
DOCUMENT RESUME

ED 243 703 SE 044 474

AUTHOR Reisneri Elizabeth R.; And Others
TITLE Projections of Future Shortages of Mathematics and

Science Teachers.
INSTITUTION Ptility Studies Associates, Inc., Washington, DC.
SPONS AGENCY Department of Education, Washington, DC.
PUB DATE Apr 84
CONTRACT 300-82-0248
NOTE 22p.; Paper presented at the Annual Meeting of the

American Educational Research Association (68th; New
Orleans, LA, April 23-27; 1984).

PUB TYPE Reports Research/Technical (143)
Speeches /Conference Papers (150)

EDRS PRICE MF01/PC01 Plus Postage.
DESCRIPTORS Careers; Educational Research; Educational Trcnds;

*Enrollment Trends; *Graduation Requirements;
Mathematics Education; *Mathematics Teachers; Science
Education; *Science Teachers; Secondary Education;
Secondary School Mathematics; Secondary School
Science; Teacher Education; Teacher Shortage

IDENTIFIERS Mathematics Education Research; Science Education
Research

ABSTRACT
The author estimates that a minimum of 3600

additional mathematics teachers and 1800 additional science teachers
will be needed at the secondary school level over the next several
years. Each of the following trends is discussed: (1) increases in
high school graduation requirements will increase the need for
mathematics and science teachers; (2) declines in high school
enrollment will decrease the need for mathematics and science
teachers; (3) enrollment in teacher training programs for mathematics
and science teaching is likely to decline; and (4) mathematics and
science teaching is likely to become less attractive in comparison to
other careers. Of these trends, the author believes that the one with
the greatest potential impact is the trend toward increasing high
school graduation requirements. However, new teacher demand_created
by this trend will be somewhat offset by decreases in secondary
school enrollment. (MNS)

***********************************************************************
* Reproductions supplied by EDRS are the best that can be made *

* from the original document. *

**********************************************************************



c--

e i,tk R.0
R1,441J2A,

U.S. D- EPARTMENT OF EDUCATION_
NATIONAL INSTITUTE OF EDUCATION_

E.DULA I I()NAI RESOURCES INFORMAL ION
N If C

,., th,

PROJECTIONS OF FUTURE 9H(- OF MATHEMATICS AND SCIENCE TEACHERSJJ

Elizabet'l R. Peisner

Poicy Studter A.3sociatc3, Inc.

Current evidence suggests thae teacher shortages now being experienced

in mathematics and science are likely to grow in the ear future. Based on

assumptions and calculations described in this paper, a minimum of 3,600 addi-

tional mathematics teachers and 1,800 additions- science teachers will be

needed at the secondary level over the next sevezal years. This growth in

the number of teaChetS needed will be shaped by trends in (1) increases in

high school graduation requirements, (2) decreases in num.'rs of students

&itOiled in secondary schools, (3) decreasing enrollment in teacher training

programs, and (4) decreasing attractiveness of teachihg careers in comparison

to other occupations available to persons trained in mathematics or science.

Among these four, the two trends likely to have the greatest impact on teacher

shortages are the widespread increases in high school graduation requirements

in mathematics and science and decreases in secondary school enrollment; New

teacher demand created by the former trend will be somewhat offset by the latter.

Each of the fddt trends is discussed in the sections that follow;

1. Increases in high school graduation requirements will increase the

need for mathematicsandacience_teachers_

A number of states have recently raised statewide requirements for high

school graduation. Other states are likely to follow in the next year or two;

According to a 1983 telephone survey conducted by the National Centet flit
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Education Statiatita (NCES), as Suppleme7J.e3 news reports compiled through

1983 by the Education Analysis Center fcv Y.e.ilr:ational Quality and Equality;

19 states haVe increased graduation requiremr!rts in mathematics since 1980,

and six other states are seriously considering increases. In science; nine

states have increased graduation requirements during this riod, and 10 states

are seriously considering increases. Table 1 identifies thf! states that have

made or are contemplating these changes. The appendix to this piper presents

statebystate data on high school enrollment and mathematics and gcience

coursework requirements;

The trend among States is generally toward the imposition of more strin

gent requirements in all subjects. These moves represent efforts to raise

educational achieVeMent in general and particularly in mathematics and science.

