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Abstract — One of the major focuses of the recent reform movement in education concerns percetved
and anticipated teacher shortages. especially in particular fields such as mathematics and science, §t 1
widely believed that lower salarics relative to alternative occupations are respansible for teacher
shortages and that higher salaries will therefore help reduce shortages. Yet there is little empirical
research that examines the relationship between teacher shortages and teacher salary differentials. This
paper examincs this relationship for the case of mathematics and science 1eachers using data on a sampie
af medium and large school districts located within large metsapolitan arcas throughout the United
Stales. The results support the peneral proposition that salary differentials between teachers and
allernative occupations influence teacher shortages. although the rclationship varies by gender and

geographic area of the U.S.
INTRODUCTION

TeacHER shortages constitute a major concern of
the current reform movement in education. There is
a widespread belief that the United States currently

“suffers from shortapes of tcachers in particular
ficlds, with mathematics and science as among the
most acute areas (National Science Board, 1983;
National Commission on Excellence, 1983). There is
also a concern that in the future there will be a
general shortage of teachers and more severe
shortapes in fields such a5 mathematics and science
{Carnegie Forum, 1986).

Although there is littie concrete information on
the exact nature and severity of ieacher shortages
(.S, General Accounting Office, 1984: Rum-
berger. 1985). a variety of proposals and policies
have been instituted Lo address them. Many of the
remedies have been aimed at raising 1cacher
salanies, which histoncally have been lower than
other occupations pursued by college graduates

(Levin, 1985). Many states have already funded
major increases in teacher salaries. As a result. the
average teacher salary increased 15% between 1983
and 1985, while the average salary for beginning
teachers increased 11% in just 1 year (Nelson er al.,
1986, Tables 1-2, and II1 — 1).

Recent efforts to raise teacher salaries are pre-
mised on the belief that raising salaries will make
teaching more atiractive relative 1o other occu-
pations and help alleviate current or anticipated
shortages. Yet to date there has been litde analvtic
rescarch on the role of salaries in attracting and
retaining teachers in the profession. As a result.
efforts to project teacher supply and demand are
almost exclusively based on projections of past
trends (Barro, 1986).

Any cffort to analyze the influence of teacher
salaries on the size of the teaching work force should
consider scveral factors. First. it is important 10
properly compare the financial rewards of teaching
with allermative occupations that are available to

* The research for this report was supported by (unds from the National Institute of Education (Grant No. NIE-G-R3-
0003) 10 Stanford Universitn. The analvses and conclusions do not necessarily reflect the views o policies of this
Organization. | would like ta thank Henry Levin and Richard Murnane for theit helpful comments on an eariier version of

this paper.
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college graduates. It is widely reporied that teachers
receive much lower salaries than many other pro-
fessions. The recent Carnegie report, 4 Nation
Prepared, points out. for example, that in 1985 the
tverage salarics of attorneys were $51.400,
engincers were $39,500, accountants were $36.500,
and teachers were $23.500 (Camegic Forum. 1986,
p. 37}

Yet another recemt Teport on the status of
teaching suggests that such figures are misleading
because they ignore differences in employment
opportunitics and earnings between men and
women across and within occupations. Using differ-
€nt sources of data, this study shows average teacher
salaries quite similar to those reported by Carnegie
— $23.620 in 1984 dollars — with male teachers
reporting an average salary of $25.817 and female
teachers reporting an average salary of $22.813
(Feistritzer, 1986, Table la).

in comparison, the average eamnings of all male
college graduates were $32,122 in 1984, while for all
female college graduates they were $16.894. Even
among full-time. year-round workers. male college
graduates had average eamings of $36,104 and
females onily $22,072. These figures suggest that
teaching is not as financially attractive for male
college graduates as alternative occupations, but it is
for females. These differences should be considered
in examining the role of salaries in atiracting and
retaining teachers. o

Second, consideration should be given to working
conditions of teaching and alternative occupations.
It is not clear whether working conditions are
generally better in teaching than aliernative occu-
pations. Teachers repont higher levels of job satis.
faction than either the general public or other
college graduates (Feistritzer. 1986, Table 3). Atthe
same time. teachers report higher levels of jab stress
than cither former teachers or American adults
(Harris e al., 1985, p. 25),

