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ABSTRACT
The author est1mates that a m1n1mum of 3600

will be needed at the secondary school level over the next several
yvears. Each of the,follow1ng trends is discussed: (1) increases in
high school graduation reqguirements 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 teach1ng 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)
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Current evidence suggests thai teacher shorivages now being experienced
in mathematics and science are likely to grow in the iear future. Based on
assumptions and calculations described in this paper; a minimum of 3,600 addi-
tional mathematics teachers and 1,800 additiona sclence teachers will be
needed at the secondary level over the next seve.zl years. This growth in
tﬁé ﬁﬁﬁﬁér 6f téacﬁéré ﬁéeaed aili Be shaped By trende in (i) increaéeé in

Among these four; the two trends likely to have the greatest impact on teacher
shbrtages are the Qidéépreéd iﬁéreééeé in high school grédﬁétibﬁ reQﬁireﬁéﬁté

1: Increases in high school graduation reqpircments will increase the

'Y

need for mathematics and science 3 8

A nuiiber of states have recently raised statewide requirements for high

655661 gréaﬁétiéﬁ. Other states are likely to follow in the next year or two.

1/ The research on wh;?h,Ebis paper is based was_ supported iﬁ part, By
the U. S. Department of Education, Contract 300-82~0248; the Education Analyais

Center for Educational Quality and Equality. ‘Authors of the complete report
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Education Statistics (NCES), as suppleme¢rnted >y news reports compiled through

1983 by the Education Analysis Center fo: Ylocational Quality and Equality,

19 states have increased graduation requiremnts in mathematics since 1980,

and 8ix other states are seriously considering increaces. In sclence, nine
states liave increased graduation requirements during this = :iod; and 10 states
are seriously considering increases. Table 1 identifies th: states that have

state-by-state data on high school enrollment and mathematics and =cience
coursework requirements.

The trend among states 1s generally toward the imposition of more strin-
gent requirements in all subjects. These moves represent efforts to raise
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.

znd science,; resulting in greater needs for new teachers in these areas. Any
ificrease in high school graduation requirements in mathematics or sclence 1s
1ikely to increase the numbers of teachers needed in those subjects.

To determine the number of new teachers needed as a result of recently
enacted and proposed changes, it 1s necessary to know the current numbers of
students taking varying amounts of mathematics and sclence coursework., This

coirses required for graduatfon: For example, an increase from one to two
years of mathematics requir for graduation will have no effect on students

already taking two, three, or four years of high school mathematics: 1In a

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

O
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Table |

Statest/ Tictedsing ot Conslderi  Tncreases 1 o
Sraduat lon Requirenents in Mathematics aud . ience, as of Janvary 1984

Subject

Requirements Recently Increased

Ciitrently Considerfng Ircreages

Fron | year
to 2 years

From 2 years
to 3 jeats

From 1 year
- t0 3 years —

From ] year

to 2 vesrs

F;om_Z years

- to 3 yeary

From 1 year

to 3 years

Math

Alabana
Arizona
Déléﬁét'e

D.C.

Idaho

Indiana
Nevada

New Vrk
Nort) Carolina
North Dakota
Ohio

Okiahona
South Dakota
Tennessee
West Virginia

Loufsiana
Texas

California
Florida

New Hampshi e
Virgiria

Kentucky -
Ngy_@exico
South Carolina

Rhode tsland

Srience

Arizona
California
Delaware
Indiana

New Mexico
Oklahoma
Sout . Dakota

Florida

[11inois
Kansas
New Hampshire
New York
Rhiade 1s1and
South Carolina
Virginia

Atkansas
Missouri
Pennsylvania

a/Ticliides the District of Colunbia:

Soarce: NCES, 1983: Parrish; 1981; ED 0ffice of Issues Analysis, 1983; news reports from Education Week, 1983,

ST
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School and Beyond, Table 2 contains estimates of the cumulative percentages

of high School serilors in 1980 who took one; two; three; Oor more years of

mathematics and sclence courses diuring high school.