This trend has probably been strengthened in the past year due to recommenda

tions for stiffer graduation requirements made in reports such as those of the

National Commission on Excellence in Education and the Twentieth Century Fund;

Because requirements for subjects such as English have always been high (e.g.,

20 states required four year of English prior to 1980), increases in graduation

requirements are likely to have a disproportionately large effect on mathetatita

and science; resulting in greater needs for new teachers in these areas; Any

increase in high school graduation requirements in mathematics or science is

likely to increase the hilthbetb of teachers needed in those subjects.

To determine the number of new teachers needed as a result of recently

enacted and proposed changes, it is necessary to know the current numbers of

students taking varying amounts of Mathematics and science coursework. This

information is needed because increases in course requirements will only affect

the courses taken by students who Currently enroll in the minimum number of

courses required for graduat'on; For example, an increase from one to two

years of mathematiCS reqUit for graduation will have no effect on students

already taking two; three; or four years of high school mathematics; In a

state where gradUation requirements are increased from one to two years,

additional teachers will be needed only to provide instruction to those

students currently taking no more than one year of mathematics during their

four years of high school. Using data collected by the NCES survey; High



Table 1

State-S/1/ InCreaSing_or Consideri Increases in

Graduation Requirements in MathematiCs and ienct, AS of Jakaty 1984

Subject

Requirementi Recently Increased Currently Considering Increases

From_l year

to 2 years

FrOM 2 years

to 3 years

Froml year

to -3-years-

From 1 year

to 2 nears

From 2 years

to_3_yeary

Kentucky

New Mexico

South Carolina

From 1 year

to 3 years

Rhode IslandCalifornia

Florida

New Hampshire

Virginia

Math Alabat6

Arizona

Delaware

DX,

Idaho

Indiana

Nevada

New virk

Nu& Carolina

North Dakota

Ohio

Oklahoma

South Dakota

Tennessee

West Virginia

Lbiiiflana

Texas

Science Arizona

California

Delaware

Indiana

New Mexico

Oklah6Ma

Soui , DAk-cita

Tennessee

Florida Illinois

Kansas

New Hampshire

New York

Rhode Island

South Carolina

Virginia

-- Arkansas

Missouri__

Pennsylvania

a/InCludeS the District of Columbia;

Source: NCES, 1983; Parrish; 1981; ED Office of Issues Analysis; 1983; news reports from Education Week, 1983,
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School and Beyond, Table 2 contains estimates of the cumulative percentages

of high school _seniors in 1980 who took one; two; three, or more years of

mathematics and science courses during high school.

Table 2

Cumulative Percentages of 1980 High School Seniors
Taking Varying Amounts of Mathematics and Science CourseWerk

Amount of Coursework Mathematics Science

Total; including those with no 100% 100%

coursework

One year or more 93 90

Two years or more 67 53

Three years or more 34 23

Source: "A Capsule Descriptio,1 of High School Students," NCES, April 1981.

Because it is impossible to know precisely how many states will increase

their high school graduation requirements; the analysis of effects of changing

graduation requirements has been designed to yield a range of likely needs

for new teachers; For the

assumes that the increases

actually be implemented in

analysis presented here, the loci end of the range

in requirements that have already been adopted will

the states that are shown in Table 1 as having

recently increased requirements; Our mid-range estimate assumes that, in

addition to the requirements already adopted, all states currently considering

increases will actually implement those increases. At the high end of the

range, we haVe assumed that all states will implement the recommendations

offered by the Excellence Commission for a required three years of mathematics

and three years of science prior to high school graduation.

