By nap ednlcatalog/TE0 7 himl ]

We ship printed books within 1 business day; personal PDFs are available immediately.

Precollege Science and Mathematics Teachers:
Monitoring Supply, Demand, and Quality

PRECOLLEGH Panel on Statistics on Supply and Demand for
SCECE spniBiTis - Precollege Science and Mathematics Teachers,
TEALAIERS Committee on National Statistics, National Research
“.“"“::L::l:'..-u“..“ COUHCI|

ISBN: 0-309-54332-0, 266 pages, 6 x 9, (1990)

ﬁ ‘ ‘ This PDF is available from the National Academies Press at:
http-/Ammw nap edu/catalog/1597 html

Visit the National Academies Press online, the authoritative source for all books
from the National Academy of Sciences, the National Academy of Engineering,
the Institute of Medicine, and the National Research Council:

e Download hundreds of free books in PDF

Read thousands of books online for free

Explore our innovative research tools — try the “Research Dashboard” now!
Sign up to be notified when new books are published

Purchase printed books and selected PDF files

Thank you for downloading this PDF. If you have comments, questions or
just want more information about the books published by the National
Academies Press, you may contact our customer service department toll-
free at 888-624-8373, visit us online, or send an email to
feedback@nap.edu.

This book plus thousands more are available at http://www.nap.edu.

Copyright © National Academy of Sciences. All rights reserved.

Unless otherwise indicated, all materials in this PDF File are copyrighted by the National
Academy of Sciences. Distribution, posting, or copying is strictly prohibited without

written permission of the National Academies Press. Request reprint permission for this book.

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine



http://www.nap.edu/catalog/1597.html
http://www.nap.edu
http://www.nas.edu/nas
http://www.nae.edu
http://www.iom.edu
http://www.nationalacademies.org/nrc/
http://lab.nap.edu/nap-cgi/dashboard.cgi?isbn=0309068371&act=dashboard
http://www.nap.edu/agent.html
http://www.nap.edu
mailto:feedback@nap.edu
http://www.nap.edu
http://www.nap.edu/v3/makepage.phtml?val1=reprint
http://www.nap.edu/catalog/1597.html

: Monitoring Supply, Demand, and Quality

Precollege Science and
Mathematics Teachers

Monitoring Supply, Demand, and Quality

Dorothy M. Gilford and Ellen Tenenbaum, Editors

Panel on Statistics on Supply and Demand for Precollege
Science and Mathematics Teachers
F. Thomas Juster, Chair
Committee on National Statistics
Commission on Behavioral and Social Sciences and Education
National Research Council

NATIONAL ACADEMY PRESS
Washington, D.C. 1990

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

not from the

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

: Monitoring Supply, Demand, and Quality

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 Sci-
ences, the National Academy of Engineering, and the Institute of Medicine.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the charter
granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the fed-
eral government on scientific and technical matters. Dr. Frank Press is president of the National
Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous
in its administration and in the selection of its members, sharing with the National Academy of Sci-
ences the responsibility for advising the federal government. The National Academy of Engineering
also sponsors engineering programs aimed at meeting national needs, encourages education and
research, and recognizes the superior achievements of engineers. Dr. Robert M. White is president
of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy mat-
ters pertaining to the health of the public. The Institute acts under the responsibility given to the
National Academy of Sciences by its congressional charter to be an adviser to the federal govern-
ment and, upon its own initiative, to identify issues of medical care, research, and education. Dr.
Samuel O. Thier is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy's purposes of further-
ing knowledge and advising the federal government. Functioning in accordance with general poli-
cies determined by the Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in providing services to
the government, the public, and the scientific and engineering communities. The Council is adminis-
tered jointly by both Academies and the Institute of Medicine. Dr. Frank Press and Dr. Robert M.
‘White are chairman and vice chairman, respectively, of the National Research Council.

This project was supported with funds from the National Science Foundation and the National
Center for Education Statistics, U.S. Department of Education.

Library of Congress Catalog Card No. 89-89-64263
International Standard Book Number 0-309-04197-X
Additional copies of this report are available from:
National Academy Press

2101 Constitution Avenue, NW

Washington, DC 20418

S099
Printed in the United States of America

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

il

Panel on Statistics on Supply and Demand for Precollege
Science and Mathematics Teachers

F. THOMAS JUSTER (Chair), Institute for Social Research, University of
Michigan

WILMER S. CODY, State Department of Education, Baton Rouge, Louisiana

GLENN A. CROSBY, Department of Chemistry, Washington State University

F. JOE CROSSWHITE, Department of Mathematics, Northern Arizona
University

HARRIET FISHLOW, Undergraduate Enrollment Planning, Office of the
President, Academic Affairs Division, University of California, Berkeley

CHARLOTTE V. KUH, Graduate Record Examination Board, Princeton, New
Jersey

EUGENE P. MCLOONE, Department of Education Policy, Planning, and
Administration, University of Maryland

MICHAEL S. MCPHERSON, Department of Economics, Williams College

RICHARD J. MURNANE, Graduate School of Education, Harvard University

INGRAM OLKIN, Department of Statistics and School of Education, Stanford
University

JOHN J. STIGLMEIER, Information Center on Education, New York State
Education Department

DOROTHY M. GILFORD, Study Director

ELLEN TENENBAUM, Consultant

M. JANE PHILLIPS, Administrative Secretary

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

iv

Committee on National Statistics

BURTON H. SINGER (Chair), Department of Epidemiology and Public
Health, Yale University

JAMES O. BERGER, Statistics Department, Purdue University

DAVID H. BLACKWELL, Department of Statistics, University of California,
Berkeley

NORMAN M. BRADBURN, Provost, University of Chicago

RONALD S. BROOKMEYER, Department of Biostatistics, Johns Hopkins
University

MARTIN H. DAVID, Department of Economics, University of Wisconsin,
Madison

LOUIS GORDON, Department of Mathematics, University of Southern
California

JERRY A. HAUSMAN, Department of Economics, Massachusetts Institute of
Technology

F. THOMAS JUSTER, Institute for Social Research, University of Michigan

GRAHAM KALTON, Department of Biostatistics, School of Public Health,
and Institute for Social Research, University of Michigan

JANE A. MENKEN, Population Studies Center, University of Pennsylvania

S. JAMES PRESS, Department of Statistics, University of California, Riverside

DOROTHY P. RICE, Department of Social and Behavioral Sciences, School of
Nursing, University of California, San Francisco

KENNETH W. WACHTER, Department of Statistics, University of California,
Berkeley

MIRON L. STRAF, Director

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

ACKNOWLEDGMENTS v

Acknowledgments

The panel wishes to thank the many people who contributed to the
development of this report. First, we benefited greatly from the experiences of
those school district officials and teachers who participated in the case studies.
Special thanks are extended to consultants Jane L. David, Marianne Amarel,
and Jennifer P. Pruyn, who conducted in-depth case studies of six of the
selected school districts. Also of great benefit to the panel were the insights
shared by the personnel directors of the seven large city school systems during
the conference that took place in May 1988: Charles Almo, Chicago Public
Schools; Edward Aquilone, New York City Schools; Ray Cohrs, Seattle Public
Schools; Thomas Killeen, Los Angeles Unified School System; Alan Olkes,
Dade County School District; George Russell, San Diego City Unified School
District; and Jim Shinn, Montgomery County School System. Marlene
Holayter, Fairfax County Public Schools, helped in organizing the conference
by identifying potential participants; she also participated in the conference.

Particular thanks are due to Richard Berry and to Ronald Anderson of the
Office of Studies and Program Assessment, the National Science Foundation.
Each of them served as the panel's project officer in different phases of the
panel, provided valuable information to panel members, and shared their
thoughts and professional experience. The panel is also grateful for the help and
encouragement extended by Paul Planchon of the National Center for Education
Statistics.

We would also like to thank members of the Commission on Behavioral
and Social Sciences and Education and of the Committee on National Statistics,
who reviewed the report and provided thoughtful and incisive comments. In
addition, Mary Papageorgiou, statistician with the National Center for
Education Statistics (NCES), carefully read the draft report and

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

ACKNOWLEDGMENTS vi

clarified important information about the Schools and Staffing Survey now
being undertaken at NCES. Constance Citro of the Committee on National
Statistics also found time to review the report and offered cogent comments,
reflecting her earlier service to the panel as study director for the first phase of
the project. And Jane L. David took the time to read the draft report, raising
important questions that led to rewriting and reorganizing parts of the report.

Christine McShane, editor of the Commission on Behavioral and Social
Sciences and Education, provided highly professional editing of the report,
which contributed greatly to its readability. She also prepared it for final
publication.

The panel extends its appreciation to its staff for their tireless work and
dedication to this project. Jane Phillips served ably as administrative secretary
for the panel, taking care of the logistical arrangements for the panel meetings
and cheerfully and efficiently handling the numerous rounds of revisions to the
draft report. Dorothy M. Gilford, who served as study director for the second
phase, not only contributed substantially to the style, substance, and coherence
of the report, but also successfully motivated panel members to work much
harder on the project than they may have originally planned. Ellen Tenenbaum
assisted Dorothy in producing a cohesive synthesis of our discussions and
conclusions, as well as in rewriting and reorganizing drafts prepared by panel
members.

Finally, I wish to thank the panel members themselves for their generous
contributions of time and expert knowledge. It has been a pleasure to work
together toward this final report. While the findings and recommendations
reflect the collective thinking of the panel, I appreciate the hard work done by
individual panel members in drafting text for several chapters: Harriet Fishlow
prepared the demography section of Chapter 2; Richard Murnane drafted
Chapter 3; John Stiglmeier prepared the introduction to Chapter 4 and provided
very useful data about teachers in the state of New York; Eugene McLoone
drafted most of Chapter 5; and Charlotte Kuh wrote the introduction to
Chapter 6. It would be remiss not to mention Dick Murnane's and Charlotte
Kuh's helpful responses to many questions raised by the staff while the report
was being revised to respond to reviewers.

THOMAS JUSTER, Chair

Panel on Statistics on Supply and Demand for Precollege Science and
Mathematics Teachers

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

CONTENTS vii
Contents

Summary 1

Data Recommendations 3

Resources for Data 4

Demand Data 4

Supply Data 5

Quality Data 6

General Data Recommendations 7

Research Issues Identified by the Panel 8

Resources for Research 8

Research on Demand 8

Research on Supply 9

Research on Quality 10

Research on Student Outcomes 11

Research Facilitation 11

Information Exchange Among Districts, States, and the NCES 11

Implementing the Recommendations 12

1 Introduction 14

The Meaning of Shortage 15

Factors Affecting Demand 17

Factors Affecting Supply 24

Quality Issues in Supply and Demand 26

The Panel's Work and Organization of the Report 34

2 Determining Teacher Demand 37

Student Enrollment 37

Enrollment Projections Based on Student Enrollment Data 38

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

: Monitoring Supply, Demand, and Quality

° o CONTENTS viii
£ O .

£8S N -

L <3 Population Projections—A Proxy for Enrollment Projections 43
S °z Research Areas Related to Student Enrollment 50
228 Pupil-Teacher Ratios 51
_§ 25 Components of Teacher Demand and Related Data 52
5 ; S Research on Determinants of Pupil-Teacher Ratios 55
§ £ o Teacher Attrition Rates 56
—_y Summary 58
525

S 1—(:? % 3 Determining Supply: Individual and District Activities 60
£ G,%j Q The Components of Supply 60
§o F Continuing Teachers 61
- %S New Entrants 64
2 § *§ What Influences an Individual to Teach? 65
5 = 5 College Students' Occupational Preparation Decisions 68
82 o The Decision to Enter Teaching 69
S o% Where to Teach 71
2 % E How Long to Stay in Teaching 72
£ é g Whether to Return to Teaching 75
i B g Whether to Move to a Different State 76
3 g £ When to Retire 77
g3 o Conclusions 79
§ ‘; P How Does a District Mesh Supply With Demand? 80
- S f Determining Needs 81
§ 82 Soliciting Applicants 83
@ XS Screening Applicants 84
£%3 Making Offers 87
55 3 Who is Hired 89
=3 < Conclusions 90
52 Summary 91
°5 8

£ £8 4 Monitoring the Supply Pool of Science and Mathematics Teachers 92
E § g Monitoring Points Along the Supply Pipeline 94
S8 College Students Planning to Teach 95
2 ﬁ © Certification 96
% 2 %, New Hires 98
S g g The Reserve Pool 101
528 Retention and Attrition Rates 105
jg 85 Teacher Mobility and Interstate Migration 107
> 02 A Special Case: The Supply of Minority Teachers 110
O DA

c&a Summary 115
2% 2

= -% %

%

0 g®

5%

S55

<5¢

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

CONTENTS

ix

5 Statistics Related to the Quality of Science and Mathematics Teaching
School System Policies and Practices
Recruitment and Hiring Practices
Misassignment of Teachers
Providing for Inservice and Continuing Education
Other Practices That Affect Teaching Quality
Measuring Teacher Qualifications
Certification as the Basic Proxy for Teacher Quality
Course Preparation and Transcript Data
Professional Standards as a Quality Dimension
Testing for Subject-Matter Knowledge
The Holmes and Carnegie Recommended Standards
The Presidential Awards for Science and Mathematics Teachers
Teacher Qualifications and Student Outcomes
Evidence
Implications for Data and Research
Other School and Home Factors That Affect Outcomes
Curriculum Structure
Quality of Textbooks
Classroom Time Used for Science and Mathematics
Other Instructional Factors
Home Environment
Summary

6 Data Needs and Research Opportunities
Data Recommendations
Funding for Data Collection
Data Related to Demand
Data Related to Supply
Data Related to Quality
General Data Recommendations
Research Issues Identified by the Panel
Resources for Research
Demand
Supply
Quality
Student Outcomes
Research Facilitation
Graduate Student Research
Data Bases for Personal Computers

Copyright © National Academy of Sciences. All rights reserved.

116
120
120
123
125
127
129
129
130
133
134
135
136
138
138
139
141
141
141
142
143
144
145

157
158
159
159
160
166
168
170
170
171
171
173
175
176
176
177


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

CONTENTS

State Data Bases
Limitations of Univariate Indicators
Facilitation of Information Exchange Among Districts, States,
and the NCES
References

A Panel Activities

B National Data Sets Relating to Demand, Supply, and Quality of Pre-
college Science and Mathematics Teachers

C Availability of State Data on Public School Professional Personnel
D Acronyms

E Biographical Sketches

Copyright © National Academy of Sciences. All rights reserved.

177

178

179

183

211

218

230

251

253


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

SUMMARY 1

Summary

The activities of an increasingly technological society call for greater
command of science and mathematics at the precollege level than at any time in
the recent past. Yet evidence from numerous studies indicates that the majority
of American students are not being equipped with the scientific and
mathematical tools needed to participate in that technological society.
International comparisons of secondary students' achievement show Americans
generally ranking in the lowest half of the distribution among their counterparts
in developed countries. There has also been increasing concern about shortages
of qualified individuals who will teach science and mathematics at the
elementary or secondary levels. Studies point to an increased demand for
science and mathematics teachers and as well as an inadequate supply of highly
qualified individuals to fill those positions.

To what extent is there a shortage, in terms of both quantity and quality, of
science and mathematics teachers? National data and research related to teacher
supply and demand in science and mathematics are insufficient to substantiate
statistical conclusions or to prescribe specific national policies.

Concerns about shortages in these critical areas and about the quality of the
available statistics led the National Science Foundation and the National Center
for Education Statistics of the U.S. Department of Education to ask the National
Research Council to evaluate the statistics on the supply and demand for
science and mathematics teachers.

In 1986 the National Research Council established the Panel on Statistics
on Supply and Demand for Precollege Science and Mathematics Teachers to
conduct such a study, in two phases. In the first phase the panel reviewed
teacher supply and demand models in selected states and the national model
used by the National Center for Education Statistics. The
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SUMMARY 2

tentative conclusion of the panel was that none of the available models or data
were adequate to assess either shortage or quality. The principal difficulty, as
seen by the panel, was on the supply side of the models, although there were
also serious shortcomings in important aspects of the demand side. We
recommended in the interim report (1987c:7) that research on teacher supply be
conducted, foremost on the behavioral determinants of key groups of new
entrants—new graduates, former teachers, and persons hired on emergency
certification. The forces underlying teacher migration were a second issue of
behavioral research. Also in need of study were the behavioral and
environmental factors influencing attrition. The panel also identified
information on teacher qualifications that could be collected for use in
descriptive profiles and in supply and demand models. The first phase
culminated in the 1987 interim report, Toward Understanding Teacher Supply
and Demand: Priorities for Research and Development (National Research
Council, 1987c¢).

In its second phase of work the panel continued with a more detailed
investigation of statistics and models of the supply and demand for science and
mathematics teachers. Case studies were conducted in 39 school districts to
identify variables that might usefully be included in such statistics. The
statistical basis for describing entry and exit patterns of science and
mathematics teachers was examined. A conference of personnel directors of
seven large school systems was held in May 1988 to discuss data available
relating to the supply, demand, and qualifications of science and mathematics
teachers. The panel also conducted a comprehensive review of state statistical
data pertinent to teacher supply and demand models and the availability of such
data to researchers.

As indicated in the panel's final report, there is great diversity in labor
market situations and in the actions taken by applicants and school systems to
balance supply and demand. Some of these important interactions, while not
easily portrayed statistically, are essential to understanding the nation's supply
and demand situation as it affects science and mathematics at the precollege
level. The recommendations in Chapter 6 of the report reflect the insights
gleaned throughout the second phase of the panel's work. In this report, we go
beyond the panel's interim report and try to provide a more specific assessment
both of the available data and of data that could potentially be obtained that
would enrich existing models. We also try to provide better insights into the
relationship between quality and issues relating to supply and demand.

In this report the panel has evaluated the statistics on supply, demand, and
quality as they pertain to science and mathematics teachers. We conclude that
available data on the supply aspects of teacher labor markets and on the quality-
related adjustments that bring supply and demand into equilibrium remain
inadequate, although we recognize that the National
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SUMMARY 3

Center for Education Statistics has taken major steps toward an improved
national data base.

This summary presents the recommendations to have the highest priority.
Most of the recommendations pertaining to improved data are addressed to the
National Center for Education Statistics (NCES). Recommendations related to
further research topics are addressed to the National Science Foundation (NSF)
and the education research community at large. A recommendation for research
facilitation is directed to the Department of Education's Office of Educational
Research and Improvement, and our final recommendation calls for NCES to
convene a series of conferences on issues of teacher supply, demand, and quality.

DATA RECOMMENDATIONS

Meaningful descriptions of supply and demand for precollege science and
mathematics teachers, their interactions, and the role of quality in bringing
supply and demand into balance require comprehensive national data. The
Schools and Staffing Survey (SASS), first conducted in 1987-88 under the aegis
of the National Center for Education Statistics, represents a groundbreaking
effort to capture some of the most relevant data on a regular basis. If this survey
is repeated periodically and disseminated quickly, it holds particular promise
for providing statistics on a number of key aspects of supply, demand, and
quality. As with all new surveys, the extent to which SASS will meet its goals
cannot be known until the data have been received and analyzed.! The SASS
data, used in conjunction with other NCES surveys and the panel's additional
recommendations for data enhancement, should provide the basic data for
monitoring the supply, demand, and quality of teachers and for preparing
informative reports and analyses. However, current data collection efforts and
our knowledge of the relation between incentives, quality, and supply are still
inadequate to support meaningful behavioral models of teacher supply and
demand. Thus, we recommend a sequential approach:

* First, as efforts are made to improve the consistency, scope, and quantity of
data, publish indicators from existing data that are considered relevant to
teacher supply, demand, and quality.

! The release of the SASS data base has been delayed a few months in order to
guarantee the confidentiality of the data. The recent Hawkins-Stafford Act (P.L.
100-297) requires that the National Center for Education Statistics protect the privacy of
individually identifiable information collected through survey questionnaires. NCES has
recently formed a Disclosure Review Board, consisting of senior NCES staff and outside
experts, to establish procedures and then review data products in order to release the
maximum amount of data while protecting the privacy of survey respondents. The first
release of SASS tables is scheduled for spring 1990.
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SUMMARY 4

* Second, carry out the research needed to support behavioral models.

* Third, as data bases are improved and research findings on the relation
between incentives and supply become available, devote resources to
structural modeling that goes beyond simple extrapolative projection.

The specific recommendations presented below address the need for
resources for SASS; data related to teacher demand, supply and quality; and a
group of desirable general data practices. The complete set of recommendations
and their discussion appear in Chapter 6.

Resources for Data

In the near term it is essential to monitor the state of demand, supply, and
quality of precollege science and mathematics teachers, and we advance four
recommendations to that end. The NCES has recognized the need for a major
effort to gain better information concerning teachers and has initiated SASS,
which, if it lives up to its promise, has the potential to provide the best data on
teachers this country has had. Analyses based on SASS can improve the nation's
understanding of the supply, demand, and quality of precollege science and
mathematics teachers.

Priority Recommendation 1. We recommend that provision be made in the
budget for the National Center for Education Statistics to conduct the Survey of
Schools and Staffing on a regular cycle and that the budget include funds for
Sfollow-up surveys of teachers who leave teaching and for in-house and external
analysis of the survey data.

Demand Data

Estimates of the demand for hiring teachers depend on at least three
components: student enrollment, pupil-teacher ratios, and teacher attrition rates.
(It should be noted that teacher attrition is largely a supply phenomenon,
reflecting the decisions of individual teachers. In Chapters 3 and 4, we treat
attrition as a supply variable, but for some purposes it is a natural
transformation to think of it as resulting in a demand for new teachers.)
Although the task of projecting enrollment-driven demand for science and
mathematics teachers is fairly straightforward, and most of the necessary data
are available through the Bureau of the Census and NCES, the data on teacher
attrition are deficient. At any organizational level, whether national, state, or
district, attrition is generally defined as the number of teachers who taught in
that organizational unit in one year but not in that unit in a similar position in
the following year. The most recent NCES estimates of attrition rely on 1983
data from the Bureau of Labor Statistics
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and are not disaggregated by discipline. The data most needed now for better
projecting teacher demand are attrition data, although needed improvements in
other demand-related data are also noted. Data on attrition for reasons other
than retirement are of particular interest.

Priority Recommendation 2. We recommend that NCES collect data on
attrition rates classified by retirement or other cause, and by discipline, as a
first priority. Other data recommendations are for annual information on state-
mandated course requirements and periodic data on changes in science and
mathematics course offerings and enrollments.

Supply Data

The major shortcomings of current supply-demand models and reports of
teacher supply and demand occur on the supply side.

The primary components of supply are continuing teachers and new
entrants. The supply of continuing teachers is estimated using attrition rates,
which are much in need of improvement, as the preceding recommendation and
the one below emphasize. Estimating the supply of new entrants is more
difficult still, since most new entrants do not come directly from teacher
training institutions. Although a few come from alternative certification
programs, the major source of new entrants is the reserve pool, which consists
of people with teaching experience who did not teach last year or individuals
who were certified to teach at least a year ago but who have never taught. Data
on these key sources are inadequate or nonexistent, though SASS is making
significant inroads toward a national data base that will describe these
components more clearly.

Effective monitoring of supply must include information on the quality of
the supply (described below). To construct behavioral models of supply, data
will be needed that capture behavioral aspects of supply. Our highest-priority
data recommendations for the near term call for better data on newly certified
individuals and their incentives to teach, on the components of the reserve pool,
and on retention and attrition patterns. Priority Recommendation 3 is therefore
widely encompassing, including not only components of quality, but also data
that capture behavioral aspects of supply.

Priority Recommendation 3: We recommend that NCES collect the
specified data (in order of priority under each of the three headings) on the
following aspects of teacher supply.