Third. it is important 16 consider individual tastes
for the intrinsic and extrinsic rewards from work. In
general, teachers report more interest in the in-.
trinsic than the extrinsic rewards of their jobs
compared to other workers (Feistritzer. 1986, Table
18). And again there appear 1o be pender differ-
ences in tastes for intrinsic and extrinsic Tewards,
with males reporting more preference for extrinsic
and females reparting more preference for intrinsic
rewards. Yet current and former teachers agree that
both improvements in salaries and working con-
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ditions are Necessary to attract and retain more

teachers in the profession (Harris er al., 1985).
Finally, it is important 1o consider changes over

time in the actual rewards — both extrinsic and

_intrinsic — of teaching relative to other occupations

and changes in the tastes of individuals for those
rewards. The financial rewards of teaching appear to
have risen substantially in the last few years, both in
teal terms and relative to other occupations (Nelson
€t al., 1986). At the same time, it appears thar
youniger teachers, those most likety to have recently
entered the profession, are more likely to cite
financial rewards of teaching as important compared
1o older teachers (Feistritzer, 1986, Table 18}. This
would suggest that recent efforts to raise teacher
salaries could have more impact in attracting people
into teaching than in times past. In fact. & recent
Teport states that an increasing number of former
teachers are reentering the profession (Nelson er af .
1986).

These same considerations shouid be given 1o
proposals to address teacher shortages within par.
ticular specialty areas. It has been suggested that
some areas of teaching, such as mathematics and
science, face severe shortages because. in pan,
alternative occupations for college students with
mathematics and science interests. such as engineet-
ing and computer science, have become relatively
mote attractive financially over the last decade
(Levin, 1985). One possible TeSponse is 1o provide
differential salaries to teachers in those fields where
shortages exist, as is done in higher education
{Nationa! Science Board, 1983, Woo, 1985). But
beyond the political issues surrounding such a
proposal. it is important to consider the possible
response of individual teachers and would-be
teachers.

The purpose of this Paper is to attempt to address
at least some of thesc issues through an empirical
analysis of the relationship between salary differen-
tials and teacher shortages. The focus of this analysis
is the shortage of mathematics and science teachers
and the salary differentials that exist between
teachers and workers who have academic back-
grounds in mathematics and science and who are
employed in alternative occupations.

METHODOLOGY
Model
The empirical analysis is based on a simplified
model of teacher shortages, derived from more

2\3



A

Teacher Shortages and Turnover 391

complex models of teacher supply and demand
(¢.g.. Chambers, 1978: Boardman. et al., 1982). The
demand for teachers at 2 school district level is
assumed to be a function of a district’s budget (b).
the characteristics of students in the district (D). and
the costs of the rtesources Tequired to provide
educational services 1o those students (Chambers.
1978). Because salaries for instructional personnel
constitute the major share of educational expen-
ditures (U.S. Census. 1982, p. vii} and because in
many districts budgets and teacher salanes are
determined jointly. onty the costs of teacher services
are considered (w,) here. leaving a teacher demand
model:

Q° = f(D. w). (1

The supply of (eachers to the district is assumed 10
be a function of the district's charactenstics (D).
which reflects it’s desirability as a place 1o work. the
wage rate for teachers in the distnct {w). the wape
rate of altermative occupations {w,) that 1eachers
might consider. and the extent of employment
opportunities in alternative occupations relative to
teaching (e,.). Only current wages and character-
istics are considered in this model, even though
some recent research sugpests thai occupational
choice is influenced by expectations of future ben-
efits as weli as current conditions (Zabalza. 1979%:
Zarkin. 1985). Thus. the supply of teachers can be
wrilten:

@ =f(D. w, W €m). (2}

Teacher shortage (S§) is mmerely the shortfall
between the number of teachers demanded (Q)
and the number of teachers supplied (")

5= QD - QS = f(D w. wa. Con)- 3)

This model can be used 1o swdy shortages of
different types of teachers or teachers of differem
quality. 1n the present study they are used 10 study
teported shoriages of mathematics and science
teachers, .