Using these assumptions to structure the analysigmulimmALngfor now

Other trends -that -might_affect_the need for high school teachers), we estimate

that a minimum of 8,600 new mathematics te-achers-will_te_meeded in the next

several--yeam;_our_midrange estimate is that 12,600 new mathematics teacher-s
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will be needPd;_amd_at the high end; we estimate a need for 29,000 new mathe-

matics teachers. We also estimate that at least-6-;5110--new science teachers

will be needed; at the mid-range we estimate a need for 13;000 new science

teachers; And but high for science teachers- These

levels of potential need; if realized, would obviously have a massive effect

on the public schools, even at the lower estimated levels. The following

sections describe how these projections of national need have been reached.

Minimum ptaTetid_ -fur mathematics and science

teachers. To compute the number of new teachers needed if all recent increases

in Table 1 are fully implemented; high school enrollment figures for each of

the states shown in the taoie were determined, as seen in the appendix. Then;

the number of students taking additional mathematics or science courses in

each state was estimated, using new estimates derived from Table 2; Because

states require varying amounts of coursework for graduation; we recomputed

current national levels of mathematics and science coursework to reflect vary-

ing state requirements. These new estimates are presented in Tables 3 and 4

for mathematics and science, respectively; The estimates presented in these

two tables were calcu:ated using the assumption that all high school students

plan to graduate and therefore fulfill the graduation requirements of their

respective states. (For example, in all states that require two years of

Table 3

Estimates of Cumulative Percentages of 1980 High School
Seniors Taking Varying Amounts of Mathematics Coursework in States

with Varytng Mathematics Requirements for Graduation

Amount of
Coursework

Graduation Requirement
One Year Two Years Three Years Local Option

Total, including those
with no coursework

100% 100Z 100% 100%

One year or more 100 100 100 80

T ) years or more _,
,/ 7 i00 100 57

Three years or more 33 33 100 33
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Table 4

Estimates of Cumulative Percentages of 1980 High School
Seniors Taking Varying Amounts of Science_Coursework in States

with Varying Science Requirements for Graduation

Amount of
Coursework

Graduation Requirement
One Year Two Years Local Option

Total, including those 100% 100% 100%
with no coursework

One year or more

Two years or more

Three years or more

100 100 71

43 100 43

23 23 23

mathematics for graduation, we assume that all students will take at least two

years of mathematics.) After estimating new mathematics and science enroll-

ments, the number of new teachers needed was calculated by &ssuming that a

mathematics teacher would provide instruction to 125 students a year (i.e.,

25 students in each of 5 classes) and that a science teacher would provide

instruction to 113 students (i.e., 25 in each of 4.5 classes);V

Using Alabama as an example of this analytic procedure, calculations were

performed to determine the effect of increases in graduation requirements from

one year to two years of mathematics. With a total high school enrollment in

Alabama's public schools of 235;000; each cohort of seniors (numbering approxi-

mately 58,750 students)3/ will now be required to take a minimum of two years of

mathematics during high school; an increase from the state's earlier require-

ment of one year. To determine the number of students affected by the change;

2/ According to the National Science Teachers' Association; the average
full teaching load for science teachers is 4.5 classes.

3/These calculations assume that each cohort of seniors equals one
fourth of all students -In grades 9 through 12; In fact; the proportion Is
probably lower, due to dropouts; Nevertheless; in estimating the effects of
new requirements, we assumed that the coursetaking of all students would be

affected.
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we subtracted (1) the estimated 57 percent of Alabama seniors who have taken

two or more years of mathematics from (2) all Alabama seniors. This calcula-

tion indicates that almost 25;300 students in AlaL)ama will be taking one more

year of high school mathematics than they otherwise would have taken. If

each mathematics teacher can provide instruction to 125 students per year,

approximately 200 new mathematics teachers will be requited in Alabama as a

result of the increased mathematics requirement.

