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Summary

The scientific and popular press in the past few years have
sounded alarms regarding the quality of instruction in mathe-
matics, science, and technology in the nation’s elementary
and secondary schools. Numerous articles and papers have
reported shortages of qualified teachers of mathematics and
science (as well as teachers in other fields), and have
predicted that shortages will become worse over time as
enrollments rise and the supply of new teachers falls. Edu-
cation policy makers have responded to these reports through
a variety of initiatives, including teacher salary increases and
tuition support for teacher training and retraining in tech-
nical subjects.

A small but growing number of articles and studies have
questioned the quality of the data that underlie reports of
teacher shortages and the adequacy of the models that are
used to estimate and project teacher supply and demand.
These concerns are important to investigate, because of the
likelihood that policies developed on the basis of inadequate
data and models will be irrelevant at best and counterproduc-
tive at worst. The National Science Foundation and the
Center for Education Statistics of the U.S. Department of
Education commissioned the National Research Council to
convene a panel to evaluate available data and models on
teacher supply and demand and to recommend needed
improvements.

The Panel on Statistics on Supply and Demand for Precol-
lege Science and Mathematics Teachers has completed the
first year of a projected 30-month study and prepared an
interim report of findings. The panel was asked in this first
phase to review teacher supply and demand models in
selected states and the national model maintained by the
Center for Education Statistics and suggest improvements in
state and national models. The panel was also asked to

1
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2 Teacher Supply and Demand

identify information on teacher qualifications that could be
collected for use in descriptive profiles and in supply and
demand models.

In its second phase of work, the panel is charged with
continuing its investigation of statistics and models on
teacher supply and demand. The panel plans to conduct case
studies in a small sample of school districts of the entry and
exit of mathematics and science teachers in the teaching
force, carry out a comprehensive review of data resources on
teachers at the national and state levels and assess their
utility to support needed research, and further explore meth-
odological issues in the development and evaluation of useful
models of teacher supply and demand.

The panel expects that its second-phase activities will
result in fuller comprehension of what can and should be
done to improve the ability to model the forces that influ-
ence the demand for and supply of qualified science and
mathematics teachers. Nonetheless, we believe that the time-
liness of our initial recommendations in this interim report is
important. It is clear even at this stage that available data
on teacher labor markets and on the qualifications of the
teaching force are inadequate. Consequently, it is impossible
to assess the condition of teacher labor markets or to target
policies to address possibly emerging supply and demand
imbalances. Education, especially in science and mathematics,
is so critical to the nation’s future that policy should not be
formulated in the statistical dark. Hence, we urge an imme-
diate start on the research and development agenda outlined
in this report.

The need for teacher supply and demand models is clear.
The panel identified a wide range of questions frequently
asked by policy makers that could be addressed by accurately
specified models. These include questions about the future
supply-demand balance, overall and for specific subjects and
geographic areas; the sources of future teacher supply; and
"what if" questions about the likely impacts of various educa-
tion policy actions and socioeconomic forces on prospective
teacher supply and demand.

"What if" questions are some of the most important and
also most difficult questions to deal with, because they
require a capacity to project supply and demand under vary-
ing assumptions about future circumstances. In turn, this
capability requires the development of models that are both
behavioral and dynamic. By this we mean models that cap-
ture relationships between variables in the environment and
the behavior of actors in the educational system and in par-
ticular capture relationships between changes in circum-
stances and subsequent changes in the numbers and kinds of
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Summary 3

people interested in obtaining teaching positions or in the
numbers and kinds of teachers demanded by school systems.

The recognition that teacher labor markets are responsive
to changing market conditions, on both the demand and sup-
ply sides, is central to development of improved models and
to proper understanding of model projections. Warnings of
impending teacher shortages that take no account of various
market adjustment mechanisms are unrealistic and misleading.
Faced with fewer applicants than openings, school systems
may opt over the long term to increase salaries or improve
working conditions. In the short term, they may decide to
recruit more aggressively over a wider area or to increase
class size or cancel course offerings. Frequently, the adjust-
ment mechanism operates through changes in quality; that is,
school systems hire people who are relatively less well
trained for their assignments. Hence, there is no supply-
demand imbalance in a quantitative sense but instead a
change in the quality characteristics of the teaching force.

When measured against the need for dynamic models with
serious behavioral content to address important policy needs,
the panel finds that current teacher supply and demand
models are seriously deficient. Demand projections, which
current models derive from enrollment trends together with
assumed pupil-teacher ratios, have a reasonably good track
record for short-term projections, but are increasingly less
reliable over longer periods. Supply projections, however,
have proven totally inadequate. Moreover, current models do
not deal in a satisfactory manner with the issue of quality.
Where models consider this dimension at all, the definition of
a qualified teacher is equated with certification.

The major shortcoming of current models is on the supply
side, where most models consider two main sources: (1)
teachers continuing in the system from last year, and (2) new
graduates of teacher training programs or new certificate
holders. Other sources of new entrants are generally
ignored, even though statistics in many states indicate that
newly hired teachers come from many different groups:
experienced teachers on leave last year or recalled from lay-
offs; experienced teachers out of teaching for longer periods;
substitute teachers; in-migrants (from other states, schools,
subjects, etc., defined appropriately for the level of aggrega-
tion of the model); new graduates of teacher training
programs; other new graduates who obtain certification; and
persons hired on emergency certificates. Each of these
groups has a very differcnt probability of being attracted to
teaching under current conditions and of responding to par-
ticular policy initiatives aimed at attracting teachers. Yet
virtually nothing is known about these diffcrences.

Copyright © National Academy of Sciences. All rights reserved.
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4 Teacher Supply and Demand

Some of the teacher supply and demand models that we
examined incorporate useful refinements: for example, the
use of age and field-specific attrition rates in projections of
continuing teachers and consideration of a broader range of
sources of new supply. However, even the more claborate
models are constrained in their usefulness--on both the
demand and supply sides--because they consist of little more
than plausible extrapolations of current conditions or histori-
cal trends. Such relatively simple and largely mechanical
models permit only an evaluation of the continuation of the
status quo, or, at best, minor variations on the status quo.
Behavioral models, in contrast, would take into account the
interaction and interdependence of a wide range of variables
and could help answer such questions as how many teachers
can be expected to quit in response to a change in retire-
ment policy, how many former teachers can be expected to
reenter if salaries are raised by a certain amount, or how
many additional teachers will be needed if graduation
requirements in science and mathematics are doubled--the
kinds of questions to which reliable answers are badly
needed.

RECOMMENDATIONS

The panel has identified both short-term goals for improve-
ments in methodology of current models and in supporting
data series, and long-term goals for model development based
on further research. Recommendations for modest improve-
ments to current models and data are clearly intended for
implementation by the Center for Education Statistics and
appropriate units in state education agencies. The panel
urges cooperative efforts in this area between the Center and
state agencies.

Recommendations that call for research and model devel-
opment are directed to a wide range of organizations, includ-
ing the National Science Foundation, the U.S. Department of
Education, and others. In the panel’s view, research on
teacher labor markets needs the participation of investigators
with a variety of backgrounds, perspectives, organizational
affiliations, and approaches.

Considering the purely quantitative dimension, the panel
believes that improvements in current models and data--on
both the demand and supply sides--together with a compre-
hensive program of research on teacher supply are high pri-
ority areas. Research on the behavioral determinants of
teacher demand is also important but less pressing, largely
because existing modcls are reasonably adequate for current
nceds.

Copyright © National Academy of Sciences. All rights reserved.
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With regard to the equally important dimension of teacher
quality, the panel confronted a basic problem. The literature
does not furnish evidence of relationships between teacher
characteristics and eduational outcomes that are strong
enough or persistent enough to support the selection of vari-
ables to measure teacher qualifications. Further research in
this area is urgently needed. At the same time, there is a
pressing need for nationally representative time series on
teachers. Drawing on the collective judgment of its special-
ists in this area, the panel has suggested qualification meas-
ures that could usefully be included in ongoing data collec-
tion efforts.

Improvements in Current Models and
Data Series on Teacher Demand

To be useful for addressing policy questions about the
demand for teachers, specifically teachers of mathematics and
science, models should incorporate appropriate levels of dis-
aggregation by geographic area and subject field.

Recommendation 1. We recommend that the key compo-
nents of current models of teacher demand--enrollment pro-
Jjections and pupil-teacher ratios--be disaggregated by state
and important substate teacher labor markets. For middle
and secondary grades, these projections should be further
disaggregated by broad subject categories.

Research on Behavioral Aspects of Teacher Demand

Research on behavioral factors that influence the demand for
teachers, particularly teachers of mathematics and science in
the higher grades, is needed to permit the development of
improved models that will support longer-term projections.

Recommendation 2. We recommend that research pertinent
to teacher demand be conducted--in order of priority--on:

(a) The behavioral determinants of student selection of sci-
ence and mathematics courses at the secondary school
level, including the effects of changes in graduation
requirements and of student preferences for subject
areas;

(b) The behavioral determinants of parental and student
preferences for private and public schooling;
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6 Teacher Supply and Demand

(c) The determinants of pupil-teacher ratios, especially the
ad justment lags in those ratios as enrollments change
and/or the teaching force changes in demographic com-
position;

(d) The impact on high school dropout rates of such factors
as changes in graduation requirements, labor market
conditions, and the demographic composition and family
circumstances of the school-age population; and

(e) The relationship of changes in demand for courses to
changes in pupil-teacher ratios and the resulting derived
demand for full-time-equivalent teachers of mathematics
and science at the secondary school level.

Improvements in Current Models and Data Series
on Teacher Supply

Timely, detailed data are needed to improve projections of
the proportions of teachers who can be expected to stay ver-
sus those expected to leave (defined appropriately for the
level of aggregation of the model).

Recommendation 3. We recommend that the Center for
Education Statistics surveys of schools and teachers regularly
obtain data on teacher retention and attrition. The Center
should also obtain and analyze existing data from states,
where available, on retention and attrition rates by age or
experience and subject field. Such data are essential to
improve projections of continuing teachers--by far the largest
component of teacher supply.

Newly hired teachers come from many sources, including
new college graduates, former teachers, and teachers who
change residence or subject field. It is important to have
detailed information on the components of new hires.

Recommendation 4. To provide needed data on new hires,
we recommend that the Center for Education Statistics stra-
tify the sample for its teacher surveys into teachers who are
new and those who were teaching last year. For a given
overall sample size, the sampling ratio for new hires should
be higher than the ratio for continuing teachers.

Data on the pool of applicants for teaching positions
would be valuable for understanding new teacher supply, par-
ticularly from sources other than new graduates, and to
permit comparisons of potential supply and actual hires.

Copyright © National Academy of Sciences. All rights reserved.
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Recommendation 5. We recommend that the Center for
Education Statistics explore with the states possible ways of
systematically obtaining data on applicants for teaching posi-
tions.

Research on Behavioral Aspects of Teacher Supply

Research on behavioral factors that influence the supply of
teachers is essential to improve understanding of teacher
labor markets and to support the development of useful and
realistic models.

Recommendation 6. We recommend that research perti-
nent to teacher supply be conducted--in order of
priority--on:

(a) The behavioral determinants of major components of
new entrants, including new graduates, former teachers,
and persons hired on emergency certification;

(b) The forces underlying teacher migration (among states,
school districts, schools, and subjects); and

(c) The linkage between the decision of teachers to stay or
leave and behavioral and environmental factors related
to that choice. The research should stratify teachers
by subject field and other characteristics.

Research on Teacher Qualifications

Short-term adjustments between teacher supply and demand
frequently occur through redefining the acceptable level of
teacher qualifications. We need to know more about how
these adjustments take place.

Recommendation 7. We recommend that research be
undertaken on the linkage between the qualifications of the
teaching force and changing market conditions.

Further research on the relationship of measurable char-
acteristics of teachers of mathematics and science to educa-
tional outcomes in these subjects is needed to identify
teacher characteristics that should be regularly collected in
surveys in order to monitor the qualifications of the teaching
force.
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Recommendation 8. We recommend that further research
be conducted on the relationship of measurable characteris-
tics of teachers of mathematics and science to educational
outcomes of students in these fields. In order to permit
comprehensive and methodologically appropriate research on
this issue, the National Education Longitudinal Study of 1988
should include appropriate measures of student outcomes
together with a rich set of teacher characteristics and char-
acteristics of schools and districts. Teacher characteristics
should include measures of academic training, in-service
training, general intellectual ability, and teaching styles and
attitudes. To the extent possible, measures should be
obtained through administrative records, such as transcripts,
rather than through survey questions.

Ongoing Collection of Data on Teacher Qualifications

We believe that the Center for Education Statistics surveys
of teachers could usefully include, for mathematics and sci-
ence fields, a number of measures of teacher qualifications
related to general intellectual ability, academic preparation,
in-service preparation and commitment, and certification.
For meaningful assessment of mathematics and science educa-
tion, particularly at higher grades, we note that measures of
teacher qualifications should be reported, not as percentages
of teachers per se, but as percentages of students being
taught by teachers with specific characteristics.

Recommendation 9. We recommend that the Center for
Education Statistics surveys of teachers regularly include
measures of general intellectual ability and of academic prep-
aration to teach mathematics and science fields, particularly
for new entrants, in order to provide time series for moni-
toring and analysis. These measures should be obtained to
the extent possible from transcript records rather than
through survey questions.

Recommendation 10. We recommend that the Center for
Education Statistics surveys of teachers regularly include, for
experienced teachers, measures of recent in-service prepara-
tion and participation in professional activities in mathema-
tics and science fields. These surveys should also obtain
measures of years of teaching mathematics and science dis-
tinct from total teaching experience.