(a) New hires and incentives to teach:

*  Comparative salary data to indicate competitiveness of teachers' salaries
relative to those of alternative nonteaching positions.
* Data on reasons why teachers selected their current school/district.
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* Data on the number of last year's certificants, by type of certificate, who
were hired (or received a firm job offer) by school districts and the
proportion of those who applied for positions who were hired.

* Trend data from districts on the ratio of the number of applicants to
vacancies in teaching, by field, and on the number of job offers per vacancy.
(b) The supply potential of the major components of the reserve pool:

not from the
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* Data following new college graduates over time, to determine the
proportion that enter teaching by the number of years after graduation,
reasons for leaving teaching, time spent out of teaching, and reentry into
teaching.

* Retrospective data that track new hires from the reserve pool backward, to
study their career histories prior to entering or reentering teaching.

* Data on those certified in a given state who are not currently teaching in
that state. Using data from state certification files, states can track
certificants who still live in the state and characterize that segment of the
reserve pool by age, subject, specialty, years of past teaching experience,
and interest in teaching.

(c) Retention and attrition rates:

* Data from schools on the distribution of teachers by age, race/ethnicity,
sex, and disciplinary area, as well as attrition levels within these
categories. Attrition should be classified by retirement or other cause.

* Information from former science and mathematics teachers on incentives to
leave teaching.

Quality Data

The notion of an adequate supply of science and mathematics teachers
must be understood in terms of the quality of that supply. In the short term it is
in large part through adjustments in quality that supply and demand come into
equilibrium. In responding to perceived shortages, school systems may opt over
the long term to increase salaries or improve working conditions. In the short
term, they may recruit more aggressively, increase class sizes, or cancel
courses. Frequently, the adjustment mechanism operates through changes in the
quality of individuals hired. Hence, there may be no observed quantity
imbalance but instead a change in the quality characteristics of the teaching
force. It is critical to obtain statistics that relate to quality, but very little
information exists that helps to define or measure quality at present. We need to
know more about how
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quality can be measured and how quality adjustments take place. The next
recommendations encompass a wide variety of data needed toward that end.

Priority Recommendation 4. To provide indicators of aspects of the quality
of teachers and aspects of the school system that affect either teacher quality or
teaching quality, we recommend that the data listed below (in order of priority
under each of the two headings) be collected and monitored over time.
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(a) Qualifications of teachers:

* Certification data as an indication of a minimum or baseline level of
qualifications.

* Individual transcript data on general intellectual ability and on courses
taken in preparation for science or mathematics teaching-for elementary as
well as secondary teachers-to provide the most complete data on teachers’
formal qualifications. The panel recognizes the cost and burdens of
transcript studies but considers that such studies for samples of teachers
would be valuable at the national level and to individual states.

* Trends in guidelines for prospective teachers in terms of content or course
work recommended by science and mathematics professional associations
and the extent to which guidelines have been adopted.

(b) School system factors that affect quality:

* Hiring practices, including timing of offers, and constraints such as
internal transfer rules.

» Teacher assignment or misassignment, by subject, including incidence of
out-of-field teaching and use of temporary or emergency certification.

* Data describing inservice education, laboratory materials, and collegial
and administrative support for teachers in place.

* School practices related to time use, class size, teaching load, level of
autonomy, opportunities for collaboration and decision making, salary,
and other monetary incentives.

General Data Recommendations

In addition to the specific data recommendations above, certain practices
should be followed to ensure the most meaningful data results and the widest
use of the information.

Priority Recommendation 5. We recommend adoption of certain general
guidelines for any data collection efforts relevant to teacher supply, demand, or

quality:
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(a) Emphasize the repeated collection of data over time, in contrast to a one-
time effort, in order to permit measurement of changes in demand,
supply, and quality over time.

(b) Disseminate data into the public domain in a timely manner and in an
easily accessible format.

(c) Focus on subareas of subject matter (e.g., chemistry, physics or
calculus, rather than mathematics/science in general), in order to
permit specific identification and targeting of areas of shortage or
surplus.

RESEARCH ISSUES IDENTIFIED BY THE PANEL

A number of important issues affecting supply, demand, and quality as
they relate to science and mathematics teachers are not well understood and are
beyond the scope of existing data and models. During the panel's discussions, a
variety of such research topics was noted, and although they are not intended to
be a comprehensive list, some of the most relevant issues are advanced for
consideration by the National Science Foundation.

Resources for Research

The panel has concluded that the present research base is inadequate to
support the development of behavioral models of teacher supply and demand.
We therefore identify a number of issues requiring research in order to quantify
the relationships needed for the development of effective behavioral models of
demand, supply, and quality.

Priority Recommendation 6. The panel recommends that the National
Science Foundation stimulate research on behavioral models of teacher supply
and demand and increase the amount of support for such research.

Research on Demand

Policy makers frequently ask questions that could be answered by well-
specified models. These include "what if" questions about the likely impacts of
various education policy actions and changing labor market conditions on
demand. To answer such questions, models are needed that reflect the forces
that influence demand. Before such models can be developed, research is
required on the behavioral factors that influence the demand for science and
mathematics teachers. Although the panel's charge was to focus on supply and
demand for public school teachers, changing preferences for private school
enrollment, a topic about which little is known, can affect the demand for public
school teachers.
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Priority Recommendation 7. The panel reiterates and extends its
recommendation from the interim report (National Research Council,
1987¢:5-6) that research pertinent to the demand for precollege science and
mathematics teachers be conducted in order of priority-on:

(a) The behavioral determinants of student selection of science 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, including the adjustment lags
in those ratios as enrollments change and/or the teaching force changes
in demographic composition; changes in the school budget; changes in
staffing patterns, typical class size, and teaching loads; increased
graduation requirements; and changes in course offerings.

(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.

(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.

Research on Supply

Research on the behavioral factors that influence the supply of well-
qualified science and mathematics teachers is essential to improve the
understanding of teacher labor markets and to make it possible to develop
dynamic models with serious behavioral content to address important policy
needs.

Of prime concern is the lack of detailed knowledge of how incentives
affect the supply of precollege science and mathematics teachers. Measuring the
relation between supply and incentives such as salary or working conditions is
important because policy makers can adjust such variables to change the supply
of teachers. A related research issue concerns the supply potential of the reserve
pool, which is the largest source of new entrants to teaching. Because the other
source-new certificants-is decreasing in number, research to assess the supply
potential of the reserve pool is of growing importance. Finally, examination of
subsamples of districts experiencing supply/demand problems, including in-
depth inquiries, may provide information for policy use in ameliorating the
problems and can also help
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determine appropriate categories for disaggregation of data in publications. The
recommendation below pertains to these issues.

Priority Recommendation 8. We recommend research on a variety of topics
—in order of priority—that center on behavioral aspects of the supply of
precollege science and mathematics teachers:

(a) Incentives that affect individual decisions to enter teaching, to leave
teaching and move to a different occupation, or to retire.

(b) Supply potential of the reserve pool. Studies of the reserve pool might
include the effects of incentives, such as salary increases, on attracting
individuals from the reserve pool and the effects of limited mobility of
teachers in the reserve pool on the supply potential of the reserve pool.

(c) School districts experiencing supply/demand problems. Such school
districts can be identified from SASS data and studied in-depth, as can
the supply and demand situation in different geographic or labor market
regions, e.g., inner city, rural, and high-income suburban.

Research on Quality

The pivotal role of quality in bringing teacher supply and demand into
balance has proved elusive and beyond researchers' present ability to measure.
We have distinguished teacher quality—referring to personal characteristics of
the teacher such as education level, subject matter knowledge, skills in working
with students, and degree of inservice training—from overall teaching quality.
Teaching quality depends not only on teacher quality, but also on characteristics
of the school and district policies that are beyond the control of the individual
teacher, such as types of textbooks selected for the school system and the
amount of time allocated to each subject.

In the course of panel discussion on these issues, we noted several studies
related to teaching quality or teacher quality that could be pursued.

Recommendation 9. We recommend the following studies related to
teaching quality and teacher quality, in order of priority:

(a) Study the effectiveness of a wide variety of practices that schools and
school districts have employed to improve teaching quality in science
and mathematics.

(b) Examine the inservice training practices for science and mathematics
teachers that are provided by elementary and secondary schools, to
identify programs that seem to be effective in enhancing teaching quality
and to understand reasons why some programs appear to work while
others do not.
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(c) Study teachers' transcript records, to determine the degree to which
transcripts can be used as an accurate reflection of subject matter
knowledge or of teacher quality.

(d) Study the methodological curriculum of teacher training programs to
assess the degree to which these programs vary in their emphasis on
pedagogical theory compared with pedagogical practice.

Research on Student Outcomes

The ultimate usefulness of a better understanding of the supply, demand,
and quality of teachers of science and mathematics lies in their effects on
students' learning. It is thought that these factors are linked to outcomes, but
that linkage needs to be explicit. Primary aspects of this research would attempt
to relate measurable teacher characteristics, school environment variables, and
home environment variables to student outcomes.

Priority Recommendation 10. The panel recommends that further research
be conducted on the relationship of measurable characteristics of teachers of
mathematics and science and home and school environment factors to
educational outcomes of students in these fields. This research should explore
variation in outcomes as well as average outcomes.

RESEARCH FACILITATION

One way to facilitate research on issues of teacher supply, demand, and
quality is to ensure that the data obtained from NCES, state agencies and other
studies be disseminated promptly and in a usable form to the research
community. Another way to stimulate research is by providing an ongoing
program of graduate student support for research. A program comparable to the
National Institutes of Health training grant program in biostatistics, which was
successful in attracting a large number of young researchers to the field and in
changing the level of sophistication in biostatistics, could be expected to have
similar effects on education statistics.

Priority Recommendation 11. We recommend that the Office of
Educational Research and Improvement within the Department of Education
create a program of doctoral graduate student support (training grants) in
education statistics.

INFORMATION EXCHANGE AMONG DISTRICTS, STATES,
AND THE NCES

The 16,000 school districts in this country operate relatively independently
and balance teacher supply and demand within districts by their own
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actions. The staffing problems they encounter vary widely, and the actions
taken by district superintendents and personnel directors to address these
problems are both innovative and varied. Applicants and school systems have
effective means of coping with the uncertainty of budgets and contracts and
adjusting to institutional barriers (e.g., use of the substitute pool to stockpile
place-bound potential teachers, use of graduate students to teach part time, and
cooperative arrangements with local industry).

Much of the information about school district actions to address staffing
problems will not be captured by SASS. Over the course of its study, the panel
broadened its understanding of teacher supply and demand issues by direct
contact with 39 public school districts across the country. They ranged from the
largest metropolitan systems to the most isolated small school districts and
represented a wide geographic range and a variety of labor market conditions.
The case studies and the conference held by the panel with personnel directors
of seven large school systems vividly demonstrated to us the diversity of
practices and styles and the diversity of labor market situations that characterize
the nation's school districts.

The panel believes that NCES could profit from frequent interactions with
school district personnel and could play a valuable role as a broker between
data producers and data users in the states. A useful mechanism for such
interaction would be conferences of district and/or state personnel.

Priority Recommendation 12. The panel recommends that the National
Center for Education Statistics (a) convene an annual conference of district
personnel who are responsible for the decisions that affect teacher supply,
demand, and quality to maintain an awareness of the current issues in teacher
supply and demand; (b) hold periodic conferences of state personnel who
prepare state and local supply and demand projections to facilitate
improvement in these models; and (c) hold occasional conferences to promote
communication between state personnel who produce data relevant to teacher
supply, demand, and quality and district personnel who would find these data
useful in their recruitment activities and in development of district policies
concerning teachers.

IMPLEMENTING THE RECOMMENDATIONS

For immediate consideration, most of the high-priority data
recommendations can be satisfied by additions to existing surveys, most notably
SASS. The data elements should be added to the surveys as they are scheduled.
In addition, the NCES conferences call for prompt implementation. The first
annual conference should be initiated in 1990, with subsequent conferences to
be planned on a continuing basis. Other recommendations for prompt
implementation are the proposed program of graduate student
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support for studies in education statistics by the Office of Educational Research
and Improvement, and the timely dissemination of data collected by NCES.

The next priorities in the time sequence for implementation are
recommendations that would require new data collection instruments, such as
the call for individual transcript data. In addition, a few of the data
recommendations are addressed to state agencies, namely those involving
certification data. The panel does not have the information to determine when it
would be feasible or desirable for the states to implement these
recommendations.

Finally, the research issues noted by the panel call for an expanded
program of research on behavioral models of teacher supply, demand, and
quality and for further stimulating this research by establishing a program for
graduate student support in education statistics. The panel recognizes that this is
a program of long-term research. Nonetheless, it should start immediately so
that needed information and behavioral models of teacher supply and demand
become available at the earliest possible date. When misconceived claims and
questions about shortages are replaced with knowledge of how teacher labor
markets actually function, policy makers will be able to design more sharply
focused policies to ensure a strong science and mathematics teaching corps.
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1

Introduction

In recent years a number of studies have expressed concern about current
and prospective shortages in the nation's available supply of precollege science
and mathematics teachers. Some studies claim that severe shortages currently
exist; other studies find that, while current shortages are not severe, future
shortages are likely; and still others find that, although there is no quantitative
shortage, there is a gap between the quality of current teachers of science and
mathematics and the quality needed to ensure effective instruction. Most, but
not all, of the studies have focused on teachers at the secondary level, for which
more information by discipline is available.

Although the panel is not charged with determining whether a shortage of
precollege science and mathematics teachers either exists now or is likely in the
future, the mandate to specify types of data needed to understand that issue
requires the panel to examine the demographic and employment patterns
affecting supply and demand in particular labor market areas. Thus we are
concerned about the forces associated with changes in precollege enrollments in
science and mathematics courses, including both changes in the demographic
configuration of children in the relevant age ranges and changes in state or
district requirements specifying the number of science and mathematics credits
needed for high school graduation. We also look at the principal determinants
of the total supply of teachers, including the demographics of the teacher corps.

A major concern is to understand the appropriate characteristics of teacher
qualifications and teaching quality, since supply and demand for teachers come
into equilibrium through adjustments in quality. Quality cannot be monitored
unless the characteristics associated with it can be specified. Thus, our basic
concern is to identify the types of data needed
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to understand quality in order to evaluate how it is changing. In the course of
the effort we examine some of the available data that have led many to conclude
that the quality of science and mathematics training in the United States is not
satisfactory. Specifically, we examine data on student performance from studies
carried out under the aegis of the International Association for the Evaluation of
Educational Achievement and from the National Assessment of Educational
Progress—data that have raised questions about the quality of teaching in that
country.

Finally, we have considered the relationship between teacher training and
preparation, teacher instructional activities in the classroom, and student
outcomes. Although it is certainly true that unsatisfactory outcomes in terms of
student understanding of important concepts and topics in science and
mathematics can be due in part to deficiencies in the academic background or
pedagogical training of science and mathematics teachers, it does not follow
that poor outcomes can be attributed squarely to deficiencies in these areas.

Many factors could contribute to poor student understanding.
Unsatisfactory outcomes could be due to the structure of the science or
mathematics curricula; they could be due to insufficient emphasis on science
and mathematics topics in the allocation of time during the school day; they
could be due to the manner in which schools and classrooms are organized with
respect to opportunities for interchange among teachers, the amount of time
available to teachers for planning and preparation, the availability of inservice
training opportunities, and so on. Poor outcomes could also be due to the fact
that children receive less time and attention from parents in home environments
than was true in the past, or due to changes in parents' expectations, beliefs, and
behaviors related to learning science and mathematics that influence children's
developmental outcomes. It is thus the panel's conviction that to understand the
supply and demand for precollege science and mathematics teachers, and to
understand the quality characteristics of teacher supply, we must go beyond a
narrow mandate to examine the adequacy of the available data from which
teacher supply and demand models could be constructed. However, the panel's
mandate is not so broad that it requires us to prescribe policies whose effects
might be to change either supply, demand, or quality.

THE MEANING OF SHORTAGE

In everyday parlance, when most people speak of a shortage of precollege
science and mathematics teachers, they are likely to mean that they are
dissatisfied with the quality of people teaching science and mathematics, rather
than to mean that there are insufficient numbers of teachers to staff science and
mathematics courses. In technical terms, it is hardly possible to

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

INTRODUCTION 16

have either a shortage or a surplus of particular kinds of precollege teachers, or
indeed of teachers generally, since school systems typically have neither classes
without teachers to teach them (excess demand/short supply) nor employed
teachers without classes to teach (excess supply/short demand). Thus a
quantitative shortage—fewer teachers teaching science and mathematics than
there are science and mathematics classes to be taught—will not be observed
except in those cases (which may be frequent but not well documented by data)
in which a course or class is cancelled because a teacher cannot be found with
the appropriate credentials/qualifications.

What actually takes place is an equilibrating process that is expressed in
the short run by quality adjustments in the criteria for hiring next year's
teachers. In the long run, salary is the equilibrating factor for supply and
demand. While the quantity of people teaching science and mathematics will
almost always be equal to the quantity of science and mathematics teaching
offered, tendencies toward either surplus or shortage will surface as adjustments
in quality. In planning for the next school year, if there are not enough
applicants with science and mathematics credentials to teach science and
mathematics classes, a district will either undertake aggressive recruiting or a
teacher will be drafted from inside (or hired from outside) and provided with
emergency certification to teach the course. If there is a potential surplus,
qualified science and mathematics teachers will end up either teaching some
other subject or not teaching at all. In the former case, if school systems do not
recruit aggressively, they may have to dip down far into the pool of teachers
less experienced or qualified in science and mathematics to fill the available
positions. If the premise is true that quality is positively associated with
experience and training, their average quality will tend to decline.! In the latter
case, depending on institutional rules or practices, only the best qualified (or the
most senior) science and mathematics teachers will get the available science
and mathematics classes, and other teachers will have to go elsewhere or teach
something else. If the available classes go to the best qualified teachers, on
average the quality will tend to increase. However, if the available classes go to
the most senior teacher, which is the policy in most systems, the effect on
quality is difficult to assess.

! Some economists define commodities by listing their attributes, of which quality is
one. This way of thinking about commodities, however, is a very special usage. In fact,
in the situation described the district did not get first-rate mathematics and science
teachers, and therefore experienced a shortage of such teachers. But it is rare that this
would be revealed through questionnaire responses, since questions ask only whether the
district found people who were certified in the relevant field to fill a vacancy. The
dimensions in which equilibrium takes place, including quality, are relatively
unobservable. The concept of shortage does not suggest a strategy for measuring
shortage. Although we could refer to a "shortage of teachers of desired quality"
throughout the report, for simplicity we have chosen simply to refer to a "shortage."
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While these observations are straightforward and almost self-evident, they
do account for the fact that some studies of the supply-demand balance in
precollege science and mathematics have concluded that there is a considerable
shortage of teachers, while others have concluded that no shortage exists at all.
The former type of studies have defined shortage as the absence of sufficiently
qualified teachers to staff the relevant classrooms and have judged that many
classrooms are staffed by inadequately qualified teachers (as examples, see
National Education Association, 1988; Weiss, 1987; Akin, 1986). The latter
type of studies, asking whether schools have been unable to hire teachers to
teach science and mathematics courses, have found that school systems are able
to hire such teachers (as examples, see National Center for Education Statistics,
1985a; Feistritzer, 1988b). Thus the importance of the general proposition—
that, although quantitative gaps between supply and demand are not generally
identified, quality adjustments ensure that supply and demand are equal—is that
understanding both the quantitative and the qualitative dimensions of teacher
supply and demand is essential to understanding the supply and demand for
teachers. To do otherwise is to miss a significant part of any potential problem.

FACTORS AFFECTING DEMAND

A data system able to track changes in the demand for precollege science
and mathematics teachers must as a minimum be able to assess demographic
factors, which include changes in student enrollment, in the ratio of male to
female students in science and mathematics courses, and in the proportions of
minority students in science and mathematics courses, as well as changes in
policy variables, such as graduation requirements mandated by the state,
entrance requirements of colleges and universities, and changes in acceptable
pupil-teacher ratios. Demand also depends on the number of vacancies resulting
from the creation of new positions and from teacher attrition. All these factors
affect the demand for classes in science and mathematics.

As noted in the panel's interim report, the most accurate data used in
current supply and demand models are probably the demographic data for
projecting demand. For the precollege student population, projections of the
total will be extremely reliable for all K-12 grades for at least five years into the
future, since students starting kindergarten will already have been born about
five years ago. Thus, even birth rate projections have only a small influence on
demand projections, unless the projections go out further than five years. And
total enrollments in grades 7-12 (the point at which specialized science and
mathematics courses typically begin to be

Copyright © National Academy of Sciences. All rights reserved.
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Figure 1.1 Enrollment in grades K-12 of public schools, with projections: Fall
1972 to 1997. Source: National Center for Education Statistics (1998g:14).

offered) are known at least 12 years in advance since the children have
already been born.

The demographic base for projecting demand is not quite so solid as the
above paragraph suggests, even at a national level. Both in-migration and out-
migration occur among school-age children in the United States as a whole. But
at the more relevant regional, state, or local level, there is obviously some
migration of school-age children that must be taken into account statistically.
Thus, even very good national models need to be substantially augmented with
accurate subnational migration data to produce useful demand projections at the
relevant school district level.

School enrollment itself is projected to rise somewhat during the next half-
decade. For example, from 1978 to 1987, enrollment in public secondary
schools (grades 9-12) fell from about 14 million students to about 12 million;
but from 1988 to 1995 secondary enrollment is projected to increase to about 13
million. Over the same period, elementary school enrollment is projected to
increase from a little over 28 million students to about 31 million (see
Figure 1.1).

A number of forces currently under way suggest the need to track more
refined characteristics of the demographics and to add to them data relating to
mandated state requirements. For example, a potential exists for greater
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demand for science and mathematics training for female children in the K-12
age range, simply because of persistent changes in attitudes toward appropriate
sex roles for men and women and the associated changes in the career
aspirations of young women. It is already evident that more young women are
planning to enter science and engineering fields than was true 20 years ago. In
fact, the number of undergraduate women majoring in science and engineering
has risen dramatically since the mid-1970s. For example, the physical sciences
showed an increase from 30,900 women in 1976 to 38,100 in 1984, then
decreased to 36,500 in 1986 (National Center for Education Statistics,
1988b:167). Similarly, in 1976, 28,800 women majored in engineering. This
number increased to 74,800 by 1984 and declined slightly to 71,200 in 1986.
Though trends have attenuated for the present, it is important to monitor the
enrollment of women as science and mathematics majors at the postsecondary
level. Currently, 28 percent of all physical sciences majors are female; because
of the potential for further increase, female enrollment in science and
mathematics should be monitored.

Similarly, it seems likely that the movement toward equal opportunity will
generate an increased demand for science and mathematics training on the part
of minority youngsters. The evidence here, some of which is shown in Tables
1.1 and 1.2, is not easy to interpret. For students who were high school seniors
in 1980, the 1980 data indicate that blacks actually took more semesters of
mathematics than whites, and only Chicanos and Native Americans (especially
the latter) are markedly lower than average. For science, black seniors were
well below whites in number of semester hours in 1972, but in 1980 black
seniors had nearly caught up with whites, while all the other minority groups
except Asian-American and Puerto Rican students were below whites. These
data are for seniors, and high school dropout rates are much higher for minority
students than for whites. Moreover, the data noted above do not standardize for
the level of science and mathematics courses. Minorities other than Asian-
Americans are historically more likely to be found in remedial mathematics
than in the more challenging mathematics courses and in general science
courses than in physics and chemistry (Office of Technology Assessment,
1988:45).