One variable of particular interest in the present
study is teacher turnover. Teacher shortages are
likely to be higher in districts with high teacher
turnover. yet turnover is itself likely to be influenced
by many of the same factors that influence teacher
shortages. Therefore, in the following analysis.

teacher shortages are estimated as a two step.
recursive model. The first step is simply 10 use the
basic equation (3). with district characteristics {D)
consisting of an array of variables related to the
quality of the teaching environment in the distnict.
such as class size or the kinds of students in the
district:

S=f(D W, W Cym)- (3a)

The second step adds an intervening variable that
measures total teacher turmnover (f} in the district,
not simply turnover rtelated to mathematics and
science teachers (which was not available in the data
available for this study):

S=f{D 1w, wa ). (3b)

The pumpose of this two step estimation is 1o
ascertain the depree to which shortages of math-
ematics and science teachers result from supply and
demand factors tha! influence turnover of all
teachers and to what extent these factors influence
shortages independent of their influence on trn-
over. That is. the first equation (3a) shows the total
direct and indirect effects of the independent
variables on teacher shortage, while the second step
shows only the direct effects after controlling for
teacher tumover.

Because the problem of teacher turnover is so
important 10 understanding and addressing the
problem of teacher shortages. an additional analysis
is preformed to examine the influence of supply and
demand factors on teacher turnover using the same
model as above:

1= f(D. w. W, €m). (4)

Dats and Variables

The data for this study came from a merged file of
school district information thal was constructed
from four different sources. Information on teacher
shortages comes from the 1983-1984 Survey of
Teacher Demand and Shortage conducied by the
Research Triangle Institute of North Carolina under
contract to the Nationa! Center for Education
Statistics. The survey was conducted on a stratified
random sample of public and private high schools in
the United States. In this study only public school
districts were examined because data on teacher
salaries were only available for public school
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districts. Survey results were obtained for about
2300 public school districts. which represents 89% of
the original sample.

The survey asked school district officials to
determine the primary teaching field of all second-
ary school teachers in the district and {0 indicate the
aumber of teachers who had regular or standard
State certification to teach in their primary teaching
ficld and the aumber who did not hold such
certification (they might hold emergency creden-
tials, for example). Shortage of mathematics and
science teachers was expressed as the percentage of
mathematics and science (biowezy. chemistry. and
physics) teachers who did not hold regular or
standard State certification (PMSN),

This procedure is based on the premise that
districts faced with an unfulfilled demand for math-
ematics and science teachers can hire teachers on an
emergency basis to teach mathematics and science
classes. This probably understates the true shontage
" since districts can also use current teachers in other
fields 10 1each mathematics and science on a part-
time basis (Robinson, 1985). This survey also
provided information on the total number of
teachers in the district and the proportion of
teachers in the distnct who were new hires (NEWP),
which can be used to measure turnover after
controlling for district growth (since new hires result
from turnover and district growth).

Information on district enrollment and teacher
salaries comes from the 1982 Census of Govern-
ments conducted by the U.S. Census Burcau. This
survey collected information on employment and
finances from all public school districts in the United
States enrolling 5.000 or more students. For this
study, information was used on enroliment in
October 1982 (ENROLLS2), and the average
October 1982 earnings of Hull-time, instructional
employees, which was converted {0 an annual basis
{x10) and used as a proxy for annual teacher
salaries (DISTSAL).

The third source of data used in the study was the
1980 Decennial Census, which provided information
on employment and salaries for males and females
in all major occupation groups for Standard Metro-
politan Statistical Areas (SMSAs) or 25(.000 in-
habitants or more in the United States. School
district data was linked to Census data for the SM3A
in which the district was located. This defined a
somewhat arbitrary local labor market for math-
ematics and science teachers. Defining alternative
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boundaries to these local labor markets could lead
to somewhat different results than those reported
below (Luizer and Thorton. 1986).

In this study, whete the focus is on shortages of
mathematics and science teachers, engineers were
used as the alternative occupation for males and
females with mathematics and science backgrounds.
Another occupation — computer specialists (com-
puter scientists and systems analysts) — was also
considered, but salaries for these occupations were
highly correlated with those for engineers, so
engineering occupations <an be considered a proxy
for a class of occupations requiring science and
mathematics training.