Recommendation 11. We recommend that the Center for

Education Statistics surveys of teachers regularly - include
measures of certification (type and subject fields) and that
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the Center obtain and disseminate available information on
state certification policies and practices.
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Introduction

Debate in recent years concerning the nation’s elementary
and secondary education system has focused on problems in
the quality of instruction in mathematics, science, and tech-
nology. The discussion is frequently framed in the context
of the necessity for the United States to maintain and, in
many areas, to regain its economic competitiveness and lead-
ership in high-technology industries and innovations. One
fear widely expressed in both popular and scientific reports
(see, for example, National Science Foundation, 1983; National
Commission on Excellence in Education, 1983) is that there
are too few qualified teachers at the elementary and second-
ary school levels to meet the nation’s instructional needs in
technical areas. Rumberger (1985:355) sums up the prevailing
opinion as follows:

All the major education reports issued over the last
two years have pointed out that a severe shortage of
qualified mathematics and science teachers currently
exists in the United States. Numerous articles have
appeared in the popular press and the educational press
reporting the problem of shortages. Congressional tes-
timony by various educational associations has further
substantiated the acute problem of teacher shortages in
these areas. A shortage of mathematics and science
teachers is now accepted as conventional wisdom.

Yet, as a number of recent reports point out (Barro, 1986;
Champagne and Hornig, 1986; Gilford and Tenenbaum, 1985;
Raizen, 1986; Raizen and Jones, 1985; Rumberger, 1985), it is
very difficult to know from hard data what is meant by
"shortages" of "qualified" teachers. The available statistics
and models used to estimate and project the supply and
demand for mathematics and science teachers at the elemen-
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tary and secondary school levels have many problems and
weaknesses. In fact, on the basis of our review to date, the
panel concludes that current publicly collected statistics on
science and mathematics teachers are so inadequate that it is
impossible to say whether there is an existing or impending
shortage. Furthermore, on the dimension of quality--which is
critical for assessing the adequacy of teacher supply--there
are virtually no useful statistics at all.

The problems inherent in current data and models mean
that the nation lacks the knowledge on which to assess pre-
college mathematics and science education and thus to imple-
ment sound policy decisions. Policy makers at all levels of
government have responded to perceived existing and future
shortages of qualified teachers through a variety of initia-
tives, including teacher salary increases, merit pay plans,
tuition support for teacher training and retraining in tech-
nical subjects, and innovative recruitment and certification
procedures (see Education Commission of the States, 1984,
1985; Feistritzer, 1985). Some of these initiatives may prove
very effective in expanding the supply of good teachers;
others may turn out to be ineffective at best or entail bur-
densome social costs at worst. Improved statistics and mod-
els are imperative to permit education leaders to develop
cost-effective policies and programs directed to the nation’s
teaching force in science and mathematics. The goal of this
interim report is to identify priorities for research and
development activities that would enhance understanding of
teacher supply and demand.

ORIGINS AND SCOPE OF THE STUDY

The National Academy of Sciences (NAS) and National Aca-
demy of Engineering (NAE) have a long history of involve-
ment in issues of precollege mathematics and science educa-
tion. A convocation held at the Academies in the early
1980s drew attention to the lack of adequate information
about mathematics and science teaching in the elementary
and secondary schools. The resulting report (NAS/NAE, 1982)
provided impetus for the formation of the Committee on In-
dicators of Precollege Science and Mathematics Education in
1983 within the National Research Council (NRC). The com-
mittee’s initial report (Raizen and Jones, 1985) reviewed the
problems and gaps in analyses and data on supply and demand
for mathematics and science teachers and discussed the criti-
cal issue of defining qualifications.

At the request of the National Science Foundation (NSF),
the NRC Committee on National Statistics convened a plan-
ning conference in August 1984 for a study on statistics on
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supply and demand for precollege science and mathematics
teachers. Subsequently, in early 1986, our panel was organ-
ized to carry out the work outlined in the planning confer-
ence report (Gilford and Tenenbaum, 1985). The panel’s
activities were planned in two phases extending over a 30-
month period.

The project sponsors--the Directorate for Science and
Engineering Education in NSF and the Center for Education
Statistics (formerly the National Center for Education Statis-
tics) in the US. Department of Education--asked the panel
initially to carry out two tasks and prepare an interim report
of findings at the end of its first year:

(1) Review teacher supply and demand models in selected
states and the model maintained by the Center for
Education Statistics and suggest improvements in
state and national models; and

(2) Identify information on the qualifications of teachers
of science and mathematics that could be collected
for use in descriptive profiles and in supply and
demand models.

We underscore the point that the panel was not asked to
develop estimates of teacher supply and demand; our task is
more basic: to recommend improvements in data and method-
ology that would provide meaningful estimates.

This interim report provides an assessment of the ade-
quacy of current data and models on teacher supply and
demand, gives suggestions for improvement, and indicates
some of the research activities that need to be undertaken in
order to enhance the structure and performance of these
models and the data that support them. The report also
focuses on the measurement of teacher qualifications and
considers how they could be better measured in the future.

In its second phase of work, the panel is charged with
continuing its investigation of statistics and models on
teacher supply and demand. Two specific tasks that are
planned for the second phase are:

(1) Conduct case studies of teacher flows in a small
sample of school districts to determine the entry and
exit of science and mathematics teachers in the
teaching force; and

(2) Carry out a comprehensive review of data resources
on teachers at the state and national levels, assess
their utility to support research needed to improve
understanding and models of teacher supply and
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demand, and recommend new or modified data collec-
tion as necessary.

The panel also hopes to evaluate data on the nation’s institu-
tions of higher education that are pertinent to understanding
the supply of precollege mathematics and science teachers.
Finally, the panel will give more detailed consideration to
methodological issues in the development and evaluation of
useful models, such as appropriate measures of error, trade-
offs in the choice of variables to include inside or to treat
as outside models, and problems and strategies for developing
disaggregated models.

The panel expects that its second-phase activities will
provide important additional knowledge and insight to support
recommendations for improving data and models of teacher
supply and demand. The case studies of teacher flows will
serve to identify additional variables that should be included
in models to enhance their realism with respect to the opera-
tion of teacher labor markets and hence the usefulness of
the models for education policy making. The review of data
bases will permit the panel to develop a more. detailed
research agenda. Although available statistics on teacher
supply and demand are inadequate to sustain models or to
give us a comprehensive picture of the teaching force, there
are many data bases, particularly at the state level, that can
support needed research and model development activities.
Several states, for example, have detailed personnel files that
could usefully be mined to further understanding of teacher
supply, and other states might well be able to develop files
of similar usefulness.

The panel expects in its final report to build on and
expand the initial set of recommendations presented here.
We expect to be more specific regarding the topics that
merit research, variables that should be examined, and
sources of useful data. We also expect to be more specific
regarding promising methodological improvements in models
and enhancements to data series pertinent to teacher supply
and demand. We do not expect, however, to alter the basic
framework or set of priorities that we have outlined in this
interim report for critically needed research on supply and
demand for precollege science and mathematics teachers.

We are very much aware that pursuit of the research
recommended here may not result in fully developed models
of teacher supply and demand that reliably generate useful
results. Indeed, given the absence of well-established supply
and demand models in other occupational fields, the probabil-
ity of developing good models for teacher labor markets may
be low. Nonetheless, we believe that the research we recom-
mend is of great importance given the large gaps in current
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knowledge. The added insight gained from such research and
the effort to express the results in terms of models should
be very helpful to education policy planning even if highly
developed models in the formal sense are not achieved. We
encourage the research community to make an immediate
start on the agenda that we propose. Education, especially
in science and mathematics, is so critical to our nation’s
future that we need the best possible information base for
informed policy choices.

ORGANIZATION OF THE REPORT

The panel’s interim report is organized as follows. Part I
presents an overall assessment of current data, concepts, and
models of teacher supply and demand. We begin with a dis-
cussion of policy uses of models that must be kept in the
forefront in considering needed model development. The next
section is a brief history of attempts to measure shortages
and qualifications of precollege mathematics and science
teachers in the decade of the 1980s. We then provide our
overall assessment of current models and go on to review
concepts that have been the source of considerable confusion
in discussions of teacher supply and demand. We end Part I
by presenting the panel’s view on basic characteristics of
useful teacher supply and demand models: namely behavioral
content, disaggregation, and quality measurement. Our
assessment of current models and data is succinct and
intended to provide an overall picture. The detailed informa-
tion that supports this assessment is provided in Part III,
which incorporates material excerpted from reports prepared
for the panel on selected state and national models.

Part II presents the panel’s recommendations. We begin
by discussing the role of the Center for Education Statistics
and the counterpart units of state education agencies in
implementing certain of the recommendations, and the role of
the National Science Foundation and other organizations in
the possible implementation of other recommendations. The
recommendations are then grouped, for convenience of expo-
sition, into two sections: a section on models of teacher
supply and demand per se and a section on measures of
teacher qualifications that are needed for models and for
descriptive profiles of the nation’s teaching force. Many of
the recommendations refer to precollege teachers in general
and not just teachers of mathematics and science. In some
cases, this is because the recommendation is generally appli-
cable across subject fields; in other cases, it is because we
lack the knowledge base to make a specific recommendation.
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Finally, Part III provides descriptions, drawn from our
consultants’ reports, of the Center for Education Statistics
national model of teacher supply and demand and the models
and data bases of selected states. This material, together
with the observations and suggestions contained in the full
text of the consultants’ reports (Barro, 1986; Cavin, 1986;
Popkin and Atrostic, 1986), proved invaluable to the panel in
assessing the current state of supply and demand models for
teachers at the precollege level.
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Part |
An Overall Assessment of
Current Models, Data, and Concepts

The panel’s review of current models of teacher supply and
demand and of the supporting data reveals many important
shortcomings. Current models, particularly on the supply
side, are not adequate to address the questions that they
purport to answer or that arguably need answers. Indeed,
lack of explicit consideration of the goals and utility of mod-
els of teacher supply and demand has undoubtedly hindered
their development. Fuzzy concepts and an absence of
agreed-upon terminology have also greatly hampered under-
standing of teacher labor markets and the development of
meaningful projections of teacher supply and demand.

In Part I, we first consider relevant policy questions that
models and data could usefully address. With these uses in
mind, we briefly review the history in recent years of
attempts to measure "shortages" of "qualified" teachers and to
develop models of teacher supply and demand. We then pro-
vide a brief overall description and assessment of current
models, followed by a discussion of conceptual issues relevant
to models that have been the source of much confusion in
the past.

Finally, we discuss the necessity for useful models to
incorporate three major characteristics. The first is behav-
ioral content, by which we mean models of relationships
between variables in the environment and the behavior of
actors in the educational system. An example of a behavioral
component in a model of teacher supply would be the esti-
mated impact of salaries and working conditions on the deci-
sion of teachers to continue or to leave teaching. The sec-
ond major characteristic of useful models is disaggregation by
geographic area and subject field, and the third is quality
measurement.

As background on the scope of the problem, there are
currently about 2.5 million teachers responsible for providing

17
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instruction to 45 million students enrolled in precollege
grades in the nation’s public and private schools. Of the
total number of teachers, 48 percent are teaching in public
school clementary grades, 38 percent in public school second-
ary grades, 10 percent in private school eclementary grades,
and 4 percent in private school secondary grades. (These
figures are based on the latest available data for the 1983-
1984 school year--see National Center for Education Statis-
tics, 1985a:Tables 1.1, 1.8.) The majority of the 1.4 million
elementary school teachers have responsibility for teaching
mathematics and science subjects for some portion of the
class day. Of the other 1.1 million secondary school teach-
ers, 10 percent are estimated to be teaching science subjects
and 11 percent mathematics (National Science Foundation,
1985:Table 6.8).

USES OF TEACHER SUPPLY AND DEMAND MODELS’

Models for projecting teacher supply and demand are sup-
posed to be practical tools for planning and policy. Their
usefulness depends on whether they can provide valid answers
to questions that policy makers or policy analysts are likely
to have.

Today, the most often-heard questions about teacher sup-
ply and demand concern the future supply-demand balance, or
adequacy of supply:

0o Will there be enough teachers in the coming years to
staff the schools? Is there likely to be a general
teacher shortage?

Increasingly, such questions are combined with concerns
about quality:

o Will there be enough certified, qualified, or,
"high-quality" teachers to meet the expected demand?

Frequently, the questions pertain not to teachers in general
but to particular categories of teachers, especially teachers
in "critical" fields believed to be threatened by shortfalls in
supply:

*This section is drawn from the paper prepared for the panel
by Barro (1986:5-7).
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o VWill there be enough science teachers, mathematics
teachers, teachers of special education, teachers of
bilingual education, etc.,, to serve the expected
numbers of pupils in these areas?

Sometimes, questions pertain to particular geographic areas:

o Will there be enough qualified teachers in central
cities, in rural areas, in the fast-growing Sunbelt
states, or, more specifically, in Southern California or
New York City?

To address such questions, one must be able to project
demand and supply in appropriate detail and to assess the
balance between the two.

Questions about future supply and demand for teachers
generally or for particular categories have a somewhat
different focus when asked from the point of view of those
responsible for training, recruiting, or hiring teachers:

o How many job opportunities will there be for new
graduates of teacher training programs, or how many
such graduates will there be to fill the projected
number of positions?

o To what extent can one count on the "reserve pool"--
persons trained and/or certified to teach but not cur-
rently teaching--to meet the projected demand for
teachers? What occupations compete with teaching
for the services of members of this reserve pool?

o How many teachers will it be necessary to recruit
from out-of-state to fill the expected vacancies?

o0 How many teachers may have to be hired under
"emergency” certificates because of a lack of fully
certified applicants?

To deal with such questions requires a capability to project
the supply of teachers from particular sources as well as the
supply in general.