A recent report by the Educational Testing Service (ETS) drawn from a
research paper on course-taking patterns in the 1980s by Goertz (1989),
compares students' course-taking patterns in 1982 and 1987, using data from the
High School and Beyond study by the National Center for Education Statistics
(NCES) (1982 graduates) and the High School Transcript Study by Westat, Inc.
(1987 graduates). This report (Educational Testing Service, 1989:20) finds
significant gains in course-taking by black and Hispanic students between 1982
and 1987. Some of the gains were impressive, others modest. For example, 29
percent of black graduates in 1982 had

Copyright © National Academy of Sciences. All rights reserved.
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taken geometry; by 1987, 44 percent had taken geometry, compared with
64 percent of whites. In calculus, gains were slight for blacks, from 1 percent in
1982 to 2 percent in 1987, compared with 6 percent for whites. The percentage
of Hispanic graduates who had taken algebra I rose from 55 to 77 percent
between 1982 and 1987, and by 1987 they were nearly even with whites (at 78
percent). Minority gains in science course-taking were similarly notable.
However, blacks and Hispanics still lag behind whites and Asians in their
enrollments in the higher-level mathematics and science courses.

In addition, school districts have changed their graduation requirements to
include more science and mathematics training or credits required for
graduation from high school. In 1985, NCES surveyed a sample of 565 districts
and asked for math and science requirements for high school graduation in
1982, 1985, and the expected requirements in 1988. Between 1981-82 and
1984-85, for example, nationally the average number of years of course work
required for graduation from public high schools increased from 1.6 to 1.9 for
mathematics, and from 1.5 to 1.8 for science (see Table 1.3). The National
Commission on Excellence in Education (1983) recommended 3.0 years for
both science and mathematics.

In response to changes in the graduation requirements of districts, states,
and even in the entrance requirements of colleges and universities, increased
enrollments in high school science and mathematics courses have been
documented (Educational Testing Service, 1989). The years between 1982 and
1987 have seen strong gains in science and mathematics course-taking, except
in physics and calculus, for which gains were modest or nonexistent. To the
extent that new state course requirements exceed those already in place in the
districts, the result can be a stronger demand for science and mathematics
training, given the same student population. However, when local school
district requirements already exceed new state requirements, which they often
do, new demand for teachers may not result. Therefore it is important to
monitor changes in course requirements at both the state and district level to
assess the effects on the demand for teachers.

In addition to changes in course requirements, a number of other policy-
related factors influence the demand for new science and mathematics teachers.
Changes in pupil-teacher ratio can result in changes in demand. And a number
of policy-related factors at the school, district, or state level can influence the
ratio—changes in budgets, class size policies, or course requirements, for
example. These changes should be monitored in any data system that tracks
changes in demand for science and mathematics teachers.

Another major component of demand models is the pattern of attrition for
science and mathematics teachers—due both to retirement and

Copyright © National Academy of Sciences. All rights reserved.
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especially to leaving earlier in one's teaching career. It is essential for an
effective data system to be able to monitor attrition rates by subject as well.

Finally, research is called for to identify other behavioral factors that
influence the demand for teachers: for example, patterns of dropping out of high
school, parents' choice of private over public schools, and the timing of that
choice.

FACTORS AFFECTING SUPPLY

Teacher supply can be examined in terms of retention rates for the present
stock of teachers, the flow of newly certified teachers from colleges and
universities, and the flow of returning teachers who have been absent from the
labor market, laid off during the past decade due to declining enrollments, or
have come from other occupations or alternative certification routes. As with
demand, these factors include both demographic characteristics (the age
distribution of current teachers) and policy variables. In our interim report, we
noted that most of the existing supply models focus on the flow of new
graduates of education degree programs, despite the fact that most of the new
hires during recent years have come from other sources.

The existing data, most commonly from the states and from periodic
surveys at a national level, should be examined in greater detail to estimate
future declines in the supply of available teachers, both for precollege science
and mathematics and for precollege teachers generally. To what extent will
there be a substantial decline in the overall teacher retention rate, arising from
the fact that large numbers of teachers will be entering the age and experience
combination at which teachers have often retired in the past? One of the best-
established relationships in the teacher supply literature is the U-shaped
relationship between age/experience and teacher retention: in the early years,
attrition rates are high—either because many entering teachers find that the
occupation is not what they had thought, have adverse experiences that result in
withdrawal from the teacher corps, or find more attractive employment
opportunities. At the other end of the spectrum, where the older and more
experienced teachers are located, attrition rates rise as retirement approaches.
Table 1.4 illustrates this pattern for the state of New York. Both early and late
attrition estimates will be important factors affecting the supply of science and
mathematics teachers.

The current composition of the teacher corps is concentrated in an age/
experience cohort in which there will be many retirements starting in the late
1990s. For example, the 1985-86 Survey of Science and Mathematics Education
conducted for the National Science Foundation (Weiss, 1987) found some
indication that the science and mathematics teaching
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force is aging but did not predict an unusually large wave of retirees in the
near future. Monitoring relevant statistics related to factors associated with
choosing to stay or choosing to retire is crucially important for understanding
future teacher supply, as is monitoring the effects of incentive programs
designed to encourage continuation and discourage retirement (or vice versa).

One sign of an impending shortage of new teachers has been a decline in
the number of education degrees awarded. For example, the number of
bachelor's degrees in education fell from 108,000 in 1980-81 to 87,000 in
1985-86 (National Center for Education Statistics, 1986:134; 1988b:196). The
number of master's degrees in education also declined, from 99,000 in 1980-81
to 76,000 in 1985-86. Among those enrolled as teacher candidates in secondary
education programs, the proportion majoring in mathematics education held
steady at about 25 percent between 1985 and 1988. However, the proportion of
students majoring in science education has declined from 21 percent of all
enrolled in 1986 to 16 percent in 1988 (AACTE, 1989). The shortage issue is
complicated, since new teacher supply can be fairly quickly adjusted as
opportunities are perceived to arise.

Conventional teacher training institutions are not the only source of new
supply. In recent years new supply has come mainly from a broader source of
teachers that includes (1) graduates of other institutions who enter the teacher
supply with temporary credentials and later certification; (2) the so-called
reserve pool: past graduates of teacher training or other institutions who did not
enter teaching when they graduated but could be attracted to teaching careers
with the right incentives; and (3) former teachers who return to teaching from
another occupation or activity. In short, monitoring the basic demographics of
teacher age/experience, as well as the potential supply of new graduates and
returnees from other occupations, will be crucially important to understanding
the probable evolution of teacher supply over the next decade.

QUALITY ISSUES IN SUPPLY AND DEMAND

Much of the impetus for concern over the supply, demand, and quality of
precollege science and mathematics teachers arises from the continuing
evidence that U.S. students do not appear to know as much science and
mathematics as their age peers in other countries. The most widely cited such
data come from the International Educational Assessment program (IEA) and
from the National Assessment of Educational Progress (NAEP).

The IEA administered science tests to fifth-grade and ninth-grade students
and to twelfth-grade students who were studying biology, chemistry, or physics
in the terminal grade in school in 17 countries in 1983 (1986 for the United
States). The results of these tests tend to show U.S. students'
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science performance declining from a middle position in fifth grade to quite low
by twelfth grade (IEA, 1988). In science, U.S. 10-year-olds were eighth among
15 countries ranked, U.S. 14-year-olds were fourteenth among 17 countries
ranked, and of 13 countries ranked for twelfth-grade students who were taking
science courses, U.S. biology students were thirteenth, chemistry students
eleventh, and physics students ninth (Table 1.5). In general, although U.S.
students did relatively poorly overall, they did worse at the higher grades and
better at the lower grades.

This may be explained in part by cross-national differences in science
curricula. The science curricula in the other countries participating in this study
generally require more years of science than are required in the United States.
The U.S. results for grade 12 generally correspond to student achievement near
the end of their second year of the subject; students in the other countries
generally would have completed three years of the science by grade 12
(Jacobson and Doran, 1988).

U.S. twelfth-grade college-preparatory mathematics students fared poorly
against their peers in both developed and less-developed countries of the world
in performance on mathematics achievement tests (McKnight et al., 1987). For
example, for high school seniors taking mathematics, U.S. students' scores
ranked in the lowest quarter of the countries in three categories (number
systems, algebra, and geometry) and were below the median in the other three
(sets and relations, elementary functions/calculus, and probability/statistics).
Eighth-grade students in the United States ranked somewhat higher, scoring at
the median in arithmetic, algebra, and statistics; at the 25th percentile in
geometry; and below it in measurement. The mathematics data are shown in
Tables 1.6 and 1.7.

In the IEA mathematics study, the method used by the United States,
England, and Wales to obtain a sufficiently large number of cooperating school
districts, namely requesting participation of twice as many school districts as
were needed with the expectation of a 50 percent cooperation rate, might be
expected to produce a bias in achievement scores. However, no evidence of bias
has been found (Garden, 1987:133).

Neither of the international comparisons is without its problems and
ambiguities. For example, it is not clear whether the student populations tested
in the IEA science study are fully comparable across countries. Furthermore, it
is sometimes argued that the tests themselves are biased, since the U.S.
curriculum in science and mathematics may be different from the typical
curriculum used elsewhere, and the tests may be heavily weighted with items
that are not covered in U.S. curricula. Data from the IEA study on test validity
and test relevance, however, do not support that proposition (IEA, 1988:88-95).

A similar picture is presented by the NAEP data on achievement scores,
which indicate that large fractions of U.S. students do not appear
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TABLE 1.5 Rank Order of Countries for Science Achievement at Three Levels of

Schooling
10- 14- Grade 12/13 Science Students?® Non-
Year-  Year-  Biology Chemistry Physics Science
Olds, Olds, Students
Grade Grade
4/5 8/9
Australia 9 10 9 6 8 4
Canada 6 4 11 12 11 8
(English
speaking)
England 12 11 2 2 2 2
Finland 3 5 7 13 12 -
Hong Kong 13 16 5 1 1 -
Hungary 5 1 3 5 3 1
Italy 7 11 12 10 13 7
Japan 1 2 10 4 4 3
Korea 1 7 - - - -
Netherlands - 3 - - - -
Norway 10 9 6 8 6 5
Philippines 15 17 - - - -
Poland 11 7 4 7 7 -
Singapore 13 14 1 3 5 6
Sweden 4 6 8 9 10 -
Thailand - 14 - - - -
U.S.A. 8 14 13 11 9 -
Total 15 17 13 13 13 8
Number of
Countries

2 Students taking biology, chemistry, or physics in the terminal grade in school.
Source: International Association for the Evaluation of Educational Achievement (1988:3).
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TABLE 1.6 Mathematics Achievement Comparisons: Twelfth Grade United States
and International, 1981-82 (Percentage of Items Correct)

United States International (15 Countries)
Topic Pre- Calculus  Total  25th Median  75th
calculus  Classes Percentile Percentile
Classes
Sets & 54 64 56 51 61 72
relations
Number 38 48 40 40 47 59
systems
Algebra 40 57 43 47 57 66
Geometry 30 38 31 33 42 49
Elementary 25 49 29 28 46 55
functions/
calculus
Probability/ 39 48 40 38 46 64
statistics

Source: McKnight et al. (1987:23)

to meet minimal standards of literacy in science and mathematics. The
NAEP Science Report Card of September 1988 indicated that, despite gains
over the past four years, particularly among minorities, a majority of high
school students "are poorly equipped for informed citizenship and productive
performance in the workplace" (National Assessment of Educational Progress,
1988b:5).

A problem with both NAEP and the IEA tests is the limited extent to
which they assess higher-order skills. Although some test materials
administered by NAEP and IEA involve hands-on exercises, much more
research and development activity is needed to construct free-response
materials and techniques that measure skills not measured with multiple choice
tests. Current improvements in mathematics and science curricula are focused
on learning of "conceptual knowledge, process skills, and the higher-order
thinking that scientists, mathematicians, and educators
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TABLE 1.7 Mathematics Achievement Comparisons: Eighth Grade, United States
and International, 1981-82 (Percentage of Items Correct)

United States International (20 Countries)

Topic (Percentage 25th Percentile Median 75th Percentile
Correct)

Arithmetic 51 45 51 57

Algebra 43 39 43 50

Geometry 38 38 43 45

Statistics 57 52 57 60

Measurement 42 47 51 58

Source: McKnight et al. (1987:21).

consider most important" (Murnane and Raizen, 1988:63). It is not clear
what the relative standing of U.S. students would be on a test that assessed
higher-order thinking skills more fully.

Despite all the caveats that have been and can be made with regard to these
comparisons, the evidence is that U.S. high school students cannot be judged to
perform well in science or mathematics by any reasonable standard, or at least
not as well as society seems to expect.

Evidence from IEA that young people who concentrate heavily in science
and mathematics do not perform especially well implies even worse outcomes
for the great majority of American youth who take very little science and
mathematics in high school. From the perspective of employers, for example,
what matters at least as much as the quality of instruction for high school
students who are potential scientists and engineers is the quality of technical or
quantitative training for the great majority of high school students who will not
go on to these types of careers but will enter the work force after graduation.
Concern over the ability of young people to function effectively in today's
technical environment, given the inadequacy and often the total absence of
science and mathematics training with any degree of rigor, looms as a major
societal concern and is the subject of numerous recent reports.
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Both low test scores and the generally low level of scientific literacy
underpin the concern with the quality of science and mathematics training, and
with the prospective shortage of qualified science and mathematics teachers.
Poor outcomes have thus spurred a deep concern with the quality of teaching
and the qualifications of teachers of science and mathematics. Since it is
through adjustments in quality that the supply and demand for precollege
science and mathematics teachers reach equilibrium in the short run—e.g., the
next school year—an examination of possible statistics to measure quality is of
central concern to the panel.

At least two different sets of factors are relevant to an assessment of
teaching quality. One set relates to the teaching environment and includes
school, district, and state policies and practices that enhance or impede one's
ability to secure the right teaching assignment and to teach effectively. Such
factors include time spent on science and mathematics, teaching burden,
textbook use, district decisions about recruiting and hiring teachers, and
inservice education policies.

Another set of factors relates to the background and qualifications of the
individual teacher. These include type of certification, relevant courses taken in
the past and currently, and measures of cognitive ability. The need for better
data on these kinds of factors, both for monitoring supply and demand and for
modeling purposes, is discussed in Chapter 5.

It should be kept in mind that even if all the comparison data were valid
and indicated that U.S. students have low absolute and relative achievement in
science and mathematics, it would not necessarily follow that the problem lies
solely or even mainly with the training of U.S. teachers of precollege science
and mathematics. Educational outcomes are a complex function of student and
family inputs, teaching inputs, educational curricula, school and community
environment factors, and student behaviors, including student such as doing
homework, attitudes toward science and mathematics, and scientific habits such
as objectivity, skepticism, and replication of results (Murnane and Raizen,
1988). Poor outcomes can clearly be due in part to the inadequate training of
teachers, but they can also be due to factors that have little or nothing to do with
the training and ability of the teacher corps.

For example, there has been a continuing dispute among mathematics
teachers about curricular issues, which are seen by some as having a strong
influence on the level of performance of U.S. students in standardized tests of
mathematics skills. It is alleged that mathematics skills in U.S. schools are
typically taught in a layered or "spiral" curriculum, whereby students are taught
a number of concepts in grade t, and are then taught slightly augmented but
basically similar concepts in grades t+1, t+2, . . . . It is argued that students are
thus introduced to relatively little new material each year through grade 8, that
most of what is done constitutes review
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of materials previously taught, and that as a result students become bored with
the constant repetition and never really master many of the key ideas involved
in the development of mathematical skills. It is also judged by people who hold
this view that part of the problem is that mathematics textbook producers try to
widen the appeal of their product to as many school systems as possible; they
end up including small segments on a variety of topics and intensive treatment
of few, if any, of these topics. Since the basic text is the primary resource used
by most precollege mathematics teachers (Weiss, 1987:31, 39), and since the
text usually favors breadth and facts over depth (Office of Technology
Assessment, 1988:30-34), the result is that a significant fraction of students
master few if any of the topics.

A different line of argument, which could in principle be resolved more
easily and might make a substantial difference to outcomes, is that U.S. students
have inadequate skills in science and mathematics simply because teachers,
especially elementary school teachers, do not spend much classroom time on
science and mathematics topics. Research indicates a great deal more time is
devoted to reading than to mathematics (Cawelti and Adkisson, 1985; Weiss,
1987). Observations of actual classroom time spent on mathematics also have
found very large differences between students in Minneapolis, Minnesota, and
those in Taipei, Taiwan, or Sendai, Japan (Stevenson et al., 1986): U.S. students
spend far less time on mathematics than do Asian students.

To the extent that the performance of U.S. students on science and
mathematics tests and the level of their skill in these areas is simply due to the
emphasis on language arts found in U.S. classrooms and/or to the smaller
amount of time spent either in school or in school-related activities at home,
both the interpretation of the problem and the solution are relatively simple—
provided school systems can be encouraged or induced to change the structure
of their curricula. But if that is the basic problem, then the issue again is not one
of inadequacy of preparation or academic training on the part of teachers of
science and mathematics in the United States, but simply one of relative
emphasis within the curriculum. In that case, the question should be raised as to
why fewer hours are spent on science and mathematics in American classrooms.

Of course, it is possible that one reason U.S. students spend less time on
science and mathematics is that many U.S. elementary school teachers are much
less comfortable in teaching science and mathematics than in teaching language
arts, and that part of the reason for the curricular emphasis is a preference on the
part of teachers and/or administrators derived in turn from their own training. It
appears unlikely that specialist teachers of mathematics in the early grades
would be motivated to shorten class time spent on mathematics, and use of such
teachers is more common in Japan, China, and Taiwan than in the United States
in the early grades.
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There also appear to be differences in the nature of the pedagogical
training given to U.S. and Japanese mathematics teachers. The IEA
mathematics study (McKnight et al., 1987) reported that among mathematics
teachers at the eighth-and twelfth-grade levels, the U.S. teachers had taken more
mathematics courses and fewer mathematics pedagogy courses than their
Japanese counterparts (p. 64). American teachers also have much less
nonteaching time scheduled during the day, compared with their Asian
counterparts (Stevenson, 1987:32). And the degree of teacher autonomy is
different: U.S. teachers are often on their own after the first year, while in Asian
classrooms younger teachers are typically under the tutelage of a senior teacher
for a number of years (Lee et al., 1987; Stevenson et al., 1988; Stigler et al.,
1987; Stevenson and Bartsch, in press).

Home environment is another factor that affects student outcome. There is
considerable evidence that learning and training for young children take place
in the home as well as in the school, and that the relative importance of training
in the home is much greater when children are young. The home environments
in which children are being raised in the United States are considerably
different now from the way they were several decades ago. The proportion of
children raised in single-parent households is much larger now than in the past,
and the proportion of mothers who work full-or part-time is much higher now
than in past decades. These realities can create problems for children, especially
for minority children, many of whom are raised in single-parent households for
a substantial portion of their developmental years (Hill et al., 1987). Although
we cannot be certain that the amount of time and attention parents pay to young
children's development is necessarily less because there are fewer "parent
hours" available in the aggregate, it is certainly plausible to suppose that fewer
total parent hours will result in fewer developmental hours spent by parents on
children. There is some evidence that working mothers largely trade off leisure
time and sleep for work hours, not for time spent with their children (Hill and
Stafford, 1985). In any event, demographic characteristics have a potentially
serious influence on the process of skill development in young children, and
part of understanding educational outcomes is surely to understand how these
home environment factors relate to these outcomes.

In addition to the demographic differences in home environments, there
also appear to be substantial differences in the practices, beliefs, and
expectations of parents in American households compared with those in other
countries. Again, the best-documented evidence comes from a comparison of
American and Asian households. As a generalization, Asian mothers are less
satisfied with the school performance of their children than American mothers
(despite the fact that their children are generally doing better), they are more
likely to attribute success in school to hard
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work rather than to native ability, and they are less likely to be satisfied with the
way the schools are performing than their American counterparts (Lee et al.,
1987).

The implication of the issues just discussed is not that the solution to poor
performance on standardized educational outcome tests, and presumptively in
the level of skill development in science and mathematics for American
students, are to be found in factors other than either the quantity of precollege
science and mathematics teachers or the quality of their training characteristics
or classroom methods. Rather, it is that poor student outcomes are not uniquely
correlated with, nor necessarily caused by, inadequate quantity or quality, but
could easily be due to factors that are largely unrelated to teacher or teaching
quality. It would thus be a mistake, in the panel's view, to jump to the
conclusion that poor science and mathematics outcomes on the part of students
necessarily reflect inadequacies in the background, training, or ability of their
teachers and to seek the remedy for the problem only by enhancing either the
numbers or the quality of precollege science and mathematics teachers. That
could turn out to be the case, but many other factors, such as the structure of the
curriculum, the practices of both K-12 school systems and teacher training
institutions, the amount of time spent on science and mathematics topics in
schools, and the influence of home environments on development outcomes, all
need to be understood before we can expect either to understand the problem or
to devise appropriate remedies.

THE PANEL'S WORK AND ORGANIZATION OF THE REPORT

During the course of its work, the panel broadened its understanding of the
flow of teachers through school systems by direct contact with 39 public school
districts across the country. These school systems ranged from the largest
metropolitan systems to the most isolated small school districts and represented
a wide geographic range and a variety of labor market conditions.

Six of the 39 districts were the subject of in-depth case studies, conducted
in 1987 and 1988, of supply and demand issues regarding science and
mathematics teachers. Two of the districts were in California and near one
another geographically: one was a large urban system whose ability to attract
talented science and mathematics teachers was affected by a history of
budgetary constraints and teacher-organization or school-district provisions,
while the other, a small, wealthy district, was able to exercise greater autonomy
in attracting and keeping talented teachers. Two other districts—one in
California and one in Utah—both with large enrollments, were selected for their
growing populations and rising enrollments. Hiring
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in one of them was severely limited by fiscal constraint as well as strong
religious and community standards; the other was growing in both enrollment
and economic base. Finally, two contiguous school districts in Maryland that
were expected to hire from the same labor market were visited—a large urban
district coping with school closures, leadership changes, and traumatic layoffs
as the student population has moved to the suburbs and a medium-sized, stable,
semirural school district nearby.

The in-depth case studies furnished invaluable context without which
statistics portraying supply and demand would be seriously incomplete. Such
context showed the role of the individual personnel administrator and his or her
ability to maneuver or use informal networks to attract science and mathematics
teachers. It showed the effects of competing labor markets, teacher-organization
provisions, budgetary constraints, and other external factors.

The six in-depth case studies were supplemented by 27 additional mini
case studies, conducted by telephone interviews and follow-up questionnaires,
in order to test the representativeness of the findings. The mini case studies
were conducted over the period June through December 1988.

Finally, a conference of the chief personnel administrators of seven large
metropolitan school districts, representing over 5 percent of the nation's total
public school enrollment, was convened in May 1988.% Issues of supply,
demand, and quality of science and mathematics teachers were discussed, and
the districts' statistical information systems were examined for data relevant to
supply and demand models. Appendix A provides more information about each
of these activities. Discussions in the chapters that follow frequently draw on
the experiences of the school district personnel administrators who participated
in these studies.

In the chapters that follow, we further examine the characteristics of
demand for precollege science and mathematics teachers (Chapter 2) and issues
relating to supply (Chapters 3 and 4). Chapter 3 reviews projection and
behavioral models and the essential behavioral components of effective supply
models. It examines individual incentives to teach and school district actions
that influence supply decisions and mesh supply with demand. In Chapter 4,
data needed to monitor the supply pool along its various stages in the teaching
career are discussed.

We then turn to the role of quality adjustments in bringing supply and
demand to equilibrium. In Chapter 5 we look at the question of measuring
teacher characteristics and teaching quality. Chapter 6 contains the panel's
conclusions and recommendations: some of the recommendations deal with
specific data needed to better understand demand, supply, or quality

2 The number of districts in the three case study activities add up to 40, with one of the
large school districts participating in two of the projects.
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factors, and other recommendations deal with the types of research needed to
better understand the linkages among demand, supply, teacher quality, and

student outcomes and ways to facilitate this research.