This estimate is somewhat misleading, however, because it implies a level

of efficiency in the creation of new mathematics classes and the aSSignMent of

new teachers that is simply not feasible. Alabama, for example; has more than

200 high schools; School districts will; therefore; be required to desigh new

mathematics staffing plans that include 1) the reassignment of some current

mathematic^. teachers; (2) increases in teaching loads of some current Mathe-

matics teachers, and (3) the hiring of new mathematics teachers. Whether the

end result is a net increase state-wide of 200 mathematics tea-016ra or more

or feWer will depend on many factors, including the local availability of

new mathematics teachers.

Using this analytic technique; the number of new mathematics teachers

needed nationwide was calculated to be approximately 8,600, assuming that the

19 states in Table 1 having recently increased their mathematics requiremehts

actually implemen:: those increases. Using the same technique; the number of

new science teachers needed was calculated to be 6,500; if the nine states in

Table 1 having recently increased science requirements actually implement

those increases;

We did not attempt to determine which of the needed new science teachers

would be required for various subject areas; such as chemistry, biology; and

physics. To do so would require estimatior of students' probable new course-

taking habits under revised graduation requirements, Whii.:h we were not able to

db. For example, it seems likely that a s:udent who enrolls n an additional

science course to fulfill new graduation requirements would tend not to take

A course that is known to require a fairly high level of intellectual effort

(e.g.; chemistry or physics). Unless required to do otherwise; that student

would probably take a second-year science course known to be somewhat easier.

However; because no basis !--,:ists from which to estimate students' actual

decisions iii those cases; no attempt hae been made to project likely need for

additional teachers of particular science subjects;

9



Mid-range of estimated need for mathematics and science teachers. To

determine the probable mid-range of need for new mathematics and science

teachers; we assumed that all of the increases shown in Table 1, both recent

increases and those under consideration; were actually implemented. The same

estimating technique used for the low-end estimates was applied in calculating

these levels of possible neeth Using those methods; we determined that 12,600

new mathematics teachers and 13,000 new science teachers would be needed if all

recent and proposed increases were implemented.

Maximwn-p-role _mathematics and science

teachers. To determine the highect realistic need for additional mathematics

and science teachers, we assumed that the Excellence Commission's recommenda-

tions would be implemented in all states. As previously noted, these recom-

mendations would require that all high school students take three years each

of mathematics and science.

To calculate the number of new mathematics and science teachers needed

under that assumption, we used the national public school enrollment and

assumed that students' current coursework in mathematics and science reflected

the proportions shown in Table 2. Thus, for each current cohort of students

(numbering approximately 3,423,500 students); the numbers of students

taking varying amounts of coursework would be those contained in Table 5.

Table 5

Numbers of Students in One High School Cohort
Taking Var5,1ng Amounts of Mathematics and Science Coursework

Amount o2 Coursework Mathematics Science

Total 3 ;423,500 3,423,500

No coursework 239,600 342,300

One year only 890,200 1,266,700

Two years only 1,129,700 1;027;100

Three years or more 1;'64;000 787,400



If the proposed Excellence Commission requirements for mathematics were

implemented, one set of students (i.e., the 1,164,000 students now taking

three or more years of mathematics) would make no changes in coursework. A

second set of students (i.e., the 1,129,700 students taking two years of

mathematics) would take one additional year. A third set of students (i.e.,

the 890,200 students taking one year of mathematics) would take two additional

years. A fourth and final set of students not now taking mathematics at all

(i.e., 239,600 students) would take three years of mathematics. The total

number of students affected by this change would thus be those from the second,

third, and fourth sets described above. Students in the second set would be

counted once because they would be taking one additional year of mathematics,

students in the third set would be counted twice because they would be taking

two additional years of mathematics, and students in the fourth set would be

counted three times because they would be taking three additional years of

mathematics. Thus, the eighted number of students affected by the change

would be the sum of these students or 3;628;900; Assuming each new mathe

matics teacher could provide instruction to 125 students, a total cf 29,000

new mathematics teachers would be required to provide the mathematics instruc

tic:m recommended by the Excellence Commission.

Using the same analytic technique in computing the need for science

teachers (but assuming that e:_lch science teacher can provide instruction to

only 113 students)i a total of 40;600 new science teachers would be required.