Other policy concerns generate "what if" questions--
questions about the likely effects of various education policy
actions and economic or other external developments on pro-
spective teacher demand, teacher supply, and the supply-
demand balance. For example:
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o0 How would the demand for teachers be affected by
changes in the eclementary-secondary curriculum or in
the course requirements for high school graduation?

o How would a change in the teacher salary scale affect
teacher retention and the supply of new entrants into
teaching?

0 How would new requirements for teacher certification,
such as competency tests or longer periods of train-
ing, affect the supply of new teachers from various
sources?

o How would an improvement in professional job oppor-
tunities outside teaching affect the attrition rate and
the supply of new teachers?

These are clearly the most difficult types of questions to
deal with, since they require a capacity not only to project
demand and supply under the assumption that conditions will
remain constant but also to estimate the effects on the pro-
jections of various changes in circumstances.

The panel recognizes that it is not feasible or even useful
for all teacher supply and demand models to have the capa-
bility to answer the entire list of policy questions outlined
above. Nor is it feasible or necessary for all models to
incorporate the most sophisticated methodology. From a pol-
icy perspective, different kinds of models may be appropriate
depending on whether they are at the school district, state,
or national level and what the perceived needs or policy
alternatives and relevant time horizons are at each level.
The panel discusses the issues of level of aggregation and
the implications for model development in the section below
on basic characteristics of useful models.

We note that the objectives of the models that we
reviewed are often not at all clear and that, moreover, docu-
mented uses of the projections from these models are rare
(see discussion in Part III). As best we can tell, current
models appear to have limited uses. The national model
maintained by the Center for Education Statistics is designed
to provide teacher supply and demand projections that can
assist the education policy process at the federal level and
inform the higher education community and young people
regarding carecer prospects in the field of teaching. The
Center’s model does not at present purport to provide infor-
mation that would help answer questions about supply-demand
balances in particular regions of the country or particular
subject fields. Similarly, the models and analyses of teacher
supply and demand developed by state education agencies
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appear often to have limited objectives, such as assessing the
employment prospects for graduates of in-state teacher train-
ing programs or identifying subject fields with "critical
shortages." However, models designed with such limited
objectives in mind are greatly circumscribed in terms of the
insights they can provide into important issues of public pol-
icy.

RECENT EFFORTS TO MEASURE "SHORTAGES" OF
"QUALIFIED" MATHEMATICS AND SCIENCE TEACHERS

Initial efforts in this decade to measure teacher shortages
relied on qualitative measures based on opinions of state
administrators and teacher placement officers. For example,
Howe and Gerlovich (1982) asked state science supervisors
and teacher certification directors to assess supply and
demand for secondary school science and mathematics teach-
ers in their state on a five-point scale from 1, surplus, to 5,
critical shortage: about 44 state authorities reported short-
ages or critical shortages of math, physics, and chemistry
teachers. A more recent survey conducted by the Education
Commission of the States (Flakus-Mosqueda, 1983), using sim-
ilar methods, found that only 38 states reported shortages in
either mathematics or the physical sciences. Some of the
most populous states in the East and Midwest did not report
shortages. The latest survey of teacher placement officers
conducted by the Association for School, College and Univer-
sity Staffing (Akin, 1986) reported generally widespread
shortages across the country of mathematics and physics
teachers, but greater variation for chemistry teachers--short-
ages in the latter category were most severe in New England
and least severe in the Far Northwest. However, it is not
possible to use these kinds of opinion data in any way other
than to supplement results based on more rigorous measure-
ment methods.

The Center for Education Statistics took another
approach to the measurement of shortages. Its surveys of
Teacher Demand and Shortage conducted in 1979-1980 and
again in 1983-1984 (National Center for Education Statistics,
1982; Gilford and Tenenbaum, 1985) asked school administra-
tors to identify openings by subject area in the previous
spring that had not been filled by the fall. In both survey
years, the results showed very few shortages in mathematics
or science fields (less than 1 percent overall).

However, the definition of shortage used in these
surveys--unfilled vacancies--does not take into account the
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universal preference on the part of school systems to hire
someone to teach a class rather than to cancel it. Many
states do not have laws or policies restricting "out-of-field"
teaching--that is, teaching classes for which one is not cer-
tified. Other states permit teachers to teach one or two
classes out of ficld. Yet other states permit emergency cer-
tification of applicants if a teacher with the needed subject
certification is not available. Hence, school systems can
make supply equal demand by changing the definition of a
"qualified" applicant. The positions filled by uncertified or
otherwise unqualified persons would not appear in the meas-
ures of shortage developed from the Center’s surveys, even
though meaningful measures of supply and demand need to
specify the important dimension of quality.

The Center for Education Statistics and a number of state
education agencies have developed models that attempt to
project teacher supply and demand and the supply-demand
balance. The Center developed its model in the mid-1960s.
Currently, the model generates high, intermediate, and low
projections year-by-year for 10 years into the future; the
projections are updated every 2 years. Roughly speaking, the
Center’s model compares projections of the year t+1 demand
for new classroom teachers, defined as the number of open-
ings that result from the attrition of year t teachers
adjusted for enrollment and teacher-pupil ratio changes, with
the supply of new college graduates who received teacher
training. The model is not disaggregated cither by geogra-
phic area or subject field. The latest projections for 1992-
1993 (National Center for Education Statistics, 1985b) indicate
that demand for additional teachers could exceed the supply
of new graduates nationwide by as much as 133 percent or
that supply could exceed demand by as much 20 percent,
depending on which assumptions the user considers to be
most realistic at the time.

State efforts to model teacher supply and demand some-
times incorporate separate projections by locality or by sub-
ject area, particularly fields such as mathematics and science
that are viewed as critical shortage areas. In other respects,
state models bear many similarities to the Center for Educa-
tion Statistics model, typically comparing projections of the
demand for new teachers with the supply of graduates of in-
state teacher training programs.

There are many deficiencies in concepts, methodology, and
data in both the Center and the state models, which are dis-
cussed in detail in the next section. The concepts of supply,
demand, and shortage embedded in the models are problem-
atic. For example, not all new graduates of teacher training
programs are in the new teacher supply, as some proportion
do not apply for certification or a teaching job. There are

Copyright © National Acad&MY of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18897

Toward Understanding Teacher Supply and Demand: Priorities for Research and Development
http://www.nap.edu/catalog.php?record_id=18897

An Overall Assessment 23

also many other sources of supply, such as persons with
teaching experience who are on leave. The models employ a
methodology that is relatively simple and mechanical in
nature and does not incorporate behavioral components, such
as supply responses to changes in salary schedules or other
policy initiatives. Data for key model components, such as
the turnover rate of the current teaching force, are often
lacking in stratification by important variables, such as
teaching experience, or are out of date.

Current models also handle poorly the dimension of
teacher qualifications, which is as important a matter for
public concern as the numbers of available teachers. The
Center for Education Statistics model implicitly assumes that
all continuing teachers and new graduates of teacher training
programs, which constitute the supply components in the
Center’s model, are qualified. Some state models look at
qualifications in terms of appropriate subject certification.
Many estimates of shortages have incorporated estimates of
out-of-field teaching, which in mathematics and science areas
have been high. For example, analysis of data from a 1981
NCES survey indicated that only 53 percent of new mathema-
tics and science teachers one year out of college were sub-
ject certified. The percentage with appropriate certification
was higher (73 percent) for those teachers primarily teaching
mathematics or science (Rumberger, 1985).

Although shortage estimates that incorporate measures of
qualifications are a definite improvement over estimates that
do not, a major drawback of estimates based on certification
is that the level of qualifications or competence to teach
implied by certification is hard to assess and in any case
varies greatly across the nation. As of 1983, only 8 percent
of the states required a major in mathematics or science for
certification to teach these subjects at the high school level,
and only about another 22 percent of states required as many
as 30 credit hours (Raizen and Jones, 1985:Table 7).

It is certainly possible to collect more nearly comparable
measures of teacher qualifications, such as percentage with a
college major in their subject. Some studies have used as a
measure the Scholastic Aptitude Test (SAT) scores of college
students planning to enter teaching or the scores of teachers
in specific states (Vance and Schlechty, 1982a; Weaver, 1978).
Each measure one could suggest is subject to its own ques-
tions of interpretation (for example, college students who
plan to enter teaching are not the same group as those who
actually do). There is also the difficulty that data on alter-
native measures are not generally available nationwide for all
components of teacher supply, but are available for only
some components, some areas, and some points in time.
There remains an even more fundamental problem. Ideally,
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measures of qualifications should be good predictors of the
quality or effectiveness of teaching. Unfortunately, the
research literature on the relationship of teacher characteris-
tics to educational outcomes (see the section below on basic
characteristics of useful models) does not support the selec-
tion of specific measures on this basis.

OVERALL ASSESSMENT OF CURRENT MODELS

In general, the panel finds that current teacher supply and
demand models at all levels are deficient in their ability to
address important policy needs, even when measured against
the apparently limited uses that the models are intended to
serve. Current models are in most respects reasonably ade-
quate on the demand side but in almost all respects totally
inadequate on the supply side. We summarize the strengths
and weaknesses of current models of teacher supply and
demand below.

Demand Models

The central feature of the demand models that we have
examined, both in the Center for Education Statistics
national model and in most state models, is that demand is
driven by enrollment projections plus an arbitrary assumption
(sometimes adjusted for trends) about pupil-teacher (or
teacher-pupil) ratios. Enrollment projections are typically
based on a combination of projected births and historical
analysis of birth cohort-to-grade survival and grade-to-grade
retention ratios. These enrollment projection techniques,
while completely mechanical, have a reasonably good track
record, particularly for short-term projections (see Part
II:Tables 1, 6).

However, the demand models and underlying methodology
have important weaknesses. The reliance of the models on
projection of current or historical trends means that any
important change in behavior will make the projections
increasingly unreliable. Changes in population fertility and
migration, in parental preferences for private versus public
schooling, and in school system policies and practices will
affect teacher demand at all grades. In addition, changes in
dropout rates and in choice of courses will affect demand at
higher grades. Thus, the cohort-survival rates need to be
checked periodically for validity.
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From a policy perspective, one key problem is the lack of
disaggregation needed to answer many of the most important
questions being asked about teacher supply and demand today.
Almost all the models that we have examined project demand
for eclementary and secondary school teachers separately, but
they less commonly disaggregate by geographic area or sub-
ject field. The Center for Education Statistics model pro-
duces national total projections. About half the state models
we analyzed disaggregate by substate area, typically coun-
ties--not necessarily the most useful representation of

- intrastate teacher labor markets. About half the states (not
the same half) disaggregate by subject field, such as mathe-
matics, science, foreign languages, etc. The technique used
to develop subject-specific demand projections is to assume
that historical proportions of teachers by field will hold for
the future.

The projection methodology is not well suited to support
model disaggregation. Historical analysis of grade-to-grade
retention ratios, for example, does not distinguish between
the effect of dropouts and the effect of net migration. By
grade level, standard methods are least adequate for pro-
jecting secondary school enrollments, which in total are
influenced by changes in dropout rates and in specific sub-
ject areas by many behavioral and school system factors.

A complicating problem is that demand models generally
deal only with the public school sector. (This is true of all
the state models that we examined; the Center for Education
Statistics model develops separate private and public school
demand projections.) Where private school enrollments are
an important component of the total, switches between public
and private schools need to be incorporated into demand
models for public schooling. The statistics for private school
enrollments are substantially weaker than those for public
school enrollments.

Supply Models

The situation is much less satisfactory on the supply side.
Supply can be thought of as consisting of two major compon-
ents--continuing teachers and new entrants. The latter com-
ponent in turn comprises several categories.

The most important element of teacher supply during year
t+l is the retention of people teaching during year t: to
obtain that element of teacher supply, all we need to know
is the attrition or turnover rate between years t and t+l.
The method typically used in current models involves use of
a single assumption about attrition rates, sometimes adjusted
for trend and sometimes not. In the case of the Center for
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Education Statistics model, moreover, the attrition rate in
the intermediate set of projections is based on survey data
that are more than 15 years old. In some state models, this
component of supply is handled in a much more satisfactory
way (see Part III), since forecasts of turnover arc based on
differential attrition rates for teachers in different age or
experience categories and in different subject fields. (Evi-
dence from these states shows that, as the teaching stock
ages, the average attrition rate will change. Interestingly,
attrition rates in these states for teachers of science and
mathematics subjects are not noticeably different from rates
of teachers in other fields. See Part III:Tables 4, 5.)

The more difficult part of modeling teacher supply con-
sists of predicting the potential willingness to teach of peo-
ple who were not in the teaching force last year. We have
labeled all sources of teacher supply other than continuing
teachers as "new entrants." Major categories under the new
entrant heading include newly certified persons, persons with
previous teaching experience and certification (i.c.,
reentrants), and persons hired through some alternative or
emergency certification procedure. These categories can be
broken down into yet finer components: newly certified grad-
uates of teacher training programs; newly certified graduates
with other majors; experienced teachers who were on leave
or layoff; experienced teachers who resigned for long-term
health reasons or to enter other careers, including homemak-
ing; in-migrants, that is, teachers who were teaching last
year but not in the particular jurisdiction or subject field for
which the model is being estimated; persons who were teach-
ing as substitutes; etc. In some states, virtually any college
graduate, whether or not they have teaching certification or
experience, can be in the supply of new entrants; these
states permit certification on the basis of testing, permit
hiring on an emergency certification basis, or use an appren-
tice teaching program.

The sources of new entrants listed above consist of dif-
ferent components that can be expected to behave in very
different ways. For example, teachers on maternity or health
leave during year t or laid off and expecting to be called
back can plausibly be expected to return to the teaching pool
in year t+l at relatively high rates; teachers who are newly
certified and in the job market during the last few years and
who for one reason or another did not obtain teaching jobs
can be expected to remain in the teacher supply pool with
relatively high probability; teachers whose credentials are
older and who have been out of the teaching market for sev-
eral years have a lower probability of being in the pool;
while people with teaching certificates who have followed a
completely different career trajectory for many years have a
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much lower probability of being in the supply pool. In some
states, as we noted above, everyone with a bachelor’s degree
is potentially in the supply pool with some--arguably low--
probability.