"uonngule Joj UOISISA SAllejIoyINe 8y} se uoneolgnd siy} Jo uoisiaA juld ay) 8sn ases|d pauasul A|jejuspiooe usaq aaey Aew siolis olydelbodA) swos pue ‘pauiejal
aq jouued ‘Janamoy ‘Bumniewloy oyoads-BuiesadAy Jayjo pue ‘sojAls Buipeay ‘syeaiq pisom ‘syibua)| aul| {jeulblio ay) 0} anly aie syeaiq abed ‘sa|i BuimesadAy jeulblo
a8y} wolj Jou ‘yooq Jaded [eulbLo 8y} wouy pajeald safi X Wody pasodwoosals usaq sey yiom [eulblio 8y} Jo uonejussaidal [e)bip mau siyl @ 4dd SIY} Inoqy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

DETERMINING TEACHER DEMAND 37

2

Determining Teacher Demand

In this chapter we are concerned with the demand for new teachers,
specifically teachers new to a particular job. Projections of the demand for new
teachers require the projection of a minimum of three data elements: student
enrollment, pupil-teacher ratios, and teacher attrition rates. Demand projections
for segments of the teacher population, such as secondary school teachers of
mathematics and science, require the projection of these data elements for the
specific segments. For example, projecting the demand for mathematics
teachers requires, at a minimum, projections of enrollment in mathematics
classes, the expected size of mathematics classes, and the attrition rate of
mathematics teachers. The necessary data for teacher demand projections vary
in availability and reliability. Pupil-teacher ratios vary with staffing patterns,
class sizes, teaching loads, course requirements, and course-taking patterns in
science and mathematics. Meaningful projections of the consequences of course-
taking patterns or teacher attrition are typically less available than are
projections of future student enrollment. Statewide enrollment projections are
more reliable than those for local school districts. In general, the smaller the
subset projected, the lower the reliability.

STUDENT ENROLLMENT

The two main topics discussed in this section describe methods of
projecting student enrollment, based on either public-school enrollment data or
population data. The main features and limitations of both sources of data are
discussed. We then turn to the other key components of estimating demand for
teachers—pupil-teacher ratios and attrition.
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Enrollment Projections Based on Student Enrollment Data

Projections of student enrollment, one of the three elements necessary for
projecting the demand for new teachers, are the easiest. K-12 enrollment
projections are widely available. Most states and many local districts produce
enrollment projections, particularly for the public schools, although some states
produce them for both public and private schools. These projections typically
follow a standard "cohort survival" methodology, which uses observed
enrollment ratios between grades to move ("survive") classes ("cohorts")
forward to the next level. If the state or school system has low or constant levels
of migration, then reliable projections by grade are produced.

The National Center for Education Statistics (NCES) produces one-year
projections by state and nationwide projections for 10 years into the future.
Until 1988, NCES projected enrollments were for the public schools only;
projections for private schools began in 1989. NCES employs a mixed model in
which participation rates for kindergarten, grade 1, and special and ungraded
classes are calculated by applying recent public school enrollment data,
collected in its annual survey of the states, to age-specific population estimates
produced by the Census Bureau. The resultant rates are then applied to
projected populations of the appropriate ages (e.g., 5-year-olds for kindergarten,
6-year-olds for first graders) to arrive at levels of future enrollment for those
grades and classes. Retention or grade progression rates from the NCES annual
survey are used to calculate grades 2 through 12. The NCES method of
projecting enrollments is described more fully in Part III of the panel's interim
report (National Research Council, 1987c), which discusses the components of
the NCES model and those of six states. The sources of data used by NCES are
also described in the Guide to Sources portion of the Digest of Education
Statistics (National Center for Education Statistics, 1988b:358-380).

Enrollment-based changes in the demand for public school teachers below
the national level are usually better obtained directly from actual enrollment
projections for the state or locality in question than from projections of the
school-age population. The reason for preferring enrollment projections at the
subnational level is the difficulty of projecting internal and foreign migration
for subnational populations. Although birth and death data for population
projections are quite accurate, migration estimates are less certain, especially as
they must be allocated by age. Both the uncertainty and the effect of migration
are greater for subnational aggregations than for the entire country, yet no data
are collected for interstate or intrastate movement.

Enrollment projections, however, are typically based on annual censuses of
the school population that are taken for administrative purposes,
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including the allocation of state support. The bases for enrollment projections
are therefore firm, and the grade progression ratios can be updated annually as
circumstances change. The changing circumstances include net migration,
which is picked up by the grade progression ratios.

Geographic Differences in Projected K-12 Enrollment

There are great differences among regions of the United States, and the
localities within those regions, in prospective public school enrollment change
over the next 10 to 20 years. The nationally projected growth, and expected
eventual decline, in the 5-to 13-year-old population and the current nationwide
decline and subsequent slow growth in the 14-to 17-year-old population are far
from evenly distributed among states or within states.

A well-known compendium of individual state enrollment projections that
shows the dramatically different demographic expectations among states is
produced by the Western Interstate Commission for Higher Education
(WICHE) in cooperation with Teachers Insurance and Annuity Association and
the College Board. WICHE produces projections of numbers of high school
graduates using K-12 enrollment data provided by the states and a cohort
survival methodology. The authors do not attempt to integrate the individual
state projections into a valid national projection by making explicit assumptions
about migratory movements among the states, although they do sum the
projections into regional and a national totals. However, recent migratory
movements are embedded in the observed progression ratios for each state,
which are used to move the enrollments forward into the future. The WICHE
projections illustrate the potential for sharply divergent demographic futures in
the different regions of the nation and within states between 1986-91 and 2003-4.

In WICHE's 1988 set of projections (WICHE, 1988) the number of high
school graduates nationally has formed a "roller coaster" pattern since the late
1970s, a pattern that will continue through the next decade. The general roller
coaster pattern reflects past birth patterns in the United States, but it differs
from region to region and from state to state. The regional differences, the
document's foreword explains, are due to "the mobility of the population,
varying economic conditions, and growth in minority populations." The number
of high school graduates is projected to decline for the North Central and
Northeast states, while the West, South, and South Central regions are projected
to have little decline in the mid-1990s and then will experience substantial
growth (Tables 2.1 and 2.2).
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Table 2.2 Projected Proportion of United States High School Graduates, by Region,

1986-2004
West  South/ South North North-east  Total
Central Central United
States

1985-86 0.18 0.30 0.27 0.25 1.00
1986-87 0.18 0.30 0.27 0.24 1.00
1987-88 0.19 0.30 0.27 0.24 1.00
1988-89 0.19 0.31 0.27 0.23 1.00
1989-90 0.19 0.31 0.27 0.23 1.00
1990-91 0.19 0.32 0.27 0.22 1.00
1991-92 0.20 0.32 0.26 0.22 1.00
1992-93 0.20 0.32 0.27 0.22 1.00
1993-94 0.21 0.32 0.26 0.22 1.00
1994-95 0.21 0.32 0.26 0.21 1.00
1995-96 0.21 0.32 0.26 0.21 1.00
1996-97 0.22 0.32 0.26 0.21 1.00
1997-98 0.22 0.31 0.26 0.21 1.00
1998-99 0.23 0.31 0.25 0.21 1.00
1999-2000  0.23 0.32 0.25 0.21 1.00
2000-01 0.23 0.32 0.24 0.21 1.00
2001-02 0.24 0.32 0.24 0.21 1.00
2002-03 0.24 0.31 0.23 0.21 1.00
2003-04 0.24 0.31 0.23 0.21 1.00

Source: Westen Interstate Commission for Higher Education (1988:13).

Local-Area Projections

The striking differences in enrollment-based demand projections among
the states are mirrored within states by differences among localities. Since
teacher labor markets have important local components (as the panel's case
studies suggest), it would be useful to be able to produce enrollment projections
for local areas. One barrier to local enrollment projections is the reliability of
small-population projections that are needed to estimate enrollment in
kindergarten and the first grade. Fertility patterns can vary locally, and births
and deaths may be reported for an area different from
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school district boundaries. More important, the smaller the population, the
greater the potential influence of hard-to-predict migration on future size and
distribution.

The difficulty of making reliable small-area projections is undoubtedly one
reason that few school districts appear to make projections beyond the next
year, if that far. However, standard enrollment projection techniques would be
adequate to give general magnitudes of change in all but the smallest and least
stable districts for 5 to 10 years into the future, longer for the secondary level.
State departments of education could make a considerable contribution by
encouraging school districts to project their enrollment for 5 to 10 years in the
future, providing technical guidance in developing projections and coordinating
their efforts. Properly done, such projections could be combined in order to
approximate likely levels of enrollment-generated demand within teacher labor
markets. Of course, estimation of attrition-generated demand and subject-
specific demand would require additional projection efforts.

Population Projections—A Proxy for Enrollment Projections

Although the cohort survival method of projecting enrollment is widely
used in the education community, population projections reveal some highly
interesting trends that could influence the demand for teachers.

Using Census Population Projections to Estimate K-12 Enrollment Demand

At the national level, projections of the population by age provide a very
good proxy for enrollment projections, especially if the interest is in total
enrollment demand and not just demand for public school teachers. This is
particularly true for the population age 5 to 13, which has close to 100 percent
attendance, virtually all of it in grades K through 8.

Population projections have the advantage of greater simplicity than
enrollment projections, since assumptions about movement from grade to grade
or from public to private schools do not have to be made. National projections
of the population are updated by the Census Bureau every several years, more
often if the underlying assumptions prove incorrect.

The biggest disadvantage to using population projections as a substitute for
enrollment projections is that population projections take no account of possible
changes in dropout rates, an important element of enrollment projections for the
secondary level. Using population projections as a proxy for K-12 enrollment,
in particular for grade 9-12 enrollment projections, makes the implicit
assumption that dropout rates will remain constant.
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Since our present discussion is limited to a general overview of the likely
forces of change in the demand for teachers, our remarks on the likely
contribution of nationwide enrollment change to teacher demand are based on
population projections.

The national projections for the 5- to 17-year-old age group should prove
moderately accurate through the year 2000, as shown in Table 2.3. Reliability
declines toward the end of the 1990s, when the projections for the age group
begin to depend more on projections of births and less on children already born.
However, the fertility assumptions used in the projection have been close to
actual fertility so far, and there is little reason to expect large changes in the
fertility rates in the next few years. The other factor that could lead to the
divergence of the actual numbers from those projected—international migration
—is unlikely to cause major discrepancies at the national level in the period and
at the ages shown in the table. The size of the U.S. population relative even to
high levels of migration, and the typical concentration of migration in the early
adult years, dampens the effect on the school-age population, at least in the
short and medium run. Interstate migration is, of course, not relevant to national
projections.

Recent projections by the Census Bureau show 12 percent growth for the
school-age population in the United States between the middle 1980s and the
end of this century (Table 2.3). The 5- to 17-year-old age group is projected to
grow by more than 5 million. However, as a result of past birth patterns, the
increase will not be distributed equally across the age group. Until the end of
this century, most of the growth will occur at the younger ages and will affect
the elementary grades. The number of children age 5 to 13 is projected to
increase by nearly 5 million, or 17 percent, by 1999. After 1999 this age group
is projected to decline. By contrast, the number of young people age 14 to 17,
the secondary school-age group, is projected to decline 12 percent in the 5 years
between 1985 and 1990, a reduction of 1.8 million. Thereafter, the number of
secondary school-age children will grow slowly but is not expected to regain
the 1985 level until 1997. More rapid growth is projected for the early years of
the next century.

The projected demographic changes in the school-age population will have
opposing potential effects on the nationwide demand for teachers, increasing it
at the elementary level and reducing it at the secondary level. There could even
be a reduction in the absolute number of secondary school teachers employed
over the next few years. However, change in the number of students is only one
of the elements in the calculation of demand for teachers. Teacher attrition and
pupil-teacher ratios are the other important factors in demand, although pupil-
teacher ratios are probably as much dependent on enrollment change as they are
an independent factor. The
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TABLE 2.3 Projections of the United States School-Age Population to the Year 2000
(in thousands)

Age 5-13 Age 14-17 Age 5-17

Number Index Number Index Number Index

(000) (1985 (000) (1985 (000) (1985

=1.00) =1.00) =1.00)

1985 29,654 1.00 14,731 1.00 44,385 1.00
(actual)
1986 29,922 1.01 14,588 0.99 44,510 1.00
1987 30,358 1.02 14,237 0.97 44,595 1.00
1988 30,954 1.04 13,662 0.93 44,616 1.01
1989 31,523 1.06 13,160 0.89 44,683 1.01
1990 32,189 1.09 12,950 0.88 45,139 1.02
1991 32,777 1.11 12,964 0.88 45,741 1.03
1992 33,400 1.13 13,087 0.89 46,487 1.05
1993 33,900 1.14 13,260 0.90 47,160 1.06
1994 34,193 1.15 13,714 0.93 47,907 1.08
1995 34,435 1.16 14,082 0.96 48,517 1.09
1996 34,598 1.17 14,513 0.99 49,111 1.11
1997 34,681 1.17 14,848 1.01 49,529 1.12
1998 34,668 1.17 15,027 1.02 49,695 1.12
1999 34,566 1.17 15,214 1.03 49,780 1.12
2000 34,382 1.16 15,381 1.04 49,763 1.12

Source: Bureau of the Census (1984a:43-74).

demand for teachers of specific disciplines, of course, depends on student
choice (or changing graduation requirements) as well.

The Changing Demographic Profile of the School-Age Population

Education planners and social observers have devoted considerable
attention to the changing demographics of the American population and to
projections of large continued changes. The demographic changes referred to
are usually changes in ethnic composition and family circumstances, especially
increased proportions of children in single-parent families and/or
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especially increased proportions of children in single-parent families and/or
with working mothers. Increased poverty levels among children are often also at
issue. The conclusion, sometimes stated explicitly and sometimes left to the
reader, is that these changes require urgent social and political attention.

These changes—in the relative size of elementary and secondary school-
age populations, in racial/ethnic composition, in income and poverty—are
interesting and relevant considerations attendant on the demand for teachers.
They do not emerge from enrollment projections, but rather through population
projections. We first talk about broad population factors, demographic trends
that influence demand. Then we return to the use of enrollment projections in
models of teacher supply and demand.

Projecting Changes in Race and Ethnicity. Expected change in the
ethnic distribution of school-age children in America is of interest for our
discussion only insofar as youngsters of the different categories may be
expected to have differential patterns of enrollment in mathematics and science
courses or require different strategies of teaching than are used currently.
However, the link between ethnic and racial identity and school-related
characteristics or needs is not a clear one, particularly over the long run. Unless
there is reason to believe that racial and ethnic groups will retain currently
observed particular needs over the long run, projecting the racial and ethnic
distribution of the school-age population, or of school enrollment, is of little
utility for planning curricular or other change for science and mathematics.

Very often, the effect of racial and ethnic change, especially the effect of
the projected increases in the proportion of the population of Hispanic and
Asian origin, is confounded with the effects of migration—for example, an
increase in the number of students with limited ability to speak English or from
families with the low educational levels characteristic of Latin America and
much of Southeast Asia. This confusion is bemusing in a country that has seen
the children and grandchildren of poor, illiterate immigrants from Southern and
Eastern Europe—people viewed as forever unassimilable 75 years ago—
become thoroughly assimilated Americans.

Changes in racial and ethnic distribution per se may be the least reason for
expectations of changed enrollment patterns in science and mathematics or for
planning changes in curricular and teaching strategies. However, because of the
great public interest in ethnic change, we explore the feasibility of racial and
ethnic projections and consider the results of recent projections.

As noted earlier, standard population projections require a base population
and assumed rates of fertility, mortality, and migration for each age. The
decennial census counts the black population with reasonable accuracy,
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at least for most public policy analysis purposes. Vital statistics are virtually
universally collected by race, including birth and death records. Estimating
migration by race is more troublesome, but sufficient data exist to develop
estimates of base populations by race between censuses and to develop
assumptions for projections. It is feasible to project the black population and the
white population, although, as with all subcategory projections, such projections
will tend to be somewhat less reliable than projections of the total population.
Other racial groups are more difficult to estimate because of small numbers and,
in the case of Asians, very high rates of foreign migration.

Projections of nonracial ethnic populations are more difficult. On the
whole, ethnic identity has been gathered only sporadically in either the census
or in vital statistics. Even were a group to arrive all at once, thereby providing a
clear base population, and subsequently maintain accurate birth and death
records, the accuracy of any long-range projection would be in doubt because of
the likelihood of intermarriage and the lack of an agreed-on definition of ethnic
identity for the children. The reasons underlying the questionable feasibility of
ethnic projections also raise the question of their meaningfulness for social or
educational policy planning.

Because of the interest in the rapid increase in population from Mexico and
Central and South America, numerous projections of the Hispanic population
have been produced. The Census Bureau first asked respondents to identify
themselves as Hispanic or non-Hispanic in the 1980 census. The states with the
bulk of the U.S. Hispanic population began to ask Hispanic identity for birth
and death certificates around 1980 as well. The data collection efforts since
1980 provide a base population for projecting Hispanics, as well as fertility and
mortality rates. Migration estimates can also be made, although with only very
modest reliability. Given the importance of migration for determining the size
of the Hispanic population, this is a decided disadvantage. More problematic for
long-range projection purposes is the lack of a socially agreed-on ethnic identity
for the children of marriages in which only one partner is identified as Hispanic.

Results of Racial and Ethnic Projections. The following discussion
examines the results of ethnic and racial estimates and projections for the
national population by age. In the last two decades, the proportion of American
youngsters from non-Hispanic white backgrounds has decreased nationwide and
the proportion from Hispanic and from nonwhite backgrounds has risen. This
shift is projected to continue, although, as shown in Table 2.4 and described
below, the change will be relatively modest at the national level.

In 1970 the census recorded that 13.5 percent of the population age 5 to 17
was black. The proportion rose to 14.8 percent in 1980 and by
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TABLE 2.4 Estimates and Projections of the U.S. Population of 5-to 17-Year-Olds,
1970-2000 (in thousands), with Distribution by Race/Ethnic Group

White Percentage Black Percentage  Other® Percentage Total

(including

Hispanic)
1970 44,752 85.2 7,082 135 695 1.3 52,529
1980 39,184 82.6 9,009 14.8 1,215 2.6 47,408
1986 36,533 80.9 6,958 154 1,653 3.7 45,144
2000 38,569 79.0 7,895 16.2 2351 48 48,815

(projected)

2 Largely Asian, Pacific Islander, and Native American.
Sources: Bureau of the Census (1987:2; 1989:15).

1986 it was estimated, on the basis of vital records, to be 15.4 percent. The
most recent projection is that the population age 5 to 17 will be 16.2 percent
black in 2000. The proportion of the 5-to 17-year-old age group reported to be
of "other" races, largely Asian, rose from 1.3 percent in 1970 to 2.6 percent in
1980. In 1986 it was estimated to be 3.7 percent and in 2000 it is projected to be
4.8 percent. The proportion white fell from 85.2 percent in 1970 to 82.6 percent
in 1980; it was estimated to be 80.9 percent in 1986 and is projected to be 79
percent in 2000. If these projections are correct, the proportion of school-age
children who are white would drop by 6 percentage points in the 30-year period
from 1970 to 2000. However, data for the white population includes a growing
proportion from Hispanic ethnic groups. The shifts in ethnic distribution are not
evenly distributed across the country, but are concentrated in certain areas of
the country. The proportion Hispanic has increased rapidly in California and
other parts of the Southwest, mostly due to immigration, although the Hispanic
population also has higher fertility. Asian migration has also been concentrated
in a few locations. California and New York City have been the destinations of
choice for the majority of Asian immigrants.

The increase in the numbers of immigrants from these two groups is part
of an increase in-migration to levels not seen in many decades. This increase
and the concentration of immigrants in certain areas have heightened the
general awareness of shifts in racial and ethnic composition,
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which are real but less dramatic nationally than might be supposed from the
level of popular interest. Providing an adequate education for immigrants and
their children is a crucial concern for the schools, especially in areas of heavy
influx. It is less clear how important the ethnic shifts, in and of themselves, will
be to the schools in the future.

Family Structure and Changes in Poverty Rate for Children. Other
shifts in the characteristics of school-age children may be of far more
importance to science and mathematics enrollment, as well as to the curriculum
that teachers should be prepared to teach, than changes in racial and ethnic
distribution. These include changes in family structure, specifically the increase
in the proportion of children in single-parent families, and the increase in the
proportion of children living in poor families.

Data as of 1985 showed that 16 percent of all white children, 43 percent of
all black children, and 40 percent of children of Spanish origin were reported to
be living in poor families (Bureau of the Census, 1986:22). The rate of family
poverty among all children rose during the 1970s and early 1980s, wiping out
gains made in the 1960s. The poverty rate for children was 20.1 percent in
1985, compared with a low of 13.8 percent in 1969 (Bureau of the Census,
1986:22).

During roughly the same period—1970 to 1984—Current Population
Reports revealed that the percentage of children living in single-parent families
doubled (Bureau of the Census, 1984b:4). In 1984, 22.6 percent of children
under 18 were living with one parent, compared with 11.9 percent in 1970
(Bureau of the Census, 1984b:4). In 1984, over half of all black children lived
with only one parent, compared with one-sixth of all white children. Among
children of Spanish origin, one of every four lived with one parent.

As has been relentlessly demonstrated in innumerable studies, poor
children, so many of whom live in one-parent families, are at risk of school
failure because of multiple disadvantages, which may include the lack of
adequate housing, or any housing at all; frequent moves from school to school;
less than sufficient food; inferior medical care; a total lack of dental care;
exposure to criminal behavior in deteriorating neighborhoods; and the stress
that accompanies the struggle of the adults in the family to survive.

Projections of the proportion of children living with one parent can be
made with moderate reliability using current data; the proportion living in
poverty requires assumptions about the economy as well and are therefore less
easy to construct, or at least less easy to construct with any reliability. The
nature of the effect of family poverty and family structure on academic
achievement and, more specifically, on the demand for science and mathematics
instruction is less well understood. The subject is of great social importance,
given the large numbers of children involved, and we
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hope that the links will be better understood in the future. However, at present,
not enough is known to be useful in constructing projections of demand for
science and mathematics teachers.

To summarize, there are interesting and relevant trends that emerge from
population projections, which should be included in any statistical description
of the changing demand for teachers. However, for purposes of projecting
demand for precollege science and mathematics teachers, the education
community generally finds enrollment-based projections more useful.

Research Areas Related to Student Enrollment

Methods employed in current teacher demand models, specifically the
cohort survival methodology used to project enrollments, are relatively reliable.
However, for longer-term projections, particularly at the high school level, and
for specific subjects within science and mathematics fields, enrollment
projections are less reliable due to the impact of changes in the behavior of
students, parents, and school systems. The utility of demand models for
addressing policy issues concerning science and mathematics education over
the long term would be greatly enhanced by the development of more dynamic,
behaviorally responsive models. We discuss three types of behavioral responses
that need to be understood to develop more useful models of teacher demand.
They are determinants of course selection by students, determinants of parental
and student preferences for public and private schooling, and changes in
dropout rates that can be expected in response to social, economic, and
educational changes. We discuss them in the order of their priority as we assess
the relative importance of each topic to teacher demand projections and the
relative gains that could be expected from research.

As the panel's interim reported stated (National Research Council,
1987c:49), research on the determinants of course selection by students is
critical to the development of useful projections for broad subject categories,
including science and mathematics, at the high school (and possibly middle
school) level. This is 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) support 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 (although
the National Center for Education Statistics model develops separate public and
private school projections), another important area for

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

DETERMINING TEACHER DEMAND 51

research concerns the determinants of parental and student preferences for
private and public schooling (National Research Council, 1987c:49).
Nationwide, private elementary and secondary school enrollment was 11.5
percent of the total in 1980, but had grown to 12.5 percent by fall 1987 (NCES,
1988b:9). Changing preferences for private school enrollment, a topic about
which almost nothing is known, can importantly affect public school demand.
Particularly 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.

