisiana (NCES, 1991b). As compared
to previous NAEP assessments, the 1990 mathematics
assessment had a substantially greater emphasis on
problem solving in each mathematics content arca and
the 1990 assessment required use of calculators.'

7 Panels of teachers and mathematics educators reviewed and rated the mathematics content of NAEP questions that clearly differentiated student
performance at each proficiency level (NCES, 1991b).

8 The arestMent objectives for the 1990 mathematics ESSeSsment weft dcw-loped through a new consensus process that was headed by the Council
of Chief State School Offices (CCSSO, 19814 The process involved representatives from mathematics, mathematics education, administrators,
policyrnakers, and the participating stata. The assessment objectives relied heavily on the new Curriculum and Evaluation Standards for School
Mathematics (19119) produced by the National Council of Teachers of Mathematics. The NAEP proficiency scores by state reflect student pedonnance
oo tbe new questions for 1990 combined frith perfonbasme an the questions used to report trends over time.



NAEP Trends in Mathematics by Proficiency Level

Percentages of Students at Four Levels
from 1982 to 1990

Proficiency Level Age

"11..

1982
% of Students

1990
% of Students

Algebra, geometry, muliistep
problem solving (350)

Fractions, decimals, percents,
simple algebra & geometry (300)

7 6% 7%

Multiplication, division,
basic problem solving (250)

17
13

13
9

49
17

71

56
17

75
28

Additive numerical operations
(200)

NCES, 1991 Thnds

71

o NAEP mathematics scores are related to course
taking in mathematics. The Eith and 12th grade
students taking the 1990 NAEP mathematics assessment
reported on their current and previous mathematics
course taking. The data show that 39 percent of 12th
grade students took fou7 years of high school
mathematics. The average achievement score for these
students was 36 points higher than students who had
taken less than three years of high school mathematics,
or almost the equivalent of one level on the proficiency
scale (NCES, 1991b). The 1990 results demonstrated a
strong positive relationship between level of course
taking in mathematics and mathematics achievement at
both 8th and 12th grades.

Summary of Findings

States undertook many policy initiatives in the 1980's
with the goal of stimulating improvements in the quality
of education. Recently educators, scholars, and
policymakers have questioned the effects of the state
reforms on changing education in schools and
classrooms. Students are taking more science and
mathematics courses in high school at all levels, and the
data suggest that state policies are related to the
increased enrollments. However, the rates of increased
course taking arc smaller for more advanced courses
such as chemistry, physics, trigonometry, and calculus.
The data indicate that some states have made
significantly more progress than others in encouraging
more students to pursue study in science and
mathematics. State graduation requirements have had
limited success in increasint, ady of higher level science
and mathematics, indic that other reforms at state,

10
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district, or school levels are needed to accomplish this
objective.

Trend analyses of NAEP assessments in science and
mathematics show that proficiencyscorm have increased
somewhat since 1982. The average achievement of 17-
year-olds increased significantly in science and
mathematics, and the achievement of 9-year-ohls
increased significantly in mathematics. The rate of
improvement in NAEP proficiency scores has been
greater for African-American students than for white
students in science and mathematics, and the gap in
achievement has been reduced. The NAEP achievement
results showed a strong, positive relationship to the
amount of coursework in science and mathematics.

Although some progress was made in the 1980's, NAEP
results in mathematics indicate that much improvement
still needs to be made. A majority of students'
mathematics knowledge and skills in mathematics are
lower than what mathematics educators expect for
students at grades 4, 8, and 12. Much of the
improvement in NAEP mathematics scores ia the 1980's
was at the proficiency levels invoking numeral
operations and beginning problem solving. As we move
into the 1990's, mathematics educators are emphasizing
that all students need to learn mathematics reasoning,
higher level problem solving, and applications (NCTM,
1989). Mathematics educators and science educators are
recommending that NAEP assessments move away from
reliance on multiple choice items toward testing
methods that give better information about students
skills in problem solving and application of knowledge,
such as open-ended items, hands-on exercises, and
portfolios.

1



Many of the state policy initiatives were aimed at
improving the supply and quality of teachers.

Nationally, there are shortages of science and
mathematics teachers but predictions of severe shortages
have not materialized as of 1990. There art several
reasons: the attrition rate of science and mathematics
teachers is low and it has not increased during the
MO's; many experienced teachers have returned to the
classroom; and, the number of new graduates in science
and mathematics teaching has gone up.