Virtually none of the state models nor the Center for
Education Statistics model provides what we regard as a ser-
ious analysis of the contribution of these various types of
potential teacher supply. Most of the models ignore every-
thing in this area but newly certified teachers or some
equivalent. The Center’s model limits projections of new
entrants to new graduates of teacher training programs.
Other definitions that are used in state models include stu-
dents enrolled in the state’s education programs and newly
certified persons.

The California PACE model (Cagampang, Garms, Green-
span, and Guthrie, 1985) represents the most ambitious effort
we have seen on the supply side, with projections of the
supply of new entrants from four sources: (1) new or recent
graduates of California credential programs, (2) new creden-
tial holders from out of state, (3) teachers entering from the
reserve pool of nonteaching credential holders, and (4) col-
lege graduates who pass the California Basic Educational
Skills Test and obtain emergency credentials. However,
because of inadequate data sources and the lack of knowledge
of the supply behavior of the various new entrant compo-
nents, the PACE model relied largely on extrapolations of
historical hiring patterns in the state, which are not the
same as projections based on supply relationships.

In stark contrast to the restricted definitions of new
entrants used in most models, descriptive statistics in many
states indicate that a substantial fraction of new hires do
not consist of newly certified teachers, but of teachers that
fit into some other category. For example, less than 30 per-
cent of new hires of mathematics and science teachers in
New York State were new certificate holders; the correspond-
ing figure in Illinois is 40 percent (see Part III). These and
similar figures from other states underscore the need to
obtain data on all of the components that make up new
teacher supply.

Overall, it is the panel’s view that current models of
teacher supply and demand are of very limited usefulness for
education policy and consist of little more than plausible
extrapolations of relationships that are largely based on
cohort survival techniques on both the demand and the sup-
ply side. None of the models has any serious behavioral
content--i.e., on the relationship between changes in circum-
stances and changes in the numbers and kinds of people
interested in obtaining teaching positions or in the numbers
and kinds of teachers demanded by school systems.
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As we noted ecarlier, current models generally fail to deal
with a critical component of teacher supply and demand--the
quality or qualifications that school systems look for in
teachers and that characterize persons who apply for teach-
ing positions. Where models do consider this component, the
definition of a qualified teacher is equated with certification.
While certification may be a reasonable measure of qualifica-
tions from the perspective of a single state (in particular a
state that restricts emergency certification), certification
requirements vary too greatly among states to permit mean-
ingful comparative analysis.

We discuss at greater length in the section on basic char-
acteristics of useful models issues surrounding the need for
behavioral modeling and the measurement of quality. Our
recommendations in Part II include both short-term and long-
term goals for improvement in models of teacher supply and
demand and associated data series. We identify components
of current models for which immediate improvements in
methodology and supporting data are feasible and desirable,
and we outline an agenda for further research. The research
program is ambitious but essential to support the development
of models that are fully adequate and useful for policy.

UNDERSTANDING CONCEPTS OF
TEACHER SUPPLY AND DEMAND"

In economics, "demand” and "supply” refer to relationships,
not numbers. The demand for teachers is a relationship
between the number of teachers school systems want to
employ and such determinants of that number as the salaries
that must be paid for teachers and levels of funding for the
schools. The supply of teachers is a relationship between
the number of (eligible) persons willing to offer their serv-
ices to teach and such factors as the salaries and working
conditions offered by school systems and the alternative
opportunities available in other lines of work. School sys-
tems are likely to demand more teachers if their funds are
plentiful and fewer teachers if funds are tight. More people
are likely to offer to teach if salaries are high and working
conditions favorable. Consequently, any projection of num-
bers of teachers demanded or supplied must be conditional--

*This section is drawn from the paper prepared for the panel
by Barro (1986:14-24).
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implicitly, if not explicitly--on certain assumptions about
future conditions.

Current projection models maintained by the Center for
Education Statistics and state agencies do not incorporate
explicit assumptions about future salaries, funding levels, and
other conditions; nevertheless, such assumptions are implicit
in the projections. But what assumptions are they? The
most plausible answer is that the indefinite continuation of
current conditions or of trends in conditions is assumed. It
is essential to keep these implicit assumptions in mind in
interpreting the projections and especially in assessing any
supply-demand imbalances that the projections seem to imply.

An important issue bearing on the validity and proper
interpretation of projections is the relationship of demand or
supply to the actual number of teachers employed. In gen-
eral, one cannot assume equality among the three, as in
textbook models of supply and demand. The latter models
apply to markets for well-defined homogeneous commodities,
like red wheat number 2, for which price acts as a ready
mechanism for adjustment of supply and demand. In the
teacher market, adjustment processes are slow, especially on
the supply side, and a supply-demand imbalance can persist
for many years. Morcover, the adjustment process frequently
operates by changing the definition of the "commodity," i.e.,
the qualifications and other characteristics of teachers.
Hence, in any given year, actual employment equals the less-
er of quantity demanded or quantity supplied. If school sys-
tems demand fewer teachers than are willing to supply their
services (under prevailing salaries, working conditions, etc.),
then only the number demanded will be hired--a condition of
excess supply. If fewer teachers apply than are wanted, only
the number supplied can be employed--a condition of excess
demand.

But this apparent symmetry between excess supply and
excess demand is misleading. For many years, the teacher
market, nationally, and in many states, has been character-
ized by excess supply (the long-running "teacher surplus").
Consequently, it is reasonable to assume that the aggregate
number of teachers employed in a state or in the nation
approximates the number of teachers demanded. This rough
equivalence between the number of teachers demanded and
the number actually employed is essential to the validity of
demand projection models. Invariably, such models project
employment rather than demand per se. The implicit assump-
tion is that current and historical teacher-pupil ratios reflect
the number of teachers per pupil demanded. If this were not
true, if the observed teacher-pupil ratios fell short of the
desired ratio because of insufficient supply, projections based
on them would not be demand projections at all but rather
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projections of supply. Hence, the validity of the demand
component of the models rests on the assumption that cur-
rently, or during the historical period on which the projec-
tions are based, there was cither a supply -demand balance or
a condition of excess supply.

The assumption of excess supply is less likely to hold for
particular types of teachers than for teachers in the aggre-
gate. Today, we hear frequently that there is excess demand
for teachers in such fieclds as mathematics and science. It
may well be that instead of hiring underqualified persons to
staff classes in these fields, school systems reduce their
hiring to match the qualified supply and reduce their course
offerings to match. If so, it is incorrect to project future
demand for mathematics and science teachers on the basis of
current employment in those fields. For example, if the
number of science teachers currently demanded were 5 per
1,000 high school students, but the actual number employed
were only 4 per 1,000 because of a lack of qualified appli-
cants, it is the former ratio rather than the latter that
should be used to estimate future demand. Admittedly, this
prescription is hard to implement, since the actual teacher-
pupil ratio is directly observable, while unfilled demand is
neither observable nor readily inferred. Nevertheless, the
issue is unavoidable: one cannot logically project demand on
the basis of current employment in a field already character-
ized by excess demand.

The same argument has even more troubling implications
for projections of supply. In a situation of excess supply,
current employment falls short of supply and, furthermore,
the number of newly hired teachers each year falls short of
the supply of applicants for teaching positions. How then
can one project supply? The problem is that in the excess-
supply case, the supply of teachers--the number that would
have been willing to take jobs had openings been available--
is not directly observable. Consequently, none of the simple,
mechanical techniques of extant projection models is applica-
ble. Teacher supply must be inferred indirectly rather than
merely extrapolated, but such inference requires methods far
more sophisticated and far more demanding of data than any
currently employed.

These considerations explain why there is such evident
confusion about what one should project under the heading
of "supply." To produce valid supply projections, one would
have to estimate, or infer, how many people would have been
available to take teaching jobs at prevailing salary rates and
employment conditions had there been no limit on employers’
willingness to hire. Such estimation requires statistical
models of teacher behavior, in which willingness to apply for
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teaching jobs is linked to both job characteristics and char-
acteristics of the teachers themselves.

Recently, several constructive steps have been taken
toward the development of such models. In recent studies by
Douglas and Bird (1985), Manski (1985), and Zarkin (1985),
and in an earlier British study by Zabalza (1979), statistical
relationships have been demonstrated between individuals’
decisions to go into teaching and a number of personal and
occupational characteristics, including the rewards in teaching
relative to rewards in other occupations.’ There is also a
relevant literature from studies of occupational choice in
other fields (see, for example, the work of Freeman (1975) on
lawyers). Teacher supply behavior is not a unique phenome-
non, and work on understanding the decision to go into
teaching can benefit from behavioral analyses of choices of
other occupations.

In any case, much remains to be done to bridge the gap
between models of individual behavior and models of the sup-
ply of teachers to a state or district. Until this is accom-
plished, true supply models and supply projections are beyond
the state of the art.

What then is one to make of the so-called projections of
the supply of new entrants into teaching found in some cur-
rent supply and demand models? Recall that such projections
are constructed by applying current or extrapolated entry
rates to projected numbers of new graduates of teacher
training programs and, less frequently, to projected numbers
of persons in the "reserve pool." But according to the fore-
going argument, current and recent entry rates reflect
demand rather than supply, and hence projections based on
them cannot reasonably be construed as projections of supply.
For example, the fact that only 30 percent of recent gradu-
ates of teacher training programs may be observed to enter
teaching does not imply that only 30 percent were in the
supply. The percentage willing to supply their services
(under prevailing conditions) could have been 50 percent, 75
percent, or more; there is no way to know from data on the
number of entrants alone. To project supply, one would have
to estimate the percentages of new graduates or reserve pool
members who would have entered teaching had there been no

*An earlier model developed by Carroll and Ryder (1974)
linked the supply of newly trained teachers, with a lag, to
the supply-demand balance in the teacher market. This
model, unlike extant mechanical models, correctly predicted
the tighter market for teachers that has developed in recent
years.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18897

Toward Understanding Teacher Supply and Demand: Priorities for Research and Development : Interim Report
http://lwww.nap.edu/catalog.php?record_id=18897

32 Teacher Supply and Demand

scarcity of positions, but this cannot be accomplished with
the models, methods, and data at hand.

Teacher Shortage

"Shortage” is a most overused and abused term in discussions
of teacher supply and demand. An imminent shortage is
likely to be proclaimed whenever a projection of the number
of teachers supplied is found to be smaller than a corres-
ponding projection of the number of teachers demanded.
Frequently, however, the so-called supply projections in these
comparisons are not supply projections at all, for reasons
discussed above, or the supply projections are incomplete,
pertaining only to certain components of total supply. The
Center for Education Statistics, for example, has often com-
pared the projected demand for new teachers with the pro-
jected number of new graduates of teacher training programs
and, finding the latter smaller than the former, has warned
of a shortage.’ Some state analyses have done the same.
We know, however, that newly trained teachers often make
up only a minor fraction of the annual flow of new entrants
into teaching (see, e.g., Prowda and Grissmer, 1986; Illinois
State Board of Education, 1985b; and Cagampang, Garms,
Greenspan, and Guthrie, 1985).

A more fundamental problem with predictions of shortage
is that they usually take no account of adjustment processes
in the teacher market. What does it mean to project, as in
the recent California analysis (Cagampang, Garms, Greenspan,
and Guthrie, 1985), a shortage of more than 20,000 teachers
by 1990? One thing it clearly does not mean is that there
will be 20,000 teacherless classrooms in California in that
year. It is generally recognized that adjustments will be
made. Perhaps class sizes will increase or, more likely, the
qualifications or quality standards required of new teachers
will be reduced and/or salaries will rise by enough to gen-
erate the needed additional supply. The problem is that
mechanical projection models, lacking the capacity to take
market adjustment processes into account, predict quantita-
tive supply-demand gaps that one can confidently predict will
not occur. Moreover, these models do not provide the means

*In its more recent discussions of the topic, the Center notes
that new graduates are only one source of supply and
acknowledges the role of the reserve pool, but it persists in
its data tables in characterizing the projected number of new
graduates as "supply" and expressing it as a percentage of
projected demand (see, e.g., Moore and Plisko, 1985).
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to evaluate supply responses to specific kinds of policy initi-
atives on the demand side, such as changes in salary levels
or certification requirements.

This is not to imply that there are not and can never be
teacher shortages defined in constant quality terms. Markets
do not adjust instantancously, and there are institutional
impediments to some of the adjustment mechanisms. For
example, when too few new teachers apply who are qualified,
school systems may not be free to raise salaries quickly or
to take other measures to attract additional qualified appli-
cants. It is quite possible, therefore, for supply-demand gaps
to emerge, particularly within fields such as science and
mathematics, in the sense that not all classes are being
taught by persons with a specified level of qualifications.
Nevertheless, in the long run, markets do adjust, and models
that make no allowance for adjustment are unlikely to pro-
duce valid supply, demand, or shortage estimates.

The Reserve Pool and the Dynamics of Supply

Recent studies of teacher supply and demand have given
increasing attention to the reserve pool as a source of sup-
ply. This is a positive development in that it corrects for
the excessive emphasis formerly placed on the supply of new
graduates of teacher training programs. Yet the reserve pool
concept is itself too narrow and static, and it reinforces an
overly restrictive view of potential sources of future teacher
supply.