One type of response that affects demand projections at the high school
level is the dropout rate (National Research Council, 1987¢:50). 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.

PUPIL-TEACHER RATIOS

Enrollment change does not translate immediately into a corresponding
proportional change in the demand for teachers. As a recent RAND report
assessing teacher supply and demand explained, "adjustments are made to pupil-
teacher ratios to smooth the effects of rapid enrollment changes, to
accommodate established school staffing patterns and budgets, and to take into
account existing contractual agreements with teachers, in the case of enrollment
declines" (Haggstrom et al., 1988:37).

A small change in pupil-teacher ratio can cause a significant change in the
projected demand for teachers. Changes in pupil-teacher ratios can be caused by
a number of factors at the school, district, or state level: changes in school
budgets; staffing patterns, class sizes, or teaching loads; graduation or program
requirements; and course offerings. A layering of school, district, and state
policies may add to the complexity of factors that change the ratio and the
demand for teachers. Even though these factors are complex, they should be
identified and discussed briefly as components of teacher demand (Haggstrom
et al, 1988:37-38).
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Components of Teacher Demand and Related Data

Changes in school budgets can cause changes in staffing practices, class
sizes, and teaching loads. The district's allocation of its budget among its many
needs for staff, materials, and services affects the pupil-teacher ratio generally
as well as specific programs or subjects. In one of the panel's case studies of a
school system in a western state, the district field for bankruptcy following a
teachers' strike. This led district officials to make conservative estimates of the
number of students expected to be enrolled and hence the number of teachers
needed. An overestimated enrollment could cost the district roughly $1,000 per
student, it was thought. The tendency to underestimate enrollment and therefore
the number of teaching positions has had various effects: raising pupil-teacher
ratios, straining teaching loads, or eliminating such support as department
chairmanships or resource teachers in disciplines such as mathematics.

Implementation of a school finance formula that changes a district's
proportion of local discretionary resources can also affect pupil-teacher ratios.
The panel's case studies found that, although some school districts in a
southeastern state had enough local discretionary funds to hire additional
teachers (part time or full time) in computer science or other subjects, other
districts in the state had very little. Local discretionary money—if the district
knew the amount far enough in advance—could be used to sign an early
contract with a talented candidate for a mathematics resource teacher or an
elementary science teacher, for example. Loss of that opportunity could mean
leaving the position unfilled. These examples suggest how the budget can
directly affect the ability to hire and can substantially affect the pupil-teacher
ratio for certain subjects, and ultimately general pupil-teacher ratios.

Changes in staffing patterns, class sizes, or teaching loads may be
promulgated by a district rule or policy change, by state policy—or by both, as
when a district rule extends beyond a state requirement. These can cause an
immediate change in pupil-teacher ratios and in the demand for teachers. A
district requirement to employ a full-time guidance counselor in every
elementary school, without full additional funding to do so, could strain staffing
patterns elsewhere in the school and indirectly push up the pupil-teacher ratio.
The Schools and Staffing Survey (SASS), recently initiated by NCES and first
fielded in 1988, collects information on staffing patterns, class sizes, and
teaching loads. The second SASS survey will be conducted in 1991 and at
regular intervals thereafter. As a time series of data becomes available, it will be
possible to monitor changes in these variables over time. SASS includes a
teacher demand and shortage questionnaire for public school districts and
private schools, as well as a school administrator questionnaire for public
school principals and private school
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heads. It also includes a teacher questionnaire and a teacher follow-up survey: a
one-year follow-up survey of the sample teachers who have left teaching and
some who have remained. This ongoing, integrated survey effort has been
designed to provide the most comprehensive data on teacher demand and
supply available to date. Although we mention the survey frequently as a
potential data source, as with all new surveys, the extent to which it will live up
to its expectation cannot be known until policy makers and the research
community have used the data in a variety of analyses.

Course requirements in science and mathematics for graduation (usually
established by the state) clearly affect pupil-teacher ratios. As an example of
such policies and responses that can cause changes in pupil-teacher ratios, most
states and school districts have increased their graduation requirements since
1980 (NCES, 1988c), often adding additional science and mathematics course
requirements. The Center for Policy Research in Education (CPRE) reports that
since 1983, 42 states have added course credit requirements in science,
mathematics, or both (CPRE, 1989). NCES has found, through its Fast
Response Survey System, that the state requirements are often exceeded by the
requirements of individual districts (personal communication, M. Papageorgiou,
NCES, June 7, 1989). Unless more teachers are assigned or hired to teach
science and mathematics, the pupil-teacher ratio for these subject areas clearly
increases.

Some nationally collected data on high school graduation requirements are
available on a regular basis. The Education Commission of the States (ECS)
and the Council of Chief State School Officers publish information periodically
on state-mandated high school graduation requirements. They track
mathematics and science as general categories, however, listing only the
number of courses or years of science and mathematics that are required for
graduation.

SASS includes an item in the teacher demand and shortage questionnaire
for public school districts on high school graduation requirements, by subject
(physical and biological sciences, mathematics/computer science). It asks for
changes in these requirements between 1987 and 1988. Future SASS results
will reveal changes in requirements over longer time spans.

Course offerings and enrollments also influence pupil-teacher ratios.
Whereas requirements clearly help determine what courses high school students
take—and the demand for teachers of those subjects—an important constraint is
whether the required courses are actually offered. For example, only a few
schools offer a complete range of college-preparatory mathematics and science
courses; a physics course might be offered only every other year. And very few
students are enrolled in the most advanced courses.

Course offerings and enrollments by school, school system, and state
emerge as an important variable. Course offering data could serve as an
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excellent indicator of science and mathematics demand by either students or
state requirement. Course offerings and enrollments would contribute toward
indicating change in demand over time, by size of school and school system, by
other relevant school district characteristics, and by state, especially when state
graduation requirements for science and mathematics courses have changed.
Course offerings and enrollment would also permit analysis of the degree of
school response in terms of teacher assignment. The extent to which teachers
need to teach more than a single subject could be noted. Some data related to
course offerings and enrollments by school system and school are being
gathered nationally.

The 1985-86 National Survey of Science and Mathematics Education
(Weiss, 1987) provides the most recent comprehensive data on course offerings.
Data on course offerings are also included in (1) the longitudinal study High
School and Beyond, (2) in the National Educational Longitudinal Study of 1988
(NELS:88) (for middle schools and junior high schools), and (3) for students
age 9, 13, and 17 in the National Assessment of Educational Progress (NAEP)
in those years when science or mathematics achievement are assessed. While
data from these surveys are disaggregated by specific subject areas, they are
conducted infrequently.

The data on course offerings and course enrollments are "plagued with
inconsistencies,” according to a recent report on elementary and secondary
science education (Office of Technology Assessment, 1988:42). Course titles
often are not a reliable basis for comparisons among schools, states, or years.
Moreover, some advanced courses are offered not by the high school but by the
community college, and there are no national data available on this practice.
National data do not show how often a physics course is given. Nor do we know
how many sections of a given course are taught. These data may change, as
well, from year to year in a single school.

NELS:88 asks middle schools and junior high schools for data on
numerous courses and whether they are offered. In a more detailed format,
questions on course offerings are included in the SASS teacher questionnaire.
Given a probability sample of teachers by fields (as is the case for the teacher
sample), it should be possible to estimate the prevalence of course offerings and
trends in course offerings (including science and mathematics offerings) at
national and regional levels.

Finally, course offerings could serve as a basis for drawing samples to test
for varied working conditions, recruitment patterns, and range of initial
assignments possible among school systems. Vacancies matched to schools
classified by offerings might indicate conditions of low retention. The SASS
questionnaire of local education agencies (LEAs) asks district administrators for
the total number of positions that are either vacant, filled
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by a substitute, or withdrawn for lack of a suitable candidate; this total is
disaggregated by subject.

Research on Determinants of Pupil-Teacher Ratios

A closer analysis of often interrelated factors that influence pupil-teacher
ratios is a rich area for further research. As noted earlier, in most models pupil-
teacher ratios are estimated in a relatively arbitrary way. But numerous factors
operate and interact to cause changes in pupil-teacher ratios for science and
mathematics subjects and in general. And we suspect that certain types of
dynamics in teacher markets (e.g., declining enrollments or increased school
budget) may be associated with declining pupil-teacher ratios. Other conditions
(e.g., surging enrollments, budget cutbacks) are associated with rising pupil-
teacher ratios. Since that ratio is so critical to an assessment of the demand for
teachers, research on its determinants is needed.

The factors that can change pupil-teacher ratios affect adjustments over
both short-term and long-term periods, although short-term adjustments differ
from longer-term ones (National Research Council, 1987¢:50). For example, a
shortage situation may result in a marked increase in pupil-teacher ratios until
the school system has had time to implement responses, such as extended
recruitment or hiring teacher aides.

A common practice in projecting the demand for teachers is to project the
increase in enrollment and to divide it by the current pupil-teacher ratio to
calculate the number of additional teachers needed to provide for the enrollment
increase (National Education Association, 1987f:14). But an assumption that
using the current, general pupil-teacher ratio reflects accurately the number of
teachers is too simplistic; enrollment changes affect pupil-teacher ratios in more
indirect ways. For example, research suggests that, when enrollments decline,
teacher unions may be willing to forgo salary increases to keep current teachers
employed (Cavin et al., 1985; noted in Haggstrom et al., 1988:42). Despite
enrollment declines, school boards may decide not to lay off staff in science and
mathematics if they have had difficulty hiring them in the past, or if they feel it
will be hard to find qualified teachers of certain subjects in the future (Prowda
and Grissmer, 1986:12).

Moreover, supply-demand projections for precollege science and
mathematics teachers will be far more meaningful if both enrollments and pupil-
teacher ratios are disaggregated by subject area. In Connecticut, for example,
secondary enrollments have been declining, but the demand for secondary
science and mathematics teachers is steady or may increase because of
increased graduation requirements in these subjects, coupled with
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decisions made (influenced by budgetary considerations) to decrease class sizes
(Prowda and Grissmer, 1986:12).

There is reason to believe that pupil-teacher ratio is a dependent as well as
an independent factor in the creation of demand. In periods of enrollment
growth and teacher or financial shortages, the ratio (or class size) can be
increased. When demand slackens, if all "surplus" teachers are not let go, then
the ratio drops. A history of these coping responses would be extremely useful
in developing better assumptions about pupil-teacher ratios for demand models
than the assumption that the current, general pupil-teacher ratio is adequate. The
development of demand models for science and mathematics teachers would
require similar information on the history of class size responses to teacher
shortages or surpluses within these disciplines, a formidable undertaking but
necessary for really well-defined models.

In sum, we continue to recommend, as we did in our interim report, that
research be conducted on the determinants of pupil-teacher ratios, including
research on adjustment lags as enrollments change and on how changes in
demand for courses contribute to changes in these ratios and in the demand for
teachers of science and mathematics.

TEACHER ATTRITION RATES

the third major element in the construction of teacher demand models is
the rate at which teachers leave their jobs. It should be noted that teacher
attrition is largely a supply phenomenon, reflecting the decisions of individual
teachers. In Chapters 3 and 4 we treat attrition as a supply variable, but here it is
natural to think of it as resulting in a demand for new teachers.

One part of the leaving rate—retirement—is fairly easy to model, if data
on the teaching force by age are available and if something is known about the
typical ages at which teachers retire. Rates of attrition for other reasons are
much less easy to determine. Some of this information exists in school records,
but it must be gathered and put into forms usable by those developing models.
In aggregating attrition data gathered from school districts it is important to
avoid double counting, since what is attrition to one district might be a new hire
to another.

The Connecticut model of teacher supply and demand revealed how
important age is in estimating attrition rates (Prowda and Grissmer, 1986): "We
have noted high early career attrition rates, low mid-career attrition, and high
attrition around 60 and 65 years old" (p.1). It is likely that attrition rates change
over time, reflecting the numbers of teacher hired in a given year or period
(high attrition rates may be observed soon after). A RAND study of teacher
attrition found a similar U-shaped pattern of
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attrition in Illinois, Michigan, New York, and Utah (Grissmer and Kirby,
1987:36-38). Higher attrition rates were found among newly hired teachers than
among other groups, including those eligible to retire.

In addition to reflecting age or years of experience, calculating attrition for
mathematics and science teachers requires gathering the necessary data by
specific field, a considerably more demanding task than obtaining the data for
the entire teaching force. There are studies that have gathered discipline-
specific data (Murnane and Olsen, 1989a, 1990b; Grissmer and Kirby, 1987),
but these data have not often, if at all, been used in the development of teacher
demand models (or supply models in which they would also be of use). As part
of the fifth follow-up of participants in the National Longitudinal Study of
1972, completed in 1986, a Teaching Supplement Questionnaire was sent to
sample members who were teachers, former teachers, and those who had been
trained to teach but had not taught. Information from the survey included
detailed professional and personal histories that could be used for analyses of
attrition patterns during the early part of their careers, from 1977 to 1986.
Heyns (1988) analyzed the data, but results were not reported field of discipline.
The SASS questionnaires were designed to provide national data on teacher
attrition by field. The SASS public school questionnaire asks for the number of
teachers, by field, who left in the previous year and their destinations. However,
due to low response rates for these items, researchers have to depend on the
SASS teacher follow-up survey of former teachers (conducted in 1988-89) for
estimates of attrition by field. NCES staff is exploring alternative ways of
obtaining better attrition data. The follow-up survey, which also asks for the
destinations of leavers, is expected to provide national attrition rates by field.

Attrition has important demographic elements, in part because so much of
it is caused by retirement. Since something is known of the demographic profile
of the teaching force, it is possible to estimate the likely general trend of
attrition in the future, which is almost certain to be on the rise. In much of the
country, low rates of new hires over the past 10 years and reductions in force,
with the newest teachers being the ones let go, have left a relatively senior task
force. Table 2.5 shows an upward trend from 1976 to 1986 in the proportion of
current teachers who are age 40 and over (from 34.6 to 51.3 percent) and who
are age 50 and over (from 15.5 to 21.2 percent). A rise in the rate of retirements
will, of course, increase attrition. In addition, evidence noted earlier points to
particularly high levels of attrition in the early years of teachers' careers.

In order to forecast attrition adequately, more information is needed not
only on the distribution of teachers by age, but also by disciplinary area and
level of preparation, and on the current attrition levels within those categories. It
would also be useful to have a better understanding
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TABLE 2.5 Age Distribution of U.S. Public School Teachers, 1961-1986

1961 1966 1971 1976 1981 1986

Years
Mean 42 39 38 36 39 41
Median 41 36 35 33 37 40
Under age 30 a 33.9% 37.1% 37.1% 18.7% 11.0%
Age 30-39 2 22.8 22.8 28.3 38.8 37.7
Age 40-49 a 17.5 17.8 19.1 23.1 30.1
Age 50 and over a 25.8 22.3 15.5 194 21.2

2 Subgroup data not available.
Source: National Education Association (1987e:73).

of why attrition differs for the different categories, if it does, so that more
reliable assumptions can be developed for projection models. These issues are
discussed in more detail in Chapters 3 and 4, which focus on supply.

SUMMARY

The demand for teachers, as we have indicated, depends on enrollment
changes, both generally and in mathematics and science courses. The demand
for teachers also depends on changes in pupil-teacher ratios, caused by changes
in staffing patterns, class size, teaching loads, course requirements, and course
offerings in mathematics and science. In addition, a school district's demand for
new science and mathematics teachers in a given hiring season also depends on
the number of vacancies in those subjects. The number of vacancies results not
only from the creation of new positions, but also from teacher attrition, a
component of supply.

In general, the panel considers the data available for projecting demand to
be more adequate than data for projecting supply. The task of projecting
enrollment-driven demand for science and mathematics teachers is relatively
straightforward.
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There is a small number of significant gaps, however, in data related to
demand, and the panel recommends collecting data to fill these gaps.
Forecasting the demand for science and mathematics teachers particularly could
be improved by better data on the following variables:

Course-taking behavior in high school. Data on state-mandated high
school course requirements, collected regularly over time and by science or
mathematics subject, could suggest changes in demand for teachers of various
types or levels of courses. School district requirements often exceed state
requirements, but with both state and district data we could begin to trace how
changes in course requirements stimulate changes in demand for secondary
science and mathematics teachers.

Changes in course offerings in science and mathematics. Changes in
course offerings can change the demand for science and mathematics teachers
and can identify the need for teachers with special skills, for example, ability to
teach advanced placement physics.

Enrollment changes disaggregated into science and mathematics course
enrollments. Better data on this aspect of course-taking behavior, in conjunction
with changes in course requirements, would strengthen the demand component
of projection models.

Data on attrition for reasons other than retirement by field. Attrition by
retirement is relatively well known. For other types of attrition, further analysis
of the NLS-72 follow-up of teachers and former teachers should provide more
insight into patterns of attrition during the early years of a teaching career
(Heyns, 1988). The best source for obtaining new nonretirement attrition data
will be SASS, which has recently experimented with questions on attrition by
field, although the item response rate was low. High priority should be given to
collecting attrition data because they are essential to both demand and supply
models. The panel urges that NCES redesign the SASS questions on attrition
and subject them to a thorough pilot test before using them. When combined
with other SASS data on teachers, the attrition data could help answer questions
such as: Among mathematics teachers and science teachers who leave earlier in
their careers, how many had taught advanced courses? Introductory-level
courses? In high school or middle school? The demand created by such patterns
will thus be better known, and a closer fit may be possible in filling the demand.

In addition, research is suggested on the behavioral factors that influence
the demand for teachers, particularly teachers of science and mathematics in the
higher grades, for use in development of improved models for longer-term
projections. Among the research areas noted are the behavioral determinants
behind course selection, factors that influence dropout rates, influences on
parents' choice of public versus private schools, and the relationship between
demand for certain courses and pupil-teacher ratios.
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3

Determining Supply: Individual and
District Activities

Each year between 5 and 10 percent of the nation's public school teachers
leave the profession. Some leave permanently; some leave temporarily; and
they leave for a variety of reasons—to take a different job, to pursue further
education, to start a family, etc. What this means, however, is that every year
between 100,000 and 200,000 replacements are needed to fill those vacancies,
although the actual number is not known. From where do these teachers come?

The panel attempted to answer that question, particularly for secondary
school science and mathematics teachers, by looking at three sources of
evidence: (1) state and national models of teacher supply and demand; (2) in-
depth case studies of classroom teacher recruitment in a number of school
districts; and (3) insights obtained through a conference on professional
personnel systems in large school districts.

In this chapter we first discuss what constitutes supply—continuing and
new science and mathematics teachers—and their incentives and decisions
about teaching along stages in their career paths. We then look at supply from
the district viewpoint, from which widely varied policies for recruiting,
screening, and selecting teachers cause variations in the adequacy and the
quality of the supply of teachers available to different districts.

THE COMPONENTS OF SUPPLY

The supply of teachers for the coming school year is a relationship
between the number of qualified individuals who would be willing to teach and
such incentives as the salaries, benefits, retirement programs, working
conditions offered by school districts, and other alternative career opportunities.
Ideally, it would be desirable to have a behavioral model of supply
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that 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 retirement policy, or how
many former teachers can be expected to reenter if salaries are raised by a
certain amount.

Policy makers frequently ask questions about the likely impacts of various
education policy actions and socioeconomic forces on prospective teacher
supply and demand. To address such questions requires a capacity to project
supply and demand under varying 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 capture relationships between
variables in the environment and the behavior of actors in the educational
system, and in particular capture relationships between changes in
circumstances and subsequent 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.

Before such models can be developed, additional research on the relation
between incentives and supply and between variables in the environment and
supply, as well as additional data to support the models, will be needed. The
national and state models examined by the panel are projection models based on
extrapolations of current conditions or historical trends, although some use
refinements such as age and field-specific attrition rates in projections of
continuing teachers and consideration of a broader range of new supply sources.
In practice, these models try to estimate the number who will be available from
each of the two major components of supply: continuing teachers—teachers
who are teaching this year and will continue to teach next year in the same
location—and new entrants. There is a continuous flow of teachers into and out
of the teaching force, as shown in Figure 3.1. This diagram can apply to the
nation, a state, a school district, or to special groups of schools such as rural or
inner city schools, or to special types of teachers such as science teachers,
mathematics teachers, or minority teachers.

Continuing Teachers

The most important element of teacher supply during a given year is the
retention of people returning from the prior year. To obtain that component of
teacher supply, we need to know the attrition between the two years. However,
the attrition rate is a complex function depending on the various incentives that
cause teachers to retire, to move to another school, or to leave teaching for other
careers including homemaking. In practice, the method typically used in current
models involves making an assumption about attrition rates, sometimes adjusted
for trend and sometimes not. For
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many years the model used by the National Center for Education Statistics
for the intermediate set of projections used an attrition rate of 6 percent based
on survey data that were collected by NCES in 1968 (Metz and Fleischman,
1974). In 1987 NCES used an estimated turnover rate of 7.5 percent for
elementary teachers and 6.5 percent for secondary teachers (CES, 1987a:46).
The results of the Schools and Staffing Survey (SASS) should provide a basis
for more accurate attrition rates.

In state models, the supply due to retention can be estimated in a more
satisfactory way, since states generally have information on the attrition rate for
teachers in the state for the prior year and assume that the rate will be the same
in the current year. However, attrition levels vary from state to state and over
time. Attrition for states is different from national attrition, since the former
includes teachers who move to other states and continue in teaching. Some
states also have the information to compute more refined attrition rates, such as
for different age groups of teachers and for different subject fields. (Evidence
from these states shows that as the teaching stock ages, the average attrition rate
will change.) Interestingly, attrition rates in these states for teachers of science
and mathematics are not noticeably different from rates of teacher attrition in
other fields. Tables 3.1 and 3.2 show retention rates for public school teachers
in the states of Illinois and New York for mathematics, science, and the total for
all subjects. (As we point out later, the lack of difference in rates by subject
may be due to the influences of general enrollment declines during the early
1980s.)

TABLE 3.1 Retention Rates for Illinois Public School Teachers 1977-1984
(Percentage Retained in Consecutive Years)

Secondary Grades (9-12)

Year Primary Grades (PreK-8) Mathematics  Science  All Subjects
1977-1978  90.5 91.7 92.1 90.8
1978-1979  90.4 91.7 92.3 90.2
1979-1980  91.6 92.3 90.5 91.9
1980-1981  91.8 92.5 92.5 92.1
1981-1982  92.6 93.0 93.8 93.3
1982-1983 925 94.6 94.5 93.0
1983-1984  93.5 n.a. n.a. 93.4

Note: Data are for downstate schools only (i.e., all school districts except the Chicago Public
Schools). This table shows retention rates of teachers; however, the source publication shows
attrition rates, i.e., 100 = the retention rate.

Source: Illinois State Board of Education (1983: Tables 2 and 3; 1985b: Table 8).
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TABLE 3.2 Age-Specific Retention Rates of New York Public Secondary School
Teachers (grades 7-12) in 1984 (Percentage Retained from 1983)

Age Mathematics Science All Secondary Subjects
Under 35 90.6 89.9 89.2
35-39 94.1 95.6 94.4
40-44 94.9 95.6 94.8
45-49 95.8 95.8 95.2
50-54 91.9 93.0 92.0
55-59 84.2 84.0 83.5
60 and over 73.2 69.1 70.2
Total all ages 92.4 92.7 91.6

Source: New York State Education Department (1985a).

New Entrants

The more difficult part of modeling teacher supply consists of predicting
the potential willingness of people who were not teaching last year to enter the
teaching force. In Figure 3.1 we have labeled all sources of teacher supply other
than continuing teachers as "new entrants" or "reentrants." Major categories
under the heading of new entrants include newly certified persons, persons with
previous teaching experience and certification (i.e., reentrants—people who
come from the so-called reserve pool of teachers), persons hired through some
alternative or emergency certification procedure, and in-migrants.