2. Declines i- 11 11 _decrease the need for.

mathematics and science teachers.

The trend towards declining high school enrollments will partially offset

the increase in the number of mathematics and science teachers who are needed

due to increased graduation requirements. According to NCES projections,

national enrollment in grades nine through twelve is expected to continue the

decline apparent in recent years. From the 1982 enrollment level of 13.8

million students; enrollment is expected to decrease to 13.2 million students

in 1987 (NCES, 1982). If we assume that the number of teachers who are needed

is proportional to the number of students enrolled in high school, then there

11
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should be a 4.6 percent de-line from 1982 to 1987 in the number of persons needed

to teach mathematics and science. Ihus, by 1987 approximately 5,000 fewer

mathematics teachers and 4;700 fewer science teachers will be needed than were

teaching in 1982.

The decline in enrollment is expected to ,_o-ntinue into the early 1990's.

trend will then be reversed and high school enrollment will increase through-

out the remainder of that decade.

teaching is likely to decline.

programs for mathematics and science

As seen in information presented by Pelavin, Reisner, and Hendrickson

(1984); the selection of mathematics education and science education majors by

college students has declined dramatically in recent years; There is no reason

to believe that this pattern of decline is likely to be reversed--under current

conditions, at least. With fewer mathematics and science teacher candidates

being produced through traditional programs of education majors, it is logical

to expect that this source of new teachers will account for only a very small

number of new teachers in the near future.

The other source for the production of mathematics and science teachers by

teacher training programs consists of students majoring in mathematics or a

science who take enough education courses to attain accreditaf:ion. However, the

total number of mathematics and science majors becoming teachers has also been

declining and is currently estimated to be quite small. Moreover; these numbers

seem unlikely to grow in the near future, as discussed in the next section;

4. Mathematics and science teaching is likely to become less attractive

in -cOmparlann- to other careers;

For college students interested in careers in mathematics and science; a

major factor discouraging interest in teaching has been the attractiveness of

other types of careers; including those in "high technology" fields. In com-

parison to teaching, jobs in the private sector tend to offer at least three

12



serious inducements to college students who have majors in mathematics or a

science. These include higher salaries, better chances for career advancement,

And greater opportunities to work with modern equipment (especially; computer

and laboratory equipment). In many cases, the career opportUnitieS outside

teaching offer advantages in these three areas that represent significant,

not just marginal, improvements over teaching.

For bachelor's degree graduates in mathematics or science; the salary

advantages outside teaching are dramatiC and growing. For example, in 1976

the mean annual salary of all holders of bachelor's degrees in mathematics

was 47 percent higher than salaries of teachers who had bachelor's degrees in

mathematics; By 1980; however; that difference had grown to 71 percent (BOttS,

1982). Sithilarly, in 1971 the mean annual salary for all holders of bachelor's

degrees in physics was 24 percent higher than salaries of teachers Whd had

bachelor's degrees in physics. By 1981; however, the salary difference had

more than doubled (Ellis; personal communication, 1982).

The higher salaries available for mathematics and science graduates in

the private sector reflect the generally high demand for such personnel;

Indeed, career opportunities in these areas are growing rapidly; as seen in

employment projections developed by the Bureau of Labor Statistics (1982);

For example, the Bureau predicts that employment for mathematical scientists,

such as actuaries and statisticians, will grow as fast or faster than average.

In addition; most physical science occupations (e.g., chemists, geologists,

And geophysicists) and some biological science occupations (e.g; biochemists;

agriculture and biological scientists) will offer very favorable employment

prOSpettS; Thus; employment opportunities outside the classroom are likely

to encourage many mathematics and science teachers to leave teaching;

5; Of the future trends described here, the one with the Beat -et

potential--impaotis_the_current_t_rend towards increasing high school

zraduation requirements.