Salary information from the two Census surveys
was combined in two ways. In some cases, separaic
variables were entered into the equations for 1979
male (ENGSALM) and female (ENGSALF)
engineering salaries and 1979 teacher salaries. which
were converted from 1982 dollars based on average
changes in teacher salaries between 1979 and 1982
(U.S. National Center for Education Siatistics,
1985a, Table 3.11}. In other cases a single variabie
was used that represented the average salary differ-
ential (SALDIF) between e¢ngincers. which was
constructed from male and female engineering
salaries weighted by relative shares of total employ-
ment, and teachers.! Census data was also used to
construct a variable that measured the total number
of engineers employed in the SMSA in which the
district was located divided by the total number of
mathematics and science teachers employed in the
district {REMST).

The final source of data was the 1978-1979
Merged Federal File from the U.S. Department of
Education. This file contains a comprehensive set of
information on a variety of school district character-
istics compiled from several UJ.S. government
agencies. This compilation is undertaken on an
irregular basis, so the 1978-1979 data file was the
fatest one availabie at the time of this study. Two
variabies were used from this source. One measured
school district enrollment in the fali of 1978; the
other measured the percentage of minority students
enrolled in the district.

From these various sources. several variables
were used or constructed to measure school district
quality. One was the size of the district in 1982
(ENROLLS2), expressed in logarithmic form
(LOGEN). Larger districts. because they may be
more bureaucratic or may have larger. more im-
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ponant schools might be less desirable to work in
than smaller districts.

Another variable that may influence teacher
turnover and shortages is the swudentfieacher ratio
(STEA). Teachers. in peneral. prefer smaller 1o
larger classes as evidenced. in part. by the influence
of class size provisions in their contracts on turnover
rates (Eberts. 1987). Unfortunately, the siudent
teacher ratio can only serve as a proxy for class size
since the former is also influenced by the number of
tcachers employed outside the classroom.

Finaily. the percentage of minority students in the
district (PMIN) could decrease not only the demand
for mathematics and science teachers (Crane, 1982,
Table 2) but also the supply, either because teachers
might view minority students as more difficult to
teach or because schools with high concentrations of
minority students may be characterized by other
conditions that teachers find undesirable. Finally. a
variable (PCHANGE)} was constructed 10 measure
the percentape change in enroliment between 1978
and 1982 since districts with expanding enrollments
will generally require tmore teachers than districts
with declining enroliments.

Limitations on the universe of districts included in
the various data sources used in this study restricted
the final number of districts that were analyzed

- below. District salary information was only available
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for districts with 5000 or more students, so this
limitation greatly redoced the number of usable
responses from the ornpgindl teacher demand and
shortage survey, since the vast majority of districts
in the U.S. have fewer than 5000 students {about
88% in 1977 according to Williams and Waff, 1978,
Table 4). The sample was further restricted 1o
districts within relativelv large SMSAs since salary
information on alternative occupations was re-
stricted 1o those arcas. These restrictions resulied in
district file with 453 cases, although only 346 cases
had usable data on all the variables of interest.*

This sample probably represents a fairlv high
proponiion of large districts Jocated in large urban
areas in the United States. In fact, virtually all of the
largest urban districts are included in the sample,
together with larger suburban districts.® Nonethe-
less. the results of the following analysis at best can
be used to peneralize about the influence of salaries
on the teacher shortages and turnover within this
limited population of school districts.

A complete description of the dependent and
independent variables used in the analyses together

393

with the various survevs that provided the data is
displaved in Table 1. Also displayed are the mean
and standard deviation for each wvariable. The
percent of math and science teachers who are not
certified (MSNP) has a8 mean value of 2.4% (based
on district means), which is similar to unpublished
estimates for the entire population of public elemen-
tary and secondary schools from the complete
sample of districts in the 1983-1984 Survey of
Teacher Demand and Shortage. These estimates
show that uncertified math teachers represent 2.4%
of all mathematics teachers and uncertified science
teachers represent 2.5% of all science teachers
{U.S. National Center for Education Statistics.
1985b. Tabie 4B}.

ESTIMATES OF TEACHER SHORTAGES

National Estimates

Estimates of teacher shortages in mathematics
and science for the entire sample of school districts
are shown in Table 2, column 1. The top ha!f of the
table shows estimates based on a single salary
variable that measures the differential between
engineering and teaching salaries. The estimated
coefficient is positive and significant, which suggesis
that salary differentials between teachers and
engineers are related to teacher shortages in math-
ematics and science areas. The point estimate
suggests that cach 1000 dollar increase in the salary
differential is associated with a 0.19 percentage
point increase in teacher shortapes. In other words.
10 eliminate the reported shortage of mathematics
and science teachers would require eliminating the
existing salary differential of $10.000 (in 1979
dollars).

