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NOTICE: The project that is the subject of this report was 
approved by the Governing Board of the National Research 
Council, whose members are drawn from the councils of the 
National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. The members of 
the committee responsible for the report were chosen . for 
their special competences and with regard for appropriate 
balance. 

This report has been reviewed by a group other than the 
authors, according to procedures approved by a Report 
Review Committee consisting of members of the National 
Academy of Sciences, the National Academy of Engineering, 
and the Institute of Medicine. 

The National Research Council was established by the 
National Academy of Sciences in 1 9 1 6  to associate the broad 
community of science and technology with the Academy's 
purposes of furthering knowledge and of advising the federal 
government. The Council operates in accordance with gen
eral policies determined by the Academy under the authority 
of its congressional charter of 1 863, which establishes the 
Academy as a private, nonprofit, self -governing membership 
corporation. The Council has become the principal operating 
agency of both the National Academy of Sciences and the 
National Academy of Engineering in the conduct of their ser
vices to the government, the public, and the scientific and 
engineering communities. It is administered jointly by both 
Academies and the Institute of Medicine. The National Aca
demy of Engineering and the Institute of Medicine were 
established in 1 964 and 1 970, respectively, under the charter 
of the National Academy of Sciences. 

This project was supported by funds from the National Sci
ence Foundation and the U.S. Department of Education. 
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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 
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2 Teacher Supply and Delftllnd 

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: (I) 
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 different 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 differences. 
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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 
usc 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 elaborate 
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 models are reasonably adequate for current 
needs. 

Copyright © National Academy of Sciences. All rights reserved.

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

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


Summary s 

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 I. We recommend that the key compo-
nents of current models of teacher demand--enrollment pro
jections 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 
adjustment 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. 
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Summary 7 

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 1 1 . 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, 1 983; National 
Commission on Excellence in Education, 1 983) 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 ( 1 985:355) 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, 1 986; 
Champagne and Hornig, 1 986; Gilford and Tenenbaum, 1 985; 
Raizen, 1 986; Raizen and Jones, 1 985; Rumberger, 1 985), it is 
very difficult to know from hard data what is meant by 
"shortages" of "qualified" teachers. The available statist ics 
and models used to est imate and project the supply and 
demand for mathematics and science teachers at the elemen-

II 
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1 2  Teacher Supply and Demand 

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, 1 984, 
1 985; Feistritzer, 1 985). 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 
1 980s drew attention to the lack of adequate information 
about mathematics and science teaching in the elementary 
and secondary schools. The resulting report (NAS/NAE, 1 9 82) 
provided impetus for the formation of the Committee on In
dicators of Precollege Science and Mathematics Education in 
1 983 within the National Research Council (NRC). The com
mittee's initial report (Raizen and Jones, 1 985) 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 1 984 for a study on statistics on 
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Introduction 1 3  

supply and demand for precollege science and mathematics 
teachers. Subsequently. in early 1 986. our panel was organ
ized to carry out the work outlined in the planning confer
ence report (Gilford and Tenenbaum. 1 985). 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 U.S. 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 i n  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 i n  
order t o  enhance the structure and performance o f  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 a lso 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 mCidels or to 
give us a comprehensive picture of the teaching force, there 
are many  data bases, part icularly 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 simi lar 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 
meri t  research, variables that should be examined, and 
sources of useful data. We also expect to be more specific 
regard ing 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 priorit ies 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 1 980s. 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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1 6  Teacher Supply and Demt�nd 

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, 1 986; 
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 I 

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 
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instruction to 4S million students enrolled in precollege 
grades in the nation's public and private schools. Of the 
total number of teachers, 48 percent arc teaching in public 
school elementary grades, 38 percent in public school second
ary grades, 1 0  percent in private school elementary grades, 
and 4 percent in private school secondary grades. (These 
figures are based on the latest available data for the 1 983-
1984 school year--sec National Center for Education Statis
tics, 1 9 8Sa:Tables l . l ,  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 l . l  million secondary school teach
ers, 1 0  percent are estimated to be teaching science subjects 
and 1 1  percent mathematics (National Science Foundation, 
1 98S: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: 

o Wi ll  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 Wil l  there be enough certified, qualified, or, 
"high-qual ity" 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 bel ieved to be threatened by shortfalls in 
supply: 

•This section is drawn from the paper prepared for the panel 
by Barro ( 1 986:5-7). 
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o Will 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 fil l  the expected vacancies? 

o 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 
t he 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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o How would the demand for teachers be affected by 
changes in the elementary-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? 

o 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 arc 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 arc at the school district, state, 
or national level and what the perceived needs or policy 
alternatives and relevant time horizons arc 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 arc often not at all clear and that, moreover, docu
mented uses of the projections from these models arc 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 career prospects in the field of teaching. The 
Center's model docs 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 t o  have limited objectives, such a s  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 arc 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 Gcrlovich ( 1 982) 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 I, surplus, to S, 
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 (Fiakus-Mosqucda, 1 983), 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, 1 986) 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 1 979- 1 980 and 
again in 1 983- 1 98 4  (National Center for Education Statistics, 
1 982; Gilford and Tenenbaum, 1 985) 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 I 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-ficld" 
teaching--that is, teaching classes for which one is not cer
tified. Other states permit teachers to teach one or two 
classes out of field. 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- 1 960s. 
Currently, the model generates high, intermediate, and low 
projections year-by-year for 10 years into the future; the 
projections arc updated every 2 years. Roughly speaking, the 
Center's model compares projections of the year t+ I 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 disaggregatcd either by geogra
phic area or subject field. The latest projections for 1 992-
1 993 (National Center for Education Statistics, 1 985b) indicate 
that demand for additional teachers could exceed the supply 
of new graduates nationwide by as much as 1 33 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 arc dis
cussed in detail in the next section. The concepts of supply, 
demand, and shortage embedded in the models arc 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 arc 
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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 1 98 1  
NCES survey indicated that only 5 3  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, 1 985). 

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 1 983, 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, 1 98S: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, 1 982a; Weaver, 1 978).  
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 al ter
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 (sec the section below on basic 
characteristics of useful models) docs 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 arc 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 arc 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 (sec Part 
III:Tables I, 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 elementary 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 errect 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+ I .  
The method typically used i n  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 I S  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 are 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. Intcrcstinaly, 
attrition rates in these states for teachers of science and 
mathematics subjects arc not noticeably different from rates 
of teachers in other fields. Sec Part III:Tablcs 4, S.) 

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.e., 
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 arc 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 arc 
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, 1 985) represents the most ambitious effort 
we have seen on the supply side, with projections of the 
supply of new entrants from four sources: ( I )  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 
h istorical 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 earlier, 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 arc 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 arc 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 arc 
plentiful and fewer teachers if funds arc tight. More people 
are likely to offer to teach if salaries arc 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 ( 1 986: 1 4-24). 
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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 
i nterpretation 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. Moreover, 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 arc based, there was either 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 fields as mathematics and science. It 
may well be that instead of hiring undcrqualificd 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 S 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 ( 1 985), Manski ( 1 985), and Zarkin ( 1 985), 
and in an earlier British study by Zabalza ( 1 979), 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 ( 1 975) 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 ( 1 974) 
l inked 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 pred icted 
the tighter market for teachers that has developed in  recen t  
years. 
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scarcity of positions, but this cannot be accomplished with 
the models, methods, and data at hand. 

Teacher Shorta1e 

"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, 1 986; Illinois 
State Board of Education, 1 985b; and Cagampang, Garms, 
Greenspan, and Guthrie, 1 985). 

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, 1 985), a shortage of more than 20,000 teachers 
by 1 990? 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, 1 985). 
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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 arc not and can never be 
teacher shortages defined in constant quality terms. Markets 
do not adjust instantaneously. and there are institutional 
impediments to some of the adjustment mechanisms. For 
example. when too few new teachers apply who arc 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 arc 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 Resene 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 bachclor•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 1 984- 1 985, 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 s. 1 0, 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 BebaYloral Responses 
In Supply and Demand Models 

35 

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 arc 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--sec 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 ( 1 985), 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 1 950s. 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 1 984- 1 985, in-migrants acccountcd for 
65 percent of new applicants for certification and 35 percent 
of new hires in Florida--sec Part III.) Markets also differ 
within states in many instances--for example, the Chicago 
district faces a very diCfcrcnt 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 
substatc 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 arc 
subject-specific. Many questions being asked today arc 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 1 0- 1 2  in some states 
and 9- 12  in others). In addition, disaurcgation 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 (elementary. 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 Measure•e•t lssaes 

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 equivalent, 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 
tha t  practically one can at best measure only the qualifica
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 
( 1 986:24-32), it appears that the following teacher character· 
istics exhibit some positive relationship (often weak) to stu· 
dent performance: 

o Verbal ability; 

o Number of math credits (for math teachers); 

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

o 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 
( 1 985) 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: 

o 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, research has found that the presence of a collegial 
environment in which teachers have time and arc encouraged 
to interact with colleagues in subject departments is bene
ficial for effective teaching (see discussion in 
Darling-Hammond and Hudson, 1 986:4 1 -SS). 

Finally, a recent review by Hanushck ( 1 986) of 1 47 studies 
that correlate educational system •inputs• such as school 
expenditures and teacher characteristics with student 
achievement •outputs• confirms the picture outlined above. 
Hanushck states (p. 1 1 62) that •the results arc 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 1 06 studies that included measures of teacher educa
tion, 32 found positive correlations with student achievement, 
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, Hanushck 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, arc "unequivo
cal: teachers and schools differ dramatically in their effec
tiveness" (p. 1 1 59). 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 relatiYely inex
pensiYe to collect. Operationally, this probably means that 
the measures should be obtainable either from administrative 
record systems and/or from surveys using conventional qucs· 
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 
arc 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, 198S). 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. 

(e) Most measures should be tracked at regular inteTfals 
to permit analysis of trends ofer 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· 
ina 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· 
to red. 

(g) The measures should in most instances be ameMble 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 I I  

Recommendations for 

I mproved Data and Models 

In this part, we first discuss a key issue in the implcmcnta· 
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 
research institutions in government and academia. The 
recommendations that follow arc 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: 

( I )  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-

43 
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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, 1 986). 

The Center has also contracted with the National Opinion 
Research Center to design and field the National Education 
Lo.ngitudinal Study of 1 988 (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 l Oth and 1 2th 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, 1 986) 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. 
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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 a nd 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· 
kcts, 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 ncar 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 cvalua· 
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 arc 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 Deaaad 

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--enrollments 
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 necessary to permit 
demand models to provide projections that are useful for 
policy. 

With regard to state-level projections, we note that there 
are 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 a nd 
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 elementary and secondary 
school enrollment was only I I  percent of the total in 1 980, 
but was as high as 1 7  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, 1 984). 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 area 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 
adjustment 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 arc 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 arc 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--sec Part Ill). 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 usc 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 I S  years out of date. 

Some states have greatly improved their projections of 
continuing teachers by using attrition rates that are differcn· 
tiatcd by age or teaching experience and by subject field. 
We strongly support the usc 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 disaggrcgatcd data. We note that there arc 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 disaggrcgated 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 staycrs and lcavcrs from those states that 
have information. Analysis of state data could help the Ccn· 
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 n umber 
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 
these 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. 
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We recommend that the Center for Education Statistics 
explore with the states possible ways of systematically 
obtaining data on applicants for teaching positions. 

Model DeYeloptMnt 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 area. We will  be conducting case studies of how teach
ing positions in mathematics and science arc 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 tradcoffs 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 arc 
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 arc 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 usc 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 analytic 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 
are manipulated to observe the response, both in a11regate 
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, 1 984, 1 986.) 

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 selection• 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.e., 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 seek 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 either 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 
Cor 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 recommelld that research fMrtiMnt to teacher supply 
N collducted--in order of priority--on: 

(a) The NhaYioral determinants of the major compoMnts of 
MW entrants. including MW graduates, former teachers, 
aNi fMrsons hired on emergency certification: 

(b) The forces ullderlying teacher migration (among states. 
school districts. schools. aNi subjects): aNi 

(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 research 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 1 985 survey of mathc· 
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 difCicult mandate. 

The recommendations in this section arc divided into 
those that the panel believes warrant research 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 arc 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 usc for supply 
and demand models generally, not just those pertaining to 
teachers. 
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Recomme1Uiation 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. 

Wt rtcomme1Ui tltat rtsearclt bt u1Uitrtaken OPI the linkagt 
bttwttn the qualifications of the ttaclting forct and cltanging 
marktt conditions. 

In addition to research on quality adjustments in teacher 
labor markets, we believe it is important to conduct further 
research linkins characteristics of teachers of science and 
mathematics to student outcomes in those subjects. Such 
research is needed to provide the knowledse base that

· 
can 

suide the selection of indicator variables to use in models 
and in descriptive profiles of the characteristics of the 
teachins force over time. 

We noted in Part I that existins research is only of lim
ited value in supportins the selection of indicators. Indeed, 
it is strikins that a larse number of variables describins 
teachers and their trainins have been found not to be related 
to student test scores or test score sains. The panel is cer
tainly not of the view that the failures of past research 
should be resarded as definitive. As we discussed earlier, 
there arc 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 
bisher-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 bas a master's 
desrce--probably does not capture the variation in trainins 
and skills that different teachers brins to the job. 

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

First, it remains unknown whether a sroup of subject 
matter experts can desisn a test that is a sood measure of 
the subject matter knowledge that teachers ousht to have. 
It is possible that members of such a panel of experts would 
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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 arc 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 
I S  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 arc 
specifically focused on knowledge outcomes.) The Center for 
Education Statistics is currently sponsoring a new panel, the 
National Education Longitudinal Study of 1 988, 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 arc 
a source of hard information on a number of measures of 
academic prcservice 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.; 

o 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 nonrcsponsc will pose less of a problem than the 
combination of nonrcsponsc and misresponse to questionnaire 
items on educational background. These items arc 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, 1 984). 

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 (sec Hanushek, 1986: 1 165). 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 tluzt 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 comprehensi•e and meth· 
odologically appropriate research on this issue, the National 
Education Longitudinal Study of 1988 should include appro
priate measures of student outcomes together with a rich set 
of teacher characteristics and characteristics 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 administrati•e 
records. such as transcripts, rather tluzn through surrey 
questions. 

We noted previously the importance of research linking 
measures of subject matter knowledge of teachers of mathe· 
matics and science to their effectiveness in helping students 
learn. However, it is unlikely that such research would pro
vide a basis for indicators of teacher quality that could be 
used in supply and demand models or descriptive profiles. 
The reason is that scores on tests of subject matter knowl
edge would not be readily available for all teachers, given 
the costs involved--both monetary and political--in 
large-scale testing. Hence, the panel has considered a stra
tegy that could identify proxy measures. 

The strategy would be to design research that directly 
tests the subject knowledge of samples of teachers and then 
links the test results to other teacher characteristics that 
are more readily obtained, such as mathematics and science 
courses taken. The analysis would provide regression coeffi
cients that could be used as weights to indicate the strength 
of association between each characteristic and the test 
results. To the extent that the research shows strong rela· 
tionships, the results would provide a guide to identifying 
readily measurable teacher characteristics that should be col-
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lcctcd on a regular basis for monitoring the qualifications of 
the science and mathematics teaching force. The applicant 
pool could possibly serve as the source for samples to sup
port research linking direct measures of subject knowledge to 
other characteristics. Applicants could reasonably be asked 
to take tests and to provide transcripts on their educational 
background. 

However, there arc a number of concerns that have been 
raised about the merits of proceeding with the approach out
lined above. First, while there is no question that teachers' 
subject matter knowledge is important, there is a serious 
question about the ability of a panel of experts to devise a 
test of reasonable length that accurately measures this 
knowledge. If the test docs not measure subject matter 
knowledge well, variables that predict teachers• scores on 
this test will not be reliable indicators of teacher quality. 
Such variables may nonetheless find their way into hiring 
guidelines and certification requirements. Such use is appro
priate only if a teacher's score on a test does in fact predict 
the teacher's effectiveness. 

Second, the relationship between teachers• scores on a 
test of subject matter knowledge and their teaching effec
tiveness may not be linear. It is quite likely that there is a 
threshold relationship. Teachers with scores below a certain 
level may be significantly less effective than teachers with 
scores above that level; there may be no difference in the 
effectiveness of teachers with different scores above the 
threshold level. If this is the case, then analysis of the 
relationships between subject matter knowledge and other 
measures of qualifications should be formulated to explore 
the dimensions of teacher training that influence which 
teachers have scores above and which teachers have scores 
below the threshold. This cannot be done unless the 
research proposed by the panel in recommendation (8) veri
fies that there is a threshold score and determines what that 
score is. In the absence of such research, it is highly likely 
that efforts to link teachers' scores on a test of subject 
matter knowledge and variables describing their trajning will 
search for linear relationships. Some variables that arc lin- · 
early related to teachers' test scores may not be reliable 
predictors of which teachers score above the threshold and 
which do not. Such variables should not be used as indica
tors of teacher quality in supply and demand models, in hir
ing qualifications, or in certification requirements. Said dif
ferently, there is a concern that, unless research is carried 
out first that verifies that teachers' scores on a test of sub
ject matter knowledge arc related to teaching effectiveness 
and documents the nature of this relationship, the strategy 
suggested to relate subject matter knowledge to other mcas-
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ures of qualifications will not be useful and could be 
extremely misleading. 