The major categories can be broken down into yet finer components.
Newly certified persons may be either newly certified graduates of teacher
training programs or newly certified graduates with other majors. Experienced
teachers may have been on leave or layoff, they may have entered other careers
(including homemaking); they may have been teaching as substitutes; they may
have resigned for long-term health reasons; or they may be in-migrants. In-
migrants are teachers who were teaching last year, but not in the particular
jurisdiction or subject field for which the supply is being estimated. In some
states virtually any college graduate, with or without teaching certification or
experience, can be counted in the supply
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of new entrants; these states permit certification on the basis of testing, permit
hiring on an emergency certification basis, or use an apprentice teaching
program.

In the first phases of our deliberations, we discovered that the major
proportion of new hires each year did not come from new college graduates, but
rather from the corps of experienced returning teachers. Although the
percentages varied across subject areas, level, and location, in general it was
found that less than half of new hires were new college graduates (National
Research Council, 1987¢:27). For example, Table 3.3 shows that the proportion
of new hires who were new college graduates was less than 30 percent in each
of six types of urban-suburban-rural districts. The National Education
Association's (NEA) surveys of American public school teachers found a
decline over the years in the proportion of new entrants who came directly from
college (NEA, 1987e:24). From the data provided, the percentage of new hires
who had been in college the previous year can be computed to be 67 percent in
1966, decreasing to 17 percent in 1986. These findings are important in light of
the fact that the supply-demand model used by the National Center for
Education Statistics until 1987 based its estimates of teacher shortage on the
assumption that all new hires would be new college graduates. Following the
publication of the panel's interim report, NCES discontinued this practice.

WHAT INFLUENCES AN INDIVIDUAL TO TEACH?

From an examination of teacher supply, the panel has concluded that the
answer to the question "Who will teach science and mathematics in the nation's
schools?" is heavily influenced by the incentives offered to teachers, former
teachers, and potential teachers. This conclusion follows from the results of a
long history of studies showing that the supply of skilled labor for particular
occupations is sensitive to financial incentives (see, for example, Harris, 1949;
Arrow and Capron, 1959; Freeman, 1971). This section summarizes what is
known about the role that particular incentives play in the career decisions of
teachers, former teachers, and potential teachers. We discuss in subsequent
sections the extent to which the important incentives play a role in teacher
supply and demand models, or could play a role in improved models.

Although this report is concerned with science and mathematics teachers,
most of the literature on teacher supply does not distinguish between these
teachers and other elementary and secondary school teachers. Consequently, we
must look to the broader literature for evidence on incentives and teachers'
responses to them.
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Before turning to this evidence, we want to make clear that this discussion
should not be interpreted as implying that financial incentives are the only
factors that influence teachers' and potential teachers' career decisions, or even
that they are the most important influences. Teachers enter teaching for a
variety of reasons—to work with children, to experience the satisfaction of
helping others, to have a schedule similar to their own children's schedule.
Other reasons for entering teaching were given by some of the newly hired
teachers interviewed in the panel's case studies. They entered teaching because
of particular experiences they had in the past—teaching opportunities during
college that were rewarding or an outstanding individual high school teacher
who served as a role model, for example. Teachers also leave teaching for a
variety of reasons—to pursue another occupation, to follow a spouse whose job
has been relocated, to engage in full time childrearing. For most teachers and
potential teachers, a moderate change in salary, say $2,000 to $4,000, probably
does not influence the decision about whether to enter teaching or how long to
stay in teaching. However, a critical question is whether such a moderate-sized
salary change would influence the career decisions of enough college graduates
to have a marked influence on supply. That question is addressed here.

It is also important to keep in mind the unit of analysis that provides the
focus for particular studies of the determinants of teacher supply. For example,
a number of studies report that recruitment efforts by individual school districts
have been successful in expanding the quantity and quality of applicants for
teaching positions. Presumably the reason is that these efforts have made
particular school districts seem especially attractive to a significant portion of
the pool of potential teachers. It does not follow, however, that active
recruitment policies by all school districts would improve the quantity or
quality of science and mathematics teachers in our schools. Instead, these
policies are likely to influence only the distribution of the available supply of
teachers among different districts. The implication of this example is that, when
evaluating the evidence on responses to incentives, it is important to consider
the extent to which the incentives alter the quantity and quality of the pool of
science and mathematics teachers available to the nation's schools, or whether
they influence only the distribution of the available supply among districts.

This section focusing on individuals is organized according to what might
be called the steps in the pipeline that place teachers in schools:

1. College students' decisions about occupational preparation;

2. The decision about whether to enter teaching;

3. Teachers' decisions about how long to stay in teaching;

4. Former teachers' decisions about whether to return to teaching;
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5. Teachers' decisions about moving from one state to another; and
6. Teachers' decisions about when to retire.

College Students' Occupational Preparation Decisions

Over the last 15 years, the percentage of American college students
training to become teachers has declined precipitously. One indicator of this is
the proportion of graduating seniors majoring in education. This proportion has
fallen from 22 percent in 1971-72 to 9 percent in 1985-86 (National Center for
Education Statistics, 1988b:210). This indicator is suspect, however, because an
increasing proportion of college students training to teach also major in a
particular discipline, for example, mathematics or biology. As a result, the trend
in the number of education majors may provide misleading information about
the trend in the number of college students preparing to teach. Unfortunately, no
reliable national data exist on the number of individuals obtaining teacher
certification each year. This makes it necessary to turn to individual states for
information on the number of new certificants. Table 3.4, which provides
information on the number of individuals obtaining certification in New York
and North Carolina in selected years between 1974 and 1985, illustrates the
dramatic decline in the number of individuals obtaining teacher certification in
these states. In each state the number of new certificants in 1985 was less than
half of the number of new certificants in the mid-1970s.

There are two related reasons why the number of college students training
to teach declined dramatically over the last 15 years. The first is the decline in
the number of teaching positions available for newly certified teachers—a
response to enrollment declines. For example, the number of new teachers (that
is, teachers without previous teaching experience) hired by public school
districts in Michigan declined from more than 6,000 in 1973 to fewer than 700
in 1984. In addition, many beginning teachers lost their jobs as fiscally strapped
school districts reduced staff in response to enrollment declines. Since the
probability of obtaining a teaching position is a critical factor influencing
college students' decisions about whether to train to teach, the decline in this
probability was an important factor contributing to the decline in the proportion
of college students preparing to teach.

A second factor was the decline in teaching salaries relative to salaries
offered by business and industry. As depicted in Figure 3.2, teaching salaries
fell relative to salaries in business and industry during the late 1970s. Thus, as
papers by Manski (1987) and Zarkin (1985) have shown, the combination of the
decline in the probability of obtaining a teaching position and the decline in the
competitiveness of teaching salaries were strong signals to college students to
pursue occupations other than teaching.
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TABLE 3.4 Number of People Obtaining Teacher Certification in New York and
North Carolina, 1974-1985

Year New York North Carolina
1974 34,770

1975 6,538
1976 24,039 6,413
1977 5,673
1978 5,105
1979 4,684
1980 16,348 3,852
1981 3,145
1982 3,095
1983 3,071
1984 17,275 2,997
1985 16,002 2,830

Sources: New York State Education Department (1988); Murnane and Schwinden (1989:9, Figure 1).

The Decision to Enter Teaching

One of the surprising facts about the operation of the teacher labor market
is that one-third to one-half of college graduates who obtain teacher
certification never teach—or at least do not teach in the state where they obtain
certification.! One explanation is that teacher certification has traditionally been
relatively easy to obtain in most states and, as a result, many college students
obtain certification even though they have little interest in teaching. A second
explanation is that the decline in the number of teaching vacancies during the
1970s left many newly certified graduates without job offers in teaching.

The fact that a large proportion of graduates certified to teach do not teach
raises the interesting question of who enters teaching and who does not. Recent
work by Murnane and Schwinden (1989) indicates that the answer varies across
subject specialties and race. They found that the National Teachers Examination
(NTE) scores of white certificants trained

I National data on who is certified to teach are not available, and state-level data
provide no information on certificants who leave the state.
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Figure 3.2 Average starting salaries for teachers and for business and industry
($1987) by college graduates' field of college major. Sources: College
Placement Council (1988); National Education Association (1987a).

in chemistry, mathematics, and English were important predictors of the
probability of entry into teaching. The entry probabilities for white certificants
in these areas with scores at the 90th percentile were 10-17 percentage points
higher than the entry probabilities for white certificants in these areas with
scores at the 10th percentile. (NTE scores made the most difference in the
probability of entry for certificants specializing in mathematics.) For white
certificants with other subject specialties, the NTE score was not an important
predictor of the probability of entry.

The likely explanation for this pattern concerns the opportunity cost of
becoming a teacher—that is, what one gives up if one decides to teach. As
presented in Figure 3.2, between 1968 and 1987 starting salaries

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Quality

DETERMINING SUPPLY: INDIVIDUAL AND DISTRICT ACTIVITIES 71

in business and industry for college graduates trained in chemistry or
mathematics were considerably higher on average than starting salaries for
graduates trained in biology or the humanities. If graduates in chemistry and
mathematics with high scores on the NTE (a standardized test whose scores are
positively correlated with scores on other standardized tests, such as the
Scholastic Aptitude Test and the Graduate Record Exam) are more likely to
receive offers of high-paying jobs in business and industry than are graduates
with low scores, this would explain the negative relationship between NTE
scores and probability of entry into teaching for certificants in these fields.
(This explanation also implies that job offers in business and industry for
graduates majoring in English are more attractive than job offers for graduates
majoring in history—an assumption that we cannot test.) Although we have not
demonstrated that salary differences by field affect career choice, the key point
here is that the evidence supports the proposition that a college graduate's
choice of occupation depends on relative salaries. Murnane and Schwinden's
study found that there was no negative relationship between NTE score and
probability of entry into teaching for black college graduates certified to teach.
The reason may be that black graduates faced less attractive job opportunities in
business and industry than did white graduates, or that they were more place-
bound than were white graduates.

The implications that one draws from the negative relationship between
NTE score and the probability of entry into teaching for white college graduates
trained in chemistry and mathematics depend on one's assessment of the
relationship between NTE score and teaching effectiveness. If NTE score were
a strong predictor of teaching effectiveness, the results would imply that the
profession of teaching is losing a high proportion of the most promising
potential teachers. However, in a review of the history of NTE scores, Haney,
Madaus, and Kreitzer (1987) find little if any correlation between teachers' NTE
scores and other measures of teacher effectiveness, such as supervisor's ratings.
What does follow from this evidence is that higher teaching salaries may be a
necessary condition for recruiting teachers who have the skills to do well on
standardized tests (e.g., to score above the 10th percentile) and who have
subject specialties such as science and mathematics that are highly rewarded in
business and industry.

Where to Teach

One of the unique characteristics of public education in the United States is
that hiring is done quite independently by 15,000 school districts that establish
their own salary schedules (usually through bargaining with local teachers'
unions) and design their own recruitment and screening procedures. As a result
of differences in salaries, working conditions, and
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recruiting practices, there is significant variation in the ability of local school
districts to attract and retain skilled science and mathematics teachers. As a
result, one must be careful when using the term feacher supply. It is quite
possible that districts that pay high salaries, have good working conditions, and
have aggressive recruitment practices may be successful in attracting skilled
teachers at the same time that districts without high salaries, and districts in
which working conditions are difficult, cannot attract skilled teachers at all.
Indeed, this is the inference that the panel has drawn from the case studies on
district hiring practices and from the conference with personnel directors of
large, urban school districts.

Unfortunately, relatively little is known about the incentives that are
important determinants of school districts' ability to recruit skilled teachers.
There is little documentation about the extent to which school districts'
recruiting and screening strategies influence their ability to hire skilled teachers,
as opposed to less skilled teachers. Typically, even with low salaries, difficult
working conditions, and poor recruitment practices, a district can find adults to
stand in front of classrooms; however, they are unlikely to be skilled teachers.
In other words, the adjustment mechanism concerns quality, not quantity.
Consequently, studies that examine only whether districts have applicants for
teaching positions, without paying close attention to the skills of the applicants,
do not provide reliable information about the influences of school district
salaries, working conditions, and recruiting practices on the ability to staff the
schools with skilled teachers.

How Long to Stay in Teaching

One element of teacher supply that has an important influence on the
demand for new teachers is the length of time that teachers already in the
schools stay in teaching. As Grissmer and Kirby (1987) have pointed out, even
a small change in the percentage of teachers who leave teaching from one year
to the next (the attrition rate) has a dramatic change on the demand for new
teachers. As explained in the panel's interim report, the national teacher demand
model used by the National Center for Education Statistics assumes implicitly
that: the attrition rate is constant over time; the attrition rate is not influenced by
changes in teacher salaries; and the attrition rate does not vary among subject
specialties. Recent research examining the factors that influence the length of
time that individual teachers stay in teaching call all of these assumptions into
question.

There is a long history of studies showing that attrition rates follow a U-
shaped distribution (see Grissmer and Kirby, 1987, for a list of references).
Young, inexperienced teachers tend to have very high attrition rates—often as
high as 20 percent in the first year. The probability that a teacher leaves
teaching declines with experience. Attrition rates are very low for teachers
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with more than five years of experience. Finally, attrition rates begin to climb
again as teachers near retirement age.

A series of studies employing data from Michigan, North Carolina, and
Colorado (Murnane and Olsen, 1989a, 1989b, 1990; Murnane et al., 1988,
1989) have demonstrated that teaching salaries are an important determinant of
the length of time that teachers stay in teaching. The evidence implies that a
$1,000 annual increase in salary (in 1987 dollars) is associated with an increase
of one to two years in the median length of time that teachers stay in teaching.’

These studies also show that high school teachers tend to stay in teaching
for shorter durations than elementary school teachers do—a pattern present in
all three states. The studies also find some differences in the career paths of
secondary schools with different subject specialties. For example, Figure 3.3,
which is based on a sample of North Carolina teachers who began their careers
in the late 1970s, shows that chemistry and physics teachers tended to leave
teaching sooner than did secondary school teachers with other subject
specialties. It is important to point out, however, that the sizes of the differences
in career paths by subject specialty vary across sample and time period. This is
illustrated in Table 3.5, which displays predicted median first spell lengths in
teaching for teachers with different subject specialties. As explained in
Murnane and Olsen (1990), the predicted survival functions for teachers with
different subject specialties are based on a model in which length of first spell
was modeled to be a function of age at entry, gender, subject specialty, NTE
score, annual salary expressed in 1987 dollars, and a dummy variable for the
district in which the teacher started his or her career. Notice that in the two
states in which it is possible to differentiate chemistry-physics teachers from
biology teachers, the latter group has a higher median first spell length. This
suggests that, in discussing teacher supply, it is important not to treat science
teachers as a homogeneous group. This quantitative evidence is also supported
by the comments of several personnel directors who were interviewed as part of
the panel's mini case studies. The frequent comment was that there were plenty
of strong candidates for biology positions but, in some districts, a shortage of
strong applicants for teaching some other sciences, especially physics.

A number of recent studies have examined attrition rates by subject
specialty using an approach different from the research described above, which
is based on the analysis of longitudinal data on teachers' careers. These other
studies develop estimates of age-specific or experience-specific

2 The methodology Murnane and Olsen use controls for time-invariant district-specific
characteristics, even unmeasured ones. In effect, their model includes a dummy variable
for every district.
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Figure 3.3 Predicted survival functions by subject specialty, for a sample of
teachers in North Carolina. Source: Murnane and Olsen (1990).

attrition by comparing the rosters of teachers employed in a state or in a
school district in two consecutive years (Grissmer and Kirby, 1987). The
analytic strategy is to calculate the proportion of teachers with particular
characteristics (for example, mathematics teachers between the ages of 30 and
34) who were teaching in the first year, but not in the second. An advantage of
this approach is that it is possible to calculate attrition rates using very recent
data.

One significant research puzzle is that the studies using longitudinal data
tend to find greater differences in attrition rates by subject area than do the
studies comparing cross-sections of teachers for two consecutive years. The
likely explanation concerns the timing of the data. The research comparing
cross-sections tends to be based on data from the mid-1980s, when declining
school enrollments led to involuntary attrition in many school districts. These
involuntary quits, which tend to be based on seniority, may mask differences in
voluntary quits that are sensitive to opportunity cost. The studies using
longitudinal data tend to be based on the careers of teachers who started to teach
in the 1970s. These teachers may have acquired enough seniority by the time
enrollment declines set in to be relatively free from involuntary layoffs. Thus,
the attrition patterns observed in the studies based on longitudinal data may be
less influenced by the consequences of enrollment declines. If this explanation
is correct, then the studies based on longitudinal data—studies that show
significant differences in first spell lengths by subject specialty—may predict
attrition patterns in the 1990s better than the studies based on more recent data.
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TABLE 3.5 Predicted Median First Spell Length (in Years) of Teaching: Samples of
Teachers from Three States

State North Carolina Michigan Colorado
Period Sample

Began Teaching 1975-79 1972-75 1979, 1982
Sample Size (8,462) (7,785) (1,377)
Teaching specialty

Elementary school 13.5 16.4 6.6
Mathematics 7.9 7.4 4.4
Social studies 6.6 7.6 34
English 5.7 7.3 3.1
Biology 5.6 9.6 6.0
Chemistry-physics 4.1 4.9 a

2 Chemistry-physics teachers cannot be distinguished from biology teachers in the Colorado data.
Source: Murnane and Olsen (1990).

The reason is that secondary school student enrollments (age 14-17) will
increase in most parts of the country in the 1990s; as a result, involuntary
layoffs will be rare, and in some regions there may be a teacher shortage.

Whether to Return to Teaching

Until recently, the national teacher supply and demand model used by
NCES assumed that newly minted college graduates provide the only source of
teacher supply available to fill new vacancies. Recent data from several states
suggests that this assumption may be seriously out of line with the current
situation. For example, 75 percent of the individuals newly hired by
Connecticut school districts for the 1986-87 school year had prior teaching
experience and were returning to teaching after a career interruption
(Connecticut State Department of Education, 1987). The
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analogous number for New York State for the 1984-85 school year is 70 percent
(New York State Education Department, 1987). These data raise the question of
whether the "reserve pool," consisting of individuals fully certified to teach but
not currently teaching, will be an important source of supply in the years ahead.
The question is difficult to answer since there is little systematic knowledge
about the size of the reserve pool, its composition, and the factors that influence
members of the reserve pool to return to teaching.

Studies based on data from North Carolina, Michigan, and Colorado throw
some light on this question by examining whether teachers who left teaching
within the first five years after entry’ returned to the classroom after a career
interruption (Murnane and Olsen, 1989b; Murnane et al., 1988, 1989). The
evidence indicates that approximately one-third of elementary school teachers
return to the classroom after a career interruption. The return rate for secondary
school teachers varied by field from 10 to 30 percent, with teachers of
mathematics, chemistry, and physics having the lowest return rates. Among
high school teachers in Michigan, teachers of chemistry and physics were the
least likely to return to the classroom. In North Carolina, secondary
mathematics teachers were the least likely to return. This evidence is quite
consistent with the notion that former teachers' career decisions are sensitive to
relative salaries. Those former teachers with subject specialties that paid
relatively high salaries in business and industry (shown in Figure 3.4) were
much less likely to return to teaching than teachers with subject specialties that
paid lower salaries in business and industry. Thus, the limited evidence
currently available suggests that the reserve pool is less likely to be a significant
source of supply of chemistry, physics, and mathematics teachers in the future
than it will be a source of teachers in other fields, especially elementary
education. But to the panel's knowledge, the size of the reserve pool is unknown.

Whether to Move to a Different State

As a result of demographic trends that include migration and differential
fertility rates, some parts of the country experience shortages of teachers while
other parts of the country do not. One logical solution to this problem is
migration of teachers from areas of oversupply to areas of excess demand.
Clearly some mobility exists, but the design of state pension systems for
teachers is a significant deterrent to relocation. As Bernard

3 The data bases Murnane and his colleagues examined include 12 years of
longitudinal information on teachers' careers. In examining the return rate of teachers,
they focused on teachers who ended a first spell of teaching within five years, in order to
provide a significant period of time for teachers to return after a career interruption.
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Figure 3.4 Starting salaries in industry as a percentage of starting salaries in
teaching.
Sources: College Placement Council (1988); National Educational Association
(1987a).

Jump (1986) has explained, the design of most state pension systems is
such that a teacher who moves from one state to another ends up with a
significantly smaller pension than do teachers who continue to teach in the same
state.

A second deterrent is the character of state certification systems. While a
significant amount of reciprocity among states exists, it is not always possible
for a teacher certified in one state to obtain certification automatically in
another state. In fact, recent efforts to stiffen certification requirements in
individual states may reduce the amount of reciprocity.

The designs of pension systems and certification systems influence the
balance between teacher demand and supply because they influence the extent
to which a critical equilibrating mechanism, movement of teachers from areas
of teacher surplus to areas of teacher shortage, operates. Changes in pension
portability rules, a policy recently discussed by the National Governors'
Association (1988), may have a significant influence on the rate of interstate
mobility of teachers, and consequently, may influence the balance of teacher
supply and demand.

When to Retire

The conditions that influence the timing of retirement for teachers are
similar to those for individuals in other occupations. Teachers tend to retire
when they feel financially able to do so; when incentives for early retirement
are considered worthwhile; and when increases in benefits for continuing
another year or two are minimal (Taylor, 1986).

The most common provision for maximum retirement benefits occurs at 60
years of age and 30 years of service. States provide for early retirement below
these maximum levels with penalties for either years of service, age,
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or a combination of both (Ginsberg et al., 1989). States vary from these
provisions, with some having easier and some stricter provisions. Five states
require only 25 years of service for maximum benefit; 10 states require that
teachers be employed 30 years and be 65 years of age to obtain maximum
retirement payment; 7 states provide maximum payment for teachers 55 years
of age with 25 years of service. Between 1979 and 1982, special early
retirement incentives were offered by some school systems and states (Wood,
1982).

Until recently, studies seemed to indicate that teachers tend to retire at the
earliest age allowed; this would mean approximately age 60 (Taylor, 1986). In
South Carolina, a study asked teachers if they would retire if there were a
hypothetical change in the provisions of the retirement law. The current
provisions permit retirement after 30 years of service, or at age 65, or at age 60
with a penalty. The change would permit retirement after 25 years of service or
at age 55. The responses showed this change would increase separations by 5.5
percent above those under the current law, and a change to retire at any age
after 25 years of service would increase separations by 16.6 percent above those
under the current law, or 10.5 percent above the level with age 55 (Ginsberg et
al., 1989).

However, teachers in some states deviate from this pattern. For example, in
1983, approximately 20 percent of the teachers employed in Maryland were
eligible to retire. Only about half of these teachers had retired by 1988. Their
decisions were undoubtedly heavily influenced by the state's policy with respect
to provision of the employee's share of health benefits and cost-of-living salary
adjustments—a policy that did not have an age cap. This combination of
incentives to stay beyond retirement age is unusual—41 states have an age cap
on provision of health benefits and 20 place an age cap on cost-of-living
benefits. Policies about provision of health and cost-of-living benefits obviously
influence decisions to retire or delay retirement.

Many factors other than age can affect the decision to retire. When a large
wage increase is expected, some teachers will delay retirement to obtain a
higher average salary. A change in options for health plans can hasten or
impede retirement, especially when retirees can not change plans after
separation. When a large cost-of-living adjustment in retirement benefits is
expected, retirements can increase. During a period of large cost-of-living
increases, such as in the late 1970s, retirements can decrease because of worry
about having sufficient retirement funds. Since these factors affect all teachers,
the combined influence may lead to a bunching of retirements.

Although separation rates for retirement are known by the state retirement
systems (Kotlikoff and Smith, 1983), this information has not been used either
for strengthening supply-demand statistics related to science and
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mathematics teachers or for research. To obtain a better understanding of the
retirement decision, research is needed on the relationships among separation
rates, individual reasons for early or late retirement, external variables, and
incentives and disincentives for remaining in the teaching force or retiring.