The reserve pool is usually defined as the stock of per-
sons certified to teach but not currently employed as teach-
ers. This suggests a finite, clearly bounded inventory of
potential teachers. That inventory is replenished by new
graduates who do not immediately enter teaching and by for-
mer teachers who leave teaching; it is depleted as members
take teaching jobs or as they move away, retire from the
labor force, or die; conceivably, it could even be exhausted.
But this definition ignores two important phenomena: first,
people outside the system can become certified without
undergoing conventional teacher training; second, prior certi-
fication is not always a prerequisite for obtaining a teaching
job.

Access to teaching positions is potentially open to a
broader segment of the population than the reserve-pool con-
cept implies. Today, it is not necessary in all states to com-
plete a multiyear undergraduate training program to become a
teacher. In California, anyone with a bachelor’s degree who
completes one year of teacher training and passes a test can
be certified to teach. Therefore, although the California
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reserve pool today is fixed in size, the reserve pool two
years from now is effectively unbounded. The notion of a
fixed inventory does not apply. The relevant question,
therefore, is not how many reserve teachers are currently in
the inventory but how many would join the ranks of the cer-
tified in the future if conditions were right.

It should also be recognized that it is possible to enter
teaching without first joining the certified pool. In Califor-
nia in 1984-1985, 30 percent of all new teachers entered
under "emergency” certificates, issued on the basis of dis-
trict-attested need. To be sure, this percentage is atypically
high, and many states’ rules limit emergency certificates
tightly. However, New Jersey has recently institutionalized
"alternative certification” without the “"emergency" label,
allowing holders of noneducation bachelor’s degrees to
become fully certified after a one-year teaching internship.
Moreover, even where the rules appear restrictive, they are
likely to be relaxed if and when shortage conditions materi-
alize. Thus projections need not be restricted to the
already-certified stock.

More generally, a model that purports to project teacher
supply 5, 10, or more years into the future should be based
on a dynamic concept of supply. The notion that teachers
must be drawn from a pool of certified persons, expandable
only by graduating more young people from teacher training
programs, is far too restrictive. The emphasis should be
redirected to the behavioral question of how many and what
kinds of persons are likely to equip themselves to teach and
offer their services to teach under various market conditions.

BASIC CHARACTERISTICS OF USEFUL MODELS

In considering research and development activities that would
enhance understanding of teacher labor markets and lead to
significant improvements in modeling of teacher supply and
demand, the panel has identified several basic features that
are essential for useful models and analyses. These include
behavioral content, appropriate levels of disaggregation, and
quality measurement. The panel discusses issues involved in
each of these areas.
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Need for Behavioral Responses
in Supply and Demand Models

As we suggested above, existing models are largely mechani-
cal extrapolations based on cohort survival methods or the
equivalent. In no case is there a significant behavioral para-
meter in the model. For example, even though it may not be
easy to demonstrate empirically, no one would quarrel with
the proposition that the supply of new teachers would be
greatly increased if teacher starting salaries and salary scales
were doubled from their present levels. Under such circum-
stances, one could confidently predict that there would be a
great influx of both young and older people seeking teaching
positions. We do not suggest that such a policy response is
plausible. Rather, we assert that knowing how teacher sup-
ply would react to various conditions associated with teach-
ing--salary, work hours, school work environment, prestige,
etc.--must have considerable relevance for developing teacher
supply models that are relevant for policy.

We would note that the Center for Education Statistics
model employs alternative projection assumptions for key
model components, such as population growth and teacher-
pupil ratios on the demand side and attrition rates and pro-
pensities of college students to graduate from teacher train-
ing programs on the supply side. The Center produces high,
intermediate, and low projections of both teacher supply and
demand. However, the pairing of scenarios, such as rising
teacher-pupil ratios with the most rapidly rising enrollments
and constant teacher-pupil ratios with the slowest rising
enrollment, seems motivated more by a desire to form the
widest "best case, worst case" bounds than to establish causal
relationships among the model components. (In the example
cited, rising enrollments have historically been associated
with falling teacher-pupil ratios, as the supply response lags
behind changes in demand--see further discussion in Part III.)
The widely ranging alternative projections provided by the
Center hence do not serve as useful guides for policy and
can in fact be quite misleading. In any case, they are not a
substitute for behavioral modeling.

The importance of having behavioral models that can pro-
vide policy assessment and guidance cannot be overempha-
sized. Consider the discussion by Levin (1985), who asserts
that the presence of significant numbers of unqualified
teachers in mathematics and science fields, based on esti-
mates of out-of-field teaching, is not a new phenomenon but
has characterized these subjects to a greater or lesser degree
since the 1950s. He also asserts that policy initiatives cur-
rently in favor, such as scholarship support or loan forgive-
ness programs to encourage persons to enter or reenter
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teaching fields with shortages, were tried in the post-Sputnik
period but had very little demonstrable impact on the quali-
fications of the mathematics and science teaching force. In
his view, the problem lies in the lack of differential salary
schedules for shortage subjects and also compensation sys-
tems that generally cap teachers’ salaries relatively early in
their careers. Whether or not Levin is correct in his assess-
ment of the effects of alternative policies, his argument
underscores the point that better knowledge of the operation
of teacher labor markets and the capability to model supply
response to policy initiatives are needed for governments at
all levels to be able to develop cost-effective programs for
augmenting the supply of qualified teachers.

There has been very little research on what motivates the
choice of a teaching career or the decision to return to the
teaching force of nonpracticing teachers. Given the lack of
knowledge about the variables that influence these decisions,
we are not in a position to make detailed recommendations to
the Center for Education Statistics or state education
agencies for data collection that would permit behavioral
modeling of teacher labor markets. The search for such
behavioral relationships is clearly in the category of a
research agenda that needs to be formulated rather than a
well-defined set of statistics that need to be collected. An
important feature of building behavioral responses into supply
and also some demand components of teacher models is, as
we just noted, that it is precisely in the behavioral compo-
nent that public policy can influence both the quantity and
quality of people in the teacher supply pool. Although it is
nothing more than a commonplace, it needs to be emphasized
that the supply of qualified teachers relates directly to the
attractiveness of teaching careers.

Aggregation Issues

Some teacher markets are basically national markets for
which one would model supply and demand phenomena at a
national level. This is clearly true of the teacher markets
for the major research-oriented universities--the Ivy League
schools, the major public institutions, etc. But as one goes
below national research universities, teacher labor markets
are more apt to be regional than national, and at the precol-
lege level may be largely local rather than regional. School
districts can and do respond to shortage situations by
expanding their normal area of recruitment and actively
seeking teachers from other areas. However, it appears to
be rare for districts to expand their recruitment efforts very
far beyond their own state or neighboring states.
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It is clear, moreover, that precollege teacher labor mar-
kets vary widely in both supply and demand characteristics
from state to state--contrast the declining demand and ade-
quate supply of teachers in New York and Illinois with the
rising demand and the need to rely on migration from other
states in Florida. (In 1984-1985, in-migrants acccounted for
65 percent of new applicants for certification and 35 percent
of new hires in Florida--see Part III.) Markets also differ
within states in many instances--for example, the Chicago
district faces a very different set of problems in recruiting
teachers than do downstate districts in Illinois, while the
same is true comparing rural districts in eastern Oregon with
urban and suburban districts along the Oregon coast.

Hence, for understanding teacher supply and demand issues
at the precollege level, it seems reasonable that we should be
concerned more about models of supply and demand at the
state level than about models of national supply and demand,
and perhaps even about models of supply and demand for
substate markets. Since policy about precollege education is
made largely at the level of states and localities rather than
at the national level, that provides additional reason to be
concerned with developing state and local models rather than
expending efforts on developing a more sophisticated national
model.

In addition to geographic disaggregation, policy considera-
tions strongly support the need for models that are
subject-specific. Many questions being asked today are not
about the overall teacher supply-demand balance, but about
the situation for specific fields, including mathematics and
science (and other fields such as bilingual education). Dis-
aggregating models by subject may well be a taller order
than incorporating geographic disaggregation, entailing many
more problems of data and methods, yet the need is at least
as great.

Policy makers could benefit from information on teacher
supply and demand for broad categories of mathematics and
science at the high school level (grades 10-12 in some states
and 9-12 in others). In addition, disaggregation by subject
would be useful for middle school grades (7-8 or 7-9) in
about half the states. These states organize classrooms for
middle school grades by subject and train and certify middle
school teachers accordingly. Other states organize their mid-
dle school grades similarly to elementary grades, in that the
same teacher handles several subjects and receives a broad
certification.

Closely tied to the question of appropriate level of aggre-
gation is the treatment of migration in teacher supply and
demand models. In national models, the relevant migration is
to the United States from abroad or from the United States
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to other countries. But in a model of school district supply
and demand, migration includes movement from district A to
district B as well as the reverse flow. And in the context of
the particular focus of this panel--precollege instruction in
mathematics and science--migration of teacher supply should
also be defined to include migration across subject fields and
across levels (clementary, middle school, secondary). For
example, teachers who were trained in English but are teach-
ing mathematics or science can be thought of as migrants
from one discipline to another, and a thorough understanding
of the quality of mathematics and science teaching needs to
be able to comprehend migration of that sort.

Quality Measurement Issues

Information on the quality of the teaching force providing
precollege instruction in mathematics and science is important
to include in descriptive profiles of teachers and in time ser-
ies for monitoring changes in teacher characteristics. Infor-
mation on quality is also central to the proper modeling of
teacher supply and demand.

Perhaps the best way to illustrate the importance of qual-
ity measurement is to note that one common way of thinking
about shortage or surplus of mathematics and science teach-
ers is to ask whether mathematics and science courses are
being taught by someone. When demand exceeds supply,
unless schools take the drastic step of canceling course
offerings or the cquivalent, the adjustments between the
number of mathematics and science teachers demanded and
the number of mathematics and science teachers supplied will
be taken up by changes in quality--people will be induced to
teach mathematics and science courses who are relatively
untrained to do so. But there will be no supply-demand
imbalance in numerical terms; rather, supply and demand will
be equated by way of adjusting quality. Indeed, a major
focus of this panel’s concern is not whether there will be
sufficient teachers of mathematics and science to enable such
courses to be taught in the future, but whether and under
what circumstances it will be possible to maintain the quality
of mathematics and science teaching at acceptable levels.

We discuss at some length below the difficult and conten-
tious issues in measuring the quality of precollege mathema-
tics and science teachers. Our discussion specifically notes
that practically one can at best measure only the gqualifica-
tions of teachers rather than their quality in terms of dem-
onstrated effectiveness in educating students in the class-
room.
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Relationships of Qualifications to Outcomes

It seems obvious that desired measures of teacher qualifica-
tions are those that relate to teacher "quality” or "effective-
ness." Unfortunately, the extant literature does not indicate
strong relationships of measurable qualifications with educa-
tional outcomes such as student performance on standardized
tests. From the available studies, summarized in a compre-
hensive literature review by Darling-Hammond and Hudson
(1986:24-32), it appears that the following teacher character-
istics exhibit some positive relationship (often weak) to stu-
dent performance:

o Verbal ability;
0 Number of math credits (for math teachers);

o Educational background in science, particularly for
science teachers in higher grades;

0 Recent (particularly voluntary) educational experience;

o Active involvement in professional organizations
(based on one study);

o Years of teaching experience; and

o Positive attitudes toward teaching, flexibility, and
enthusiasm.

Other measures, such as IQ, National Teacher Examination
(NTE) scores, and various measures of subject knowledge,
have not shown any relationships to outcomes. Another com-
prehensive review of the literature by Blank and Raizen
(1985) provides the same picture, but point outs a number of
problems with the research to date on teacher effectiveness
that preclude using the study results to justify choice of
teacher qualifications measures:

0 The degree of variation in the independent variable
(e.g., NTE scores) is often so small that no effect on
outcomes is measurable;

o Most studies have not included teachers with emer-
gency certificates or low levels of training in the
field in which they were teaching, so that strong
relationships to outcomes of measures such as extent
of subject preparation would be unlikely to result; and
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o Most studies have used student achievement tests as
the sole measure of outcomes. The tests themselves
may not relate to the goals of the students’ courses;
moreover, other measures such as attitudes toward
science or math might show different results.

Darling-Hammond and Hudson note that another problem
with much of the teacher effectiveness literature is the
failure to include mediating school and school system varia-
bles. The literature on effective schools has found that
characteristics of the school and school system have consid-
erable impact on student outcomes, both directly and through
their effects on teachers’ behavior and attitudes. For exam-
ple, resecarch has found that the presence of a collegial
environment in which teachers have time and are encouraged
to interact with colleagues in subject departments is bene-
ficial for effective teaching (see discussion in
Darling-Hammond and Hudson, 1986:41-55).

Finally, a recent review by Hanushek (1986) of 147 studies
that correlate educational system “inputs®" such as school
expenditures and teacher characteristics with student
achievement "outputs” confirms the picture outlined above.
Hanushek states (p. 1162) that "the results are startlingly
consistent in finding no strong evidence that teacher-student
ratios, teacher education, or teacher experience have an
expected positive effect on student achievement." For exam-
ple, of 106 studies that included measures of teacher educa-
tion, 32 found positive correlations with student achicvement,
but only 6 of these were statistically significant, while 37
found negative correlations, and the remainder had unknown
signs. The results were only marginally stronger for meas-
ures of teacher experience.

In contrast, Hanushek states that the results of studies of
the overall impact of teachers, based on comparing the aver-
age performance of groups of students who differ only in
their teachers, and similar studies of schools, are "unequivo-
cal: teachers and schools differ dramatically in their effec-
tiveness" (p. 1159). The problem is that the readily observ-
able measures of teacher characteristics that have been
available have not been found to correlate systematically with
the various attributes or skills that distinguish effective from
ineffective teaching.