The panel is in agreement that subject matter competence 
of teachers of mathematics and science is important and that 
it would be useful to develop proxy measures of subject 
knowledge that could be collected regularly in nationally rep
resentative data series. The panel has not reached agreement 
on the merits of the arguments for and against an immediate 
start on research to identify such proxy measures. We 
intend to give fuller consideration to the issues on both sides 
of this important question in the second phase of the pro
ject. 

Oogoloa Data Collection 

As discussed throughout our report, there is a great need for 
nationally representative time series on teacher supply. With 
regard specifically to measures of qualifications, the panel 
believes that relevant data should be collected on a regular 
basis for the major components of teacher supply, including 
continuing teachers and the major categories of new 
entrants, as we have defined them. We previously noted the 
inability of extant research to support choice of qualifica
tions measures and indicated that, given the need to initiate 
time series, we had identified a list of possibly useful meas
ures using our collective judgment. The research outlined in 
the previous section is urgently needed to permit refinement 
and modification of the measures that we suggest as appro
priate. 

Measures of Academic Preparation and Ability 

The panel suggests that measures of academic preservice 
preparation and of general intellectual ability be obtained on 
a regular basis to permit monitoring the characteristics of 
the teaching force in mathematics and science. These meas
ures are important to collect in any case, because they pro
vide information on factors that are susceptible to policy 
initiatives by state and federal education agencies. 

By measures of academic preservice preparation we mean 
such measures as college major and number of courses in the 
subject field. By measures of general intellectual ability, we 
mean such measures as grade point averages and SAT or 
American College Test (ACT) scores. Over 80 percent of 
college graduates have taken either the SAT or ACT. While 
recognizing problems in interpretation of scores on these 
tests, the panel believes that they provide a useful indicator 
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of overall ability, specifically of verbal ability, which bas 
been shown to relate to student outcomes (see Part 1). 
Measures based on SAT or ACT scores should be expressed in 
terms of percentage above a reasonable cutoff or possibly in 
terms of distributions rather than in terms of average scores, 
which tend to be unstable. 

We strongly urge that the Center for Education Statistics 
surveys of teachers obtain data on academic preparation and 
ability through transcript records rather than questionnaire 
items. The same reasoning that we offered for NELS:88 
applies here. Should the Center determine that it is feasible 
to obtain information on applicants, transcripts should be 
obtained for this group as well. Indeed, it is particularly 
important to obtain transcript information on academic prep
aration and ability regularly for applicants and new hires to 
track chanaes in new teacher supply. The information can 
be obtained on a less frequent basis for experienced teachers, 
aiven the relatively low turnover in the current teaching 
force. 

With regard to specific measures of qualifications for 
teachers of mathematics and science that can be abstracted 
from transcripts, we suggest the followina as candidates: 

o For middle and secondary school levels: 

( I )  Whether majored i n  subject field i n  colleae (i.e., 
the subject being tauaht); 

(2) Undergraduate grade point average in last two 
years of college; 

(3) Underaraduate grade point average in subject 
field; 

(4) SAT/ACT score; 

(S) Number of courses in subject field; and 

(6) Field-specific indicators of advanced training; for 
example, college courses in mathematics that had 
calculus as a prerequisite; chemistry courses that 
had physical chemistry as a prerequisite; physics 
courses that had sophomore-level enaineering 
physics as a prerequisite; biology courses that had 
junior-level biochemistry as a prerequisite. (The 
specific courses cited can be viewed as •gateway• 
courses in their field.) 
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o For the elementary school level: 

67 

( I )  Undergraduate grade point average in last two 
years; 

(2) SAT I ACT score; 

(3) Number of laboratory science courses; 

(4) Number of science methods courses; 

(S) Science courses in all major areas (i.e., life, 
physical, earth); 

(6) Number of mathematics methods courses; and 

(7) Number of mathematics courses overall and num
ber designed specifically for teachers. 

A problem for measurement of teacher qualifications for 
high school and, in some states, middle school grades is that 
teachers may handle more than one subject. In this regard, 
we strongly support the recommendation of the Committee on 
Indicators of Precollege Science and Mathematics Education 
that measures of qualifications of teachers should be 
reported, not as percentages of teachers per se, but as per
centages of students being taught by teachers with specific 
characteristics. Using student-weighted measures adjusts for 
differences in pupil-teacher ratios and staffing patterns and 
permits categorization by important dimensions such as the 
students' ethnicity. For example, a student-weighted measure 
would be that x percent of high school biology students have 
teachers who, on average, had y college courses in biology. 
Comparisons could also be made of the percentages for 
minority and other students and of the percentages for 
women and men students. 

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. 
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Measures of In-service Training and Commitment 

For experienced teachers, the panel believes that it is impor· 
tant to have measures that indicate continued learnina and 
commitment to mathematics and science fields. For a teacher 
with 1 5  or 20 years of experience, academic preservice prep
aration is likely to be much less indicative of current teach· 
ina competence. We suaaest that a useful set of measures 
would include: 

( I )  Hours of in-service trainina i n  mathematics, science, 
and math and science pedaaoay in last 1 2  months 
cateaorized by the purpose of the trainina (for 
example, to improve knowledae, to prepare to teach 
a new field, to implement a new curriculum); 

(2) Colleae credits obtained in the last 1 2  months in 
mathematics. science, and math and science pedaaoay 
cateaorized by purpose; 

(3) Membership and participation in professional mathe
matics and science associations; and 

(4) Years of teachina mathematics and science (to distin· 
auish teachers with many years of teachina experi
ence but few years of experience in math or science 
from those with many years teachina these subjects). 

We stress that research is needed to identify the best set 
of measures of in-service trainina and commitment; however, 
the panel believes that the above measures represent a aood 
startina point. We note aaain the usefulness of reportina 
these measures on a student-weiahted basis. 

Recommendation 10. We recommend that tM 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. 

Measures of Certification 

Althouah using certification as a measure of teacher qualifi
cations is problematic, given the great variations in require
ments and certification practices among the states, the panel 
believes that it is important to monitor certification levels 
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and policies. The latter data are needed to permit careful 
assessment of the comparability of certification measures 
across states. This is particularly important, given that 
states that develop teacher supply and demand projections 
invariably rely on certification as a quality measure. 

Ongoing surveys of teachers need to obtain information 
regularly on both the field of certification, e.g., general sci
ence, mathematics, chemistry, etc., and the type of certifica
tion, that is, emergency, provisional, permanent, etc. With 
regard to state policies on certification, which have been 
subject to frequent revision in recent years, we understand 
that the Education Commission of the States has been moni
toring state certification practices on an annual basis since 
1 980 (sec, e.g., Education Commission of the States, 1985; 
Flakus-Mosqucda, 1 983). It is important that this information 
be disseminated widely to analysts and researchers who arc 
studying the qualifications of the teaching force. 

Finally, we note that recent reports directed to profes
sionalizing the teach ing force and teaching careers have 
recommended rigorous nationwide certification programs and 
standards (sec Carnegie Forum, 1 986; Holmes Group, 1 986). 
The National Science Teachers Association (NST A) has devel
oped standards for certification in science subjects at the 
elementary, middle, and secondary school levels (NSTA, 1 984, 
1 983) and is working to encourage teachers to obtain certifi
cation in these subjects through NST A. To the extent that 
the recommendations of these organizations arc implemented, 
certification will become a much better measure of teacher 
qualifications for which it should be much easier to obtain 
data. 

Recommendation 11. We recommend that the Center for 
Education Statistics surveys of teachers regularly include 
measures of certification (type and subject fields) and that 
the Center obtain and disseminate available information on 
state certification policies and practices. 

Other Measures of Teacher Qualifications 

The literature suggests and our judgment supports that there 
arc many other important characteristics of effective teachers 
of science and mathematics at the elementary and secondary 
school levels. These characteristics relate to teaching styles, 
including pedagogical techniques and skills, and to attitudes 
toward teaching, subject matter, and students. However, we 
believe that there is simply too little known to recommend a 
specific set of measures for regular data collection. We urge 
that the research agenda outlined previously be pursued vig-

Copyright © National Academy of Sciences. All rights reserved.

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

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


70 Teacher Supply artd DemDrtd 

orously to identify useful measures. In support of such 
research, we urge that the Center for Education Statistics 
make room in NELS:88 and other surveys on student out· 
comes for a rich set of teacher and school characteristics 
that will permit innovative investigation of this important 
topic. 
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Part I l l  
How Selected State and 

National Models Work 

The Panel on Statistics on Supply and Demand for Precollege 
Science and Mathematics Teachers engaged three consultants 
to carry out in-depth reviews of relevant data and analyses 
in selected states. Each review covers data and models on 
teacher supply and demand in two states. All three reviews 
also cover the national model maintained by the Center for 
Education Statistics. Part III consists of excerpts from the 
consultants' reports that describe the models and projections 
of teacher supply and demand included in their reviews. The 
text has been edited for greater consistency of format and 
terminology. The first section discusses the model of the 
Center for Education Statistics, while the second covers the 
models and projections developed in the six states. The 
latter section also provides the basis for selection of the 
particular state models for review. 

Listed below are the authors, titles, and states reviewed 
in the consultant reports; the full reports are available from 
the authors. 

Stephen M Barro, "The State of the Art in Projecting 
Teacher Supply and Demand." August 1 986. SMB 
Economic Research, Inc., Washington, D.C. (California 
and Colorado) 

Edward S. Cavin, "A Review of Teacher Supply and 
Demand Projections by the U.S. Department of Educa
tion, Illinois, and New York." August 1986. Mathema
tica Policy Research, Inc., Princeton, N.J. (Illinois and 
New York) 

7 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

T o w a r d  U n d e r s t a n d i n g  T e a c h e r  S u p p l y  a n d  D e m a n d :  P r i o r i t i e s  f o r  R e s e a r c h  a n d  D e v e l o p m e n t  :  I n t e r i m  R e p o r t
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Joel Popkin and B. K. Atrostic, "Evaluation of Models of 
the Supply and Demand for Teachers." August, 1986. 
Joel Popkin and Company, Washington, D.C. (Florida 
and South Carolina) 

THE CENTER FOR EDUCATION STATISTICS MODEL 

The Center for Education Statistics in  the Office of Educa
tional Research and Improvement of the U.S. Department of 
Education • regularly prepares national projections of compo
nents of the supply and demand for precollege school teach
ers. The Center, which is charged with the responsibility for 
collecting and disseminating data on education in the United 
States, uses data from a variety of sources in developing 
teacher supply and demand projections: 

o Annual censuses conducted by the Center of state edu
cation agencies (SEAs) on public school enrollment by 
grade and total teaching staff; 

o Annual censuses conducted by the Center of institu
tions of higher education on postsecondary enrollments 
and graduations; 

o Periodic surveys conducted by the Center of nonpublic 
schools; 

o Population projections developed annually by the Cen
sus Bureau; 

o Annual surveys conducted by the Census Bureau of 
school enrollment (the October supplement to the Cur
rent Population Survey); and 

o Periodic surveys by the National Education Association 
(NEA) of teacher training institutions and teachers. 

•The Center for Education Statistics was formerly the 
National Center for Education Statistics (NCES). This sec
tion draws heavily from the paper prepared for the panel by 
Cavin ( 1 986:Section II) and also uses material from the paper 
prepared for the panel by Popkin and Atrostic ( 1986:Section III). 
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Structure of the Model 

The Center for Education Statistics projects enrollments, 
total teacher demand, the demand for additional teacher hires 
(i.e., demand not filled by teachers continuing from the pre
vious year), and the supply of new graduates from bachelor's 
level teacher training programs. The total teacher demand 
projections are published separately ' for public and private 
schools by elementary and secondary school levels, the addi
tional teacher demand projections are published separately for 
public and private schools, and the new teacher supply pro
jections represent grand totals. The supply and demand pro
jections are not disaggregated by either subject field or geo
graphic area. Also, the Center makes no attempt to estimate 
what fraction of new teacher hires will be from the reserve 
pool of qualified teachers who currently are not teaching or 
from sources other than new teacher graduates. Thus, the 
Center's comparisons of teacher supply and demand are best 
interpreted as the fraction of total new teacher hires that 
potentially could be made from the stock of newly trained 
teachers. 

Figure 1 presents a diagram of the' Center for Education 
Statistics model. Teacher demand is projected by the follow
ing sequence of steps: 

( 1 )  Enrollments by grade level are projected using a 
combination of birth cohort survival rates and grade 
retention rates; 

(2) Staffing ratios (teacher-pupil ratios) are projected on 
the basis of historical trend�; and 

(3) Projected teacher demand is computed in three com
ponents: additional teachers needed because of 
enrollment changes, additional teachers needed 
because of changes in staffing ratios, and additional 
teachers needed to replace teachers who leave. 

New teacher supply is projected using the following steps: 

( 1 )  College enrollment rates are projected using Current 
Population Survey data for age-specific subgroups of 
the population by sex; 

(2) These college enrollment rates are multiplied by age
specific population projections to generate college 
enrollment projections; 
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Figure 1 Structure of the Center for Education Statistics Teacher Supply and Demand Model. 
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State and National Models 7S 

(3) The number of baccalaureate degrees is projected 
using a regression relationship between degrees and 
college enrollments; and 

(4) The projected supply of new graduates of teacher 
training programs is computed as a fraction of pro
jected baccalaureate degrees based on data from the 
NEA and from the Center's surveys of recent college 
graduates. 

The Center for Education Statistics methodology for pro
jecting teacher supply and demand can be characterized as 
mechanical, involving the use of trend extrapolations based 
on historical time series. No behavioral components are 
included in the model. A characteristic feature of the pro
jections is the use of alternative projection assumptions for 
key data series, to check the sensitivity of projections to 
particular assumptions and to permit more judgmental inter
pretation of the projections. The variables for which high, 
intermediate, and low alternative assumptions are employed 
are: 

o Total precollege enrollment; 

o Staffing ratios in public elementary and secondary 
schools; 

o Staffing ratios in private schools; 

o Teacher separation (attrition or turnover) rates; 

o College enrollment rates; and 

o The fraction of new baccalaureates graduating from 
teacher training programs. 

Teacher Demand Projections 

The Center for Education Statistics model requires teacher 
demand data on precollege enrollments, staffing ratios, and 
teacher separations (i.e., turnover). These data are used to 
estimate separately teacher demand for each component of 
total teacher demand changes. This section describes in 
detail the sources and uses of these data for the Center's 
teacher demand projections. 
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Enrollments 

The Center for Education Statistics projects precollege 
enrollments by using a combination of age and sex-specific 
enrollment rates and population projections, enrollment rates 
in special school programs, and grade-to-grade retention 
rates. The first phase of the projection methodology 
involves application of Current Population Survey age and 
sex-specific enrollment rates to Census Bureau age and sex· 
specific population projections to generate enrollment projcc· 
tions by age and sex. These figures arc adjusted to histor· 
ical control totals for enrollment based on data collected by 
the Center from state education agencies; projected enroll� 
mcnts arc adjusted using the historical adjustment rates. 
These enrollment projections, which arc computed using low, 
intermediate, and high alternative population projections, 
form the basis of the second and third phases of the enroll· 
mcnt projection methodology. 

The second phase involves using grade-to-grade retention 
rates to project grades 2 through 12 from the first-phase 
enrollment projections for the first grade. The Center calcu· 
latcs retention rates from grade-specific enrollment data 
obtained annually from state education agencies. 

The third phase of enrollment projections involves apply· 
ing age-specific enrollment rates in special school programs 
to the first-phase age-specific enrollment projections for all 
grades to compute the primary and secondary school enroll· 
ments in special programs. The total projected school 
enrollments for secondary schools arc taken to be the sum of 
the regular secondary enrollments computed at the second 
stage and the secondary special program enrollment. The 
total projected enrollments for primary schools arc defined 
similarly, except that the projected nursery and kindergarten 
level enrollments from the first phase arc also included. 