Table 2
Cumulative Percentages of 1980 High School Seniors

Taking Varying Amounts of Mathematics and Science Coursework

Amount of Coursework Mathematics Scierice
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.. of High School Students,” NCES, Aprii 1981.

Because it ig iapaggisie to know preciseiy hoa ﬁéﬁ§ éEéEéé ﬁill increase

graduation requirements has been designed to yietd a range of likely needs
for new teachers:. For the analysis presented here, the low end of the range
assumes that the increases in requirements that have already been adopted will
actually be implemented in the states that are shown in Table 1 as having

. récentiy increésed requiremenfé; 6nr mid- range estimate assumes that, in
{ificreases will actually Ifmplement 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 tﬁréé years of sclence prior to high school graduation.

other trends—thatgm;ghteaffent,the need for h;gh school teachers), we estimate
achers ded in the next




-_5—

will be needed; and at the high end, we estimate a need for 29,000 new mathe-—

matics teachers. We also estimate that at least 6,500 ne

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

teachers; and our high er:imate is for 40,600 nes teachers. These

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

Minimum projected 1

teachers. To compute the number of new teachers needed 1f all recent increases
in Table 1 are fully implemented, high school enroliment 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

sach state was estimated, Lsing new estimates derived from Table 2. Because
states require varying amounts of coursework for graduation, we recomputed
current national levels of mathematics and sclence coursework to reflect vary-
ing state requirements. These new estimates are présested in Tables 3 and 4

for mathematics and sclence; 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

with Varying Mathematics Requirements for Graduation

Amount of Graduation Requirement

Coursework One Year Two Years Three Years Local Option

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

One year or mora 100 100 100 80
Tw' years of more 57 00 100 57

Three years or more 33 33 100 33
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Table 4

with Varying Science Reguirements for Graduation

Amount of Graduation Requirement ,
Coursework One Year Two Years Local Option

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

One year or more 100 100 71
Two years or more 43 100 43

Three years or more 23 23 23

mathematics for graduation, we assume that all students will take at least two
years of mathematics.) After estimating new mathematics and sclence enroll-
mierits, the nvmber of new teachers needed was calculated by assuming 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
fnstruction to 113 students (i.e., 25 im each of 4.5 classes).2/
Ysing Alabama as an example of this analytic procedure, calculations were
performed to determine the effect of increases in graduation requirements from

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 sclerice teachers 18 4.5 tlasses.

_ 3/These calculations assume that each cohort of senfors 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.

Go
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we Bubtracted (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 Alabama will be taking one more
year of high school mathematics than they otherwise would have taken: If
approximately 200 new mathematics teachers will be required in Alabama as a
tesilt of the increased mathematics requirement.

This estimate 15 somewhat misleading, however, because it implies a level
of efficiency in the creation of new mathematics classes and the assignment of
new teachers that 1s simply not feasible. Alatama, for example, has more than
200 high schools: School districts will,; therefore,; be required to design new

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 teachers or more
or fewer will depend on many factors, including the local availability of

Using this analytic technique; the number of new mathematics teachers

actually implemen: those increases. Using the same technique, the numoer of
new science teachers needed was calculatsd to be 6,500, if the nine states in

Table 1 having recently increased Sclence requirements actually implement

We did not attewpt to determine which of the ueeded new science teachers
would be required for various subject areas, such as chemistry, biology, and
physics. To do 86 would require estimatior of studente' probable new course-
taking habits under revised graduation requirewents, which we were not able to
do. For example, it seems likely that a s:-udent who enrolls n an additional
science course to Fulfill new graduatisn requirements would tend not to take
a course that is known to require a fatrty high level of intellectual effort
(6.g.; chemistry or physics). Unless required to do otherwise; that student
would probably take a second-year science course kiown to be somewhat easier.

However, because no basis - tists from which to estimete students' actual

additional teachers of particular science subjects:

9
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Mid-range of estimated need for mathematics and sclence teachers. To

determine the probable mid-range of need for new mathematics and science
teachers, we assumed chat 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 possibie need: Using those methods; we determined that 12 ;600

teachers. To determine the highest realistic need for additional mathematics
and sclence teachers; we assumed that the Excellence Commission's recommenda-
tions would be implemented in all states. As previously noted, tliese recom-
tendations would require that all high school students take three years each
of mathematics and science.