In short, although we know the effect of separation rates on states, we also
need information about their effect on individual school districts and on the
teaching force by level and by discipline or subject taught.

Conclusions

The basic theme of this section is that the number of teachers in a given
field willing to work in a given location depends on a number of incentives,
including the availability of teaching positions, salaries, opportunity cost
salaries, working conditions, certification rules, and pension rules. Changes in
any of these incentives will influence supply.

For two reasons, however, the panel is skeptical about the feasibility of
improving projection models by incorporating the influences of these
incentives. First, there is a great deal of variation across school districts and
across states in salaries and working conditions, and it is difficult to incorporate
this variation in an aggregate model. Second, while a number of studies show
that teachers' career decisions depend on salaries, the coefficients indicating the
sizes of the impacts are quite sensitive to sample definitions and estimation
techniques. In other words, research is not sufficiently developed to provide
reliable estimates of the response coefficients that could be included in
projection models. For these reasons, the panel does not recommend at this time
the development of projection models of teacher supply and demand that
include responses of teachers and potential teachers to changes in incentives;
however, the panel does urge support for the development of better behavioral
models to measure the sensitivity of teacher supply to incentives (see Chapter 6).

The panel also recommends that resources be devoted to monitoring trends
in the levels of key incentives that influence teacher supply. Timely information
about changes in the proportion of newly certified teachers who obtain teaching
positions, the competitiveness of teacher salaries relative to opportunity cost
salaries, the amount of reciprocity in certification across states, and the
portability of teacher pensions may provide policy makers with early warnings
about likely changes in the supply of teachers.

A number of research issues related to the decision about when to retire
and its effect on teacher supply need investigation. Separation rates for
retirement are known by state retirement systems and could be used in research
relating these rates to individual reasons for separations, to external shock
variables, and to incentives and disincentives for retention
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and retirement. Related research issues include the effect of separation rates on
individual school districts and on the teaching force for different fields of study.

HOW DOES A DISTRICT MESH SUPPLY WITH DEMAND?

School district policies, practices, and constraints exert considerable
influence on an individual's decision to apply for a position, take a position,
remain in a position, or leave. In teacher supply and demand models, school
districts are treated as black boxes. No models incorporate information on
school districts' recruitment, screening, and hiring processes in the structure
used to generate predictions of teacher supply and demand. As a result, the
design of the models implicitly assumes that variation in these practices do not
have a marked impact on the ability of individual school districts to attract
skilled math and science teachers. While the variation in practices does not
matter in using models to project the supply of teachers in a state or in the
country, it does suggest that the models do not provide reliable information
about the supply of skilled teachers available to individual school districts.
Recent case study evidence (Berry, 1984; Wise et al., 1987) has called this
assumption into question by pointing out that there is considerable variation
among school districts in recruiting, screening, and hiring practices and that
these practices may have a marked influence on the ability of school districts to
hire skilled teachers.

For this reason, the panel wanted to learn more about the school district
practices that affect the supply and demand of science and mathematics
teachers. We were concerned with the flow of teachers through and within the
school districts. We also hoped to obtain insights concerning variables at the
school or district level that affect demand and supply. To pursue this goal, the
panel first commissioned the development of detailed case studies of the
recruitment, selection, and retention of science and mathematics teachers in six
districts, which varied in size, student clientele, enrollment trend, wealth, and
location. Second, the staff, in supporting the panel's activities, conducted
supplementary case studies focusing on supply and demand issues affecting
science and mathematics teachers in 24 districts. These supplementary studies
used telephone conversations with personnel directors and a follow-up mail
survey to collect more detailed information about the hiring of science and
mathematics teachers in each district. Third, the panel convened a conference of
the personnel directors of seven of the nation's largest public school districts,
which represent over 5 percent of the public school enrollment in the United
States. Topics for discussion in the day- and-a-half-long meeting included:
effective recruiting strategies, experiences with the reserve pool, recruitment
during the school
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year, supply-demand models, and information system design and use. (See
Appendix A for more detail.)

In both the case studies and the conference of personnel directors,
differences among the districts were as apparent as the commonalities.
Observations made by the school district officials during the course of these
three activities are noted throughout the report.

This section summarizes the lessons the panel has learned from these
activities concerning the variation in school district practices and the
perceptions of how practices influence school districts' success in recruiting
skilled math and science teachers. The section is organized by topics
corresponding to the following elements of the hiring process: determining
needs, soliciting applicants, screening applicants, and making offers. The
section emphasizes school district practices because they provided the focus for
the case studies and the conference with the personnel directors. However, it is
critical to keep in mind that determination of who teaches in the schools
depends not only on these practices, but also on applicants' responses to these
practices.

Determining Needs

Knowing how many new teachers of each subject at each grade level will
be needed in the coming year is a critical first step in planning a hiring strategy.
Yet, for many districts, it is extremely difficult to collect this information in a
timely fashion. Some reasons are detailed below.

Uncertainty About Student Enrollments

Student enrollments are the primary determinant of the demand for
teachers. Based on comments from the personnel directors of seven large school
districts, it appears that projecting future enrollments accurately is difficult to
do, especially in-districts experiencing significant in-migration or out-
migration. Since there are many such school districts, the panel infers that many
districts do not have reasonably accurate projections of enrollments for a given
year until the students actually appear in September. When finances preclude
flexibility in the ratio of the number of students to teachers—a situation present
in most of the districts included in the case studies—teachers cannot be hired in
anticipation of enrollment increases. This inability to offer firm contracts to
strong applicants in late spring, when many applicants desire commitments of
employment, hinders many districts' efforts to hire skilled teachers.
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Uncertainty about Budget for the Next School Year

Another related problem is that in the spring when hiring takes place,
districts may not know the budget for the next school year. According to union
contracts, this forces the district to inform large numbers of teachers in March
that they will not be employed the following year. Then when the budget is
assured, they find that some of the people who receive notices have found other
work. Thus, the district must look for new people.

Internal Transfer Queues

In many districts, contracts with teachers specify a formal procedure under
which teaching vacancies are made available to teachers already employed by
the district, before they can be filled by a newly hired applicant. Completing the
steps of the internal transfer process often takes several months. Until the
process is completed, the personnel office cannot be sure of the identity of the
school in which a vacancy will ultimately be present, or even of the teaching
specialties that will be needed.

Delays in Reporting Resignations

For a number of reasons, teachers may delay reporting that they plan to
resign their positions. One reason is that some contracts specify that teachers
employed by the district on the date on which a new contract is signed are
eligible for certain fringe benefits included in the new contract, such as
improvement in health benefits. As a result, teachers wait until a new contract is
signed, which often runs into the summer months, before resigning. Another
reason for late resignations is that some school principals will ask teachers who
intend to resign to withhold formal notification so as to subvert the internal
transfer process. Principals do this to gain control over who fills the vacancy.
One consequence of this practice, however, is a wave of resignations in late
summer, when it is difficult to find qualified applicants.

Attrition During the School Year

While most suburban districts and smaller-sized districts tend to
concentrate their recruiting on finding strong applicants in late spring to fill
vacancies expected for the following September, many urban districts hire
teachers throughout the year to fill unanticipated vacancies resulting from
teacher resignations and unexpected enrollment growth. In fact, the personnel
directors from several urban districts reported that as many as half of the
teachers they hire are asked to start teaching during the school year, rather than
in September.
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Soliciting Applicants

School district personnel directors use a variety of strategies to recruit
applicants for teaching positions. These include recruiting at nearby colleges
and universities, relying on informal networks of information about individuals
not currently teaching who are interested in returning to the classroom, and, in
one urban district, recruiting graduate students to teach part time. These are a
few examples of the many strategies that personnel directors described as
effective for finding applicants.

The need to recruit varies greatly among school districts, and large
differences are observed in ratios of applicants to vacancies reported by districts
in the same labor market area. For example, in the Washington, D.C.,
metropolitan area, the District of Columbia has great difficulty attracting
applicants; it reports about three applicants for each teaching job. By contrast,
suburban Montgomery County reports a 13 to 1 ratio; and Prince George's
County 8 to 1 (Sanchez, 1989). The wide array of recruiting strategies
employed reflects such differences in the ability to attract applicants.

School systems may advertise and make trips to job fairs or colleges where
they have successfully recruited in the past. If personnel officials feel there is a
particular shortage, special early offers may be made. At times, to eliminate a
particular shortage, special incentives, such as a bonus, may be offered. What
seems clear from personnel administrators is that many school systems are
searching nationally, or at least beyond their local or state borders, for persons
in similar fields. One year the quest may be for science and mathematics
teachers; another year it will be for reading teachers; still another year, it may
be for early childhood teachers. Lately a widespread need has been for special
education teachers and for teachers of the same ethnic backgrounds as those of
the students in the district. According to the personnel directors of large school
districts who shared their experiences with the panel, recruiting generally was
restricted to known sources, because experience had taught recruiters that
persons unfamiliar with the climate, housing costs, student populations, or
culture were unlikely to remain in their systems.

While there was enormous variation in the way personnel directors found
applicants, some patterns emerged. First, almost all personnel directors
indicated there was no shortage of qualified applicants for teaching positions in
science or mathematics at this time. (Most districts did report shortages of
minority applicants and applicants for special education positions.) Exceptions
were a few cases of an inadequate supply of applicants to teach physics. Several
respondents commented that the supply of qualified applicants for each vacancy
in biology was considerably greater than the ratio of qualified applicants to
number of vacancies in chemistry
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or physics. Second, most respondents indicated that a large percentage of their
applicants were individuals with previous teaching experience.

While it is hazardous to make inferences about patterns in recruiting
strategies from an unrepresentative sample, the following patterns seemed to be
present in the survey information. School districts that paid relatively low
salaries, particularly districts in rural areas, relied especially heavily on
attracting applicants who had grown up in the area and were eager to return
home. Districts that paid high salaries and offered attractive working conditions
found that many of their applicants were teachers currently employed in nearby
districts. Urban districts that needed large numbers of new teachers each year
were more likely than other districts to engage in national recruiting strategies.
While some personnel directors of large districts indicated that they did find
national recruiting worthwhile, they were quick to point out that hiring
applicants from regions of the country with very different climates often led to
very high turnover rates. As a result, they had learned to concentrate their
recruiting efforts on geographical areas that had supplied a relatively large
number of applicants in the past, and had found it particularly fruitful to recruit
in areas in which teachers were being laid off as a result of declining
enrollments and budget cutbacks.

Screening Applicants

The strategies used to screen applicants for teaching positions, including
who does the screening and how it is done, varied considerably from district to
district. Our discussions with school districts indicated that recruitment of new
teachers by large school systems with diverse student populations was often
hindered by the fact that recruiters could not specify the school to which the
applicant would be assigned. Many persons would find such a school system
desirable if they could teach in a given section of the school system or in a
specified school. Since recruiters could not make those promises or could not
make those promises soon enough in the recruitment period, candidates were
lost to the school system. In other school systems of various sizes, however, the
school and the position was able to be specified early in the screening process.

To provide a sense of the variation in screening applicants, we describe the
screening practices in two school districts in the Northeast—the subject of a
recent Harvard University doctoral dissertation (Shivers, 1989). (The districts
are not identified because a commitment of confidentiality was made to the
study districts.) The first district is an ethnically and socioeconomically diverse
community adjacent to a central city, and has a long-standing reputation of
providing excellent education. The second is an urban district with a history of
budget problems and difficulties in raising
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the achievement of a clientele containing a large proportion of low-income and
minority children.

In the first district, the screening process is extremely decentralized. The
central personnel office weeds out unpromising applicants and passes on to
school principals a list of promising candidates. In the words of the acting
superintendent, who had been personnel director for a great many years (as
quoted in Shivers, 1989):

In a nutshell, our aim here is to use the central staff to do a paper screening of
the candidates, to do some initial interviewing, and then to forward as quickly
as possible as many reasonable candidates as possible to the building principal
or the curriculum coordinator [department chair] at the secondary level . . . and
then to let them do the selection. That is to say that we sort of send out a group
of people with the Good Housekeeping Seal of Approval that are a general
batch. And from that general batch the principal should choose.

At the high school level, the school principal delegates to the department
chair authority to choose among applicants. The logic underlying this practice is
that chairs are responsible for the quality of instruction offered in their
departments and for evaluating teachers. Consequently, they should be
responsible for hiring the teachers who will provide the instruction to students.
Using open-ended questions, chairs interview each candidate sent from the
central personnel office. They also call references. They are not obliged to
choose among the candidates sent to them. If none seems satisfactory, they can
ask the personnel director to find other candidates. They can also use their own
informal networks, such as professional associations and experiences with
substitute teachers, to find candidates.

Chairs indicated that they do not attempt to hire teachers fitting one mold.
Rather they look for candidates who know their subjects, demonstrate evidence
of teaching skills, and also do something special, so as to maximize the
probability that they will appeal to a subset of the school's diverse student
population. One indication of the diversity that is sought is that in one year
during the early 1970s, when 115 teachers were newly hired, there were 87
different graduate backgrounds, 25 states, and 7 countries represented (Shivers,
1989).

One attribute that chairs do seek in applicants is some (but not too much)
teaching experience. One chair summarized this priority by stating that she did
not want a "person with a B.A. degree and no experience . . . . This is too
complicated a school to take children to teach children. If I had my druthers
they [great candidates] would have had two years experience somewhere else so
they would have made their really bad [teaching] mistakes somewhere else"
(Shivers, 1989). Although the superintendent is formally responsible for hiring
teachers, in practice the authority is delegated to principals, who in turn
delegate it to chairs. In
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fact, after the chairs complete their interviewing and choose the candidates they
want to hire, they convey their choice to the winning candidate and also call the
candidates who are not chosen. Thus, the decentralization goes beyond advice-
giving. In practice, the department chairs choose the teachers.

In the second district studied in this doctoral dissertation, the screening
process is markedly different. Principals and building-level department chairs
have only a minor role. The superintendent and central office assistants play the
major role in determining who will be hired. As in the first district, the process
begins with a central office screening of the credentials of applicants.
Potentially acceptable candidates are asked to come for interviews. It is at the
interview stage at which the process in this district is so different from the one-
on-one interviews between candidates and building-level department chairs that
were used in the first district. Shivers (1989) describes the interview process
used in the second district as follows:

All new teacher candidates are asked to gather at the same time at the . . . high
school gymnasium to be interviewed. Interview panels, which are put together
by the personnel director and by department heads, include three to six
interviewers [typically including] the appropriate district-level department
chair, a secondary school principal, a building-level department chair and
another teacher from the department, and one or two central office
administrators . . . .

Teachers are called one by one to face a panel of interviewers who are seated
at a table on the gymnasium floor, out of earshot of the candidates waiting in
the stands . . . .

Lists of questions are prepared beforehand by the respective district-level
department chairs. Before the interviews, panel members choose from the list
the five or six questions that their panel will ask. The same questions in the
same order must be asked of each candidate . . . . During the interview, the
panel members rate each answer as positive, negative or neutral . . . .

Panel members are not permitted to respond to the candidate's answers, and no
follow-up questions are permitted . . . . The strict procedure for interviewing
was developed in response to concerns voiced by the affirmative action
office . . . that there be no preferential treatment of candidates for teaching jobs.
After all candidates have been interviewed, the respective teams rate their
candidates as highly recommended, recommended, or not recommended.
Generally, they do so by consensus. The ratings are sent to the assistant
superintendent for personnel who then checks references of recommended
candidates . . . . The superintendent or assistant superintendent may interview
top candidates after they have been recommended by the panels. At this stage
the superintendent will make the final selection.
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Clearly, the screening processes in the two districts studied by Shivers
(1989) are extremely different. The experience of applying for a teaching
position differs greatly in the two districts. What cannot be known from Shivers'
work is whether the screening practices influence who ultimately is hired. This
could occur because the department chairs in the first district look for skills that
are different from those sought by the superintendent in the second district. It
could also occur because the screening processes influence the size and quality
of the applicant pool or the rate at which potentially effective teachers accept
job offers. Informal networks of college placement officers, college faculties, or
students may have a great deal of information about how districts screen
applicants and the effects on applicants. Unfortunately, there has been virtually
no systematic research about potential applicants' responses to differences in
recruiting and screening practices.

The case studies commissioned by the panel revealed considerable
variation in screening practices among districts—both in the degree of
centralization and in the relative roles played by paper credentials, test scores
on standardized written tests (which some districts administer as part of the
screening process), and interviews. While the case studies do not provide a
basis for describing the distribution of screening practices among the nation's
15,000 school districts, they do verify that practices vary enormously. They also
raise the question of the extent to which variation in these practices influences
the ability of school districts to hire teachers who are effective in teaching math
and science to students.

Making Offers

The case studies revealed enormous variation in the types of offers made to
candidates whom school districts would like to employ. Dimensions of the
variation include timing, specificity concerning the nature of the position, and
salary.

Timing

Personnel officers in some school districts, especially well-financed,
growing districts, are authorized to offer binding contracts to strong candidates
before the exact number and composition of vacancies are known. Several
personnel directors suggested that this practice facilitates their recruitment
efforts by allowing them to recruit aggressively in colleges and universities
during the spring months and to sign up promising candidates before other
districts had ascertained the number and nature of their vacancies. Other
personnel directors told about the other side of the coin, losing promising
candidates because their districts prohibited offering contracts
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until firm information on vacancies was available, which often took until late
summer.

Specificity

In the first of the two districts that were studied by Shivers (1989), being
offered a contract meant that the candidate knew a great deal about the position:
the school building, the subjects to be taught, the grade levels, and the name of
the department chair. In the second district, a teaching contract meant only a
commitment to salary. Not only did the newly hired teacher not know the
building or the classes to be taught, but also the new teacher did not know the
date on which this information would be available.

The case studies commissioned by the panel indicated that the examples
described by Shivers are not particularly unusual. Typically, in smaller districts,
candidates are told more about the details of their teaching position than in
larger districts. However, in some large districts staff at the school site play a
significant role in the screening process and, in these districts, candidates are
often hired to teach in a particular school.

Salary

In the 24 districts included in the panel's supplementary case studies, the
starting salary for a candidate with a B.A. and no teaching experience ranged
from $14,420 to $26, 061. The starting salary for a teacher with an M.A. and the
maximum amount of experience that the district rewarded ranged from $25,956
to $47,941. Some of the differences in salary scales were responses to
differences across communities in the cost of living. However, the comments of
the large district personnel officers indicated that the salaries they could offer
played a significant role in the ability of school districts to attract a strong
applicant pool and to capture the most capable candidates from the pool.

Another important aspect of hiring practices revealed by the case studies is
that the formal salary schedule in many districts does not totally determine the
salary offered to a newly hired teacher. For example, Dade County offers a
$1,000 signing bonus (paid in the first check of the second contract year) to new
hires in shortage areas. The first of the two districts Shivers studied sometimes
convinces especially strong candidates in shortage fields to sign contracts by
giving credit in terms of steps on the salary schedule for practice teaching and
for experience outside teaching. Current contracts in Boston and Rochester
include specific language allowing the district to do the same thing.
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Not all variation from the salary schedule involves pay increases. The
second of the two districts Shivers studied frequently hires teachers as
permanent substitutes instead of as regular contract teachers. This provides an
annual savings of $9,000 to the fiscally troubled district. In this district,
attempts are made to attract strong candidates in science and mathematics by
offering them regular teaching contracts instead of positions as full-time
substitutes. Unfortunately, no information is available on the impact of this
practice on the district's ability to attract strong candidates.

Who is Hired

The case studies revealed enormous variation in the practices school
districts use to recruit, screen, and hire teachers. It is not possible from these
studies to determine the extent to which the variation in practices influences the
ability of districts to attract strong candidates. In fact, the case studies revealed
that there is not even a common definition of a strong candidate. The remarks of
personnel directors suggest that districts' constraints and practices do matter.
For example, the notes contain many comments about losing candidates either
because salaries were not competitive or because the district could not make a
firm contractual offer, while another district could. Some districts can hire
early, and those that can have a better choice of candidates. Maintaining close
ties with a local teaching credential program also helps bring strong candidates.

Moreover, there is the distinct possibility that school district practices
matter less in the late 1980s than they will in the 1990s. The reason concerns
the potential change in the overall balance between teacher supply and demand.
With the exception of a few fiscally constrained urban districts, most districts
included in the case studies reported an adequate number of qualified
candidates for each vacancy in mathematics and science. Most districts also
reported that many applicants were experienced teachers, and that they filled a
large proportion of vacancies with experienced teachers.

This reliance on older or experienced applicants raises the question of
whether the responses of personnel directors in 1987 and 1988 provide reliable
predictions of the adequacy of the supply of qualified math and science teachers
in the years ahead. In the late 1980s, the demand for new secondary school
teachers is relatively low because high school enrollments are not growing. At
the same time, the reserve pool of individuals certified to teach but not currently
teaching appears to be quite large, in part because it contains many individuals
from the large cohorts born at the tail end of the post-World-War-1I baby boom.
The 1990s will be characterized by growing demand for science and
mathematics teachers, both because of modestly growing secondary school
enrollments and of increasing numbers of resignations from an aging teaching
force. At the same time, the size
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of the reserve pool may decline, both because the number of individuals in the
30-40 age group will be smaller and because the anticipated general labor
shortage will bring about more competition for all skilled workers. In an
environment characterized by a shortage of qualified applicants for teaching
positions, school district practices in recruiting, screening, and hiring teachers
may have a considerable impact on the distribution of qualified teachers across
school districts.

Conclusions

The evidence on school district hiring practices has two implications for
understanding teacher supply and demand. First, as the demand for new hires
increases in the 1990s due to increases in both student enrollment and teacher
recruitment rates, recruiting, screening, and hiring practices are likely to have a
much greater impact on a school district's ability to attract skilled science and
mathematics teachers than is the case in the late 1980s. Districts that are able to
offer attractive salaries and working conditions, to recruit aggressively, and to
make offers in a timely fashion will be much more successful in attracting
skilled teachers than districts that cannot. As a result, the variation in practices
that currently exists may result in significant disparity in the quality of new
hires attracted to different school districts. A particularly disturbing aspect of
this prediction is that districts serving large numbers of disadvantaged children
tend to have hiring practices that do not contribute to attracting skilled teachers.
District practices through which seniority rules may restrict new hires to the
least desirable school in the district or which introduce a long waiting period
before vacancies can be opened to outside applicants are disincentives, as is
uncertainty of initial school assignment. Consequently, increased competition
for skilled teachers is likely to result in an additional factor contributing to the
set of reasons that such children tend not to receive high-quality education.

A second implication of the qualitative evidence described in this section
is that increasing teachers' salaries, although perhaps a necessary condition for
attracting more skilled teachers to individual school districts, is not a sufficient
condition. For example, it is unlikely that significant salary increases in the
second district Shivers studied would lead to improved school faculties unless
screening practices are reformed.

One might argue that these two implications drawn from the case studies
are not particularly relevant to assessments of the adequacy of teacher supply
and demand models. This would be correct if the goal of the models is seen in
terms of assessing the overall balance between the demand for teachers and the
supply of teachers. However, to the extent that the models are used to measure
how well all school districts are able to provide qualified mathematics and
science teachers to all children, then
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differences in the practices school districts use to recruit, screen, and hire
teachers are extremely important.

SUMMARY

We have taken a close look at the effects of incentives to pursue a teaching
career in science or mathematics on the supply of teachers. The factors
influencing the individual's choices are beyond what the normal projection
model can capture. Although better behavioral models are needed to measure
the sensitivity of teacher supply to incentives, a number of research issues will
have to be investigated before the models can be developed.