The above description of methods and data sources for 
enrollment projections applies to public schools. The Center 
also projects enrollments for nonpublic schools using the 
same basic methodology. The Current Population Survey 
data used to compute the first-phase enrollment projections 
separately identify public and nonpublic schools. The Ccbtcr 
uses private school grade-specific enrollment data to calcu· 
late grade retention rates. The private school data arc prob
lematic in a number of respects, principally in that the 
directory of private schools that forms the sampling frame 
has serious omissions and biases. The surveys arc also con· 
ducted every two or three years rather than annually 
(National Center for Education Statistics, 1984: 1 84· 1 85). 
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Staffing Ratios 

Another important component of new teacher demand is that 
attributable to changes in staffing ratios. The Center for 
Education Statistics computes as its staffing ratio the number 
of teachers per 1 ,000 pupils, instead of the simple teacher
pupil ratio. 

The product of enrollments and teacher-pupil ratios yields 
estimates of staffing requirements that can be dichotomized 
into the change in requirements because of enrollment and 
the change due to staffing ratios. Three projections of 
staffing ratios are made to match the low, intermediate, and 
high enrollment assumptions. For the low enrollment assump
tion, the teacher-pupil ratio is assumed to be constant. For 
the high assumption, projected increases in the ratio are 
based on the averaging of past ratios through the use of 
exponential smoothing equations, in which historical time
series data are weighted according to an exponentially 
decreasing function, so that more recent observations receive 
greater weight. The ratio for the intermediate assumption is 
an average of the two. The pairing of enrollment and teach· 
er-pupil ratio scenarios--rising staffing ratios with the most 
rapidly rising enrollments and constant ratios with the slow
est rising enrollments--seems motivated more by a desire to 
form the widest bounds than to relate enrollment causally to 
staffing ratios. In fact, rapidly rising enrollments are more 
likely to be associated with falling staffing ratios in the 
short run, particularly if the enrollment increases were 
greater than expected. 

Turnover 

The third main component of the demand for additional 
teachers in the Center for Education Statistics model is 
replacement of teachers who leave their jobs due to retire
ment, illness, maternity, or other reasons. It should be 
noted that teacher attrition is largely a supply phenomenon, 
reflecting the decisions of individual teachers. The discus
sion of turnover in the description of the model is retained 
under the heading of teacher demand because of the concept 
employed by the Center of decomposing the demand for addi· 
tional teachers. 

The Center currently uses a constant separation (or turn
over) rate. The rate used in the intermediate series of pro
jections is 6 percent (National Center for Education Statis
tics, 1 985b:Table 25), which is based on assessment of job 
market conditions in the 1 970s and 1 980s. Unfortunately, the 
Center has not collected data on teacher replacement rates 
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since 1 969; therefore. it is difficult to evaluate the realism of 
this assumption. The Center uses a teacher turnover rate of 
8 percent in the high series of projections. which represents 
the historic level according to the Center. and a rate of 4.8 
percent in the low projections series. which according to the 
Center represents a theoretical floor. 

Again. the pairing of enrollment projections and turnover 
rates is done to establish the widest bounds. The range of 
turnover rates assumed can cause additional teacher demand 
due to attrition to vary by 25 percent. In the most recent 
projections. replacement demand is by far the major source 
of additional teacher demand. accounting for 78 to 86 percent 
of additional demand over the period 1 988· 1992. In contrast. 
changes in enrollment account for 7 to 1 4  percent of addi· 
tional demand over this period and changes in staffing ratios 
for 0 to 1 3  percent (National Center for Education Statistics. 
1 985b:Tablc B-22). 

Various research studies have estimated alternative 
teacher quit rates (sec Eberts and Stone. 1 984). although 
there arc problems in comparability of study results (for 
example. quits from the perspective of a school district 
include transfers to other districts that arc not quits from 
the perspective of a national model). Tables 4 and S in Part 
III, based on state data from Illinois and New York. indicate 
that quit rates vary by age of teacher--a finding supported 
in analyses of teacher data in other states (e.g .• sec Prowda 
and Grissmcr. 1 986). While these studies do not offer any 
clear evidence on what single separation rate might be 
appropriate, they do suggest that teacher separation rates 
vary over time in response to both the demographic composi
tion of the teaching force and market forces. and that using 
a constant rate is likely to increase the error of teacher 
demand projections. 

Teacher Supply Projections 

Major components of teacher supply for a national model 
(ignoring migration of teachers among schools, districts. and 
states) include: continuing teachers who taught last year. 
persons newly certified to teach. teachers reentering from 
the reserve pool who did not teach last year but had prior 
teaching experience. and persons teaching out-of -field or on 
an emergency certificate. As noted earlier, the Ccntcr•s 
teacher supply and demand model includes only continuing 
teachers (on the demand rather than supply side of the 
model--see previous discussion) and new graduates of teacher 
training institutions. The model does not project the reen
tering teacher or uncertified teacher components of supply. 
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New Graduates of Teacher Training Programs 

The Center's model estimates the number of persons who will 
graduate from bachelor's level teacher training institutions. 
Therefore, in one respect, this model overestimates the num
ber of new teachers who are available, because not all new 
teacher graduates obtain teaching certificates from state cer
tification authorities (usually state education agencies) or 
apply for teaching jobs. However, many states permit the 
certification of college graduates who were not enrolled in 
undergraduate teacher training programs. On balance, it 
probably is difficult to determine whether the supply of 
newly certified teachers is greater or smaller than the num
ber of new teacher graduates, without collecting detailed data 
from states and school districts on certificate issuance and 
applications. 

In any case, the Center for Education Statistics projects 
the supply of new teacher graduates by projecting postsec
ondary enrollments, college graduations, and the fraction of 
total baccalaureates who are graduates of teacher training 
programs. In the first step of this process, postsecondary 
enrollments are forecast using essentially the same procedure 
as that employed for the first-phase projections of primary 
and secondary school enrollments. Age and sex-specific 
enrollment rates from the Current Population Survey are 
applied to age and sex-specific population projections to 
obtain postsecondary enrollments. In the second stage of 
this process, a regression model incorporating two explana
tory variables--a trend variable and a categorical variable for 
the change in the direction of the trend--is used to project 
baccalaureate degrees from fourth-year college enrollments. 
Finally, historical data from the NEA on the fraction of total 
college graduates who graduated from teacher training pro
grams are used to estimate projected new teacher supply 
from the forecast of total college graduates. The NEA data 
are available through 1 982 when the series was discontinued; 
to develop its next series of projections, the Center for Edu
cation Statistics is using data from its 1 985  survey of recent 
college graduates. 

Alternative estimates of the fraction of graduates who 
obtained teacher training are applied. The first alternative 
percentage, associated with the low projection of college 
graduates, is obtained from an exponential smoothing equation 
that produces a negative time trend. The time trend in this 
case is negative because new teacher graduates as a percen
tage of bachelor's degrees awarded have fallen from 37.4 per
cent in 1 97 1  to 1 5  percent in 1 982. The second alternative 
percentage incorporates a positive time trend assumption 
about the fraction with teacher training and is paired with 
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the high graduate scenario. A constant I S  percent ratio, 
equal to the actual 1 982 ratio, is paired with the intermedi
ate graduate scenario. Again, the objective of the pairings is 
to bound the supply estimate. This is done by picking a 
worst-case scenario based on the falling proportion of new 
teacher graduates that has obtained since the early 1 970s. 
The other bound is selected so as to reverse the downward 
trend. But variables accounting for the observed decline arc 
not in the model, so there is no basis on which to evaluate 
whether the trend will continue, be reversed, or not move in 
either direction, as posited in the intermediate scenario. 

Comparison of New Teacher Supply 
With Additional Teacher Demand 

The Center for Education Statistics then provides compari
sons of the supply and demand estimates produced by its 
model, again with a view toward bounding the outcomes. 
Thus, the highest new demand outcome is compared with the 
lowest new supply outcome, and vice versa. By 1 992 the 
projected demand, both public and private, from the low to 
high scenario varies from 1 57,000 to 23 1 ,000 additional teach
ers. The projected supply varies from 99,000 to 1 88,000 new 
teacher graduates. The conclusion of the forecast published 
by NCES ( 1 98Sb:Table B-23) is that by 1 992 supply could 
exceed demand by as much as 1 9.7 percent ( 1 88,000/ 1 57,000) 
or demand could exceed supply by as much as 1 33.3 percent 
(23 1 ,000/99,000). Again, the only source of supply projected 
in the Center's model is that provided by new teacher gradu
ates, although data from a number of states suggest that 
other sources of supply, such as reentering teachers, are typ
ically a much larger fraction of new hires than arc new 
teacher graduates (see the discussion in the section on state 
models). Hence, it is likely that the Center's estimates of 
excess demand are substantially biased upward. 

Model Performance 

The U.S. Department of Education has been generating con
sistent projections of enrollments and staffing since 1 964. 
Thus, there is a substantial accumulated body of modeling 
experience on which to base assessments of model perfor
mance. At least three such significant investigations of the 
performance of the Center's model have been undertaken: 
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this section will discuss the results of the most recent such 
evaluation (Frankel and Gerald, 1984).* 

The Center has used the mean absolute percentage error 
(MAPE) of its projections as a measure of model perfor· 
mance. MAPE is defined as: 

A 

MAPE • I [( 1 /n) I X �  • X� I I X�] 1 00 

where X� is t�e actual value of the variable of interest in 
time period t, x, is the projected value, and n is the number 
of time periods over which the MAPE is measured. Table 1 
presents MAPEs for key variables in the Center's model, by 
lead time of the forecast. Public school enrollments evi
dently are forecast quite accurately by this model, as might 
be expected from the dependence of these enrollments on 
relatively short-term demographic data. Indeed, with a 1 0· 
year forecast horizon, most of the persons who will enroll in 
all but the lowest grades already have been born and can be 
forecast on the basis of historical data. College enrollment 
rates in the short term also tend to be accurately forecast, 
for the same reason that these persons can be counted 
accurately. Total demand for public school classroom teach· 
ers has very small MAPEs. which suggests that the staffing 
ratios used to forecast teacher demand on the basis of 
enrollment projections are very stable. 

Much less accurate are the model's projections of bacca
laureate degrees and the supply of new teacher graduates. 
Baccalaureate degrees are forecast from a regression equation 
based on college enrollments; these data suggest that the 
relationship between enrollments and degrees is not very 
stable for more than four future years. Projections of new 
teacher supply are so inaccurate as to be, practically speak· 
ing. useless even in the short run. 

The Center's projections for nonpublic schools tend to be 
less accurate than those for the public schools, which prob· 
ably reflects data limitations and the sensitivity of nonpublic 
school enrollment decisions to the educational policy environ
ment. A comparison of projected enrollment and total 
teacher demand in nonpublic schools suggests that staffing 
ratios in nonpublic schools probably are quite stable, since 
the MAPEs of enrollments and teacher demand are of similar 
magnitude. 

•The first was performed under contract by Research Tri
angle Institute in 1 974. while the second and third were per
formed by NCES in 1 978 and 1 984 (see Frankel and Gerald. 1 984). 
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TABLE 1 Mean Absolute Percentage Errors for Key Variables 
in the Center for Education Statistics Model (for Projections 
Prepared in 1966-1982) 

1.&111 Iim' {Y,ml 
2 3 4 s 6 7 a 9 10 

Prccollcac Earollmeat 
in Public Sclaools: 

K·12 0.2 0.4 0.6 0.7 0.1 1 . 1  1 .1 3.0 4.9 7.2 
K·l 0.3 0.6 0.1 0.9 0.9 1 .2 2. 1 3.4 S.l u 
9- 1 2  0.6 0.1 1.0 1.3 2.0 2.S 2.9 3.1 4.6 S.J 

Prccollcac Earolbacat 
in Noapablic Sclaools: 

K·l2 3.6 6.S Dr ar IS.O ar ar ar ar 14.3 

Collcac Earoll_.t 0.4 2.3 3.0 s.o ar ar ar ar ar ar 

Baccalaa�cate Dqrccs 2.4 2.4 3.9 s.s 1.6 9.9 1 1 .9 1 4.S I S. I 1 1.2  

Dcmaad t or  Clulrooa 
Tcac:bcn: 

Public Sclaoola u u 2.2 3.G 3.7 4.0 4.4 4.S 4.4 4.7 
Noapablic Sclaoola o.s 6.S 9.9 16.0 16.2 23.7 2 1 . 1  1 9.9 16.9 1 1 .6 

Supply oC New Tcaclacr 
Gradutca 14.2 24.6 3 1.1 Dr Dr ar ar ar ar ar 

ar • not reported. 

SOURCES: NCES (191Sb: Tablca 30, 31)  tor procollc:p carollmcat in public schools, collcac 
carollmeat, aDd baccalaarcate dqreca; Praakel aad Gerald (1914) tor prccollcac carollmcat ia 
aoapublic scboola and dcmaad · tor claaroom tcaclacn. 
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Users of the Center for Education Statistics Model 

The Center's model generates projections of teacher demand 
and the supply of new teacher graduates that are intended to 
inform educational policy debate and planning. Probably the 
mai n  consumers of the Center's projections are federal edu
cational policy makers and legislators.* Because the projec
tions are not disaggregated by geographical area, they are of 
limited interest to state education agencies and of no prac
tical consequence to school districts. Moreover, staff of 
state education agencies may tend to discount national pro
jections of new teacher graduates because they are based on 
data that may not be representative of their state and which 
may be difficult to interpret because of different state certi
fication requirements. The usefulness of the model projec
tions probably could be increased primarily by improving the 
performance of the model itself, and secondarily by disaggre
gat ing the project ions. 

MODELS OF SELECTED STATES 

This section provides descriptions of the teacher supply and 
demand models and projections developed in six states: Cali
forni a  and Colorado in the West, I l l inois and New York in 
the Northeast and Midwest, and Florida and South Carolina 
in the South. First, we discuss the basis for selecting these 
six states. 

Selection of States for Review 

With regard to selection of states, we concluded that it was 
important to have a sample representative of the following 
dimensions: 

o Geographic region of the country; 

*The Center's projections are known on occasion to have had 
an important impact on policy. One example occurred in 
1 966 when the U.S. Office of Education had before the Con
gress a bill for a heavily funded teacher training program. 
The Center's model projected declines in enrollments and 
consequently decreasing need for additional teachers. In 
response to this information, the bill  was modified to direct 
funding  to areas of special need, such as special education. 
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o Trends in elementary school enrollment over the past 
decade (as a measure of demand generated from popu
lation growth); 

o Level of current elementary school enrollment (as a 
measure of size); and 

o Percentage private school of total enrollment (modeling 
teacher supply and demand is more difficult for private 
schools). 

With resources to review only six states, it was obviously not 
possible to specify a sample representing all aspects of these 
dimensions. Moreover, an overriding consideration was to 
review states that had actually completed reasonably detailed 
analyses of teacher supply and demand. 

The six states that were chosen include four that rank in 
the top third on current level of elementary school enroll
ment and two that rank in the middle third. The four large 
states each fall into different categories of enrollment trends 
over the past decade. This set also provides a distribution 
from high to low percentages of private school enrollment 
(sec Tables 2 and 3). 

The panel and consultants also reviewed less intensively 
studies of teacher supply and demand in several other states, 
including Connecticut (Prowda and Grissmcr, 1 986), Delaware 
(Delaware State Department of Public Instruction, 1 98Sb) and 
Oregon (Oregon Teacher Standards and Practices Commission, 
no date). The bibliography provides references to the studies 
on this topic known to the panel. 

The California PACE Model • 

The most fully developed analysis of teacher supply and 
demand in California is that produced by Policy Analysis for 
California Education (PACE), a research center at the Uni
versity of California, Berkeley. This work, which projects 
teacher supply and demand through 1 994- 1995, is presented in 
a report entitled "Teacher Supply and Demand in California: 
Is the Reserve Pool a Realistic Source. of Supply?" 
(Cagampang, Garms, Greenspan, and Guthrie, 1 98S). The fol
lowing description and assessment is based on that document, 
on a series of discussions with Helen Cagampang, and on 
information provided by James Fulton of the Planning, Eval-

•The description of the California model is drawn from Barro 
( 1 986:Appcndix). 
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Table 2 Percentage Private Enrollment of Total Elementary 
and Secondary School Enrollment in 1 980 

State 
Percentage Private 
of Total Enrollment 

Delaware 
Hawaii 
District of Columbia 
Pennsylvania 
Louisiana 
New York 
Rhode Island 
Wisconsin 
New Jersey 
Illinois 
Connecticut 
Missouri 
Maryland 
Nebraska 
Ohio 
Florida 
Massachusetts 
California 
New Hampshire 
U.S. Average 
Minnesota 
Michigan 
Mississippi 
Iowa 
Kentucky 
Indiana 

1 9.0 
1 8.4 
1 7.S 
1 7.4 
1 7.0 
1 6.8 
1 6.8 
1 6.4 
1 S.6 
l S.O 
1 4.3 
1 3.0 
1 2.4 
1 2. 1  
1 2. 1  
1 2.0 
1 1 .9 
1 1 . 1  
1 1 .0 
1 0.8 
l O.S 
1 0.2 

9.S 
9.4 
9.4 
8.7 

SOURCE: Feistritzer ( 1 983:Table 1 ). 