If states increase graduation requirements in mathematics and science;

as currently expected; local school systems '4111 need significant numbers of

new teachers of mathematics and science to provide the required instruction.
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Although these pressures will be partially offset by declines in high school

enrollment, these decreases will provide relatively little relief especially

if Aditional states implement the increases in graduation requirements that

they are currently considering. The states that have already increased

graduation requirements will create in the next four to five years the need

for 8,600 additional mathematics teachers and 6,500 additional science teach-

ers. Although the projected decline in enrollment will reduce the need for

additional mathematics teachers to 3,600 and the need for additional science

teachers to 1,800, additional states increasing requirements will increase

the number of teachers needed; If all the states implement the increases

that have been proposed (our mid-range estimate); the nation will need an

additional 7;600 mathematics teachers (rather than 3;600) and an additional

8,300 science teachers (rather than 1,800).

The projected growth in the shortage of mathematics and science teachers

implies that school systems may need to use many different approaches to meet

their increased need; including recruitment of new teachers; retraining and

reassignment of current teachers, and increases in class size. Although most

mathematics and science classes would be staffed in some way; it is likely

that the process would be a difficult one in many school stystems because of

the magnitude of the need for new mathematics and science specialists.

1 ei



Appendix

High School Mithemitica and Science Requirements by Statee/i as of January 1984

High School Enrollment

Math Science

Requirement Recent Math Requirement Recent Science

Total in 1 High Prior to Increases-- Prior to Increases--

State Grades School Recent Actual (A) or Recent Actual (A) or

9-12 Cohortbi Increases Under Study (S) Increases Under Study (S)

Alabama 235,000 58,750 1c/
1 (A)d/ lc/

_.

Alaska 28,000 7,000 1
.... 1

Arizona 156,000 39,000 1 1 (S) 1 1 (S)4/

Arkansas 141,000 35,250 --
....

California 1,318,000 329;500 locale/ 2 (S)11 local 2 (S)f/

Colorado 181,000 45,250 local local

Connecticut 189;000 41;250 local local

Delaware 39,000 9,750 1 1

District of Columbia 31,000 7;750 1 1 (A) 2
_.

Florida 477,000 119,250 local 2 (S)f/ local
_.

A/ Includes the District of Columbia.

b/ One-fourth of the enrollment in grades 9 through 12.

c/ Years of mathematics or science currently required (or, as appropriate,

required prior to recent increases).

d/ Additional years of mathimatica or gcfence.

e/ High school graduation requirements locally determined.

f/ California and Florida currently allow local decisions on graduation requirements

but are considering the imposition of state-wide requirements for two years of

mathematics (both) and No years of science (California only).

15



STATE

High School Enrollment

Math

Requirement

Prior to

Recent

Increases

Recent Math

Increases--

Actual (A) or

Under Study (S)

Science

Requirement

Prior to

Recent

Increases

Recent Science

Increases-

Actual (A) or

Under Study (S)

Total in

Grades

9-12

1 High

School

Cohort

Georgia 332,000 83,000 1 1
__

Hawaii 57,000 14,250 2 2

Idaho 62,000 15,500 1 1 (A) 2

Illinois 676,000 169,000 local local

Indiana 361,000 90,250 1 1 (A) 1 1 (A)

Iowa 191,000 47,750 local local --

Kansas 135,000 33;750 1 1

Kentucky 211,000 52,750 2 1 (S) 2

Louisiana 245,000 61;250 2 1 (A) 2 --

qaine 72,000 18;000 local local

iaryland 268,000 67;000 2 2

iassachusetts 351,000 87,750 local local
__

qichigan 637;000 159;250 local -- local

linnesota 282,000 70,500 local -- local

iississippi 156;000 39;000 1 -- 1

lissouri 294,000 73,500 1 1
__

gontana 52;000 13;000 2 1
__

iebraska 91 ;000 24,250 local
__ local

__

levada 50;000 12;500 1 (A) 1

iew Hampshire 59,000 14,750 1 1 (5) 1 1 5 )

iew Jersey 440;000 110,000 2 1

Jew Mexico 90,000 22,500 2 1 (5) 1
__

iew York 1;064;000 266;000 1
--

forth Carolina 354,000 88,500 1 2

lorth Dakota 42;000 10,500 1 1 (S) 2

qlio 674,000 168,500 1 1 (A) 1
.....