Characteristics of Useful Teacher Qualifications Measures
Our charge includes a task to recommend measures of teacher
qualifications, particularly for mathematics and science fields,

that can be incorporated in models and statistics on teacher
supply and demand. The absence of a research base makes
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this a very difficult mandate. Yet there is a pressing need
to have available nationally representative time series that
will permit monitoring the state of the teaching force on the
vital dimension of quality. In Part II, we outline a research
agenda directed to providing a sounder footing for identifying
meaningful measures of qualifications. In addition, drawing
on our collective judgment, we offer a few recommendations
for measures to include in ongoing data collection efforts by
the Center for Education Statistics and possibly state educa-
tion agencies. We list below a number of attributes that we
believe generally characterize useful measures of teacher
qualifications, acknowledging that such measures are not
necessarily related to teacher effectiveness in the classroom.

(a) The measures should be feasible and relatively inex-
pensive to collect. Operationally, this probably means that
the measures should be obtainable ecither from administrative
record systems and/or from surveys using conventional ques-
tionnaires administered via mail or telephone. Measures that
involve classroom observation, for example, probably would
not be feasible in terms of cost.

(b) The measures should be comparable across school sys-
tems and political jurisdictions. In other words, the meas-
ures should not have one meaning in state A and a different
meaning in state B. Hence, measures limited to certification
are not satisfactory because of the great variation in certifi-
cation requirements among the states.

(c) Measures should be obtained for all components of
teacher supply, with somewhat different sets of measures
developed for experienced compared with newly trained
teachers. As we have discussed previously, major components
of teacher supply include persons newly certified to teach;
continuing teachers who were employed last year; and persons
with teaching experience who did not teach last year for one
or another reason. For experienced teachers, in contrast to
those newly trained, it is desirable to develop measures not
only of preservice preparation but also of continued commit-
ment and learning.

(d) The set of measures should be more extensive for mid-
dle and secondary school compared with elementary school
teachers. Different criteria clearly are relevant for assessing
the competence of teachers who are responsible for all sub-
jects at elementary levels than for those who teach only one
or two subjects at more advanced levels. It is important to
obtain broad measures for elementary school teachers of their
qualifications for teaching mathematics and science--lifelong
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attitudes toward these subjects are often established at this
level (Eccles and Hoffman, 1985). But specific and much
more detailed measures are needed for teachers of mathema-
tics and science at the secondary level. Measures are also
needed at the middle school level, although different organi-
zational arrangements among the states pose a problem in
this regard: about half the states assign teachers to specific
subjects in these grades while the other half assign teachers
to handle most subjects, including science and mathematics.

(¢) Most measures should be tracked at regular intervals
to permit analysis of trends over time. Too often, in the
field of education statistics, important data have been col-
lected only once or a few times, and hence it has not been
possible to determine trends.

(f) The measures should plausibly relate to student mas-
tery of the curriculum and other desired outcomes of the
educational system. Despite the lack of knowledge about the
relationship of such teacher characteristics as subject matter
knowledge to student outcomes, the panel accepts as a work-
ing assumption that qualifications such as academic training
in mathematics and science fields are important for the
quality of teaching in those areas and hence should be moni-
tored.

(8) The measures should in most instances be amenable to
federal and state education policy. For example, a measure
of subject matter preparation, such as laboratory science
courses, is susceptible to policy response through changes in
certification requirements.
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Part Il
Recommendations for
Improved Data and Models

In this part, we first discuss a key issue in the implementa-
tion of research and development activities leading to
improved models and data on teacher supply and demand:
the appropriate role for our sponsors, the Center for Educa-
tion Statistics and the National Science Foundation, and for
other organizations such as state education agencies and
rescarch institutions in government and academia. The
recommendations that follow are divided into two major sec-
tions: a section dealing with models and data on the quan-
tity dimension and a section dealing with measures that may
begin to shed light on the important dimension of quality.

IMPLEMENTATION OF RECOMMENDATIONS

The panel’s recommendations involve two different types of
activities:

(1) Improvements in current models and ongoing data
series, and

(2) Model development and research,

In the first category, we make recommendations in areas
in which existing knowledge seems to be sufficiently well-
defined to permit specifying modest improvements in ongoing
data series and current models for implementation by the
Center for Education Statistics and corresponding units in
state education agencies. A major function of the Center is
clearly the collection and reporting of data relevant to the
condition of education in the nation. The states also without
exception support and have an interest in collection of data
that describe the condition of education in their own juris-
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dictions. The areas where we recommend near-term improve-
ments in models and data series include disaggregation of
teacher demand by geographic area and subject, better speci-
fication of the continuing teacher component of supply,
enhancement of data for new teachers, and collection of data
on selected measures of teacher qualifications.

We note that the Center for Education Statistics is cur-
rently planning the next round of data collection for several
major surveys that include data on teacher characteristics
and teacher supply and demand. Specifically, the Center has
contracted with the Rand Corporation to redesign its surveys
of Teacher Demand and Shortage, Public and Private School
Teachers, and Public and Private School Administrators and
to design a new, possibly longitudinal survey of attrition and
labor market outcomes of the current teaching force. The
current design calls for these surveys, collectively renamed
the Staffing and Schooling Surveys, to comprise an integrated
set of data collection instruments administered more fre-
quently to a larger sample of schools than was the case for
prior survey efforts (Haggstrom, Darling-Hammond, and Gris-
smer, 1986).

The Center has also contracted with the National Opinion
Research Center to design and field the National Education
Longitudinal Study of 1988 (called NELS:88), which is the
latest in a series of panel studies that provide important
information for understanding many aspects of the educa-
tional system, including the impact of teachers on student
outcomes. NELS:88 will obtain information from a sample of
8th graders, their parents, teachers, and schools and reinter-
view the sample in the 10th and 12th grades.

We should acknowledge the concerns that have been raised
about the plans of the Center for Education Statistics to
proceed at this time to redesign its major data collection
programs. (These concerns are directed primarily to the
Staffing and Schooling Surveys and related efforts to
restructure the Center’s Common Core of Data system for
collecting basic information on precollege education from
state and local education agencies.) The recent report of the
Committee on National Statistics’ Panel to Evaluate the
National Center for Education Statistics (Levine, 1986) seri-
ously questions the capabilities and resources available to the
Center. The report strongly recommends that the Center
focus on improving its current data collection activities
before proceeding to redesign of major systems. The Council
of Chief State School Officers’ Committee on Evaluation and
Information Systems (CEIS) has expressed similar
reservations, specifically about implementing the Staffing and
Schooling Surveys.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18897

Toward Understanding Teacher Supply and Demand: Priorities for Research and Development : Interir
http://www.nap.edu/catalog.php?record_id=18897

Recommendations 45

We believe that it is important that the Center put in
place data collection systems that will regularly obtain data
on teachers as well as the other components of our educa-
tional system. Our recommendations make specific sugges-
tions for the kinds of data that are needed. However, we
certainly agree with the view that major redesign activities
should proceed with care and with primary consideration
given to issues of feasibility and the capability within the
Center for Education Statistics to carry out a high-quality
effort. Since cooperation of the CEIS is essential for suc-
cessful implementation of a new data system, our recommen-
dations for the Center’s teacher surveys should be interpret-
ed as consequent upon an agreement by the CEIS that it is
feasible to proceed with this major system redesign.

Finally, with regard to ongoing data collection and incre-
mental improvements to current models, there is an important
issue relating to the division of labor between the Center for
Education Statistics and the state education agencies. (A
similar issue also arises in some states in which major school
systems in large metropolitan areas are carrying out their
own work on teacher supply and demand.) Our recommenda-
tions support disaggregation of current models to a much
greater degree than is done in the existing Center for Edu-
cation Statistics model. While not prepared to make a defin-
itive recommendation in this interim report regarding the role
of the Center in developing disaggregated models, we suggest
that work should go forward on model disaggregation both in
the Center for Education Statistics and in state agencies.
We urge cooperative efforts between the Center and state
education agencies.

In particular, we encourage the Center to work actively
with the states on technical aspects of model development
and enhancement. We note that existing legislation, P. L.
93-380, calls for the Center "to assist state and local educa-
tion agencies in improving and automating their statistical
and data collection systems."” We urge that the U.S. Depart-
ment of Education seek and the Congress appropriate suffi-
cient funds to permit the Center to undertake cooperative
programs with states and school districts to develop improved
data and analysis systems. An important component of such
programs should be work on developing and improving models
of teacher supply and demand.

The second category of the panel’s recommendations con-
cerns areas in which current knowledge is not sufficiently
well-developed to specify a mandate for the Center for Edu-
cation Statistics or statistical units in state education agen-
cies that relates to clear-cut data requirements associated
with well-defined models. These areas include the impact of
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behavioral factors on longer-term changes in teacher demand,
the effect of a variety of behavioral factors on the different
components of teacher supply, and the relationship of meas-
urable teacher qualifications to teaching effectiveness. Here
we call for research and model development and strongly
urge that it be a decentralized, widespread activity.

The National Science Foundation is clearly one organiza-
tion that should play a role in sponsoring such research
activities. Other organizations include the Center for
Research in the U.S. Department of Education (the former
National Institute of Education) and foundations concerned
with education. The Center for Education Statistics and
interested state education agencies could also sponsor useful
research. We encourage a wide range of organizations and
research analysts to pursue the research agenda outlined in
this report and urge collaborative efforts with researchers
and agencies working on questions of supply and demand in
other fields. We believe it is important that investigators
with a variety of backgrounds, perspectives, organizational
affiliations, and approaches devote their attention to the
issues in this area.

We argue throughout the report that research is needed to
permit development of improved models of teacher labor mar-
kets, particularly on the supply side, that are useful for pol-
icy. This argument does not mean that we are necessarily
sanguine that research will lead to greatly improved models
in the near term. Indeed, given the absence of good models
of labor supply and demand generally, the likelihood that
fully satisfactory models can be developed for teachers may
be small. Nonetheless, research is a necessary precondition
for progress toward developing more useful models. More-
over, the understanding obtained from research about teacher
labor markets and the further insights gained from the pro-
cess of endeavoring to express research results in models
should prove very helpful in education planning and evalua-
tion of policy alternatives.

MODELING TEACHER SUPPLY AND DEMAND

The panel’s recommendations for improving models of teacher
supply and demand are grouped into two major categories,
one dealing with the demand side of teacher labor markets
and one dealing with the supply side. Within these major
categories, we distinguish between recommendations relating
to areas in which ongoing models with their explicit data
requirements are appropriate and areas in which model devel-
opment and research of a fundamental nature seem more
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appropriate. The key issue of quality measurement is dis-
cussed in a separate section.

Teacher Demand
Improvements in Current Models and Data Series

We believe that the most important set of improvements
needed in current teacher demand models and supporting data
is to introduce appropriate levels of disaggregation into pro-
jections of the key components of these models--enroliments
and pupil-teacher ratios. Disaggregation is needed both in
terms of geographic areas and in terms of subjects. We are
referring, in this context, to projections based on the rela-
tively straightforward extrapolation methods of current mod-
els which have proven to be reasonably reliable for short-
term periods of up to five years (or sometimes longer).

As we noted in Part I, labor markets for elementary and
secondary school teachers in the United States largely oper-
ate as regional, state, and even substate markets that differ
widely in both supply and demand characteristics. Moreover,
states and school districts are largely responsible for setting
policies and practices--ranging from certification requirements
to the proportion of budgets devoted to science equipment--
that influence teacher supply and demand. Hence, we believe
that disaggregation by geographic area is mecessary to permit
demand models to provide projections that are useful for
policy.

With regard to state-level projections, we note that there
arec a number of available data sources that could support
disaggregation of the Center for Education Statistics demand
model. Currently, the Center obtains grade-specific enroll-
ment data from the states in the Center’s Common Core of
Data program that permit calculation of grade-to-grade re-
tention rates by state. The Center also has state data on
pupil-teacher ratios. Furthermore, we understand that all the
states prepare their own projections of enrollment using some
variant of the Center’s method. We are not prepared, at this
stage, to recommend the specific manner in which state mod-
els should be further disaggregated by substate market. We
do recommend that states consider the appropriate level of
disaggregation in light of both available data and the specific
characteristics of the school districts in their jurisdiction.

Important policy questions in precollege education relate
to the supply-demand balance not only for teachers in spe-
cific areas but also for teachers in specific subjects, such as
mathematics and science. Answers to these questions require
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demand projections by broad subject for high school grades,
at a minimum, and, in some states, for middle school grades.

We recognize that adding subject disaggregation to demand
projections, even defining subjects very broadly, is not an
easy task. The Center for Education Statistics has only
infrequently obtained data on course offerings. A few large
states, including California, Florida, and New York, have (or
will shortly have) data on subject enrollments that could sup-
port disaggregated projections. However, many states do not
have these data.

We urge, however, that the Center and the states devote
efforts to developing teacher demand projections that include
subject disaggregation, specifically for broad categories of
science subjects and mathematics. With regard to the grades
for which subject-specific projections are needed, we note
that disaggregation by subject would be useful for middle
school in addition to high school grades in those states--
about half--which organize classrooms for middle school
grades by subject and train and certify middle school teach-
ers accordingly.

Recommendation 1. To be useful for addressing policy
questions about the demand for teachers, specifically teachers
of mathematics and science, models should incorporate appro-
priate levels of disaggregation by geographic area and subject
field.

We recommend that the key components of current models
of teacher demand--enrollment projections and pupil-teacher
ratios--be disaggregated by state and important substate
teacher labor markets. For middle and secondary grades,
these projections should be further disaggregated by broad
subject categories.