State 

North Dakota 
South Dakota 
Tennessee 
f.labama 
Kansas 
South Carolina 
Arizona 
Maine 
Vermont 
Georgia 
Virginia 
Washington 
New Mexico 
Colorado 
Oregon 
North Carolina 
Texas 
Montana 
Alaska 
Nevada 
Arkansas 
West Virginia 
Wyoming 
Idaho 
Oklahoma 
Utah 

Percentage Private 
of Iota} Enrollment 

8.4 
7.8 
7.7 
7.6 
7.S 
7.4 
7.3 
7.3 
7.3 
7.2 
6.9 
6.9 
6.2 
6. 1 
S.7 
4.9 
4.9 
4.7 
4.2 
4.2 
4.0 
3.2 
3.0 
2.8 
2.7 
1 .6 

uation, and Research Division of the State Education 
Department. 

Teacher Demand 

The demand for California teachers is estimated by dividing 
projected enrollments by pupil-teacher ratios. The calcula
tion is done separately for the elementary (K-8) and second
ary (9- 1 2) grades. The enrollment projections are provided 
by the California Department of Finance. Numbers of teach
ers (full-time-equivalents or FTEs) are determined from a 
detailed statewide data file on individual teachers contained 
within the California Basic Education Data System (CBEDS). 
The pupil-teacher ratios used for making projections, 23.89 
pupils per FTE elementary teacher and 28.08 pupils per FTE 
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TABLE 3 Percentage Change in Grades 1 - 8  Public School Enrollment , Fall 1970 to Fall 1982 , and 
Leve l of Enrol lment in Fall 1982 

Grades_l -8 Public School Enrollment fill 1982 
Change in 
Enrollment Large Moderate Small 
1970- 1982 (\) <S tates Ranking 1-17) (States &anking 18-34) (States Ranking 35-51) 

Increase or 
Small Decline 
( - 9 . 9  to +24 . 0\ )  

Moderate Decl ine 
( - 16 . 9  to - 10 . 0\) 

Large Decline 
( - 26 . 9  to - 1 7 . 0\ )  

Texas ( - 1 . 8 ,  2 )  
Florida ( - 3 . 1 ,  8 )  

Cal ifornia ( - 14 . 1 ,  1 )  
Georgia ( - 14 . 8 ,  1 1 )  
Louis iana ( - 15 . 8 ,  1 6 )  
Tennessee ( - 16 . 2 ,  15 ) 
North Carol ina ( - 16 . 5 ,  

Virginia ( - 18 . 0 ,  12 ) 
Illinois ( - 24 . 7 ,  4) 
Indiana ( - 25 . 3 ,  13) 
New Jersey ( - 2 5 . 6 ,  9) 
Ohio ( - 26 . 4 ,  5) 
Michigan ( - 26 . 7 ,  7) 

. Arizona (+6 . 6 ,  27 . 5 ) 
Colorado ( -4 . 0 ,  26)  
Oklahoma ( - 7 . 4 ,  25)  
Oregon ( - 9 . 2 ,  31)  

10) 

Arkansas ( - 12 . 2 ,  32)  
Washington ( - 13 . 3 ,  19) 
West Virginia ( - 14 . 6 ,  34) 
South Carolina ( - 14 . 8 ,  24) 

Mississippi ( - 17 . 3 ,  27 . 5 ) 
Kentucky ( - 18 . 9 ,  22)  
Kansas ( - 21 . 9 ,  3 3 )  
Wiscons in ( - 26 . 3 ,  20) 
Minnesota ( - 26 . 5 ,  2 1 )  

Utah (+24 . 0 ,  3 5 )  
Wyoming (+18 . 2 ,  4 7 )  
Idaho (+11 . 2 ,  39)  
Nevada (+4 . 9 ,  43)  
Alaska (0 . 0 ,  49 . 5 ) 
New Hampshire ( - 5 . 5 ,  40) 

New Mexico ( - 13 . 3 ,  36)  
Hawaii ( - 15 . 7 ,  41) 
Vermont ( - 15 . 7 ,  48) 

Alabama ( - 16 . 7 ,  18) 

Kaine ( - 17 . 0 ,  38)  
Montana ( - 18 . 6 ,  42 ) 
Nebraska ( - 20 . 9 ,  3 7 )  
North Dakota ( - 25 . 8 ,  46) 
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Very Large Decl ine 
( -44 . 0  to - 2 7 . 0\ )  

New York ( - 27 . 5 ,  3 )  
Missouri ( - 27 . 6 ,  17 )  
Pennsylvania ( - 29 . 6 ,  6 )  
Mas sachuse tts ( - 30 . 0 ,  14 ) 

Iowa ( - 28 . 0 ,  30) 
Connecticut ( - 30 . 3 ,  2 9 ) 
Maryland ( - 31 . 7 , 2 3 )  

South Dakota ( - 27 . 6 ,  
Rhode I s land ( - 33 . 0 ,  
Delaware ( - 37 . 2 ,  5 1 )  
D . C .  ( - 44 . 0 ,  49 . 5 ) 

4S ) 
44) 

NOTE : Total U . S .  pub l ic school enrollment in grades l-8  in fal l 1982 was 24 , 304 , 000 .  The average 
percentage change from fall 1 9 70 was - 19 . 0 .  Figures in parentheses are , respect ively , the 
percentage change in enrollment in fall 1982 from fall 1970 and the ranking of the s tate from 1 
( largest)  to 5 1  ( smallest)  on level of enrollment in fall 1982 . Enrollment figures for grades 1 - 8  
were der ived by subtrac ting kindergarten and prekindergarten enrollment from the total for grades 
prekindergarten through 8 .  Figures for prekindergarten and kindergarten in fall 1970 were 
estimated for Arkansas and Idaho . 

SOURCE : NCES ( l9 8 5 a : Tables 1 . 2  and 1 . 8 ) . 
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secondary teacher, are actual values for the most recent year 
for which data are available, 1 984- 1 985. 

PACE has some concerns about the reliability and year-to
year consistency of the enrollment projections. According to 
Fulton, there are some problems in predictins the migration 
of school-age children into Southern California and some 
difficulties in predicting dropout or continuation rates in 
high school. The latter have been complicated by recently 
introduced financial incentives for pupil performance, which 
have induced some districts to manipulate the grade-level 
classifications of certain high school students. It is not 
clear whether these phenomena have any significant effects 
on the demand projections. 

The pupil-teacher ratios used to project demand appear to 
have been unusually carefully constructed. Numbers of ele
mentary and secondary FTE teachers were specially estimated 
by PACE from the CBEDS data on individual teachers, taking 
into account  the amount of teaching time reported for indi
viduals. Teachers in nonteaching assignments were not 
counted. One area of concern is that certain teachers have 
been excluded in computing the ratios because the corres
ponding pupils are excluded from the enrollment projections. 
The excluded categories are described as pupils enrolled in 
special education, adult education programs, and Regional 
Occupation Centers. It appears that the special education 
pupils referred to are only those not mainstreamed into regu
lar graded classes--i.e., only a small  fraction of pupils 
receiving special education services. It is not clear whether 
the exclusions of special education teachers and pupils have 
been handled consistently. In any event, the lack of demand 
projections for at least some special education teachers is 
itself a limitation of the model. 

There are major interregional variations in the outlook for 
teacher supply and demand in California, and consequently 
considerable interest attaches to geographical differences 
within the state. In response to this interest, the PACE 
analysts have broken down their projections by county. A 
data base containing elementary and secondary enrol l ments 
and pupil-teacher ratios by county has been assembled, and 
all  the calculat ions required to make statewide estimates have 
been replicated for each of the 58  counties of the state. 

The choice of the county as the unit for geographical 
disaggregation is unfortunate, although perhaps politically 
necessary. California counties are extremely · disparate in 
size, population, and distribution throughout the state. It 
makes little sense, for example, to compare Los A ngeles 
county, which embraces much of the Los Angeles metropoli
tan area, with each of the 8 or 1 0  individual counties that 
constitute the San Francisco-San Jose metropolitan area. It 
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seems even less sensible to give equal attention to the tiny, 
sparsely populated mountain counties. Disaggregation by 
county is especially unhelpful with respect to supply. It  is 
almost meaningless to ask how many teachers are in a parti
cular county's supply (and, in fact, no attempt is made to 
produce geographically disaggregated supply projections). The 
analytically appropriate units of disaggregation, if any, would 
be something corresponding to labor market areas. 

The PACE model does not provide disaggregated estimates 
by subject area, type of pupil, or any dimension of teacher 
assignment other than elementary-secondary. (However, some 
ancillary, small-scale studies of demand for science, mathema
tics, and bilingual teachers are summarized in the PACE 
report,  and the PACE group is now undertaking a study of 
supply and demand in these categories.) The CBEDS data 
base has abundant data on teacher assignment, down to the 
level of the individual course, and it would be a simple 
matter to produce the same type of teacher composition data 
as contained in the Colorado model. However, as explained 
in the next section discussing that model, such data alone 
provide no basis for projection, except the unsatisfactory 
assumption that the composition of the teaching force will be 
the same in the future as it is now. Thus far, data on pupil 
enrollment by subject area have not been available in CBEDS. 
Such data will be available in late 1 986, however, which will 
make it feasible to produce meaningful demand projections by 
field. 

The Supply of Continuing Teachers 

The number of continuing Cal ifornia teachers in each future 
year is estimated in the PACE model by applying an attrition 
rate to the number of teachers employed in the preceding 
year. Two estimation methods are used, yielding two differ
ent projections of the supply of retainees. One approach 
assumes that the average of the statewide attrition rates for 
the last 7 years, estimated as 7.67 percent, will also be the 
attrition rate in the future; the other uses a trend-extrapola
tion of the attrition rate, based on a regression equation 
fitted to data for the last 1 0  years. Since the trend in the 
attrition rate has been downward, the latter yields lower 
projected attrition and hence a larger projected supply of 
retainees. 

Attrition rates have been computed by the PACE staff 
from a data base maintained by the California State Teach
ers' Retirement System (STRS). That data file, unfortunately, 
identifies teachers neither by level (elementary or secondary) 
nor by county; consequently, only a single statewide average 
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attrition rate can be computed. Moreover, it is not possible 
to differentiate in the STRS file between data on K- 1 2  
teachers and data o n  junior college teachers, librarians, and 
certain administrators, meaning that the estimated attrition 
rates pertain, strictly speaking, to a broader personnel cate
gory than elementary-secondary teachers. In these respects, 
the STRS data are far from optimal for supporting a supply
demand analysis. 

There are several reasons why it was necessary to use 
STRS data rather than to estimate attrition by merging and 
comparing CBEDS teacher data for successive years. The 
reasons given are nontechnical--namely, that merging CBEDS 
information for two or more years is a major data processing 
task, for which resources are not available in the State Edu
cation Department, while confidentiality restrictions preclude 
releasing the data for processing by an outside group. It  
would seem, however, that the latter objection could be 
overcome by scrambling the individual record identifiers, 
while processing the data on a sample basis is a possible 
strategy for reducing costs. Using the CBEDS data, it  would 
be possible to estimate detailed attrition rates, disaggregated 
by level, subject area, and county. It would also be possible 
to estimate age-specific attrition rates, as in Connecticut and 
New York, and to project such rates into the future. There 
is great untapped potential for improving this component of 
the model. 

The Supply of New Teachers and the Supply-Demand Balance 

The PACE analysis of the supply of new entrants focuses on 
the numbers of teachers likely to be forthcoming from vari
ous sources or categories. Four such categories have been 
recognized, and attempts have been made, using fragmentary 
information, to develop projections (often little more than 
guesses) for each. The four are: 

(1) New or recent graduates of California credential pro
grams; 

(2) Credential holders from out-of -state; 

(3) Teachers entering from the reserve pool of 
nonteaching credential holders; and 

(4) College graduates who pass the California Basic 
Educational Skills Test and obtain emergency 
credentials. 
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Projecting the number of graduates of in-state teacher 
preparation programs is extremely difficult because of the 
nature of teacher preparation and certification requirements 
in California. The state docs not operate traditional under
graduate teacher training programs. Instead, persons prepar
ing to teach in California arc generally expected to earn a 
bachelor's degree in a liberal arts field and then to complete 
a one-year (or longer) teacher training program. The signi
ficance of this arrangement for supply projections is that 
there is no "pipeline" of trainees from which a flow of pros
pective graduates can be projected--no identifiable category 
of college students from which new teachers will come. In 
effect, almost anyone with a bachelor's degree (not only in 
California but anywhere in the country) can prepare to be a 
California teacher one year hence. In addition, the relation
ship between credentials earned and enrollment in post-B.A. 
California teacher training programs has recently been dis
rupted. The number of credentials issued has actually 
declined, while enrollments have risen sharply. The introduc
tion of a test requirement for new credential applicants in 
1 983 (the California Basic Educational Skills Test, or CBEST) 
may explain this anomaly. In any event, the instability adds 
to the difficulty of predicting the number of newly creden
tialed teachers. Ultimately, the PACE analysts chose to base 
their estimate on a simple assumption: that the number of 
new credential earners in future years would equal the aver
age number during the last three years, and that the same 
fraction of recent credential earners as in the last three 
years (49.7 percent) would actually enter teaching. 

Even cruder procedures were used to project numbers of 
entrants from the other categories. In the case of newly 
credentialed teachers from out-of-state, data are available 
only on the number of such persons who obtain California 
credentials and not on the number who actually enter teach
ing. Lacking any better information, the PACE analysts 
assumed that the future number of such credential earners 
would be the same as the average of the last three years and 
that the same fraction as that of in-state credential earners, 
SO percent, would actually enter teaching. 

As to the reserve pool, the PACE group made a rather 
heroic effort to piece together a projection of entrants, or 
reentrants, from this source. They first used a small sample 
of records from the California Commission on Teacher Crc
dentialing (CTC) to estimate the size of the reserve pool-
i.e., the number of people with valid credentials not actively 
teaching. They then concluded, or guessed, on the basis of a 
small survey of former teachers and a "focus group" exercise, 
that no more than 30 percent of reserve pool members could 
be considered in the teacher supply--i.e., likely to enter 
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teaching under any reasonable circumstances. Finally, they 
determined from STRS records the rate at which inactive 
members resume teaching ( 1 .7 percent) and applied that fig
ure to the supply estimate, thereby obtaining an estimate of 
the number of reentrants per year. Finally, lacking any 
other basis for projecting the number of new entrants under 
emergency certificates, they set that figure at the historical 
average during the last four years. 

The numerical results of these exercises are of interest 
because of the distribution of new entrants among the cate
gories. The breakdown of the projected annual inflow of 
new entrants is: 

Newly credentialed teachers 
Out-of -state teachers 
Reserve pool 
Emergency credentials 
Total 

2,354 
l ,SOO 
3,000 
3,200 

10,054 

(23%) 
( I S%) 
(32%) 
(30%) 

( 1 00%) 

Note that in-state newly credentialed teachers make up less 
than one-fourth of the new entrants into the teaching force. 

In the PACE model, the issue of supply-demand balance, 
or "shortage," is handled by comparing the bottom-line supply 
estimate--approximately 1 0,000 new entrants per year--with 
the difference between projected demand and the projected 
supply of continuing teachers. Since this difference amounts 
to l S,OOO to 1 7,000 teachers, it is concluded that there will 
be a shortfall of S,OOO to 7,000 teachers per year. In other 
words, the model is used to project a shortage. 

What can be said about the validity of the projections of 
new entrants and, hence, the finding of a prospective short
age? Somewhat reluctantly, in view of the ingenuity dis
played in constructing estimates from very few data, one 
must conclude that the projections of new entrants do not 
reflect teacher supply in any economically meaningful sense 
of the term. Moreover, this has nothing to do with the 
crudity of the projection methods. Even if excellent data 
had been available on numbers of persons and entry rates in 
each category, the same conclusion would still pertain. The 
problem is conceptual: it is not possible to infer supply--the 
number of eligible persons willing to offer their services as 
teachers--from information on the number of people actually 
hired. 

To see why, consider first the newly credentialed in-state 
teachers. Approximately 4,800 persons obtain such creden
tials each year, of whom about 2,400 become teachers. How 
many are in the supply? The answer is some unknown num
ber between 2,400 and 4,800. We know how many were 
hired, but we do not know how many of the remainder were 
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rejected (or discouraged) members of the supply pool--per
sons willing to teach under current conditions but not 
selected for employment. The number of teachers hired 
reflects not only supply but also the interplay of supply and 
demand. Conceivably, all 4,800 were in the supply, but only 
half were demanded. One cannot quantify supply with the 
information in hand. 

Next, consider the 3,200 teachers hired under emergency 
credentials. There is no reason to believe that this figure 
exhausts the supply of persons willing to take such jobs. 
More likely, 3,200 is the number that districts chose to hire 
to fill out their teaching staffs. It is conceivable that sev
eral times as many persons might have been willing to teach 
under the same conditions. The number hired is the smaller 
of the numbers supplied and demanded. In this case, it may 
well be much smaller than the number supplied. 