17



State

High School Enrollment

Math

Requirement

Prior to

Re-cent

Iheteiiea

Recent Math

Ifiereaki--

Actual (A) or

Not Study (S)

Science

Requirement

Prior to

Recent

Increases

Recent Science

Increases--

Actual (A) or

Under Study (S)

Total in

Grades

9=12

1 High

School

Cohort

Oklahoma 185;000 46,250 1 1 (A) 1 1 (A)

150,000 37,500 1 1

Pennsylvania 736,000 184,000 1 -- 1 --

Rhode Island 55,000 !3,750 1 2 (S) 1 1 (S)

South Carolina 196,000 49,000 2 1 (S) 1 1 (S)

South Dakota 46,000 11;500 1 I(S) 1 1 (S)

Tennessee 256,000 64,000 1 1 (A) 1 1 (A)

Texas 869,000 217;250 2 1 (A) 2

Utah 95,000 23;750 1 1

Vermont 30,000 7,500 local -- local
...

Virginia 316;000 79;000 1 1 (S) 1 1 (S)

Washington 250;000 62;500 3 2

West Virginia 123;000 30;750 1 1 (A) 1

Wisconsine 314;000 78,500 local

Wyoming 29000 7,250 local local
...

eSince 1980, Wisconsin has had in effect a strong statewide recommendation

for 3 years each of mathematics and science.

Sources: Enrollment data from NCES, 1981b; other data from sources listed for

Table 6.

19



REFERENCES

Botts; T; "Employment of recent bachelor's and master's graduates in the
mathematical and computer sciences." Washington, D.C.: Conference
Board of the Mathematical Sciences, 1982.

Bureau of Labor Statistics. Occupational Outlook Quarterly; Washington,
D.C;: U.S. Department of Labor; spring 1982.

Ellis, G. D. "1980-81 survey of physics and astronomy bachelor's degree
recipients." New York, N.Y;: American Institute of Physics, 1982.
AIP publication No R-211.13.

Gardner, D. P., (chairman) and Members of the National Commission on
Excellence in Education. "A nation at risk: The imperative for
educational reform." Washington, D.C.: National Commission for
Excellence in Education, April 1983.

National Center for Education Statistics, U.S. Department of Education.
Prepared by L. Silverman._ "Special report on changes in states' high
school graduation standards and_new college graduates certified to
teach secondary school mathematics and sciences." Mimeo, February
1983.

National Center for EducationStatistics, U.S._Department of Education.
Prepared by M. M. Frankel and D. E. Gerald. "Projections of education
statistics to 1990-91. Volume II: Methodological report." Washington,
D.C.: NCES, 1982.

National Center for Education Statistics, U.S. Department of Education.
Prepared by S. D. Peng, W. B. Fetters, and A. J. Kalstad. "A capsule
description of high school students." A report on High School and
Beyond; Washington; D.C.: NCES; April 1981.

National Center for Education Statistics; Prepared by N. B. Dearman and
V. W. Pilsko. "The condition of education: 1981 edition." Washington,
D.C.: NCES, 1981b.

Office of Issues Analysis, U.S. Department of Education. Prepared by J. D.
Stern. "Analysis by state of NASSP survey of math/science requirements."
Mimeo; May 1983.

Parrish, W. C. "State-mandated graduation requirements--1980." Reston;
Va.: National Association of Secondary School Principalsi 1981.

Pelavin, S. H., Reisner, E. R., and Hendrickson, G. "Analysis of the national
availability of mathematics andscience teachers." Washingtoni D.C.:
Education Analysis Center for Educational Quality and Equality, January
1984.

21



Wood, Robert, (chairman) and Task Force Members. The report_of theTaskForce
on Federal Elementary and Secondary Education Policy." New York, N.Y.:
The Twentieth Century Fund, May 1983.

22