Model Development and Research

The recommendations in this section pertain to research that
would permit the development of more sophisticated models
of teacher demand that incorporate important behavioral
components. Given that current models handle demand much
better than supply, we believe that research on teacher
demand is less important in overall priority than research on
supply or than improvements in current demand and supply
models. However, the utility of demand models for address-
ing important policy questions, particularly for science and
mathematics education over the long term, would be greatly
enhanced by the development of more dynamic, behaviorally
responsive models.
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The deterministic methods employed in current teacher
demand models, specifically the cohort-survival methodology
used to project enrollments, have reasonably good track
records, particularly for elementary grades. However, for
longer-term projections extending for more than about five
years, particularly at the high school level, and for specific
subjects, the projections become increasingly less reliable due
to the impact of changes in the behavior of students, par-
ents, and school systems. We have identified several kinds
of behavioral responses that we believe are particularly
important to understand in order to develop more useful
models of teacher demand. We discuss them in order of their
priority in terms of improved demand models for science and
mathematics teachers. Our assignments of priority are based
on an assessment of the relative importance of each topic for
teacher demand projections and also on an assessment of the
current state of knowledge about each topic and hence the
relative gains that could be expected from research.

First, research on the determinants of course selection by
students is critical to the development of useful projections
for broad subject categories, including science and mathema-
tics, at the high school (and possibly middle school) level.
This is also an area about which we know very little. Many
factors can influence students’ choice of courses, including
high school graduation requirements, college entrance
requirements, government (including federal and state) sup-
port for science and mathematics education that motivates
schools to encourage enrollment in these subjects, and
fashions or tastes on the part of students and their parents
and peers for certain subjects.

Given that most current models focus on public school
demand (the Center for Education Statistics model develops
separate public and private school projections), another
important area for research concerns the determinants of
parental and student preferences for private and public
schooling. Nationwide, private clementary and secondary
school enrollment was only 11 percent of the total in 1980,
but was as high as 17 to 19 percent in some states and
undoubtedly even higher in some school districts (see Part
III:Table 2). In these areas, changing preferences for private
school enrollment, a topic about which almost nothing is
known, can importantly affect public school demand. Partic-
ularly in today’s educational climate, when private schools
are perceived by some parents to offer a more attractive
educational environment than public schools, research into
the factors that influence the choice of type of school is
needed.

Another area for research concerns the determinants of
pupil-teacher ratios. In almost all demand models, pupil-
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teacher ratios are estimated in a relatively arbitrary way.
But we suspect that certain types of dynamics in teacher
markets (e.g., declining enrollments, increases in school fund-
ing, or rising numbers of tenured teachers) will tend to be
associated with declining pupil-teacher ratios, while other
conditions (e.g., escalating enrollments, failure of a school
bond issue) will tend to be associated with rising pupil-
teacher ratios. Since that ratio is so critical to an assess-
ment of teacher demand, our recommendation is for research
on its determinants and for the development of methods that
would permit obtaining confidence bounds for estimates.

We note in this regard that research conducted to date on
pupil-teacher ratios indicates that short-term adjustments
differ from longer-term adjustments (e.g., see Cavin, Mur-
nane, and Brown, 1984). For example, a shortage situation
may result in a relatively sharp increase in pupil-teacher
ratios until the school system has had time to implement
various kinds of responses. These can include measures
designed to increase supply, such as active recruitment over
a broader geographic arca and salary adjustments, and meas-
ures designed to moderate demand such as greater reliance
on teacher aides and computers. Consequently, it is impor-
tant to use longitudinal data to carry out meaningful
research on this topic.

Another type of response that affects demand projections
at the high school level is the dropout rate. We know a
good deal from previous research about why students drop
out of school. Work is needed, however, on changes in
dropout rates that can be expected in response to a variety
of social, economic, and educational changes. For example,
the changing ethnic composition of the school-age population
in many areas of the country may dramatically affect dropout
rates in those areas. Increased high school graduation
requirements may increase dropout rates as a side effect of
raising educational levels for those who stay in school.

Finally, research is needed on the interrelationships of
changes in demand for courses and changes in pupil-teacher
ratios. It is important to understand these relationships in
order to derive the numbers needed for science and mathe-
matics teacher demand models, namely full-time-equivalent
teachers.

Recommendation 2. Research on behavioral factors that
influence the demand for teachers, particularly teachers of
mathematics and science in the higher grades, is needed to
permit the development of improved models that will support
longer-term projections.
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We recommend that research pertinent to teacher demand
be conducted--in order of priority--on:

(a) The behavioral determinants of student selection of sci-
ence and mathematics courses at the secondary school
level, including the effects of changes in graduation
requirements and of student preferences for subject
areas;

(b) The behavioral determinants of parental and student
preferences for private and public schooling;

(c) The determinants of pupil-teacher ratios, especially the
ad justment lags in those ratios as enrollments change
and/or the teaching force changes in demographic com-
position;

(d) The impact on high school dropout rates of such factors
as changes in graduation requirements, labor market
conditions, and the demographic composition and family
circumstances of the school-age population; and

(e) The relationship of changes in demand for courses to
changes in pupil-teacher ratios and the resulting derived
demand for full-time-equivalent teachers of mathematics
and science at the secondary school level.

Teacher Supply
Improvements in Current Models and Data Series

We believe that current models are particularly weak on the
supply side and that extensive research is required to support
the development of improved teacher supply projections.
Even more than on the demand side, it is imperative that
supply models include behavioral components. Nonetheless,
there are several improvements that can usefully be made in
current models and data, specifically in projecting the supply
of continuing teachers and in obtaining better data on new
supply.

Continuing teachers represent by far the largest compo-
nent of teacher supply in any year (typically 90 percent or
more in the states we have examined--see Part III). Most
current models include this component on the demand side
(although, except for layoffs and firings, the choice of cur-
rent teachers to stay or leave is largely a supply side pheno-
menon) and use a single constant attrition rate for projec-
tion. Moreover, the single rate used by the Center for
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Education Statistics for its intermediate series of projections
is more than 15 years out of date.

Some states have greatly improved their projections of
continuing teachers by using attrition rates that are differen-
tiated by age or teaching experience and by subject field.
We strongly support the use of timely, disaggregated data to
determine the proportions of teachers who can be expected
to stay or leave. We believe it is important that the Center
for Education Statistics surveys of public and private school
administrators and teachers regularly obtain data on teacher
retention and attrition that would be useful for the Center’s
model, although it may be that these surveys cannot provide
highly disaggregated data. We note that there are tricky
problems involved in using information on retention to pro-
ject continuing teachers depending on the level of aggrega-
tion of the model. For example, teachers who leave one
school may simply transfer to another; models for higher
levels of aggregation such as a state or the nation need to
subtract out this kind of mobility. In contrast, models for
subjects such as mathematics need to be sure not to count as
continuing teachers those who were teaching some other sub-
ject last year.

To the extent that available data permit, we encourage
states that have not developed disaggregated models of
teacher retention to follow the lead of states that have done
so. We also encourage the Center for Education Statistics to
obtain data on stayers and leavers from those states that
have information. Analysis of state data could help the Cen-
ter update and improve its projections of the continuing
component of teacher supply.

Recommendation 3. Timely, detailed data are needed to
improve projections of the proportions of teachers who can
be expected to stay versus those expected to leave (defined
appropriately for the level of aggregation of the model).

We recommend that the Center for Education Statistics
surveys of schools and teachers regularly obtain data on
teacher retention and attrition. The Center should also
obtain and analyze existing data from states, where available,
on retention and attrition rates by age or experience and
subject field. Such data are essential to improve projections
of continuing teachers--by far the largest component of .
teacher supply.

The other major component of teacher supply we have
defined as "new entrants," who comprise a heterogeneous col-
lection of individuals who come into teaching from a number
of different backgrounds. In any one year, persons who are
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newly hired by school districts from the new entrant supply
make up a relatively small fraction of the total number of
teachers (typically 10 percent or less), but changes in their
characteristics over time will change the makeup of the
teaching force. We believe it is important that the Center
for Education Statistics teacher surveys oversample new hires
relative to continuing teachers in order to provide much
more reliable information about this critical component of
teacher supply. The cost, in terms of smaller sample sizes of
continuing teachers, seems small, since attrition rates for
thesc teachers are relatively low in any one year.

Recommendation 4. Newly hired teachers come from many
sources, including new college graduates, former teachers,
and teachers who change residence or subject field. It is
important to have detailed information on the components of
new hires.

To provide needed data on new hires, we recommend that
the Center for Education Statistics stratify the sample for its
teacher surveys into teachers who are new and those who
were teaching last year. For a given overall sample size, the
sampling ratio for new hires should be higher than the ratio
for continuing teachers.

As we discussed in Part I, employment cannot be equated
with supply (or demand) in the teacher market. School dis-
tricts generally want to have a large number of applicants
for each opening, not just a sufficient number to meet their
immediate needs. We believe that information on the appli-
cant pool is important for understanding sources of supply
and for comparing the characteristics of supply properly
defined with the characteristics of actual new hires. We
realize that the definition of an applicant is not straightfor-
ward and that there are problems in constructing an undupli-
cated sampling frame for surveys of applicants. In at least
some school systems, we understand that a meaningful opera-
tional definition would be to consider as applicants those
persons who filled out an application form and supplied a
transcript. We urge investigation by the Center for Educa-
tion Statistics and the states into the feasibility of obtaining
information on applicants.

Recommendation 5. Data on the pool of applicants for
teaching positions would be valuable for understanding new
teacher supply, particularly from sources other than new
graduates, and to permit comparisons of potential supply and
actual hires.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18897

Toward Understanding Teacher Supply and Demand: Priorities for Research and Development : Interim |
http://www.nap.edu/catalog.php?record_id=18897

54 Teacher Supply and Demand

We recommend that the Center for Education Statistics
explore with the states possible ways of systematically
obtaining data on applicants for teaching positions.

Model Development and Research

Teacher supply represents the least-developed component of
current models and has benefited the least from in-depth
research. Given the absence of even a reasonably well-
developed base of knowledge, many of the panel’s recommen-
dations in this section are general in nature. They represent
the thinking of the panel midway through its planned study.

The activities planned for the second phase of the panel’s
work are designed to provide information that will make it
possible for us to develop more specific recommendations in
this areca. We will be conducting case studies of how teach-
ing positions in mathematics and science are filled in a sam-
ple set of school districts. This activity should give us
important insights into factors related to teacher supply and
demand, into understanding how teacher quality can best be
measured, and, most important, into understanding how school
districts adjust teacher quality to market conditions. We will
also review data sources that can support meaningful
research on teacher supply at both the national and state
levels. We believe that state data, such as administrative
files on certifications and teaching personnel, represent a
particularly rich resource for research that to date has been
largely untapped. Finally, we will consider important meth-
odological issues involved in the development of useful mod-
els based on research results. For example, one issue con-
cerns tradeoffs in the choice of variables to include within a
model, that is, to be generated by one or more relationships
in the model, versus variables to be treated as outside or
supplied to the model.

The recommendations for research on teacher supply are
clearly pertinent for the research program of the National
Science Foundation, as are the recommendations for research
on teacher demand. They are also directed to other agencies
and institutions involved in education research, including the
Center for Education Statistics and corresponding units in
state education agencies. We strongly encourage organiza-
tions in all sectors and at all levels of government concerned
with precollege teaching to support the kinds of research
that we believe are needed.

An implication of the recommendations on teacher supply
is that current models should forego efforts to project supply
from sources other than continuing teachers who taught last
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year. It goes without saying that the Center and state agen-
cies should maintain and enhance descriptive time-series sta-
tistics that are pertinent to the supply of new entrants, such
as the sources of new teacher hires, numbers and character-
istics of graduates from teacher training programs, etc.
However, we believe that no useful purpose is to be served
at this time by preparing "projections” of new teacher supply
from the available data, given the current severe limitations
of knowledge and methodology.

Turning to the research that we believe is required to
improve understanding of teacher labor markets, we have
emphasized throughout this report the importance of incor-
porating behavioral responses into teacher supply and demand
models, particularly on the supply side. Supply behavior
involves complex individual choices regarding occupation
(teaching or some other field) and, for those who choose
teaching, geographic location and specialization by school
type (public or private), level, and subject field. Many fac-
tors influence these choices. They include personal attri-
butes, including demographic characteristics, such as age and
sex; labor force and training characteristics, such as educa-
tional background and skill level; career and salary expecta-
tions and tastes for market versus home labor; and family
characteristics, such as family type and size and labor force
characteristics of other family members. They also include
attributes of schools and school systems, including salaries,
working conditions, certification requirements, retirement
provisions, and geographic location. Finally, they include
comparable attributes of other types of employers and jobs
along with general social and economic conditions.

Recently, many states and school systems have imple-
mented new or modified policies and programs with regard to
salary scales for teachers, methods of determining salary
increases (e.g., merit pay plans), retirement provisions, certi-
fication requirements, and support for training or retraining
in particular subjects such as mathematics and science.
These policy initiatives afford opportunities for studying the
supply response to variations in important factors such as
salary levels. (We note that these policy changes are not
independent of teacher supply and, indeed, in large part rep-
resent explicit responses to perceived teacher shortages.
This poses methodological problems for research, but no more
so than in other occupational fields.)

As a useful methodology for developing dynamic, beha-
vioral models that can answer "what if" questions for policy
purposes, we suggest the development and use of microsimu-
lation modeling techniques. This is in part because we judge
that teacher supply may be better represented by transition
matrices from one status to another than by more conven-
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tional anmalytic techniques, and in part because simulation
methods are especially useful for examining the consequences
of alternative public policy changes. Microsimulation models
operate on large samples of individual-level microdata, which
arc manipulated to observe the response, both in aggregate
terms and for subgroups of the population, to specified policy
changes. (For example, a model that is currently used for
welfare and tax program analysis simulates proposed changes
in the rules for programs such as food stamps. The model
estimates program costs and case loads under each alternative
scenario, typically using the Current Population Survey
household and person microrecords; see Beebout, 1984, 1986.)