When the percent of newly appointed teachers is
cntered into the model {equation ]b), the salary
variable becomes insignificant. This implies that
higher salary differentizis lead to increased teacher
turnover which. in turn, lead to increased shortages
of mathematics and science teachers. Unfortu-
nately. newly appointed teachers were not identified
by subject area in the teacher survey. so the
turnover varable penains to all newly hired
teachers, not simply those in mathematics and
science.

The other labor market variable, the ratio of the
number of engineers in the district’s surrounding
area (SMSA) 10 the number of mathematics and
science teachers in the districc (REMST). also is
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Table 1. Variable descriptions and descriptive statistics far merged district file (M = 346}

Name Mean 5.D. Description Source

PMSN (%) 2.314 4.611 Percentage of mathematics, biology. chemistry, and (1)
Physics teachers wha were uncertified in the 1983- 1984
school year :

DISTSAL ($1000} 14.220 3199 Mean earnings for full-time instructional emplovees in (2)
October 1982, converted 1o an annual basis { x [0) and
1979 dollars {x0.75)

ENGSALM ($1000) 24.679 2.064 Mean 1979 annual carnings (or all male engincers )
employed in the SMSA in which the school district is
tocated

ENGSALF (51000} 15.254 2.105 Mean 1979 annual earnings for all female engineers (3}
employed in the SMSA in which the school district is
tocated

SALDIF ($1000) 10.040 . 3.050 Mean 1979 salary differential between weighted aver-  (3)
age engineering salaries and tcacher sataries

REMST ({x100) 3.129 5.500 Number of engineers in the SMSA in which the school (1), {3)
district is located divided by the number of math-
ematics and science teachers in the district

P_MIN (%) 26.591 25 446 Percentage of minority students in the 1978-1979 (4)
school year

STEA 19.058 2.765 Number of students enrolled in October 1982 divided .y
by the number of 1eachers employed in the 1983-1984
school year

LNENROLL 9.793 0.837 Natural logarithm of October 1982 student enrollment )

PCHANGE (%} ~6.060 14.465 ‘Percentage change in enroliment berween the 1978- (). ()
1979 school year and Qctober 1982

PNEW (%) 5 881 4.004 Percentage of teachers who were newly hired in the ([}

1983~ 1984 school year.

Data sources: {1) The 1983-1984 Survey of Teacher Demand and Shortage. U.S. Department of Education, (2) The
1982 Census of Governments, U.S. Bureau of the Census. (3) The 1980 Census of the Population, U.S. Bureau of the
Census. {4) The [978-1979 Merged Federal Files. U.S. Depantment of Education.

positive and significant. This suggests that districts
located in arcas with high concentrations of
engincers report higher shortages of mathematics
and science teachers after conirolling for the in-
fluence of other factors, including salary differen-
tials. Moreover. the influence of this variable is not
attenuated after controlling for teacher twurnover,
which further suggests that the variable measuring
turnover for all teachers inadequately reflects turn-
over for mathematics and science teachers.

Other variables also show significant effects on
teacher shortages. Districts with higher studeny

teacher ratios repont higher proportions of uncerti-
fied math and science teachers. although further
analyses reporied below reveal that this is an arifact
of other differences among districts. Districts with
increasing enroliments report higher shortages of
mathematics and science teachers probably because
of increased demand. This factor, 100. is attenuated
once the proportion of newly appointed teachers is
controlied for. Overall, the model yields the ex-
pected results although the model only explains
from 12 1o 15% of the variance in the dependent
vanable.
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Table 2. Regression estimates of teacher shorages
Al states California Orher states
1y 2) (3)
(a) (b) (a) (b) (a) (b)

Selected means:

PMSN (%) 234 6.249 §.R57

SALDIF ($1000) 10,039 6.924 10,402

REMST 3129 B.50) 2.508

STEA 19.058 24.001 15.484
Regression coeff

Panel A

SALDIF (31000} 0.194° G129 1.250° 0.8 0.196° 0.142

REMST {x100) g.113a- 0.126" =0.060 =0.058 0.124* 047"