There are shortages of guarlial high school science and
mathematics teachers, as measured by the number of
teachers assigned out of their field of certification and
by the proportion of teachers with majors in their
assigned fields. Shortages of qualified teachers vary
widely from state to state, and shortages are much
higher in districts with more poor and minority students.
Some states with more older teachers are likely to
experience shortages of science and mathematics
teachers in the 1990's. In addition, a number of states
currently have shortages of qualified chemisuy and
physics teachers. State or local efforts to increase study
of upper level science and mathematics could produce
further shortages. However, the capacity of school
districts to hire new teachers and offer new courses may

be restrained by the present budgetary problems in
many states.
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Table I
ESTIMATED PROPORTION OF PUBLIC SCHOOL STUDENTS TAKING SELECTED MATHEMATICSCOURSES BY GRADUATION

ALGEBRA 1 ALGEBRA 2 CALCULUS
STATE

(Faunal Math Level 1) (Fammal Mash Level 3) (Formal Math Level 5)ALABAMA
70% 46% 6%ALASKA

ARIZONA
ARKANSAS

88 48 5CALIFORNIA
92 44 9COLORADO

CONNECTICUT
74

61 14DELAWARE
73 43 17

DC
65 39 3FLORIDA
78 42 9GEORGIA

HAWAII
52 33 4IDAHO
95+ 64 6ILLMIS
77

39 9INDIANA
60 45 8IOWA
92 50 9KANSAS
66 47 9KENTUCKY
81 54 6LOUISIANA
95+ 64 4MANE
84 64MARYLAND
94 51

13MASSACHUSETTS
MICHIGAN

.MINNESOTA
90 55 12MISSISSIPPI
85 58 3MISSOURI
95 58

8MONTANA
94 65 6NEBRASKA
75 54 6NEVADA
90 32 5NEW HAMPSHIRE

NEW JERSEY
NEW MEXICO

95+ 47 8NEW YORK
69 46

12NORTH CAROLINA
67 51

8
NORTH DAKOTA

95 " 3OHIO
80 47 8OKLAHOMA
95+ 60 8

OREGON
PENNSYLVANIA

88 57 16RHODE ISLAND

SOUTH CAROLINA
69 55 7SOUTH DAKOTA

TENNESSEE
79 54 4TEXAS
82 54 5

UTAH
' 82 63 13VERMONT

VIRGINIA
81 55 11WASHINGTON

WEST VIRGINIA
73 42 2WISCONSIN 79 36 9WYOMING 73 29 8US, IDTAL
81% 49% 9%

Now Each sude reparsioa is a statistical estimateof course taking of high school szedeols by the tine they gm:base basedon the soul course auellmertth sada 9-12 in Fall 1989 (See Appendix Table A-5) dividedby tbe estimated oinoliera Nadeau in a grade cam during four yean of highschool. The statistical ad:owing mahod is imprecise show 95 patent course tat* ain (me AmandaC fur funher esplanadat)Algebra 1 pacentages include glade &
Data not saolabk
U.S. Totakeropottion ci allhigh school utsians misused to take each count. including impost= for 000-reposting PACS.Scum Slate DepSIUDOUS of Eduadien, Data cm Public Schools, Fall 1989: N. Carotins aid Mims* Fall 1988Council of Chid Sue School Officers, State EducationAssannentCaner. %given. DC 1990
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Table 2
ESTIMATED PROPORTION OF PUBLIC HIGH SCHOOL STUDENTS TAKING SELECTED SCIENCE

COURSES BY GRADUATION

BIOLOGY CHEMISTRY PHYSICSSTATE 1st Year 1st Year I n Year
ALABAMA 95+ % 38% 21%ALASKA
ARrLONA
ARKANSAS 95 33 13CALIFORNIA 91 33 16COLORADO
CONNECIICUT 95+ 62 36DELAWARE 95+ 48 19DC 75 46 13FLORIDA 95+ 44 19GEORGIA
HAWAII 88 4u 21IDAHO 80 26 i 5ILLINOIS 78 40 20DIDIANA 95+ 42 19IOWA ,

KANSAS
95+
95+

57
45

27
17KENTUCKY 95+ 45 14LOUISIANA 90 SO 21MAINE 94 58

MARYLAND 95+ 61
.