It is important to bear in mind that microsimulation
models are only as good as the underlying behavioral rela-
tionships that they incorporate. Indeed, microsimulation
models without such behavioral components can be just as
mechanical and deterministic as other kinds of models.
Moreover, microsimulation models may not work as well for
teacher labor markets as for other kinds of applications.
The potential difficulty, technically referred to as a "dynamic
sample sclection” problem, is that the pool of available
teachers changes across the years. To the extent that the
changes arise for unobservable reasons and hence cannot be
statistically controlled in the model, microsimulation tech-
niques may have serious problems. Nevertheless, microsimula-
tion techniques offer great flexibility for evaluating alterna-
tive policy scenarios. They seem very useful as a tool for
helping federal and state education agency staff think in
more sophisticated ways about supply and demand through
working with the model and analyzing the results of various
scenarios. Hence, we suggest that microsimulation techniques
be investigated for their utility for modeling teacher supply
responses to alternative policies and market conditions.

Turning to needed research, we have identified several
kinds of behavioral responses that we believe are particularly
important to understand in order to improve knowledge of
teacher supply and ultimately to develop more useful models.
We discuss them in order of the priority we believe should
be attached to each in terms of the potential to develop
improved understanding and models of the supply of science
and mathematics teachers.

A critical failing of most current models of teacher supply
is the failure to recognize that new supply, i.c., supply other
than continuing teachers, includes many different kinds of
persons whose probabilities of entering into the supply pool
vary widely. Research is urgently needed on the behavioral
determinants of the major components of new entrants to
teaching. The relationships that need research include the
determinants of the supply of persons newly certified to
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teach; the relationship between the number of people newly
certified to teach and the number who seck teaching posi-
tions; the relationship between those applicants who are
unsuccessful and the likelihood of their applying for teaching
positions in future years; the relationship between those cur-
rently on leave from teaching positions (for reasons of
maternity, health, etc.) and the likelihood and time path of
their return to teaching; the relationship between those
teachers who resigned from teaching positions and the likeli-
hood and time path of their possible reentry into the teach-
ing supply pool; the relationship between people certified to
teach but on different career paths and the likelihood of
their entry into the teaching supply pool; and the relation-
ship between college graduates generally and the likelihood
of their being attracted to teaching under alternative pro-
grams of certification and hiring (such as emergency certifi-
cation or apprenticeship programs). Current supply and
demand models do not handle any of these major components
of teacher supply in a satisfactory manner.

Another neglected aspect of teacher supply has to do with
the migration or movement of teachers. In this context, we
have in mind migration within a school but among levels and
subjects or disciplines, within a school district but among
schools, within a state but among districts, and within the
country but among states. Current models handle this topic
poorly. For example, most state models do not include out-
of-state sources of supply even though in some states in-
migrating teachers represent a large proportion of new hires
each year. As we have noted before, it is important to
define migration appropriately in terms of the model under
consideration--for a state model, for example, migration
among schools within the state does not affect supply,
although interstate migration does.

Finally, there is a need for research on the behavioral
determinants of the decision by teachers to stay or leave
their subject, school, school district, or state, or to leave
teaching entirely ecither on a temporary or long-term basis
(including the decision to retire). We note that some states
have developed useful data and analysis on attrition behavior
for different types of teachers, such as those in different
age cohorts or subject fields. Much more needs to be done
using such data to fully develop needed knowledge of the
supply behavior of the current teaching force.

Recommendation 6. Research on behavioral factors that
influence the supply of teachers is essential to improve
understanding of teacher labor markets and to support the
development of useful and realistic models.
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We recommend that research pertinent to teacher supply
be conducted--in order of priority--on:

(a) The behavioral determinants of the major components of
new entrants, including new graduates, former teachers,
and persons hired on emergency certification;

(b) The forces underlying teacher migration (among states,
school districts, schools, and subjects); and

(c) The linkage between the decision of teachers to stay or
leave and behavioral and environmental factors related
to that choice. The research should stratify teachers
by subject field and other characteristics.

MEASURING TEACHER QUALIFICATIONS

We have stressed that satisfactory models of supply and
demand for science and mathematics teachers must be speci-
fic regarding teacher qualifications. There is also a great
need for nationally comparable time series on the qualifica-
tions of major components of teacher supply, including con-
tinuing teachers and the various components of new entrants.
This is especially true for those teaching mathematics and
science.

Unfortunately, review of the literature provides virtually
no support for selecting variables to use as measures of
qualifications, in the sense that the literature does not find
strong relationships between teacher characteristics and
educational outcomes. Some panel members are pessimistic
that additional research on outcomes will yield any better
results, even if the methodological problems plaguing previous
studies are overcome. Other members are more optimistic
that additional resecarch will yield useful insights, particularly
in fields such as science and mathematics.

Despite the absence of a research base for selecting
measures of qualifications, there is no doubt that many par-
ticipants in the educational debate will use such data as are
available, independently of their probable validity or rele-
vance, to draw conclusions about the quality of teachers. If
Scholastic Aptitude Test (SAT) scores for entering college
freshmen or newly certified teachers in specific states are
available, these data will be used despite the problems they
pose with regard to lack of representativeness and the fact
that SAT scores capture at best only one dimension of quali-
fications.

In this context, the project sponsors asked that the panel
draw on the knowledge and experience of its members, many
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of whom have extensive experience in precollege science and
mathematics education, to recommend a reasonable set of
measures of teacher qualifications. The purpose of the
recommendations would be to encourage the development of
nationally representative series that would provide some sense
of changes over time in qualifications of the teaching force
and would provide a useful data base for research. (We note
in this regard that the NSF-sponsored 1985 survey of mathe-
matics and science teachers by Research Triangle Institute
will provide valuable information on the current teaching
force in these subjects. However, only limited time compari-
sons will be possible with earlier surveys.) The panel has
done its best to respond to this inherently difficult mandate.

The recommendations in this section are divided into
those that the panel believes warrant resecarch and analysis
and those that we believe should be implemented by the Cen-
ter for Education Statistics in its ongoing survey programs.
We suggest that recommendations for ongoing data collection
also be considered for implementation by state education
agencies, using a combination of administrative records and
surveys as appropriate and feasible. The information we
obtain in the second phase of our study from case studies
and review of state data bases may enable us to make more
specific recommendations with regard to useful measures of
teacher qualifications for states to collect.

In contrast to the organization of the preceding section,
here we present our recommendations for needed research
first. This organization is based on the fact, as we just dis-
cussed, that there is no adequate body of knowledge from
which to make definitive recommendations regarding ongoing
data collection. Following the research recommendations, we
offer some suggestions that we think are reasonable about
the kinds of data collection that is needed.

Research

We have emphasized the role played by adjustments in quality
in the operation of teacher labor markets. @ We know that
under some circumstances, a change in market conditions,
such as an increase in demand, will result in a decreased
level of qualifications, but we need to know more precisely
how these market adjustments work. We believe that
research on this topic is vital and would offer the opportun-
ity to obtain insightful results that will be of use for supply
and demand models generally, not just those pertaining to
teachers.
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Recommendation 7. Short-term adjustments between
teacher supply and demand frequently occur through redefin-
ing the acceptable level of teacher qualifications. We need
to know more about how these adjustments take place.

We recommend that research be undertaken on the linkage
between the qualifications of the teaching force and changing
market conditions.

In addition to research on quality adjustments in teacher
labor markets, we believe it is important to conduct further
rescarch linking characteristics of teachers of science and
mathematics to student outcomes in those subjects. Such
research is needed to provide the knowledge base that can
guide the selection of indicator variables to use in models
and in descriptive profiles of the characteristics of the
teaching force over time.

We noted in Part I that existing research is only of lim-
ited value in supporting the sclection of indicators. Indeed,
it is striking that a large number of variables describing
teachers and their training have been found not to be related
to student test scores or test scorec gains. The panel is cer-
tainly not of the view that the failures of past research
should be regarded as definitive. As we discussed ecarlier,
there are major limitations to the research carried out to
date on the question. One important limitation is that the
measures of teacher effectiveness have typically been student
scores on multiple choice tests--tests that at best measure
lower-order skills such as memorization in contrast to
higher-order skills such as the ability to reason well. A sec-
ond major limitation of previous research is that the teacher
attributes included in most studies have been restricted to
the information in teacher personnel folders. Such informa-
tion--for example, whether the teacher has a master’s
degree--probably does not capture the variation in training
and skills that different teachers bring to the job.

One teacher attribute that deserves renewed attention is
subject matter knowledge, particularly for teachers of science
and mathematics. The panel believes that a teacher’s subject
matter knowledge, as measured by a score on a test designed
by a group of subject matter experts, is a necessary (but not
sufficient) condition for effective teaching, especially in the
areas of mathematics and science. Although that proposition
may seem self-evident to some, we argue that careful
research is needed in this area.

First, it remains unknown whether a group of subject
matter experts can design a test that is a good measure of
the subject matter knowledge that teachers ought to have.
It is possible that members of such a panel of experts would

_. Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18897

Toward Understanding Teacher Supply and Demand: Priorities for Research and Development : Inte
http://www.nap.edu/catalog.php?record_id=18897

Recommendations 61

disagree on what constitutes core knowledge, or would agree
only if the test were of prohibitive length. The process of
obtaining agreement on the composition of a test of accept-
able length might involve compromises that would make the
test only a poor measure of a teacher’s knowledge.

Second, the relationship between teachers’ scores on a
test of subject matter knowledge and their effectiveness is
not necessarily simple or straightforward. While it seems
plausible that effective teaching requires a threshold level of
knowledge, particularly in mathematics and science, the rela-
tionship between scores that are above the threshold and
teaching effectiveness may not be linear. Moreover, it is
plausible that there is a negative relationship between subject
matter knowledge and other attributes, such as interpersonal
and pedagogical skills, that contribute to effective teaching.
The issue of substantive teacher knowledge is important and
needs to be carefully examined.

Research on student outcomes that properly addresses the
rich complex of relevant factors, including characteristics of
individual students, their schools, teachers, parents, and
peers, requires correspondingly rich data bases. In the past
15 years the Center for Education Statistics has sponsored
several nationally representative longitudinal surveys of stu-
dents, including the National Longitudinal Survey of the High
School Class of 1972 (NLS 72) and High School and Beyond
(HS&B). These surveys have a broad focus on life course
outcomes of students, such as the decision to go to college
and occupational choices, in addition to outcomes measured in
terms of subject knowledge acquired in school. (The National
Assessment of Educational Progress and the International
Educational Assessments are other sources of data that are
specifically focused on knowledge outcomes.) The Center for
Education Statistics is currently sponsoring a new panel, the
National Education Longitudinal Study of 1988, that will have
several advantages over its predecessors for research on out-
comes in science and mathematics. NELS:88 will follow a
sample of students from the 8th grade, whereas NLS 72 ini-
tially sampled high school seniors and HS&B high school
sophomores and seniors. NELS:88 will also focus specifically
on the 8th graders’ teachers in four subjects--science, math-
ematics, English, and social studies.

We strongly support the basic goals and design of NELS:88
and urge that the survey obtain a rich set of information on
the students’ teachers together with appropriate measures of
student outcomes. With regard to science and mathematics
teachers in particular, measures should be obtained that per-
tain to their academic preservice preparation in science and
mathematics subjects, their general intellectual ability, their
continued in-service training and commitment, and teaching
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styles and attitudes that previous research has indicated may
be important for outcomes. (We discuss some specific meas-
ures for inclusion in ongoing data collection in the next sec-
tion.) It is also important that NELS:88 obtain detailed
information on the students’ schools and school districts, as
previous research suggests that the school environment is a
vitally important mediating factor in outcomes.

With regard to the method of data collection, the panel
strongly urges that NELS:88 (and other surveys directed to
educational outcomes) obtain data on teachers from tran-
scripts and other administrative records whenever appropri-
ate, instead of from survey questions. Transcript records are
a source of hard information on a number of measures of
academic preservice preparation, continuing education, and
general intellectual ability. Relevant information that can be
abstracted from transcript records includes:

o Postsecondary degrees obtained, dates, and institutions;
o Major(s) for each degree;

o Undergraduate grade point averages, overall and by
field;

o Courses taken--credit hours, subject, whether in the
liberal arts or education schools, level (introductory,
advanced, undergraduate, graduate), etc.;

o0 SAT or ACT scores; and
o Information on high school background.

In some school systems, we understand that transcript
information is retained in personnel files and hence is rela-
tively accessible. In other systems, it will be necessary to
obtain transcripts from higher education institutions. Some
proportion of teachers will deny the request; however, we
suspect that nonresponse will pose less of a problem than the
combination of nonresponse and misresponse to questionnaire
items on educational background. These items are subject to
recall bias, particularly for teachers many years out of col-
lege, as well as to a bias toward reporting more extensive
training, for example, more mathematics courses taken, than
actually occurred (Fetters, Stowe, and Owings, 1984).

Other administrative records could also provide useful
information on teacher qualifications. For example, a com-
mon and growing administrative practice is for school princi-
pals to evaluate teachers. Several studies have found that
these evaluations correlate highly with estimates of teacher
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effectiveness (see Hanushek, 1986:1165). We note that the
use of administrative records has been growing in federal
statistical agency programs as a means of reducing respon-
dent burden and obtaining better quality data, and the Center
for Education Statistics has had previous experience in work-
ing with transcript records.

Recommendation 8. Further research on the relationship
of measurable characteristics of teachers of mathematics and
science to educational outcomes is needed to identify teacher
characteristics that should be regularly collected in surveys
in order to monitor the qualifications of the teaching force.

We recommend that further research be conducted on the
relationship of measurable characteristics of teachers of
mathematics and science to educational outcomes of students
in these fields. In order to permit comprehensive and meth-
odologically appropriate research on this issue, the National
Education Longitudinal Study of 1988 should in