To calcuiate the number of new mathematics and science teachers needed
under that assumption, we used the national public scheol enrollment and
assumed that students' current coursework in mathematics and science reflected
the proporticis shown in Table 2. Thus, for each current cohort of students
(numbering approximately 3,423,500 students), the uumbers of students “
taking varying amounts of coursework would be those contained in Table 5.

 Numbers of Students in One High School Cohort
Taking Varying Amounts of Mathematics and Science Coursework

Amount oS 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
. S -

b
—
e =
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If the propcsed Excellence Commission requirements for mathematics were
implemented, one set of students (1.e., the 1,164,000 students now taking
three or more years of mathematics) wounld 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.,

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 iseighted number of students affected by the change

new mathematics teachers would be required to provide the mathematics instruc-—

tiou recommended by the Excellence Commission.

teachers (but assuming that each sclence teacher can provide instruction to

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

‘jj &Pi‘iﬁﬁﬁ ‘iﬁ hfﬂh 'R?‘iiﬁﬁi pﬁ’f"ni IVII[E”E,_QLV i 1_1 ,Mcfééée,E& fiééd fé}

mathemati~s and science teachers.

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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mathematics teachers and 4;700 fewar science teachers will be needed than were
teaching in 1982.
The deciine in enroiiment is expected tv .~ntinue into the early 1990's.
» trend will then be reversed and high school enrollment will increase through-

out the remainder cf that decade.

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

number of new teachers in the near future.

The other source for the production of mathematics and sciencc teachers by
teacher training programs consists of students majoring in matiematics or a
science who take emough education courses to attain accreditation. 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

geem unlikely to grow in the near future, as discussed in the next section:
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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 scilence, 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). Similarly, in 1971 the mean annual salary for all holders of bachelor's
degrees 1n physics was 24 percent higher than salaries of teachers who had
bachelor's degrees in physics. By 1981, however, the salary difference had
more than doubled (Ellis, personal communication, 1982).

The higher salaries avallable 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 a8 actuaries and statisticians, will grow aé fast or faster than average.
In addition, most physicai science occupations (e.g., chemists, geclogists,
and geophysicists) and some biological science occupations (e:g, biochemists;
agriculture and biological scientists) will offer very favorable employment
prospects. Thus, empiojmenE opportunities outside the classroom are likely

to encourage many mathematics and sclence teachers to leave teaching.:

5. Of the future trends described here, the one with the ggeatese

potentialmimpaetgisgthegcurrent_zrend towards increasing high school

graduation requirements.

1f states increase gtadﬁatidn réqﬁireﬁenté in matheméiiéé and ééiéaéé;

13
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enrollment; these decreases will provide relatively little relief especially
if -dditional ststes implement the increases in gradumat’'on requirements that
they are currently considering. The states that have already iricreased

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

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

The projected growth in the shortage of mathematics and science teachers
{mplies that school systems may need to use many different approaches to meet
their increased meed; 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

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



Appendix

AMgh School Matheaatles and Sclerice Requirements by Stated/; as of January 1984

High School Fnrollment
S — Math Sclence
) _7_ ~ | Requirement | Recent Math | Requirement Recent Science
, Total 1n | 1 High Prior to Increases—- Prior to | Increases--
State crades | School | Recent | Actual (A) or | Recent | Actual (A) or
9-12 C'oh"orfg/ Tncreages | tnder Study (S) Iicreases | Undet Stiidy (S)
Alabana 235,000 | 58,750 1c/ 1)/ 1¢/ -
Alaska 28,000 | 7,000 I - ! -
Atizona 156,000 | 39;000 1 1 (5) 1 1 ()d/
Arkansas 141,000 | 35,250 -- = - -
Califotiit 1,318,000 | 329;500 local®/ 2 (5)f/ local 2 (s)E/
Colorado 181,000 | 45,250 local = locil --
Connect Lcut 189,000 &7;250 local -- local -
Delaware 39,600 9,750 i - 1 --
District of Columbla| 31,000 7,750 1 1 (A) 2 -
Florida §7,000 | 119,250 | local 2 (§)f/ local -
| __

8/ Tncludes the District of Colunbia,
b/ one-fourth of the enrollnent in grades 9 through 12,

C/ Years of mathematics or science currently required (or, as appropriate,
required prior to recent increases).