Essentially the same can be said of the other two cate· 
gories of entrants. There is no reason to assume that 1 ,500 
and 3,000 new entrants, from out-of-state and the reserve 
pool, respectively, are upper bounds on the numbers available 
from those sources. The number supplied is not directly 
observable and cannot be inferred from these types of pro
jections. In general, data on entrants by category are useful 
for analyzing the background and composition of the teaching 
force, but they are of little value, projected forward, for 
assessing the balance between demand and supply. 

Potential for Further Development 

California has sophisticated, large-scale data bases, which can 
support major improvements in supply-demand projection 
models. Moreover, the data bases themselves are being 
expanded and improved. In 1 986 data on enrollment by sub
ject area will be incorporated into the CBEDS data base, 
which will make it possible to disaggregate the demand pro
jections by teacher assignment category. A project has been 
initiated to computerize the CTC certification files, which, 
when completed in three years, will allow comparisons 
between the files on teachers and those on certificate hold· 
ers. Such comparisons, which are infeasible now, should sup
port a full-scale analysis of movements into and out of the 
reserve pool. CTC is also undertaking sample surveys of 
nonteaching credential holders, which should provide shorter
term information on their supply behavior. 

A major improvement in the model, feasible with the data 
already in CBEDS, would be to incorporate a Connecticut
type analysis of attrition rates into the projections of 
teacher supply (see Prowda and Grissmer, 1 986). This would 
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involve computation and projection of aae-specific attrition 
rates for disaaaregated categories of teachers. In conjunc
tion with the disaggregation of demand estimates by subject 
area, this would yield a much more useful and powerful 
model. The required information is already in CBEDS and 
could be made accessible by meraing the CBEDS files for two 
or more successive years. 

Interest in teacher supply and demand is growina in Cali
fornia, and a committee is now working to design a coordin
ated interagency effort to improve data bases and analyses in 
the area (California State Commission on Teacher Credential
ina, 1 986). Given the rich data bases already in place and 
those now being developed, such an effort could yield a very 
impressive analytical capacity. 

The Colorado Model• 

Projections of teacher supply and demand in Colorado 
through the years 1 990, 1 995, and 2000 have been prepared 
by the Planning and Evaluation Unit of the Colorado Depart
ment of Education (CDE) under the direction of Roger E. 
Neppl. The results are presented and the methods outlined 
in a report entitled •Teacher Supply and Demand for K- 1 2  
Public School Programs i n  Colorado: 1 985  and Beyond• (Col· 
orado State Department of Education, 1 986). The following 
summary and critique of the Colorado analysis is based on 
this report and on a discussion with Neppl after submitting 
to him a set of written questions on the methodology and 
the data. 

Teacher Demand 

The demand for K- 1 2  teachers in Colorado is estimated by 
applying a pupil-teacher ratio to the projected number of 
pupils. The demand estimates are expressed as numbers of 
full-time-equivalent (FTE) teachers. The pupil projection, in 
the Colorado case, is a projection of pupils in average daily 
membership (ADM) prepared by the CDE school finance unit. 
The pupil-teacher ratio used for the projections, 1 8.49 pupils 
in ADM per FTE teacher, is a weighted average of the actual 
K- 1 2  ratios over the last five years. No distinction has been 
made between elementary and secondary teachers in project

ing overall teacher demand, but both the enrollment data and 

•The description of the Colorado model is drawn from Barro 
( 1 986: Appendix). 
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the pupil-teacher ratios can be broken down by level, making 
such a distinction feasible. 

According to Neppl, Colorado enrollment projections have 
been very accurate for up to five years into the future, and 
no major difficulties have arisen in projecting either immi
gration or dropout rates. Discrepancies do exist, however, 
between the projections prepared by the school finance unit 
and a new set prepared by the Planning and Evaluation Unit, 
which suggests that some uncertainty about the appropriate 
enrollment projection assumptions does carry over into 
teacher demand estimation. 

As to the · pupil-teacher ratio, the principal reason for 
using a five-year average rather than some type of trend 
projection was apparently to produce a conservative demand 
estimate. The pupil-teacher ratio recently declined signifi
cantly in Colorado (there were 23 pupils per teacher in 1 978) 
but has been stable for the last three years. Adherence to 
the five-year average seems to reflect a subjective judgment 
that developments in school finance in Colorado will not sup
port further reductions in the ratio during the coming years. 

The projections of teacher demand have been broken down 
according to teacher assignment or certification categories by 
the simple method of applying the actual (fall 1 985) figures 
on the percentage composition of the teaching force to the 
projected future levels of aggregate teacher demand. Thus, 
for example, the current percentages of teachers in mathema
tics, physical education, etc., are · applied to the projected 
total number of teachers in 1 990 to obtain estimates of the 
1990 demand for teachers in those fields. The I S  assign
ments represented in this breakdown include elementary edu
cation, special education, and 1 3  subject-area categories. 
This procedure obviously does not allow for changes in the 
composition of the teaching force that might occur in 
response to changes in high school curricula or graduation 
requirements or in the composition of the student body. 

The Supply of Continuing Teachers 

The number of teachers who will leave the Colorado teaching 
force in each future year is estimated by applying an attri
tion rate to the prior-year number of employed teachers. 
The statewide attrition rate, based on attrition data reported 
by individual school districts and aggregated by CDE, is 
stated as 1 0.6 percent. This is a combined rate for teachers 
in grades K- 1 2. Data are apparently available, however, to 
calculate separate rates for elementary and secondary teach
ers. According to Neppl, the 1 0.6 percent rate has been 
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almost the same for 10 years; there has been no trend and 
there is no reason to expect the rate to change. 

Because 1 0.6 percent is a high attrition rate, further 
inquiry determined that this figure, being based on data 
reported by individual districts, includes teachers who trans
ferred from one Colorado district to another. The inclusion 
of transferees is inappropriate, since such transfers do not 
constitute attrition from the point of view of the state as a 
whole. There appears to be no basis for estimating the per
centage of transferees in the 10.6 percent figure, since the 
district-reported data arc not broken down by destination of 
the dcpartccs, but, to the extent that there arc such people, 
teacher attrition and hence the demand for new teachers arc 
overestimated. 

The Colorado model, unlike most others, does not compare 
the demand for new teachers with the supply of new teach
ers; instead, it compares total demand with a variable said to 
represent total supply (sec below). Consequently, there is no 
need in the Colorado analysis to compute net demand (total 
demand less continuing supply) and hence no need to esti
mate the continuing supply. Nevertheless, the continuing 
supply in each year is, implicitly, prior-year employment less 
the attrition rate estimated as described above. 

The Supply of New Teachers and Supply-Demand Balance 

The Colorado analysis docs not deal explicitly with the supply 
of new teachers. That is, it attempts neither to project 
availability of new teachers nor to analyze the sources from 
which such teachers will come. Instead, it focuses on the 
overall supply-demand balance. The treatment of that sub
ject is based on the notion that teacher supply can be 
equated with the number of persons certified to teach. It is 
perfunctory, in that supply (so-called) is not projected but 
simply assumed to remain constant. More specifically, supply 
is defined, in the Colorado analysis, as the number of per
sons certified to teach in the state, reduced by a percentage 
( 1 5  percent) representing the fraction of certified persons 
expected not to apply for teaching positions. * The resulting 
"supply" figure in 1 985 is estimated to ha vc exceeded the 

•The 1 5  percent reduction is based on an NCES study, 
probably the NCES survey of recent college graduates, 
pertaining to a national data base, which found that 85 
percent of those who completed the requirements for 
teaching actually applied for teaching positions. See further 
discussion in the text. 
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number of employed teachers by about 52 percent. Moreover, 
the 1 985  supply, so defined. exceeds 1 985  demand in all but 2 
of the I S  assignment categories (the exceptions being mathe
matics and special education). Assuming that the number of 
certified persons does not change. it will continue to exceed 
the projected demand for teachers for the foreseeable future 
(by 3 1 ,  24, and 1 8  percent. respectively, in 1 990. 1 995, and 
2000). Also. assuming that there are no changes in the num
bers certified in each assignment category. there will still be 
comfortable surpluses in most categories in those years. 
(Constancy of supply, according to Neppl, is. if anything, a 
conservative assumption. since there has actually been an 
upward trend over the last five years in the number of cer
tified persons.) 

The problem with this approach is that there is only a 
tenuous connection between the number of certified persons 
and teacher supply. The certified pool includes. among 
others. people who left teaching because of dissatisfaction 
with the field, people engaged in nonteaching careers. people 
not in the labor force. and--perhaps most important--people 
who do not consider teaching attractive, given current sal
aries and working conditions. No information is available in 
Colorado, either from analyses of historical data or from sur
veys. about the number of nonteaching certified persons who 
might enter or reenter teaching under current or alternative 
conditions. The 85-percent estimate of new teacher gradu
ates who apply to teach has no bearing on the matter, since 
there is no reason to believe that this national figure per
tains to Colorado and since most members of the certified 
pool are not the new or recent graduates to whom the 85-
percent figure applies. In sum. one cannot validly infer any
thing a bout future supply-demand balances or "shortages" by 
the method described here. 

There are also some problems in measuring the size and 
composition of the pool of certified persons. The CDE has 
no data file on current certificate holders. However. Color
ado certificates remain valid for five years. so the size of 
the pool at  the beginning of 1 985  was estimated by adding up 
the number of persons who obtained or renewed certificates 
during the years 1 980 through 1 984. This procedure fails to 
adjust, however. for people who have retired, died, or left 
Colorado since acquiring their certificates. In that respect. 
it overestimates the size of the pool. 

In addition. the data on the composition of the certified 
pool (by subject area. etc.) are based on the type of certifi
cate. or endorsement, held by each individual. Persons who 
hold multiple endorsements are categorized according to the 
endorsement they obtained most recently. This is a short
coming, in  that (a) in the case of employed teachers. the 
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most recent endorsement may not correspond to the individ· 
ual's primary area of responsibility, (b) the procedure is 
likely to distort the analysis of the composition of the 
teaching force and perhaps to understate the number of per· 
sons qualified to teach in certain fields, and (e) it certainly 
neglects the added flexibility in matching supply to demand 
afforded by teachers with multiple certification. 

There is also a computational anomaly in the comparison 
between total demand and total supply in the Colorado 
report. For· some reason, the comparison offered is between 
the stock of certified teachers and a so-called gross demand 
estimate that consists of the number of teachers required in 
a given year to maintain the specified pupil-teacher ratio 
plus the number of teachers that would be lost through 
attrition in one year. That sum doubleeounts the component 
of. demand stemming from teacher attrition. If the certified 
stock .were compared with demand, normally defined--i.e� 
projected enrollment divided by the projected pupil-teacher 
ratio--the teacher surplus would be larger than indicated in 
the report. 

Potential for Further Development 

The data bases already available in Colorado would support a 
number of substantial improvements in the supply-demand 
model. Files on both employed teachers and certified persons 
are maintained at the state level. It apparently would be 
possible, given the necessary data processing resources, to 
match these files with one another and to merge files from 
different years. This would allow the CDE analysts to ( l )  
break down pupil-teacher ratios into elementary and second· 
ary (or into finer grade-level categories if desired) and pro
duce separate elementary and secondary projections; (2) esti
mate average attrition rates directly for each category of 
teacher, without having to depend on turnover rates reported 
by districts, or, preferably, estimate and project detailed age
specific attrition rates, as in the Connecticut model; and (3) 
take . full account of multiple certificates in characterizing 
and projecting teacher composition by field. It is less cer
tain what could be done with respect to the supply of new 
teachers, but it  might be feasible to do some analysis of the 
sources of newly certified persons and/or new hires (e.g., in· 
state versus out-of-state, newly trained versus previously 
trained) and perhaps to learn something about the rates at 
which people move from the reserve pool of certified teach· 
ers into the active teaching force. 

The existing Colorado data bases do not contain the 
necessary detail to develop projections of enrollment, and 
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hence teacher demand, by subject area. To do that would 
require collection of new data. Also, with respect to the 
supply  side, there apparently have been no analyses of the 
projected flow of graduates from Colorado teacher training 
institutions. A special study would be required to fill that 
gap. 

In sum, a number of important improvements could be 
made with existing data and hence at relatively low cost. 
Other advances would require substantial investment. Given 
the general lack of urgency over prospective supply-demand 
imbalances in Colorado (although field-specific problems in 
mathematics, science, and special education are seen as pos
sibili ties), it is not clear that the CDE has sufficient incen
tive to undertake the latter improvements. 

The Illinois Model • 

Illinois has experienced continuous declines in enrollments 
and teacher staff since 1 970 (Illinois State Board of Educa
tion, 1 985a). Much of the observed decline is attributable to 
national trends in fertility toward sharply diminished birth 
rates, but another important factor has been net out-state 
migration, which probably is related to decline in traditional 
Illinois industries such as steel and manufacturing. Thus, 
there have been systematic tendencies toward slack teacher 
demand in most school districts and ·subject areas. 

Teacher supply and demand is monitored in Illinois by the 
Research and Statistics Section (RSS) of the Department of 
Research, Planning and Statistics, in the Illinois State Board 
of Education (see Illinois State Board of Education, 1 983, 
1 985a, 1 985b). This administrative unit, which is mandated 
by Illinois statute, is responsible for reporting on teacher 
statistics to the state superintendent, the legislature, and 
various legislative commissions. 

RSS performs the following primary data collection activi
ties relevant to this study: 

( I )  Annual updates of the Teacher Service Record file; 

(2) Annual surveys of teacher training institutions 
related to new teacher certification, occupational 
follow-up of teacher trainees, and subjective scaling 
of teacher supply and demand; and 

*The description of the Illinois model is drawn from Cavin 
( 1 986: Section III). 
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(3) Annual surveys of nonpublic schools. 

The Teacher Service Record (TSR) file contains detailed dem
ographic data and data on training and assignment for all 
professional staff employed by Illinois public school districts. 
The surveys of teacher training institutions provide the basic 
infonttation on teacher supply for Illinois public schools. 
Nonpublic schools arc surveyed annually on their enrollment, 
affiliation, and staffing level. Sample copies of the data 
collection instruments appear in Cavin ( 1 986:App. A). 

Structure of the Model 

Illinois currently docs not generate projections of either 
teacher supply or teacher demand. Instead, the RSS reports 
on the composition of the new certification pool and new 
hires by grade level and subject area. In past years, gross 
teacher demand was projected using enrollment projections 
and overall (current year) staffing ratios. However, these 
projections were not very accurate and the process was dis
continued. RSS staff attribute the inaccuracy of these past 
projections to the fact that enrollments during this period 
were beginning to recover from a long-term decline, which 
affected the projections adversely both because of the inher
ent difficulties in forecasting trends during turning points of 
a time series and because staffing ratios arc unstable when 
enrollment trends change.* 

Nonetheless, the current reporting of teacher supply and 
demand is  based on a model of  sorts. The basic concept 
behind this model is that the number of new hires of teach
ers by subject area, or new teacher demand, be compared 
with the number of newly certified teachers in each subject 
area to determine areas of potential shortage. The dcfiniton 
of teacher supply used by RSS is slightly different, because 
it includes new hires of experienced teachers (reenterin g  
from the reserve pool). However, since new hires o f  
reentering teachers are defined to be a component o f  both 
supply and demand, these experienced teachers can be 
subtracted out, and the relevant comparisons that actually 
arc being made are: 

• A new state law (Public Act 84- 1 26) requires that four-year 
demand projections be generated by the State Board of 
Education. RSS currently is considering contracting with a 
group at a local university to construct a teacher supply and 
demand model that accounts for changes in enrollment ,  
retention, and financial resources. 
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o Total new teacher certifications with total new hires 
and 

o Total hires of newly certified teachers with total new 
certifications. 

Thus, the first comparison, which is the gross supply/demand 
index presented by RSS, can be interpreted as the fraction of 
total new hires that potentially could have been made from 
the stock of newly certified teachers. The second, more 
conventional comparison, is simply an in-state employment 
rate for new Illinois teachers. Data for the past 10 years 
show that Illinois has trained and certified many more new 
teachers across all subject areas than can be hired and, 
furthermore, many more new teachers than the total number 
of additional teachers hired. In  the mathematics and science 
subject areas, in contrast, total new teacher hires in most 
recent years have exceeded new teacher certifications. 
Nonetheless, only a relatively small fraction of newly 
certified teachers succeed in finding teaching jobs in math 
and science. Thus, in the aggregate there appears to be a 
hiring preference for rentrant teachers. 