27MASSACHUSETTS
MICHIGAN
MINNESOTA 95+ 44 23MISSLSSIPPI 95+ 55 17
MISSOURI 86 41 16MONTANA 95+ 48 24NEBRASKA 95+ 46 21NEVADA 65 33 13NEW HAMPSHIRE

NEW JERSEY
NEW MEXICO 95+ 33 15NEW YORK 95+ 56 28NORTH CAROLINA 95+ 47 15NORTH DAKOTA 95+ 54 24OHIO 95+ 49 20c. AlAHOMA 93 37 10OREGON
PENNSYLVANIA 95+ 56 29RHODE ISLAND

SOUTH CAROLINA 95+ 51 16SOUTH DAKOTA
TENNESSEE 88 42 I 1TEXAS 95+ 40 12UTAH 80 37 20VERMNT
VIRGINIA 95+ 57 23WASHINGTON
WEST VIRGINIA 95+ 40 11WISCONSIN 95+ 51 25WYOMING 86 36 16,
U.S. TOTAL 95+% 45%

._ 20%
Now: Each stase wpm/cc is a sonistiml estimateof coma taking of MO school =dents by the Ikea they graduate based mate total course enrolImeotas grades 9-12 ha Fall 1989 (Sea Agginidiz Table A4) divided by the animated ouraba el andiron to a pada cohort during four yean of highschool. The rusiniesloolontios method is imprecise above 95 part= coma taking no. (stta Appeodis C fat flintier explanauce)Data oot available
U.S. TotaWmportion of all hish okra sooletosestimated to Lao owls come, including iropargke for nen-reportiag mumSoon= State Deptnotalts of Ethicstiork Data co Public Schools. Fan 1919: N. Carat* ma Wascoasin. FaU 1981Carnal of Chief State School Mean. Sum &Iamb=Asserneas Caster, Washington, DC, 1990
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Table 4
MINORITY TEACHERS IN MATHEMATICS AND SCIENCE

BY MINORITY STUDENTS IN STATE

Percent Minority

Percent Minority Teachers (9-12)

STATE Students OC-12) Math Biology Chemistry All VI Schools

MAINE 2 % .2 % 0 % 0 % .3 %

IOWA 8 .4 0 1 1

emo 7 2 1 0 2

MONT ANA 7 1 1 0 2

UTAH 7 2 2 1 3

NORTH DAKOTA a .2 1 1 2

KENTUCKY 10 2 3 1 4

SOLANA 14 3 3 2 4

KANSAS 15 3 2 3 4

RHODE ISLAND 16 2 2 5 6

WISCONSIN 14 2 2 i 2

OHIO 16 3 5 2 6

PENNSYLVANiA 17 3 3 1 3

MICHIGAN 22 7 3 i S

NEVADA 24 9 7 3 10

COLORADO 24 5 6 - 7

CONNECTICUT 24 3 3 2 5

ARKANSAS 25 10 10 6 10

OKLAHOMA 25 5 5 4 6

27 13 14 10 15

DELAWARE 31 8 4 t) 11

NORTH CAROLINA 33 14 16 11 16

NEW JERSEY 34 10 7 5 10

ARIZONA 36 6 5 - 10

ILLINOIS 34 11 12 7 12

ALABAMA 37 18 19 1 7 21

MARYLAND 38 i 7 16 - -
SOUTH CAROUNA 42 22 21 17 20

TEXAS 50 18 17 11 19

MISSISSIPPI 51 26 30 27 31

CALIFORNIA 53 18 16 12 is
NEW MEXCO sa 29 19 19 25

HAWAII 7 71 61 67 78

,U.S. TOTAL.

27rig_i
11 % 10 % Tr frr

Percent minority teachers =sum of four non-white categories of public school teachers.
Minority teachers reported under Bli:gogy for Colorado, Mzona, Maryland so All science fields.

Sources: (teachers) State Depailmonts of Education, Fal11989; (student8) NCES 041nMan CAM) of Dalai Public School

Unlverse, Fan 1989; (1 UWE Office for Civil Fights, State Summaries of Projected Data. 1988.

Council of Chief Stale School Officers, State Education Assessment Center, Washington, DC, 1990

I I;
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