PMIN (%) (1.035" 0.029° 0.092 0.082 0.025" 0.0

STEA 0.309" 030" 1.525 0.385 0.074 0.079

LNENROLL 0.273 0.214 1.111 1.659 0.445 0.401

PCHANGE (%) 0.032° —0.002 «{.057 =168 0.02R 0.001

PNE_\\' (%) -_— 0.254° — 0.964° —_ ¢.2m*

R® (ad)) 0.118 0.148 0133 0.216 0.088 0.116

Pancl B

DISTSAL ($1000) 0.194° 0.129 1.250* 0.820 0.196" 0.142

ENGSALM {31000} 0.107 0.124 2.328 2.414 0.030 0.036

ENGSALF ($1000) 0.284° 0.245° =071 =0.172 0.230" 0.203°

REMST (%100} 0.108" 0.1 ~0.093 -0.098 0141 0.152"

PMIN (%) 0.030° 0.025" 0.108 0.082 0.021 om?

STEA 0.268* 0.284° {.368 0.230 0.056 0.0R9

LNENROLL 0.315 0.23] 0.648 1.813 0.503 0.437

PCHANGE (%) 4.02% =0.003 =0.016 -0.09 0.024 0.001

PNEW (%) — 0.254" - 1.149° — 0.186"

R? {adj) 0.126 0.155 0.086 0.207 0.058 0.121
N ) 36 un

*Significant at 0.05 level.

Estimates using scparate salary vanables, shown
in the bottom half of Table 2. sugpest a more
complex relationship between salary differentials
and shortages. Higher district salaries are associated
with lower shortages of mathematics and science
teachers. as expected. apparently by reducing
teacher turnover. Yelr only femaie engineering
salaries show a strong and statistically significant
effect on shortages of mathematics and science
teachers, while male engineering salaries do not.
Moreover. the influence of female enpineering
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salaries is reduced onty slightiy after controlling for
turnover and it remains significant.

Estimates for California and Other States

The mode! for teacher labor markets developed
and tested above should apply reasonably well 10 all
districts in the sample. There were enough districts
in the sample to test this notion formalty for several
large states, notably California. New York, and
Texas. Only one state — California — appeared to
show any appreciable difference in the peneral
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findings reported above. In addition, one of the
independent variables in the model — the student/
teacher ratio in the district — had a much higher
value in California districts than in other districts,
which distorted the apparent influence of this factor
in the earlier estimates.

These differences are shown in columns 2 and 3 of
Table 2. In several respects, California districts
appear quite different from other districts in the
U.S. California districts report a much higher
proportion of uncertified mathematics and science
teachers (6.2%) than districts in other parts of the
country {1.9%). Average district salaries are also
higher in California than clsewhere, resulting in a
smaller satary differential between teaching and
engineering salaries. Districts in California are also
located in areas with much higher concentrations of
engineers than districts on other states. The number
of students per teacher is much higher in California
(24} than elsewhere in the country {18.5).

These figures suggest that the conditions of
teaching are quite different in California than
clsewhere in the United States. Teachers enjoy
higher salaries, but they may also appear to have
larger classes than teachers in other states.* More-
aver, despite higher salaries. districts in California
report much higher proportions of uncertified math-
ematics and science teachers.

Despite these differences, salary . differentials
show a similar effect on shortages of mathematics
and science teachers. In both cases, an increase in
the salary differential between teachers and
engincers is significantly associated with a larger
proportion of teachers who are uncertified. More-
over, in both cases the effect becomes insignificant
when turnover is controlled for, implying that salary
differentials increase tumover for all teachers
which, in turn, leads to greater shortages of math-
ematics and science teachers.

Yet the salary differential between engineering
and teaching shows a much larger effect on short-
ages in California than elsewhere, by a factor of
almost 6 to 1. Differences in state certification
requirements for mathematics and science teachers
could account for some of this difference. California
is one of the only states in the U.S. that does not
grant zn undergraduate degree in education. Hence.
teachers must hold bachelor’'s degrees in other
fields. It is possibie. therefore, that mathematics and
science teachers in California are more likely to hold
regular degrees in mathematics and science areas
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and thus be more readily emplovable in math-
ematics and science occupations than teachers in
other states. Unfortunately, the author is not aware
of any data that would confirm this hypothesis.