Teacher Demand 

The current Illinois teacher model does not make direct use 
of enrollment data or staffing ratios. However, the State 
Board of Education does generate enrollment projections that 
could be used for projecting teacher demand. In addition, 
the TSR file could be used to compute staffing ratios by 
subject area. Therefore, in this section we discuss the 
available data and indicate how it could be used to generate 
projections of teacher demand. 

Enrollments. Illinois projects enrollments for kindergar
ten, primary grades, and secondary grades, using a combina
tion of birth rate and enrollment data. First, births are pro
jected by applying age-specific birth rates to estimates of 
the populat ion of Illinois women of childbearing age. Second, 
historical birth-to-grade level survival rates are computed as 
the total number of persons enrolled in a particular grade 
level range divided by the total number of Illinois births the 
appropriate number of years preceding the projection year. 
Third, projected birth-to-grade level survival rates are com
puted as the simple average of the survival rate based on the 
most recent year and the average of the survival rates based 
on preceding years; thus, the most recent year rate is 
weighted equally w ith the average of previous year rates. 
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Finally, the projected births and projected survival rates arc 
multiplied together to obtain the projected enrollment level 
(sec Illinois State Board of Education, 1 985a). 

The State Board of Education docs not generate enroll
ment projections for nonpublic schools. However, it  docs 
collect annual enrollment data through its survey of nonpub
lic schools. These data could be used to project nonpublic 
enrollments either by pure time trend projection or by apply
ing a historical nonpublic/public enrollment ratio to projected 
public school enrollments. 

Staffing Ratios. While RSS currently docs not compute 
staffing ratios, it docs routinely collect the enrollment and 
staffing data necessary to construct grade-level staffing 
ratios. In principle, subject area staffing ratios also could 
be constructed, although subject area enrollment data arc 
problematical, because figures are obtained from public school 
districts only every five years, in a periodic Census of 
Course Offerings. Staffing levels by subject area, of course, 
arc readily obtainable from the TSR file. 

Teacher Supply 

Continuing Teachers. By far the largest component of 
teacher supply in Illinois is teachers continuing from the 
previous year. New hires in recent years consistently have 
accounted for less than 6-8 percent of the total teaching 
force · in either primary or secondary schools. To some 
extent these data reflect the consequences of gradual 
declines in enrollments and staff contractions through the 
1 970s, but new hires arc unlikely to become a large share of 
the teaching force even in periods of modest enrollment 
increases. 

Because continuing teachers all have records in the TSR 
file, much more is known about their characteristics than 
other components of teacher supply. The TSR file permits 
the State Board of Education to construct very detailed 
information on turnover by subject area, by comparing con
secutive years of the file. Table 4 presents historical turn
over rates for primary and secondary school teachers and for 
mathematics and science teachers. Subject area turnover 
rates could be used to estimate what fraction of projected 
total teacher demand in each year would be accommodated by 
retention of previous-year teaching staff and how many new 
hires would be required. In addition, date-of-birth data on 
the TSR file could be used to construct age-specific attrition 
rates. 
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TABLE 4 Retention Rates for Illinois Public School Teachers 
1 977- 1 984  (Percentage Retained in Consecutive Years) 

S"<llnlla [X !J[Illll� 
Year Primary G rades Mathematics Science A l l  Su bjects 

1 977- 1 978 90.S 9 1 .7 92. 1 90.8 

1 978- 1 979 90.4 9 1 .7 92.3 90.2 

1 979- 1 980 9 1 .6 92.3 90.S 9 1 .9 

1 980- 1 98 1 9 1 .8 92.S 92.S 92. 1 

1 98 1 · 1 982 92.6 93.0 93.8 93.3 

1 982- 1 983 92.S 94.6 94.S 93.0 

1 983·1 984 93.S n.a. n.a. 93.4 

NOTE: Data a rc for downstate schools only (i .e., all school d istricts except the Chicago 
Public Schools). This table shows rete n t ion ra tes or teachers for comparabili t y  to Table S. 
However, the source publication shows a t t r i t ion rates or teachers, i.e., 1 00 · the retention 
rate. 

SOURCE: Illinois State Board of Education (198Sb: Table 8; 1 983: Tables 2,3). 

One interesting observation from Table 4 is that these 
turnover rates do not provide support for the notion that 
math and science teachers arc more likely to leave teaching 
for alternative occupations because of better opportunities. 
Turnover among math and science teachers consistently is 
lower than that of all secondary school teachers. 

Newly Certified Teachers. As noted above, the supply of 
newly certified teachers is a main focus of the Illinois model. 
Recently, newly certified teachers have represented about 40 
percent of new hires of science and mathematics teachers in 
Illinois. RSS collects two kinds of survey data that arc 
related directly to new certifications. The first is an annual 
survey of Illinois teacher training institutions that requests 
detailed information on students who arc completing prepara
tion for a teaching certificate. Counts of such persons eli
gible to become public school teachers arc disaggrcgated by 
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sex and by detailed subject area: Historically, these surveys 
have been the only accessible source of information on 
teacher certification, because the Illinois teacher certification 
files were not automated. With the recent implementation of 
an automated master certification file, these surveys may 
decline in importance. 

The second source of new teacher supply data is an  
annual survey of  college and university placement directors, 
asking them to rate, on a 1 0-point scale, their assessment of 
teacher shortage or surplus in a number of subject areas. 
Since placement directors generally arc aware only of the 
availability of teaching positions for their most recent gradu
ates, these ratings represent the subjective assessment of 
placement directors of which subject areas suffer shortages 
or surpluses. Mean scores arc reported for each subject 
area. These ratings may not be very accurate and must be 
interpreted cautiously, but they arc broadly consistent with 
the trends noted in the gross supply /demand index to the 
extent that relatively fewer new math and science teachers 
are being prepared in relation to available positions than new 
teachers in other subject areas. 

Obviously, a substantial fraction of newly certified teach
ers fail to obtain teaching positions in the Illinois public 
schools. The automated master certification file in principle 
could be matched against the Teacher Service Record file to 
identify the characteristics of this component of the reserve 
pool of available teachers. However, this match cannot be 
performed by subject area endorsement, both because the 
TSR file docs not indicate subject area endorsement and 
because the certification file is not updated to reflect new 
subject area endorsements. Instead, RSS surveys college and 
university placement directors on the occupational choices of 
recent teacher graduates. Respondents arc requested to pro
vide counts of prior-year teacher graduates who arc teaching 
in Ill inois, teaching in another state, or in some other occu
pation. Unfortunately, not all placement directors respond to 
the survey, and the answers of those who do respond may be 
subject to unknown biases. Therefore, there is no reliable 
information available on the characteristics of newly certified 
teachers who fail to obtain positions in the Illinois public 
schools. 

*RSS staff believe that approximately 90 percent of the per
sons counted by the survey respondents actually receive Illi
nois certification. It currently is not known whether there 
is any variation in this rate among subject areas, but these 
comparisons could be made fairly easily. 
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Another component of the stock of newly certified 
teachers is teachers who migrate to Illinois from out-of
state. In some cases, these new certificate holders may be 
new teacher graduates from out-of-state teacher training 
institutions who expect to work in Illinois. However, many 
new certificate holders probably are experienced teachers 
from the school systems of other states. In either case, 
estimating the number of immigrant new teachers is likely to 
be very difficult for Illinois, because of the limitations of its 
certification file: 

Returning Teachers (Reentrants). Reentering teachers are 
another component of the reserve pool of available teachers. 
Considerably more information is available for these teachers 
than for newly certified teachers, because each reentrant 
teacher has previous I llinois teaching experience and, there
fore, a record in the TSR file. In addition, the termination 
data from the TSR file could give important insights into the 
composition of the reserve pool. For example, by comparing 
the TSR file records for each returning teacher with the 
record for his or her most recent Il linois teaching appoint
ment, one could identify the following groups: 

o Those who have taken maternity leave; 

o Those who have taken educational leave; and 

o Those who have taken leave for medical reasons. 

Moreover, one could estimate average spells of nonteaching 
activity and construct return ratios of the number within 
each termination category who ultimately return to teaching. 
However, as noted earlier, the TSR file does not contain sub
ject area endorsements, and therefore it is not possible to 
identify groups in the reserve pool by subject area for esti
mating available supply:• 

Noncertified Teachers. I l linois state law prohibits public 
school teachers from teaching within a subject area without 

•u is possible, by using the TSR file, to compute the num
bers of new teacher hires who are from out-of-state, but not 
the total supply of available teachers from out-of -state. 

••The TSR file docs indicate subject area assignment, but 
while Illinois teachers must have current subject area endor
sements to teach within that subject area, they need not be 
assigned to their primary endorsement area. 
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a current subject area endorsement. However, because the 
TSR file historically has not contained data on subject area 
endorsements and could not be matched against the certifica
tion file by subject area, there has been no convenient way 
for RSS to monitor compliance with this requirement. There
fore, it is not known how many nonccrtified· teachers are 
employed by subject area, although the total number is 
believed to be quite small. However, computer records for 
newly certified teachers have begun to include data on sub
ject area endorsements. 

Model Performance 

Since Illinois currently docs not generate projections of 
either teacher supply or teacher demand, the issue of model 
performance is not really meaningful. The review of data 
sources bearing on teacher demand and supply undertaken by 
this study suggests that it might be possible to project 
teacher demand fairly reliably using enrollment projections 
and historical staffing ratios. But without detailed enroll
ment data for subject areas, neither enrollments nor staffing 
ratios can be projected for subject areas. With regard to 
teacher supply, it may be possible to use TSR file data to 
estimate some components of the reserve pool, specifically 
the number of teachers who have taught in Illinois public 
schools, have left, and arc likely to return to teaching. 

Users of Model and Potential for Disaggregation 

Teacher supply status reports prepared by RSS routinely are 
distributed to the Illinois state legislature, the Illinois 
Teacher Certification Board, the state superintendent of edu
cation, deans of teacher training institutions, and college 
placement officers. The various state agencies review these 
reports as part of their respective policy review and policy
making functions. College deans and placement officers can 
use these reports to develop a better source of the needs of 
Il linois public schools for their graduates. However, teacher 
training institutions probably tend to have a pro-shortage 
bias, • which suggests that the teacher supply reports are 
discounted to some extent by this group of consumers. 

0The ratings of teacher shortage consistently suggest short
ages in subject areas for which new certifications are mar
ginally adequate to cover hiring needs (Illinois State Board of 
Education, 1 985b: Tables 1 5  and 1 7). 
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Because the notion of teacher supply used by Illinois con
cerns the adequacy of teacher training programs to supply 
the instructional needs of the state's public schools, it  makes 
little sense to think of disaggregating these supply figures 
for geographical subareas of the state. The teacher supply 
data, however, are disaggregated by subject area. 

Enrollment projections currently are not disaggregated 
either by geographical area or by subject area. Since Illinois 
vital statistics do distinguish geographical units within the 
state, i t  should be possible to combine grade-level enrollment 
data with subarea population projections to generate 
enrollment projections for these subareas. However, these 
projections could be unreliable because of large variations 
among subareas in migration rates. It may be more difficult 
to forecast enrollments by subject area. because historical 
data on subject area enrollments are obtained only at five
year intervals. Therefore, if the subject area distribution of 
enrollment changes very rapidly, projections based on 
historical subject area enrollment distributions will be 
unreliable. 

The New York Model
• 

New York, like Illinois, has experienced greater-than-average 
rates of decline in public school enrollments and teacher 
staffing over the past 1 5  years. . Enrollments declined by 
about 25 percent during this period, while the number of 
classroom teachers declined by about 10  percent. By 1 98 1 ,  
there was an average of about 1 3  applications received by 
districts for each open position (New York State Education 
Department, 1 982). Thus, the aggregate market for school 
teachers in New York has been characterized by slack 
demand conditions in virtually all subject areas. 

Projections of public school teacher supply and demand 
are made in New York State by the Information Center on 
Education (ICE), which is responsible for maintaining all edu
cation data bases and coordinating all data collection activi
ties for the New York State Education Department (see New 
York State Education Department, 1 983b, 1985a, 1 985b, 
1986a). ICE maintains the following major data bases of 
interest for this study: 

o The Basic Educational Data System (BEDS). 
which contains both district and school level 

•The description of the New York model is drawn from Cavin 
( I  986: Section IV). 
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institutional data and professional staff data, for 
all public primary and secondary schools; 

o The Higher Education Data System (REDS), 
which contains data on postsecondary institu
tions; and 

o The Nonpublic School Reporting System, which 
contains enrollment and other data on some 
2,000 nonpublic schools in New York. 

These data bases contain continuous annual (i.e., school year) 
series of major data elements from 1 967 to the present. 

The BEDS data base serves as the basis for most of the 
teacher supply and demand analysis performed by ICE. It has 
two main components: the Institution Master File (IMF), 
which contains detailed enrollment and staffing data for all 
public primary and secondary schools; and the Personnel 
Master File (PMF), which contains detailed demographic, edu
cational, and job assignment data for every person employed 
as permanent professional staff by a public school in New 
York: The PMF is especially important, because its longitu
dinal aspects can be (and are) exploited to distinguish new 
teacher hires from reentering teachers, to check whether 
teachers currently are teaching out-of -field, and to compute 
age-specific retention rates by subject area. Also, the 
reporting system for nonpublic schools functionally is very 
similar to the IMF component of BEDS and is mandated by 
the state. Copies of the data collection forms for BEDS are 
contained in Cavin ( 1 986:App. B). 

Structure of the Model 

The New York teacher supply and demand model is, for fore
casting purposes, really just a model for total and additional 
teacher demand. Teacher supply, in terms of new certifica
tions and previously certified teachers who currently are not 
employed as teachers (i.e., the "reserve pool"), is not modeled 
explicitly. Recent experience suggests that many more 
teacher candidates are certified each year than are hired, so 

*To assess the reliability of these data, in 1 980 ICE under
took a detailed validation study for all BEDS data forms. 
According to this study, error rates in BEDS data reporting  
ranged from about 1 percent for enrollment and staffing fig
ures to S-6 percent for some data elements in the PMF (see 
New York State Education Department, 198 1 ). 
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that overall, teacher supply tends not to be a matter of con
cern. However, ICE does attempt to estimate the size of the 
reserve pool and monitors the characteristics of teachers 
hired from the pool. 

Teacher demand is calculated by the following sequence of 
steps: 

( I )  Enrollment by grade level i s  projected using a com
bination of birth cohort survival rates and grade 
retention rates; 

(2) Total teacher demand is estimated by applying pro
jected staffing rates to the enrollment projections; 

(3) Preliminary subject area teacher demand is estimated 
by applying subject area staffing ratios to subject 
area enrollments; 

(4) These preliminary figures for subject area teacher 
demand are adjusted to the control totals computed 
in step 2; 

(5) Projections of continuing teachers are made by 
applying historical subject area teacher retention 
rate distributions to the base year teacher age dis
tribution; 

(6) Projected new teacher hires, by subject area, are 
taken to be the difference between total teacher 
demand (from step 4) and teacher retention (from 
step 5); and 

(7) New teacher hires are distributed between newly 
certified teachers and returning teachers by using 
historical data on hires. 

Projections are prepared year-by-year for a 1 0-year period 
from the base year. 

Teacher Demand 

The New York teacher demand model requires data for 
enrollments and staffing ratios. Because of the richness of 
the BEDS data base, data for these variables are available by 
grade level and subject area. 

Enrollments. Enrollments by grade level are projected 
using two basic sources of information. Initially, second 
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grade enrollments are estimated by applying historical birth 
cohort survival rates to birth projection data generated by 
the New York State Department of Commerce: The second 
grade was chosen because birth cohort enrollment rates were 
considered more stable for grade 2 than for kindergarten or 
grade 1. Kindergarten and first grade enrollments are esti
mated using these second grade enrollment projections and 
the historical grade-to-grade retention ratios from kindergar
ten and first grade to second grade. Enrollment projections 
for grades 2- 1 1 are generated by applying, successively, 
grade-to-grade retention ratios to enrollment data for the 
base year ••  or from the projected second grade enrollment 
figure, as necessary. 

Enrollments by subject areas are projected using projected 
total enrollments and historical data on the distribution of 
total enrollment among subject areas. These enrollment fig
ures are not, however, computed explicitly; instead, they are 
used as an intermediate result in the calculation of subject 
area distributions of future teaching staff needs. The source 
of data for subject area distributions of enrollment is the 
PMF component of BEDS. 

ICE also generates enrollment projections by grade level 
for the nonpublic schools, by a process similar to that for 
public school enrollments described above. Second grade 
enrollments cannot be based directly on birth cohorts, how
ever; instead, second grade enrollments are projected directly 
from historical data, with grade-to-grade retention ratios 
being used to construct other grade level enrollments. These 
grade level projections then are adjusted to a control total 
formed by projecting total enrollments by nonpublic school 
affiliation. 