4/ hdditional yesrs of matheaatics or sefence:
e/ High schiool graduation requiresents locally deterntned:

f/ Cahfornia and Florida currently dllow local decisions on graduation requirements
but are considering the imposition of state-wide requirements for two yeats of
dathedatics (both) and two years of science (Caltfornia only), ”-3




STATE

Bigh School Enrollment

Total 1i
Crades
9-12

1 High
School
Cohort

Math

Requi rement

PGt to
_ Recent
liicteases

Recent Math
Tncreages--
Actual (A) or
Uidet Study (S)

~ Scieiice

Requirement
Prior to
~ Recent
liicreages

Recent Science
 Incredses--

Actual (4) or
Under Study (S)

Georgla
Havai

Idaho
111inois

lowa

Kangas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Migs18s1ppl
Migsouri
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ghio

162,000
676,000
361,000
131,000
135,000
211,000
245,000
72,000
268,000
351,000
37,000
28,000
156,000
294000
52600
97,000
50,000
59,000
440,000
90,000
1,064,000

83,000
14,250
15,500
169,000
90,250
47,750
33,750
52,750
61,250
18,000
67000
87,750
159,250

168,500




State

Righ School Earollment

Total in
Grades
9-12

1 High
School
Cohort

. Math
Requi rement
Prior to

_ Recent

Recent Math
Increages--
Actua] (&) or
Under Study (S)

~ Stlence

Requirement
Prior to
~ Recent
Iricregses

Recent Science
 Increages—
Actual (A) or
Under Study (8)

Ok1ahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Texas

Utah

Vermont
Virgliila
Washington
est Virglaia
Wiscqnsiqgf
Wyotiing

150,000
736,000
153,000
196,000
46,000
256,000
869,000
95,000
30,000
316,000
230;000
123,000
314,000
29,060

46,250 |

37,500
184,000

217,250
23,730
1,300
79000
62,500
30,750
78,500

7,250

1 (4)

-

j w—)
o

P

local
Jocal

8/stnce 1980, Wisconsin has had in effect a strong state-wide recomendation
for 3 years each of mathematics and science,

Soirces: Enrollient data from NCES, 1981b; othet data from sources listed for

Table 6.

€E—Vi



Botts, T. Employment of reCent bachelor 8 and master 8 graduates in the
mathematical and computer scilernces.” Washington, D.C.: Conference

Board of the Mathematical Sciences, 1982.

ly. Washington,

Bureau of Labor Statistics:

D.C.: U.S. Department of Labor, spring 1982.

Ellis; G: D. "1980-81 survey of physics and astronomy bachelor's degree

rectptents:” 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.

Prepared by L. Silverman. _ Special repgrt on changes In states' high
school graduation standards and new college graduates certified to

teach secondary school mathematics and sclences.” Mimeo; February

Prepared by M. M FranRel and D.fE Gerald.i Projections gf edupgtibﬁ
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 capsiule
description of high school students.” A report on High School aric

Beyond. Washington, D.C.: NCES, April 1981.

National Center for Education Statistics. Prepared by N. B. Dearman and

Y. W. Pilsko. "The condition of education: 1981 edition.” Weshington,
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 Principals; 1981.
Pelavin; S. H.; Reisner; E. R.; and ﬂéﬁdriéﬁ§6ﬁ; G. Analysis of the national
éﬁéilﬁbility 6f ﬁéthéﬁétiéé éﬁd ééiéﬁéé téééhérs. Waehington, D C..

1984.




Wood, Robert, (chairman) and Task Force Members. “The report of the Task Force
on Federal Eleiienitary and Secondary Education Policy.” New York, N.Y.:
The Twentieth Centiury Fund, May 1983.