Although the magnitude of the coefficient for the
salary variable is different between California ang
other states, in both cases eliminating the salary
differential would more than eliminate the reported
shartages of mathematics and science teachers.

There are also differences in the estimated effects
of some of the control variables between these two
groups. The ratio of engincers to teachers has no
influence on shortages in California. while it does
elsewhere. Thus, this variable is unable to explain
differences in teacher shortages among California
districts who, on average. have much higher ratios
than other districts. The percentage of minority
students also shows no significant effect in Cali-
fornia districts while it does elsewhere.

When the salary differential is decomposed into
district and enginecring salaries, the two groups of
districts show somewhat different patterns. In both
groups, higher district salaries are associated with
lower shortages, apparently by leading to lower
turnover rates. Female enginecring salaries have a
positive and significant effect on shortages of
mathematics and science teachers outside of Cali-
fornia. even while controlling for the influence of
teacher turnover, whereas in California thev do not.

These comparisons suggest that shortages of
mathematics and science teachers in California are
primarily a function of district salaries that influence
teacher turnover, while in other states both district
salaries and engineering salaries for females in-
fluence shortages. Why these differences exist is not
clear.

ESTIMATES OF TEACHER TURNOVER

The preceding results suggest that teacher turn-
over is associated with teacher shortages in math-
ematics and science. The turnover measure used in
this analysis. however. pertains to all teachers. not
simply mathematics and science teachers. To better
understand the influence of market factors on
overatl teacher turnover and its subsequent in-
fluence on shonages. the variable measuring the
proportion of newly hired teachers was regressed on
the same set of independent variables studied
above. Asin the case of teacher shortages. estimates
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are first derived for the total sample of districts and
then for California and all remaining states.

National Estimates

National estimates appear in Table 3, column 1.
The upper half of the table shows estimates based on
the single salary variable measuring the difference
between mean teacher salaries in the district and the
mean salary of engineers in the district's surround-
ing arca. The results suggest that larger salary
differentials are significantly associated with larger
incidences of teacher turnover. Eliminating the
existing differential of approximately $10.000 (Table
1) would reduce the average proportion of newly
appointed teachers by almost half. Considering that
turnover in this case pertains to all teachers and not
simply mathematics and science teachers. who
generally make up 2 small fraction of the total
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teaching corp. then the effect might be considered
quite large.

When the safary differential is disaggregated into
its component parts, the estimates reveal that
turnover of all teachers is significantly influenced by
district salaries and not engineering salaries. This is
to be cxpected since there is mo reason that
engincering salanes (or salaries in mathematics and
science areas for which engineering salaries serve as
a proxy) should influence turnover rates for all
teachers. In addition, high concentrations of
engineering jobs in the district’s surrounding area
shows no significant influence on overall teacher
turnover. further substantiating the notion that the
labor market for mathematics and science teachers
operates differently from the labor market for
teachers generally.

These estimates. in conjunction with those for

Table 3. Regression estimates of teacher turnover

Al stales California Other states
8} (2) (3)
(a) ®) (a) ) (2) ™
Selected means.
PNEW (%} 5.881 5917 5.876
Regression coefl.:
Panel A
SALDIF ($1000) 0.255° 0.456" 0.256"
REMST (x100) -0.051 —-0.0% ~0.118
PMIN (%] 0.025* 0.011 0.023°
STEA 0.031 0.145 —0.026
LNENROLL 0.232 —{.568 0.21%
PCHANGE (%) 0.134° 0.115° 0132
R {ad)) 0.343 $.236 0.354
Pane! B
DISTSAL {$1000) ={1.346" ~0.537" ~0.366°
ENGSALM ($100) —0.065 -0.074 -0.0M
ENGSALF (1000} 0.155 —0.521 0.148
REMST tx100) {1013 RS —-0.061
PMIN (%) 0.020° 0.023 0.018°
STEA 0.057 0120 -0.018
LNENROLL 0.332 . —-1.014 ¢.355
PCHANGE (%) 0.125° 007 0.124*
K (adj) 0.310 0.261 0.379
N 36 3% 30

*Significant at 0.05 level.
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shortages of mathematics and science teachers in
Table 2. suggest that salaries influence shonages of
mathematics and science teachers in two ways. First,
district salanies influence overall teacher tumover
which, in turn, leads to shortages of mathematics
and science teachers. Second, engineering szlaries,
at least for females., also influences shortages
directly. even controlling for teacher turnover.