Staffing Ratios. Staffing ratios are constructed from 
BEDS data on teaching staff and enrollments. Overal l  
staffing ratios are based on  the Institution Master File, 
which provides control totals for constructing subject area 
staffing ratios that are based on PMF records. These ratios 
are projected using linear trends when possible, and using 
either the most recent year ratio or a weighted average of 
previous year ratios otherwise. The actual figure in each 
case is selected judgmentally. 

•This cohort survival rate is based on a weighted average of 
the historical birth cohort survival rates for the preceding 
10 years, with the most recent years receiving greater weights. 

• •Grade-to-grade retention ratios are computed on the basis 
of the most recent two years. 
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In principle, staffing ratios could be constructed for non
public schools as well as public schools, but since nonpublic 
school teachers arc not included in the PMF, there is no way 
to compute subject area staffing levels. Therefore, ICE typ
ically docs not construct staffing ratios for nonpublic 
schools. 

Teacher Supply 

Recently, continuing teachers have accounted for about 93 
percent, newly certified teachers for about 2 percent, and 
reentering teachers for about 5 percent of mathematics and 
science teachers in New York. New York state law prohibits 
the usc of nonccrtificd teachers in public instruction, except 
in cases of emergency, which must be reviewed and approved 
by the State Education Department. Tabulations of PMF data 
reveal that fewer than 2 percent of the total state public 
school teaching staff taught in the 1984- 1985  school year 
without certification. 

Continuing Teachers. The PMF contains very detailed 
data on the teachers who continue teaching in New York 
public schools from the previous year. Since this group is by 
far the largest component of teacher supply, its characteris
tics tend to dominate any description of effective teacher 
supply. 

Teacher turnover rates arc used to construct projected 
stocks of continuing teachers in a given year. The differ
ence between this stock and projected total demand consti
tutes the number of new teacher hires required. 

The Personnel Master File component of BEDS permits 
ICE to construct very detailed distributions of teacher turn
over by age and subject area, simply by comparing consecu
tive years of the file. Table 5 presents age-specific reten
tion rates for mathematics and science teachers in New York 
public schools. These figures suggest that mathematics and 
science teachers leave teaching at essentially the same rate 
as all other secondary school teachers. There is no evidence 
from Table 5 that younger mathematics and science teachers 
arc lured away from teaching to more attractive career 
opportunities at a greater rate than arc teachers in other 
subject areas. 

ICE computes the projected stock of continuing teachers 
as follows . .  They first construct the base year age distribu
tion of teachers. The base year teaching staff is distributed 
into age intervals for each subject area and used as the 
entering group for a cohort survival projection. The contin-
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TABLE S Age-Specific Retention Rates of New York Public 
School Teachers in 1 984 (Percentage Retained from 1 983) 

Aae Mathematics Science All Secondary 
Subjocta 

Under 3S 90.6 19.9 19.2 

3S-39 94. 1 9S.6 94.4 

40-44 94.9 9S.6 94.1 

4S-49 9S.8 9S.I 9S.2 

so-s.c 9 1 .9 93.0 92.0 

SS-S9 14.2 14.0 13.S 

60 and over 73.2 69. 1 70.2 

Total all ages 92.4 92.7 9 1 .6 

SOURCE: New York State Education Department ( 1 91Sa). 

uing teachers for each projected year are •aged• through the 
projection period. The probability of retention to the 
projected year is taken to be the appropriate age-specific 
retention probability. Thus, the stock of continuing teachers 
is the number of teachers in each age group multiplied by 
the age-specific retention rate for that group. New hires, 
which are added each projection year to account for the bal
ance of projected demand, are presumed to have the same 
age distribution as the continuing teachers. Thus, the age 
distribution of teachers changes over the projection period at 
a rate determined by the stock of continuing teachers, con
tinuing an overall aging trend observed since 1 967. Qualita
tive changes in the age distribution for teachers can be 
caused by the age distribution of new hires. However, the 
fraction of new hires in the total teaching force (currently 
about 10 percent) is not sufficient to offset the overall aging 
trend in the total teaching staff, which is expected to con
tinue through 1 990. 

Newly Certified Teachers. ICE collects data through the 
Higher Education Data System (HEDS) on enrollment in 
teacher training programs in New York colleges and universi
ties. However, these data are of limited relevance to the 
supply of new teachers, for two reasons. First, many teacher 
program enrollees may fail to obtain provisional teaching 
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certificates as a result of alternative occupational choices or 
for other reasons. Second, teachers trained in other states 
or other college programs can seek new certification in New 
York. For example, of the 68 1 persons who in 1 984 received 
certificates to teach secondary school mathematics in New 
York, only about 30 percent were persons recommended by 
New York teacher training institutions. Therefore, the most 
relevant data are those bearing on certification: 

The Education Department recently has begun to maintain 
a cumulative file on persons certified to teach in New York. 
This file is based on certification transactions generated by 
certification applications by teachers:• It has been used to 
investigate how many newly certified teachers succeed in 
being hired as teachers by districts in New York, by match
ing the certification file against the PMF. Many persons 
newly certified to teach in New York do not in fact obtain 
teaching jobs in the New York public schools. The majority 
of these persons either accept teaching jobs in other states, 
jobs in other occupations, or try to work their way into New 
York schools by becoming substitute teachers. Some 
unknown fraction of this group remains for some unknown 
period in the reserve pool of available, but not currently 
working, teachers. 

Teachers who migrate to New York from other states also 
can be considered part of the stock of newly certified teach
ers, a lthough in many cases such immigrants already have 
teaching experience. For such teachers who actually are 
hired by New York public schools, of course, there are rec
ords in the PMF. The fields in the PMF that specify •occu
pation last year" and "location• of that occupation could be 
especially useful in estimating how many new college gradu
ates and experienced teachers are hired from out-of -state. 
However, there appears to be no obvious means of estimating 
the potential suppply of teachers from out-of-state. 

Returning Teachers (Reentrants). Many of the same data 
limitations discussed above for new teachers apply to reen
tering teachers as a component of the reserve pool. (Cur
rently, experienced teachers account for 80 percent of all 
new hires, while newly certified first-year teachers account 
for 20 percent.) However, because reentering teachers have 

•New York State grants only provisional teaching certificates 
to new baccalaureates. Permanent certification requires a 
master's degree, which must be obtained within five years. 

• •It does not, therefore, necessarily contain current data on 
persons who are not actively teaching. 
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taught previously in the New York State public school sys
tem. they do have records in the Personnel Master File that 
will be as recent as their most recent teaching assignmen t  . .  
In principle. one could examine the PMF for spells of non
teaching activity and. characterizing these spells by duration. 
location of assignment. and age and sex of teacher. identify 
at least some components of the reserve pool. It may be 
possible. for example, to estimate the approximate size of the 
following constituent groups by subject area: 

o Teachers on maternity leave (assuming that young 
female teachers who leave active teaching for rela
tively short periods are likely to have done so for 
maternity); 

o Teachers who have left the teaching force entirely 
(assuming some arbitrary duration based on PMF data 
for completed spells of nonteaching activity); and 

o Teachers who have taken extended educational leave to 
complete advanced degrees for permanent certification. 

One data clement in the PMF that could be especially helpful 
in this regard is •major occupation last year• and whether 
that occupation was performed in New York State. 

Noncerti/ied Teachers. As remarked previously, New York 
prohibits the use of noncertified instructors in the public 
schools. except under restricted circumstances. Moreover. 
New York law requires that courses be taught by a teacher 
having a current subject area certification in that field. The 
PMF contains relatively rich data on certification and assign
ment that permit the State Education Department to monitor 
compliance with this law. Tabulations of these data for a 
recent school year show that about 98 percent of the mathe
matics teachers and about 97 percent of the science teachers 
had the appropriate subject area certifications. 

Model Performance 

ICE does not routinely monitor the performance of its 
teacher demand model. However. one study made by ICE 
examined the accuracy of the subject area teacher demand 
projections for a two-year period. Not surprisingly. the pro
jections were better uniformly for the first forecast year 
than for the second. But interestingly. the projections for 
mathematics and science teachers were considerably more 
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TABLE 6 Accuracy of 1 982 Teacher Projections for New York 
(Forecast Error as Percentage of Actual) 

Subject 

Primary Grades: 

Kindergarten 
Common branch 
Other 

Total 

Secondary Grades: 

English 
Foreign langua ges 
Mathema tics 
Science 
Social studies 
Occupa tional education 
Other 

Total 
' 

Combi ned Grades: 

Special education 
Physical education 
Library 
Reading 

Total 

All Subject Areas 

1982-1983 

+ 1 .3 
+0.9 
+8.7 

+2. 1 

+0.2 
-2.4 
-0.7 
-0.4 
.0.2 

+0.7 
-4.3 

- 1 .3 

-26.2 
-4. 1 
-0.7 

+3.8 

- 1 2.2 

-2. 1 

SOURCE: New York State Education Department ( 1 984). 

1983-1984 

-2 1 .6 
- I .S 

+6. 1 

- 1 .9 

-0.4 
-8.4 
-3.9 
-3.3 
-2. 1 

+2. 1 
-6.9 

-3.4 

·3S.6 
-6. 1 
-6.3 
+3.4 

- 1 8.0 

-S.1 

accurate than those for all subject areas combined (see Table 
6). 

The overall stability of secondary school course enroll
ments explains much of the projection accuracy observed. 
For the most part, grade-level enrollments in secondary 
schools can be projected very accurately over short periods 
with knowledge of actual primary grade enrollments and his
torical grade-to-grade retention rates. The most unstable 
projections tend to be at the kindergarten and special educa-
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tion levels, which are especially sensitive to educational poli-
• cy. 

Users of the Model and Potential for Disaggregation 

While the enrollment projections generated by ICE, especially 
those related to high school graduates, are widely used by 
New York school districts and postsecondary institutions, the 
projections of teacher demand per se are not. Currently, the 
main consumer of the teacher demand projections is the state 
commissioner of education, who uses the projections to 
respond to public concerns regarding imminent teacher short
ages. One other obvious group of potential consumers for 
the teacher demand projections is the New York teacher 
training institutions. From the standpoint of a rational 
expectations model of teacher training, anticipated levels of 
teacher demand should be a major factor in determining 
teacher supply. However, according to ICE staff, teacher 
training institutions do not actively solicit these projections 
from the State Education Department. These institutions are 
not necessarily behaving irrationally, however. They may 
perceive that even a modest chance of teacher shortage out
weighs the greater likelihood of teacher oversupply, or that 
teacher quality can be protected only by training a sufficient 
number of teachers for district administrators to have a num
ber of applicants for each available position. 

Enrollment projections in New York currently are disag
gregated by grade level and geographical area. Enrollment
based teacher demand projections currently are disaggregated 
by subject area and primary-secondary levels. There appears 
to be little interest in further ICE disaggregation of enroll
ment projections by subject area or of teacher demand pro
jections by geographical area, because school districts are 
likely to have access to a wealth of institutional experience 
that is difficult to quantify yet provides more reliable infor
mation than state level projections. 

Because it has not needed to be particularly concerned 
about an adequate supply of teachers in recent years, New 
York does not forecast teacher supply, except to monitor 
teacher training program enrollments and teacher certificates 
issued. However, this situation may not persist. Therefore, 
New York could consider the following activities for estimat-

•For example, both the kindergarten and special education 
projections were affected in 1 984- 1 985 by major policy 
changes in New York City. 
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ing the size and composition of the reserve pool of available 
teachers: 

( I )  Using the PMF, estimate the the number of teachers 
who are on maternity leave or educational leave or 
have left the teaching force permanently; 

(2) Using the PMF, characterize the new teachers who 
are immigrants from other states; and 

(3) Using the certification file and PMF in combination 
with unemployment insurance wage report records, 
characterize persons who are not currently teaching 
by their occupation and whether they are still in 
New York: 

The Florida Model••  

For the last four years, the Strategy Planning and Manage
ment Information System division of the Florida State 
Department of Education has prepared a report on teacher 
supply  and demand in Florida. Prior to that were several 
years of exploratory work with state university reseachers. 
The scope and detail of the report have increased as the 
report has evolved and grown. The most recent report 
(Florida State Department of Education, 1 985) examines meas
ures of actual teacher shortages (defined as vacancies or 
teachers out-of-field) by subject area and school district for 
1984- 1 985, compares projected demand and supply by subject 
area for 1 986- 1 987, and projects demand by subject area 
through 2000. (The demand projections cover single years 
through 1 990- 1 99 1  and then the years 1 995- 1 996 and 2000-
200 1 .) The report also examines underlying population trends 
and the relative sizes of school-age and teacher-age cohorts 
to draw inferences about the supply of teachers and the sup
ply-demand balance through the end of the century. 

The estimates of supply and demand draw together and 
place on a common basis data from a series of sources. The 

•A less desirable, but potentially workable, alternative would 
be to match teacher records to social security records on 
employment. This could be more difficult for states because 
of lags in social security file availability and confidentiality 
rules regarding release of social security records. 

••
The description of the Florida model is drawn from Popkin 

and A trostic ( 1 986:Section IV). 
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common basis is subject fields such as "general mathematics," 
"English/language arts," and "social science/social  studies: 
Reconciliation is required because subject fields generally 
differ from the categories in which the data are recorded to 
serve their original functions, such as specific classroom 
courses (for counting vacancies) and certification fields (for 
estimating the supply of new graduates and the number of 
current teachers teaching out-of -field). 

Teacher Demand 

Current-Year Estimates. Teacher demand estimates for 
the current school year are prepared each fall. Teacher 
demand in the current period is defined as the number of 
currently employed teachers plus the number needed to fill 
vacancies and to replace teachers teaching out-of -field, all 
defined in terms of full-time equivalences and established 
pupil-teacher ratios. The estimates are based on three data 
sources: a vacancy survey by subject field and district, con
ducted in the fall of the preceding year; teacher terminations 
in the preceding year, with interdistrict transfers separately 
identified; and teachers teaching out-of-field in the fall of 
the preceding school year. 

School districts prepare the fall vacancy survey on the 
basis of vacancies between July 1 and October 1. Fall 
vacancies account for about 90 percent of vacancies for the 
full year. Vacancy data are combined with course code data 
on enrollment, teachers, and full-time-equivalent teachers. 
Reporting of course data is by course code, such as Algebra 
I or French II, and must be aggregated into subject fields 
for the annual report. 

The vacancy survey, which began in 1 982, is an evolving 
data series that expanded in the fall of 1 983 to include 
information on the number of teachers in each course who 
were teaching out-of -field. Teaching out-of -field is defined 
as teaching courses for which the teacher does not hold the 
appropriate certification. In examining the out-of-field data 
for 1983 and 1 984, Dade County appeared to contribute dis
proportionately to Florida's total out-of-field teachers. For 
example, about half of Florida's out-of-field secondary teach
ers were in Dade County, although only 14 percent of the 
teaching force is in that county. The report, therefore, 
reports three sets of out-of-field totals and rates--for the 
entire state, for Dade county alone, and for the state exclud
ing Dade County--and examines trends in those statistics 
between 1983 and 1 984. 

The vacancy survey also collects information on the num
ber of interdistrict transfers. This information is used to 
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refine the state aggregate for teacher demand to reflect net 
hires and vacancies. Interdistrict transfers account for a 
significant proportion of total newly hired teachers--one
fourth in 1 983 and one-third in 1984. 

Teacher termination data, by cause of termination, have 
been collected for a longer period. As much as half of all 
terminations in recent years are interdistrict transfers. The 
termination rate is used in computing projected teacher 
demand. No information is available on terminations by sub
ject field, so the most recent distribution of vacancies by 
subject field is used in the projections to distribute total 
terminations across fields. 

Projections. Teacher demand projections are made for the 
next school year and through the year 2000. The projections 
are based on estimates of enrollment, teacher-pupil ratios by 
course, and teacher termination rates in the aggregate and by 
course. The projections begin with the number of teachers 
in the base year and adjust that total for terminations and 
for changes in enrollment. 

Enrollment projections are crucial components of teacher 
demand projections. Florida arrives at its enrollment projec
tions through a complex process of refinement. Official pop
ulation projections by county are developed for the state. 
These population projections have embedded in them economic 
growth and migration assumptions. Enrollments are based on 
age-group population projections refined by a combination of 
cohort-survival techniques and grade-retention ratios. 

From these components, projections are prepared of the 
number of new teachers required by subject field and by 
source of teacher demand: enrollment growth, teacher resig
nations, program growth, and replacing teachers teaching 
out-of -field. Program growth refers to the impact of new 
state graduation requirements, but not the possible impact of 
giving districts the option to lengthen the school day to 
seven periods. For the 1 986- 1 987 school year, Florida pro
jected that 93 1 additional teachers of mathematics and 1 , 1 30 
teachers of science would be needed (Florida State Depart
ment of Education, 1 985:Table 23). Of the new mathematics 
and science teachers, 50 percent would be needed to replace 
resigning teachers, 42 percent to replace out-of-field teach
ers, and 8 percent to accommodate program growth. Enroll
ment change would have a negligible impact on demand for 
additional teachers in these fields. 
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Teacher Supply 

Current Estimates. Estimates for the current period of 
additions to teacher supply derive from three sources: the 
number of candidates passing the most recent teacher certi
fication examination, the number of newly certified teachers, 
and graduates of Florida teacher education programs. 
Existing data do not permit constructing estimates of reen
trants from the reserve pool of nonteaching certificate hold
ers. 

The total number of applicants who take and pass Flori
da's written teacher certification examination provides infor
mation on potential new additions to Florida's supply of 
newly certified teachers. The number of successful candi
dates is an upper bound because not all candidates who pass 
the examination will obtain Florida teacher certificates. 
There were 7,426 successful candidates in 1 983- 1 984, and 
8,08 1 in 1 984- 1 985  (Florida State Department of Education, 
1 985:Tablc 1 3). An alternative source, the Active Certificate 
File, discussed below, shows only 5,608 newly certified teach
ers in 1 984- 1 985. The discrepancy arises because education 
students may take the examination before graduation and 
thus before they arc actually eligible to receive a certificate, 
because potential teachers may fail to fulfill the other certi
fication requirements, and because liberal arts students who 
take the examination may later decide not to enter teaching. 
Another limit to the usefulness of these data is that the cer
tification areas of the teachers passing the certification test 
arc not available. Information is available on whether the 
applicants for certification were graduates of Florida or out
of -state colleges and universities. In both 1 983- 1 984 and 
1 984- 1 985, approximately 55 percent of the candidates passing 
the examination were graduates of out-of-state institutions. 

The Active Certificate File, which records certification 
areas, does not track Florida certificate holders. Until the 
mid - 1 970s, Florida had lif etimc teacher ccrtifica tion and 
therefore did not require current information. As a conse
quence, addresses and teachers' employment status arc not 
current, so that whether a certificate holder is teaching, is 
employed otherwise in Florida, has left the state, or has 
died, is not recorded. It is possible to retrieve data by year 
of certification, and this information is used to provide an 
estimate of one facet of potential teacher supply by certifi
cation field. Comparisons by subject field between the num
ber of newly certified teachers and the number of teachers 
new to the Florida school system arc suggestive of shortages 
and potential oversupply. In some fields, such as elementary 
education, the number of new certificates outstrips the num
ber of new teachers hired ( 1 ,97 8 versus 1 ,4 1 7  in 1 984- 1 985), 
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while i n  other fields, such a s  mathematics, new hires exceed 
new certificates (399 to 274 in 1 984- 1 985). 

The Active Certificate File contains information on 
whether the teacher candidate graduated from a Florida or 
an out-of-state institution, but the quality of that data cle
ment is highly variable and was not used in the most recent 
report. The only source of such information is the file of 
successful certification candidates, which lacks certification 
field data. 

A final source of data about Florida's pool of potential 
new teachers comes from a survey of the state teacher edu
cation programs conducted by the Florida Association of Col
leges for Teacher Education. The association reports gradu
ates and anticipated graduates by certification area. The 
State Department of Education aggregates these 1 38 certifica
tion areas into the 45 subject fields used in its annual 
report. Even with a two-year projection period, estimates of 
total Florida teacher education graduates and projections by 
field have had only mixed success. Estimates of this compo
nent of the flow of new teachers arc therefore incorporated 
into the Florida model but arc not regarded as firm esti
mates. 

Out-of-state teacher graduates account for a sizable pro
portion of Florida's teacher supply: about 55 percent of 
those passing the certification examination, about 65 percent 
of those applying for new teaching certificates, and about 35 
percent of newly hired teachers in recent years (sec Florida 
State Department of Education, 1 985: 1 3, 20; Florida State 
Education Standards Commission, 1 986:22). Information from 
teacher education programs in those states accounting for 
large shares of Florida's out-of-state new hires generally is 
unavailable. As the Florida report notes, assuming constancy 
in the percentages of out-of-state teachers is risky, espe
cially for detailed teaching fields. Hard data on teacher 
migration arc difficult to acquire for trend forecasting. 
Behavioral models, basing in-state and out-of-state mix esti
mates on relative rates of economic growth and teacher sala
ries, together with the population projections for teacher 
cohorts already used in Florida's analysis, could provide guid
ance on a more relevant definition of supply. 

Projections. Because of the difficulties in generating even 
short-term, one- to two-year projections of teacher supply, 
longer-term teacher supply forecasts to pair with detailed 
teacher demand forecasts arc not made. Instead, general 
discussions of relative trends in cohort sizes of K- 1 2-agc and 
teacher-age populations arc made. Projected population 
growth for these cohorts in Florida shows that the popula
tion of typical new-teacher ages, 22 to 29, will grow on ly  
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modestly or will decline by about S percent, over five-year 
intervals between 1 985 and 2000. At the same time, school 
enrollment projections show growth rates of at least 7 per
cent in each period. Similar trends are expected nationally, 
with a consequently bleak picture for the Florida supply
demand balance expected. 

Designating Critical Fields 

Florida statutes require the State Department of Education to 
identify annually areas of critical teacher shortage. The cri
tical areas are used in implementing teacher loan and schol
arship program funds and district quality incentive programs. 
Some fields (mathematics and science) are defined to be cri
tical areas. Other critical areas are determined annually. 
The rules for determining which are the other critical areas 
require the detailed tabulations and projections of the report 
on teacher supply and demand, such as vacancies and teach
ing out-of-field by subject field and projected supply of 
Florida education graduates. The annual report fonils the 
basis of the annual determinations of critical areas. 

New Data System 

The Florida Department of Education is putting in place 
automated student and staff information data bases. Each 
data base will contain extensive demographic data and appro
priate data clements recording experience and achievement in 
the Florida education system. Despite the wealth of data 
that this system will make available, one crucial component 
of Florida's model will  not be provided automatically: gener
ating estimates of unfilled vacancies by subject field and 
district will require the report prcparcrs to organize mater
ials from the student and teacher data bases to produce esti
mates similar to those now provided directly by the school 
districts themselves. 

The data base's major contribution to Florida's model is 
likely to be on the teacher supply side. Data on causes of 
teacher termination, date of certification, and whether the 
teacher was trained in Florida will be part of the automated 
data system. These data could provide the trend information 
needed to serve as a basis for projecting teacher supply over 
a longer horizon than two years and for estimating the role 
that migration will play in teacher supply. Specific salary 
information for each teacher will also be part of the record, 
permitting analysis of the effect of pay on teacher retention. 
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The South Carolina Model• 

The South Carolina Department of Education prepared its 
first teacher supply and demand analysis in December 1 985. 
The work was conducted on short notice from data collected 
for other purposes in response to a legislative request. 
Results of the analysis have been used to help designate cri
t ical teaching fields which in turn direct student loan pro
grams. The report, prepared by the Management Information 
Section of the Office of Research, presents a one-year 
demand-supply comparison, a four-year comparison, and four
year projections, all reflecting state-wide demand or supply 
of about 35 detailed teaching fields (South Carolina State 
Department of Education, 1 985a; sec also 1 985b). All three 
comparisons usc similar definitions of supply and demand. 

The one-year model spans 1 984- 1 985, the year the report 
was prepared. Four-year comparisons also were made because 
1 984- 1 985 was believed to reflect unusual circumstances. 
South Carolina's Education Improvement Act of 1 984 man
dated increased staffing and course requirements, causing a 
one-time leap in the number of teachers hired. Four-year 
comparisons, for the years 1 980- 1 98 1  to 1 984- 1985, lessen the 
impact of that one-time leap. For detailed teaching fields, 
new hires net of transf crs for 1 98 1 - 1 985 arc compared to the 
number of new certificates issued. Finally, projections to 
1 989- 1 990 arc prov idcd in the South Carolina report. 

Teacher Demand 

Analysis of Employment Patterns. South Carolina analyzed 
changes in employment of teachers by detailed teaching field, 
as a means of determining total teacher demand. A matrix 
cross-classifies detailed subject areas such as Algebra I into 
broader activity areas, such as mathematics. The change in 
total teacher demand, or more precisely employment, between 
1 984 and 1 985, is broken down by category of teacher. That 
is, the demand for teachers in 1 985 is determined by the 
taking the 1 984 teacher total,  subtracting teachers leaving 
(net of transfers between subject areas), and adding new 
hires of newly trained and reentering teachers. The esti
mates were prepared separately for three instructional levels: 
prekindergarten through eighth grades, secondary seventh and 
eighth grade courses, and ninth through twelfth grades. 
(Librarians and guidance counselors arc included in the esti-

•The description of the South Carol ina model is drawn from 
Popkin and Atrostic ( 1 986:Scction V). 
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mates as separate activity areas at the appropriate levels. 
They arc included in the estimates to accommodate staffing 
requirements stemming from South Carolina's 1 984 Education 
Improvement Act.) 

Demand throughout the South Carolina report includes 
continuing teachers and new hires but excludes vacancies and 
counts of teaching out-of-field. Data on teacher vacancies 
by course, teaching field, or district, are not readily available 
from South Carolina's extensive data base. Separate report
ing of teachers or full-time-equivalent teachers teaching out
of -field also are not readily available. 

On a year-to-year basis, continuing teachers account for 
most--over 90 percent--of the second year's teaching force 
(92 percent for science and mathematics fields), and teachers 
with prior experience account for nearly two-thirds of the 
newly hired teachers in South Carolina (7 1  percent for sci
ence fields and 66 percent for mathematics--see South Caro
lina State Department of Education, 1 985a:Tables 12 and 1 3). 
As a best first effort at estimating additional teacher demand 
by subject area, net internal transfers were combined with 
new hires in the South Carolina report. 

A second approach to analyzing teacher demand examined 
a longer period, 1 98 1  to 1 985, which smooths out the effects 
of the Education Improvement Act on 1 984- 1 985  teacher 
demand somewhat. Data from the teacher certification file 
were matched by social security number for 1 980- 1 98 1  and 
1 984- 1 985, giving the number of continuing employed teach
ers. Newly employed teachers consist of teachers with no 
prior teaching experience and those with prior teaching 
experience. Demand over the 1 98 1 - 1 985  period is defined as 
total net  transfers among areas plus the newly employed. 

Examining data over the longer period sheds light on 
teacher attrition. As noted above, on one-year comparisons, 
continuing teachers constitute over 90 percent of the next 
year's teaching staff. In the four-year comparison, continu
ing teachers--teachers who taught in the South Carolina 
public school system in both 1 980- 1 98 1  and 1 984- 1 985-
accounted for only 71 percent of 1 984- 1 985  teachers. This is 
about what would be expected if the 8.3 percent attrition 
rate held steady over the period. 

Teachers with experience accounted for only 45 percent of 
newly hired teachers over the longer period, compared with 
two-thirds on a one-year comparison. Newly certified teach
ers accounted for 55 percent of new hires. Newly hired in 
this instance means employed in the South Carolina public 
schools in 1 984- 1 985 but not in 1980- 1 98 1 . Careful analysis 
and additional calculations showed that most teachers hired 
between 1 982 and 1 984 were still in the system in 1 985. 
Movement in and out of teaching during this period took 
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place primarily among teachers hired before 1 981 and not 
employed in 1 980- 1 98 1 .  These teachers are counted as 
experienced new teachers when they are rehired in a one
year comparison. 

The result is that attrition is less over a longer period. 
Annual attrition on a one-year basis is 8.3 percent. The 
total attrition rate over the four-year period is 24.8 percent 
(teachers not in the system in 1 985  as a percentage of total 
teachers in the 1 980- 1 9 8 1  base period), corresponding to an 
annual attrition rate of 6.9 percent. The difference between 
the two rates is approximately SOO teachers per year, or 
about 1 9  percent of the annual total of teachers hired during 
this period. 

Projections. South Carolina bases total teacher demand 
projections on enrollment changes. Enrollment is forecast 
five years ahead, using the cohort-survival method. The sur
vival ratio is obtained by dividing enrollment in a given 
grade in a given school district by enrollment in the previous 
grade the year before in the same school district. Historical 
survival  ratios are calculated and averaged over the previous 
five years. These average ratios are used to project enroll
ment  for grades 2 through 1 2. First grade enrollment is pro
jected as a function of the birth rate six years earlier. 
South Carolina acknowledges that its method does not expli
citly take account of migration into and out of the state, 
although migration enters through survival ratios and annual 
updates to student projections. For total enrollment, South 
Carolina reports a forecast error of 0.3 percent for the 1 984-
1985 school year. District forecasts display larger percentage 
errors, the largest of which tend to be for small school dis
tricts. 

Enrollment projections by grade were used to determine 
total teacher demand in 1 989- 1 990. The projections do not 
include geographic detail. Projections of teacher demand by 
subject area for 1 989- 1 990 were also provided in the South 
Carolina report. The projections assumed no program 
changes that would require additional staff, no reallocation of 
teachers across subject areas, and a continuation of the 6.9 
percent annual attrition rate. A correction for the one-time 
hiring increase from the Education Improvement Act was 
in corpora ted. 

Teacher Supply and Supply-Demand Comparisons 

The primary measure of teacher supply in the South Carolina 
analysis is the number of new certificates issued in a period, 
including reactivated lapsed certificates. A total of 19 per-
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cent of new certificate holders hold multi-area certifications. 
For these persons, fractional entries were made across their 
certification areas. 

Current education graduates from South Carolina colleges 
were not counted as a supply source for several reasons. 
College degree titles did not match teacher certification 
areas about 20 percent of the time. The graduates may not 
seclc certification in South Carolina. Finally, the number of 
new certificates issued over the last nine years consistently 
exceeded the total number of education graduates from South 
Carolina colleges by at least 47 percent, and usually by more 
than 60 percent. 

Comparisons of additions to teacher supply (new and 
reissued certificates) arc compared with additional demand 
(transfers among subject areas and newly employed) in 1 98 5  
b y  subject area. Geographic detail i s  not available. Compar
isons for science fields show that holders of new and 
reissued certificates represented 97 percent of additional 
demand overall, with a 2-to- 1 surplus of holders of new and 
reissued general science certificates and a SO percent short
fall in most other science fields. For mathematics, holders 
of new and reissued certificates represented 60 percent of 
additional demand. 

Similar supply-demand comparisons arc presented for the 
1 98 1 - 1985  interval. Two differences in the four-year com
parisons arc ( 1 )  that supply over the four-year period 
includes only new certificates issued because data on reissued 
certificates were unavailable for all four years, and (2) that 
teachers are categorized by current certification areas rather 
than initial certification areas. 

In both the one- and four-year comparisons, demand is a 
count of actual teachers, either newly employed or trans
ferred among subject areas. Supply as measured is not as 
closely linked to the number of teachers available in 1 984-
1 985. Not all newly certified teachers will choose a teaching 
career (or be hired). And experienced teachers, a major 
component of newly hired teachers, arc not part of the sup
ply measure. 

Projections of teacher supply by field assume the average 
annual number of certificates issued will be the same in 
1 985- 1 990 as in 1 98 1 - 1 985. Other reserve pool sources of 
supply--individuals holding certificates but not teaching, per
sons holding lapsed certificates, in-migrants who do not apply 
for certificates--arc not incorporated. Projections assume 
that the 1 98 1 - 1 985 new certificate rate remains stable. 

A supply /attrition index is computed for each field, 
defined as average annual supply divided by average annual 
attrition. Index values range from 0.20 (driver education) to 
6.99 (early childhood), and average 1 .33. The average index 
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for science fields is 1 .48. Within sciences, the range is 
equally diverse, from 0.44 for chemistry to 2.53 for general 
science. The index for mathematics is 0.95, within the range 
of science indexes. The supply /attrition index highlights 
relative oversupply and shortfalls, but precludes more precise 
evaluations. South Carolina's report notes, first. that the 
projections do not incorporate projected changes in enroll
ment (expected to be small during this period), and second, 
there is no clear critical value for the supply /attrition ratio. 
Beyond that. the assumption that attrition and new certifica
tion rates will remain stable is unlikely to be valid over this 
forecast period because of the 1 984 Education Improvement 
Act. Changes stemming from that legislation affect many 
facets of teacher supply and demand, including teacher salary 
increases. 

Critical Fields 

South Carolina's 92 school districts were surveyed in Novem
ber 1 985  about their perceptions of critical teacher fields for 
1 985- 1 986. Critical fields had insufficient applicant pools or 
actual teacher vacancies in 1985- 1 986. Only 79 percent of 
the districts responded at all, and, among those, responses 
often were partial. The report presents results in detail for 
the responding districts and observes that statewide generali
zations need to be viewed with caution. Mathematics and 
chemistry were among six most critical teaching fields 
reported, with mathematics deemed critical by 5 I percent of 
responding districts and chemistry by 26 percent. These 
designations are consistent with results of the supply-demand 
analysis for the period 1 98 1 - 1 985. 
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