Estimates for the remaining variables in the
model suggest that the proportion of newly hired
teachers is higher in districts with larger proportions
of minority students and in districts with increasing
enroliments. Overall, the medel explains from M to
37% of the vaniance in turnover.

Estimates for California and Other States

In order to see whether the earlier differences
between California and other states were evident
with respect (o tumover, separate estimates were
derived for districts in California and those in other
states. The results, shown in columns 2 and 3 of
Table 3. suggest that California is no different than
other states in terms of the influences on teacher
turnover. [n both groups, higher salary differentials
and particularly lower district salanes increase
turnover, although the impact is larger in California
than clsewhere.

SUMMARY AND IMPLICATIONS

The purpose of this research was to examine the
relationship between salary differentizals and teacher
shortages and turnover. The focus was on math-
ematics 2nd science teachers since it is in this group
that more acute shortages are thought 10 exist. And
increased course requirements in mathematics and
science areas could further exacerbate shortages in
the future. Because of data restrictions, the analysis
was limited to a sample of larger districts (5,000
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students or more) located within larger metropolitan
areas (SMSAs of 25,000 people or more}.

Overall, the results of the analysis support the
proposition that salary differentials between
teachers and alternative occupations influence
teacher shortages and tuemover. In this study,
engineering salaries were used as a proxy for salaries
of other occupations requiring mathematics and
science training that would compete with teaching.
The analysis revealed that larger salary differentials
are associated with larger shortages of mathematics
and science teachers and that reported shortages
would be eliminated by eliminating the existing
salary differential between teaching and engineer-
ing.

When salary differentials are disaggregated into
their component parts, 2 more complex picture
emerges. First, district salaries alone appear to
influence teacher turnover which, in turn, leads to
shortages of mathematics and science teachers.
Sccond, engineering salaries for females, but not
males, further influence shortapes in most states.

These results, though far from definitive, do
suggest that salary policies will have an cffect on
teacher shortages and turnover. Thus recent actions
in many states and localities to raise teacher salaries
should reduce turnover among all teachers and help
reduce shorages of mathematics and science
teachers. Yet that action alone is unlikely to
eliminate completely shortages for such highly
competitive areas as mathematics and science with-
out additional differentials paid to teachers in
specific shortage areas, as some analysts have
suggested (National Science Board. 1983; Levin,
1985). Finally, the results of this study confirm that
estimates of teacher shortages based on static
projections of teacher tumnover and supply are likely
to be inaccurate because they ignore the dynamic
operation of the teacher labor market in response to
salary changes.

NOTES

1. One of the probiems with ali the salary data is that observed salarics reflect differences in cxperience
jevels of the job incumbents as well as the salary structure of the occupation. This may be particularly
problematic in making comparisons among districts who vary widely in enrollment changes and hence
in the expericnce levels of the 1eaching force (since most districts tend 1o lay off teachers based on
seniority). To some extent these dilferences are controlied for by including a variable for changes in
district enrollment. This variable is described below.

2. Most of the cases with missing data were lacking information on the percentage of minority studens.
probably because that information was collected from the office of Civil Rights and not every district
was required to supply the information. Additional analyses were performed 1o see if districts with
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missing data were diffeeent than those with valid data and 10 see how their inclusion wouid influence
the resutts In general. the districts with missing datz appesred quite similar 10 those districts with
valid data. except that the former group were much smaller (mean enrollment of 12.006 students)
than the latter group (mean enroliment of 31.000 students).

3. The Los Angeles School district was excluded from the sample because it appeared to skew the
sesults due 10 its large size and reporied large proportions of uncertified mathematics and science
teachers. One disirict official reported 1o the author that during the year when teacher survey was
conducted. 1983-1984, the district was faced with unusually large numbers of mathematics and
science teachers who werc issued emergency credentials.

4. As noted earlier, the student/leacher Tatio is only a proxy for class size.
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