In addition, although the teacher supply and demand models considered in
the panel's interim report do not use school districts as units of analysis, many
decisions are made at the district level that affect supply and demand. As our
case studies and interviews with school district personnel directors have shown,
school districts vary greatly in the initiative they exert to fill their demand for
teachers of subjects experiencing shortages. Individual maneuverability in
recruiting and special or external circumstances affecting a district are key
factors that influence a district's science and mathematics supply and demand
situation—and these factors may outweigh those factors that can be quantified
for modeling. These realities are central to the workings of supply and demand
for science and mathematics teachers and should be monitored to the extent
possible, as described in the following chapter and in Chapter 6. Chapter 6
concludes by recommending a series of conferences with a sample of school
districts held on a regular basis, to discuss these factors and explore ways of
recognizing them in statistical and descriptive reports on teacher supply and
demand.
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4

Monitoring the Supply Pool of Science and
Mathematics Teachers

In this chapter we look at the models used at the national and state levels
for projecting the supply of teachers for the next year, the components of these
models, and what we would like to know to monitor more effectively the supply
pool and its components.

The models examined in the panel's interim report (National Research
Council, 1987c) were the projection model used by NCES and the teacher
supply and demand models and projections developed in six states: California,
Colorado, Illinois, New York, Florida, and South Carolina. They are most
commonly projection models, which attempt to project teacher supply and
demand and reach conclusions about surpluses or shortfalls of teachers at a
point in the future.

Useful models should incorporate four major characteristics. The first is
behavioral content, by which we mean models of relationships between
variables in the environment and the behavior of actors in the education system.
An example of a behavioral component in a model of teacher supply would be
the estimated impact of salaries and working conditions on the decision of
teachers to continue or to leave teaching. The models examined are limited by
the lack of behavioral content. The second major characteristic of useful models
is disaggregation by geographic area and subject field, and the third is quality
measurement. Some of the models examined in our interim report incorporate
useful refinements, such as the use of age-specific and field-specific attrition
rates in projections of continuing teachers. But one key problem is a lack of
useful geographic disaggregation. Moreover, only about half the state models
examined disaggregated data by subject field). Nor do models deal in a
satisfactory manner with the issue of quality. When models consider this
dimension at all, the definition of a qualified teacher is equated with certification.
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Finally, useful supply models should include all the sources of supply.
Among the state models and the National Center for Education Statistics model
that were the central focus of the panel's interim report, none provides what we
regard as a detailed analysis of the contribution of the various components of
potential teacher supply. Most of the models ignore supply sources other than
newly certified teachers or some equivalent. The NCES model until recently
limited projections of new entrants to new graduates of teacher training
programs. Other definitions that are used in state models include students
enrolled in the state's education programs and the number of newly certified
persons. NCES and some state models have more recently broadened the
components of the teacher supply pool.

Among these state models, the California PACE model (Cagampang et al.,
1986) represents the most fully developed analysis on the supply side, with
projections of the supply of new entrants from four sources: (1) new or recent
graduates of California credentialing programs, (2) new 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. Because of
inadequate data sources and the lack of knowledge of the supply behavior of the
various new entrant components, however, the PACE model relies largely on
extrapolations of historical hiring patterns in the state, which are not the same as
projections based on behavioral supply relationships

Overall, it is the panel's view that current models of teacher supply and
demand have very limited usefulness for defining 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 supply sides.
None of the models has any serious behavioral content—i.e., on the relationship
between changes in circumstances (e.g. salary, working conditions, pension
benefits, economic recession) 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. Since much of the research needed to
incorporate behavioral content in supply models has not been done, the panel
considers monitoring supply to be the best course of action. By monitoring
supply we mean gathering data relevant to teacher supply periodically and
monitoring trends in the data. In the short run, efforts are needed to improve the
consistency, scope, and quantity of data available for monitoring teacher
supply. Concurrent with monitoring, research should be conducted to support
behavioral models. As research findings on the relation between the incentives
discussed in the preceding chapter and supply become available and the
relevant data bases are developed, resources can be devoted to behavioral
modeling. This
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chapter assesses the data that are now or could be collected to monitor the
supply situation of science and mathematics teachers in this country.

MONITORING POINTS ALONG THE SUPPLY PIPELINE

The number of teachers employed in schools nationwide is augmented
each year by new graduates from teacher training programs, newly certified
teachers who enter teaching from other pathways (such as collaborative
arrangements with industry), and previously certified teachers who are not
teaching but have chosen to reenter the profession. The number of teachers
employed is diminished by attrition due to retirement and other causes. Thus,
monitoring supply requires keeping track of changes in the supply pool over its
various stages. It requires data on certification, on incentives that motivate
people to apply for or accept teaching positions, on new hires, and on attrition
and retention rates.

NCES recognized the importance of statistics to monitor teacher supply
and demand in the United States and initiated the Schools and Staffing Survey
(SASS), an integrated set of questionnaires that are designed to provide several
of the types of information sought. SASS is described in greater detail in
Appendix B, along with descriptions of other national data sets. The first SASS
questionnaires (for school districts, schools, school administrations, and
teachers) were fielded in school year 1987-88. A follow-up survey, of all
teachers in the base year who left teaching and a subsample of teachers who
remained in teaching (both those who remained in the same school and those
who moved to another school), was conducted in the 1988-89 school year.
Thus, not only are current teachers included in SASS; there is follow-up
information from subsets of teachers who left and teachers who remained. If
SASS produces the data sought, the survey will provide the most valuable data
related to teacher supply and demand the nation has had. As with all new
surveys, some skepticism is in order about the ability of SASS to meet all its
goals.

A useful way to envision components of supply that should be monitored
is to identify stages along a pipeline, as outlined in Chapter 3. At the beginning
stage are college students planning to teach. The pipeline progresses through
degrees earned and certification, the decision to enter teaching, through
retention and attrition rates.

One could add high school students' aspirations to become teachers at the
very beginning of such a pipeline. However, although a high school student's
expression of interest in a future career generally indicates the degree of regard
for that kind of career or calling, it is probably not a reliable indicator of actual
career choice. The Office of Technology Assessment's 1988 report, Elementary
and Secondary Education for Science and Engineering, usefully describes a
pipeline model that includes precollege students'
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views of and preparations for science and engineering careers (Office of
Technology Assessment, 1988:6-20). It is used descriptively, however, and not
for statistical modeling purposes. It states (p.6) that "students' intentions remain
volatile until well past high school, with substantial numbers entering the
pipeline (by choosing science and engineering majors) by their sophomore year
of college." For purposes of monitoring data and generating information on the
supply of science and mathematics teachers that could possibly be used in
models, we begin the pipeline at the college level.

College Students Planning to Teach

The proportions of students enrolled in postsecondary education who are
majoring in education; in mathematics; in computer science; in physical,
biological, and earth sciences; and in engineering are key components of the
supply of science and mathematics teachers at this early stage of the pipeline.
The number of education majors is in decline, and many who may wish to teach
now pursue a subject major. Therefore, monitoring the number of education
majors provides only a partial count of this component of supply.

To gain a better understanding of the input to the pipeline, it would be
desirable to make fuller use of the data that exist on freshman aspirations. Data
from The American Freshman survey of the population of freshmen in higher
education (described in Appendix B) include intended major and career
aspirations and can be analyzed by sex and ethnicity as well. Data from the
occasional follow-ups of those who have remained in college after two years
and four years could be used to assess the value of freshman aspirations in
judging changes in input to the pipeline. It would also be useful to have trend
data on how many students who majored in the subjects noted above (subjects
that are the most likely source of science and mathematics teachers) and who
planned or did not plan to teach actually did or did not obtain certificates. The
High School and Beyond longitudinal survey, which began in 1980, and the
surveys of Recent College Graduates (both conducted by NCES and described
in Appendix B) can provide these data for the science and mathematics majors
in the samples of students who were surveyed.

Research conducted by individuals using these data sets can address issues
in focused and informative ways. For example, Maxwell (1986) used data from
The American Freshman and followed a sample of 2,000 freshmen to their
junior year, relating their intended majors (education, not education), intended
careers (teaching, not teaching), and declared major as juniors to their high
school grade point average and rank and college grade point average. His
findings (that the group who had not intended to major in education but planned
on a career in education and
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later declared an education major had higher college grades than did other
groups), although more related to quality, illustrate a wealth of information that
could be used for research into supply questions, by subject major, at the
postsecondary stages of a supply pipeline. In Chapter 6 the panel recommends
measures to make these and other data more accessible to researchers.

Certification

Certification requirements vary from state to state, and the certification
requirements in one state might not meet the requirements of another state. In
some states a bachelor's degree that includes certain courses carries with it a
teaching certificate. In other states, a year of teacher training beyond the
bachelor's degree is required. In some states, as much as a master's degree (in
teaching or in a subject discipline) is required for certification. In addition, 21
states now allow alternative certification routes (such as through a cooperative
program with the military), and usually to staff particular subject areas with
shortages (McKibbin, 1988). The meaning of national data on the number of
certified teachers is somewhat ambiguous because of the diversity of states'
certification requirements.

To quantify the pipeline leading to certification it is useful to look at the
number of students enrolled in education programs. At present, the major
source of such data is the American Association of Colleges for Teacher
Education (AACTE), an association of approximately 1,200 member colleges
and universities that have teacher education programs. Periodically the AACTE
conducts surveys of small samples of member institutions to obtain data on the
numbers of students enrolled in these programs.

During the panel's May 1988 meeting with personnel officers of seven
large school systems, they suggested that it would be useful to school districts
planning recruitment of teachers to know the number of people in the pipeline
by field. State education agencies should collect data on the number of students
and graduates preparing for certification to teach, by field and by type of
program (i.e., traditional or alternative) and make these data available to
districts on a timely basis. These data are indicators at one juncture of the
pipeline of potential additions to teacher supply within the next year or two.

Changes in the actual number of graduates awarded certificates to teach
science or mathematics should also be monitored. National data should be
compiled from state certification board data on the number of new certificants—
by type (regular, alternative, emergency) and by subject annually. As noted
above, although different states have different certification requirements and
classifications, it should be possible to estimate
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comparable totals for categories such as science and mathematics (elementary
and secondary) and to present disaggregated data when available.

Comparability across states would be more achievable if proposals to
standardize certification nationally through board certification (described in
Chapter 5) are implemented. Since teachers may be certified in more than one
category, these data will tend to overestimate the increase in the supply of
newly qualified teachers. In fact, these data provide an upper bound of the
change in newly qualified supply.

Information is also needed on the degree of reciprocity in certification
across states. This information can be used to indicate the extent to which
shortages in one part of the country could be filled by additional teachers from
another. The effect of reciprocity is a research issue that relates to the mobility
of the reserve pool. The National Association of State Directors of Teacher
Education and Certification publishes states' reciprocity provisions periodically
in its manual on certification. Reciprocity, too, could cease to be a problem if
current proposals for national board certification of teachers come to pass.

Large proportions of new graduates of teacher certification programs do
not go on to teach in the state in which they obtained certification. Why?
Follow-up data on new certificants are desirable to ascertain the numbers and
proportions of certificants who did not seek, were not offered, or did not accept
teaching positions offered in their states. The follow-up questionnaire would
probe for reasons why certificants did not teach, alternatives they pursued, and
salaries. The survey of Recent College Graduates (RCG) is one possible source.
It provides national data on graduates one year after receiving an education
degree. The final survey in this series is scheduled for 1991, but it will be
replaced during the next two years by a national longitudinal survey of college
graduates. States may also find it valuable to follow their new certificants to
understand loss to the pipeline of teachers at this juncture.

Data on the above aspects of certification would help to answer such
questions as: How have increased state requirements for teacher certification
affected enrollments in these programs or reentry after a gap in teaching? To
what extent do states' restrictions and requirements placed on teachers moving
from another state discourage them from reentering teaching in the new state?

Another occurrence that should be monitored as a possible indicator of
shortage is the states' use of emergency or provisional teaching certificates, in
science and mathematics in particular. According to the NEA survey Status of
the American Public School Teacher 1985-86 (1987:20), only 8.4 percent of
1,291 respondents in all fields said they did hold such a certificate. (The data
were not presented by subject area.)
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Though the incidence seems minor, it would be desirable to have data from
the states or local school districts, over time, on the number of teachers who
hold temporary, provisional, or emergency certificates. SASS collects data from
a sample of teachers on these types of certification in the teachers' primary,
secondary, and best-qualified teaching fields. The design of the teacher sample
will permit estimation of these rates of certification by type nationally and
regionally and by type of district and school. Analyzed by subject, by region, or
by type of area (e.g., rural, suburban, urban), these data may indicate exhaustion
of the reserve pool or a shortage in a particular subject or in a particular
geographic area. It would also be important to know how easy it is to convert a
temporary certificate into a permanent one. Finally, it would be desirable to
monitor the incidence of obtaining certification through various types of
alternative certification programs. This could be done by adding a question on
use of alternative certification routes to the questionnaire.

New Hires

Newly hired teachers come from many different sources, including new
college graduates, former teachers, individuals who were certified but never
taught, and teachers who change residence. School district personnel
administrators indicated to the panel that typically a large percentage of their
new hires were experienced teachers, not new certificants. Some administrators
expressed a preference for experienced teachers. Descriptive statistics in many
states indicate that a substantial fraction of new hires consists of teachers that fit
into some category other than newly certified teachers. For example, less than
20 percent of new hires of mathematics and science teachers in New York State
were new certificate holders; the corresponding figure in Illinois is 40 percent
(National Research Council, 1987c:113-103).

An urban school district in a western state that took part in the panel's case
study provides a more specific illustration of this phenomenon. There, only 4 of
the 16 science and mathematics teachers hired in the past 5 years were new to
teaching. And of those 4, only 1 came directly from college followed by a
teacher training program; the other 3 had graduated between 3 and 10 years
earlier and had recently gone back to school for their teaching certificate.
Interviews with the teachers produced thumbnail sketches of previously
experienced new hires:

* A newly hired mathematics teacher had taught science for 12 years in a
junior high school in a neighboring suburban district and grew to dislike it.
After other jobs for four years, he chose to return to teaching but preferred
mathematics to science to avoid the responsibility and liability of labs.
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* A newly hired chemistry teacher had taught for six years in a local
parochial high school, following a career in the Navy where he did teaching
and training full time. Without his retirement salary from the Navy, he
would not be able to support his family on a teacher's salary. He was
actively recruited by the district.

* A science teacher, hired five years ago, had been laid off three times, twice
in this district and once in another district, all due to seniority. With six
years' teaching experience, he was offered a position in five schools in this
district five years ago.

* A mathematics teacher was hired on a part-time basis at her request. She
had taught many years in another state, taught as a long-term substitute in
this district, then as a regular teacher, and plans to return to full-time
teaching next year after her children have adjusted to school.

* A teacher was newly hired in mathematics but in fact had taught chemistry
at the same school for seven years. She began as a mathematics teacher,
which was her major, but after teaching 12 years in this district was slated
to be laid off. So she switched to chemistry (her minor) and waited for a
math position to open.

* A mathematics teacher hired five years ago had taught at the junior high
level in this district for eight years before moving to the high school level.

These examples and information from other states underscore the need to
obtain data on all of the components that make up the new teacher supply.

Even new certificate holders may not be from the traditional new college
graduate channel: they may be older people who left their occupations to earn
alternative certification. A total of 21 states offers such a channel, mainly to
meet the needs of particular shortage areas. In most of these states, alternative
certificants constitute a small percentage of total new hires (McKibbin, 1988).
But some states are notable exceptions (Carey et al., 1988:27-28): The New
Jersey Provisional Teacher Program trained 240 mathematics and science
teachers between 1985 and 1988. Among the districts that participated in the
California Teacher Trainee Program in 1984-85 and 1985-86, the program
accounted for 61 (15 percent) of new mathematics teachers, 101 (31 percent) of
new biological science teachers, and 24 (24 percent) of all new physical science
teachers.

To monitor the supply of science and mathematics teachers, it is necessary
to be able to distinguish among the components of the corps of new hires.
Ideally, to monitor supply at the district level, data are needed for the following
categories by subject (chemistry, physics, biology, other sciences, calculus,
other math, other subjects):
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Certified teachers with no prior teaching experience:

Certified before the last school year*

Out-of-state certificate

In state certificate

Certified during last school year

Out-of-state certificate

In state certificate—whether through a regular or an alternative program

Certified experienced teachers:

Teachers returning from temporary leave*

Taught prior year

Out-of-state

In state but out-of-district

Did not teach prior year*

Last taught out-of-state

Last taught in state but out-of-district

Last taught in-district

Noncertified college graduates with emergency credentials:

Taught last year

In-district

Not in-district

Did not teach last year*

Many of the districts in our case studies do not currently collect such data,
and only a few (generally the larger districts) disaggregate the data by subject,
as would be desired. SASS has been designed to collect such data.

Several other types of data could shed light on the supply of new hires.
These include information on incentives to teach, reasons for selecting one's
current school or district, the number of applicants per opening, the number of
job offers per hire, and the extent of district recruiting. SASS presently asks
school administrators how difficult it was in general (not for specific fields) to
find qualified applicants to fill teaching vacancies last year. If the respondent
notes it was difficult in some fields, space is given to write in those particular
subjects.

Desired information regarding new hires includes the ability to monitor
their incentives to teach. Comparative salary data are needed to indicate the
competitiveness of beginning teachers' salaries relative to the starting salaries of
alternative nonteaching positions. There is a question of just how this
comparison should be made, but one simple measure would be starting salaries
in industry for people with equivalent education, such as a bachelor of science
degree in mathematics. The College Placement Council publishes these data
annually (College Placement Council, 1988).

* These categories came from the reserve pool.
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It would also be useful to know the reasons why science and mathematics
teachers selected their current school or their current district and alternative
offers they had. Such data are not currently collected by the SASS teacher
questionnaire and were not part of the National Longitudinal Survey (NLS)
teaching supplement. The data would help identify actions that schools or
districts might take to attract well-qualified science and mathematics teachers.
However, if there is a national shortage, such actions may only alter the
geographic distribution of existing new teachers.

Trend data on the ratio of applicants to vacancies by field could be useful,
even though it is recognized that the number of applicants for a position is a
function not only of supply but also of aggressive recruiting and of the
characteristics of the district and its schools. Although an applicant may apply
for more than one vacancy, a decline in this indicator over time would point to
increasing shortages of applicants in a particular field. Questions on the number
of applicants could be added to SASS. Trend data on the ratio of job offers per
hire could alert a district to changes in the attractiveness of its positions, but
small (large) ratios could also reflect a surplus (shortage) of teachers.

Interviews with school district administrators revealed how shortages and
surpluses in particular subjects were reflected in adjustments made in recruiting
practices. A shortage in an area of need—frequently for minority teachers at all
levels—often would trigger an aggressive recruiting effort, including trips to
other states. It was often mentioned that a few years ago officials traveled to
cities experiencing teacher layoffs to recruit science and mathematics teachers;
today, however, the officials may have few or no vacancies in these subjects,
and no recruiting is needed. It would be helpful to have data from school
districts, perhaps building on SASS, on the extent to which districts are shifting
from screening applicants to recruiting actively—by subject and by racial/ethnic
group. When teachers are in surplus, districts recruit near home (if at all) and
usually need only to screen and accept applicants. Thus, a count of the number
of districts engaging in active recruiting is an indicator of shortage, and growth
in these numbers over time suggests an increasing shortage.

The Reserve Pool

The reserve pool consists of people with teaching experience who did not
teach last year, or individuals who were certified to teach at least a year ago but
who have never taught. This reserve pool is a major source of new hires. The
National Education Association estimates that more than half the new hires in
the nation come from it (NEA, 1987f). In Connecticut, more than two-thirds of
the new hires in 1984 came from the reserve pool. Returning experienced
teachers constituted 55.5 percent of the new hires,
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and 12.0 percent were reserve pool members with no prior Connecticut public
school teaching experience (Prowda and Grissmer, 1986:18). Since the reserve
pool plays such a major role as a source of new hires, it is important to know
how large it is and where it is found, or at least to know whether it is nearly
exhausted. Concern about depletion of the reserve pool is not a state issue, but
can be a special urban, rural, or regional issue related to the region's particular
labor market situation. In major parts of the state of Louisiana, for example, it is
impossible to find certified teachers to fill vacancies. Consequently, the schools
are forced to hire on a temporary certificate or to drop courses from the
curriculum. In these areas, not only is the reserve pool exhausted, but there are
also insufficient newly certified teachers who are willing to teach under the
conditions offered.

Little is known about who, among the various categories of people in the
reserve pool, desires to enter or reenter the teaching profession. Thus, more
important than estimating the size of the reserve pool is estimating the supply
potential of the reserve pool, because some of the individuals in the reserve pool
would not reenter teaching under any conditions. Different components of the
pool can be expected to behave in very different ways. For example, teachers on
maternity or health leave during a given year, or laid off and expecting to be
called back, can plausibly be expected to return to the teaching pool in the next
year at relatively high rates; newly certified teachers who did not obtain
teaching jobs even though they have been in the market during the last few
years, can be expected to remain in the teacher supply pool with relatively high
probability; teachers whose credentials are older and who have been out of the
teaching market for several years have a lower probability of being attracted
back to teaching; while people with teaching certificates who have followed a
completely different career path for many years have a much lower probability
of being attracted to teaching. In some states, as we noted above, everyone with
a bachelor's degree is potentially in the supply pool with some (arguably low)
probability.

Several approaches could be followed to estimate the supply potential of
the reserve pool: new college graduates could be followed over time, new hires
from the reserve pool could be tracked backward, data could be collected and
accumulated on the number of last year's certificants who did/did not get
teaching jobs, and state agencies could use state certification files to study the
reserve pool in the state.

Looking at these approaches in more detail, first consider what could be
learned by following new graduates over time. The best source for this is data
on the cohort of education majors in the Longitudinal Study of the High School
Class of 1972. Heyns (1988) has used this data base to study entry and attrition
of this cohort and to collect information on who left teaching and who wants to
return (potential supply in the reserve pool). She
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found that, by 1986, one-quarter of the education majors who completed teacher
training programs had never taught. Two other longitudinal studies, High
School and Beyond and NELS:88, will provide similar opportunities for
studying the reserve pool in the future. Another source of one-year longitudinal
data is the Recent College Graduate (RCG) Surveys carried out by NCES
periodically from 1976 through 1984. Using combined data from these surveys,
the Office of Technology Assessment (OTA) analyzed the career paths of
newly qualified teachers (1988:55). It found that at about one year after
graduation 20 percent of newly qualified teachers had not applied for a teaching
position, and that the remaining 80 percent who had applied for teaching jobs
could be separated into 51 percent teaching full time, 11 percent teaching part
time, and 18 percent not teaching at all. In fact, one year after certification, 49
percent of the certificants were in the reserve pool.

It is also possible to study new hires who come from the reserve pool,
including both reentrants to teaching and individuals who have not taught but
who were certified over a year ago. The SASS questionnaires for schools and
teachers collect career information on both new entrants to teaching and
experienced teachers regarding their recent career paths; these data will provide
a rich resource for research on the reserve pool. It will be possible to study age
of reentry, occupation just prior to reentry, the number of breaks in service,
different patterns across different fields, and differences among different
categories of members of the reserve pool. If the proportion of new entrants
coming from different categories of the reserve pool (e.g., individuals certified
in the past five years who are first-time teachers, returning teachers from the
same district, returning teachers from the same state, returning teachers from
out of state, etc.) are monitored over time, the trends will begin to shed light on
the adequacy of the reserve pool to meet the demand. The SASS data are
expected to provide an exciting opportunity for study of the reserve pool.

At the state level, an important segment of the reserve pool consists of
individuals certified by that state who are not currently teaching. By the use of
data from the retirement files and the certification files, it is possible for some
states to track certificants who still reside in the state and to characterize that
segment of the reserve pool by age, certification field, and years of teaching
experience. A survey of these individuals can determine interest in teaching or
incentives that would make teaching interesting to them. This would give some
measure of the potential supply in this segment of the reserve pool.

A study of this type was carried out in 1987 for the Commonwealth of
Massachusetts by the Massachusetts Institute for Social and Economic Research
(MISER). MISER's Report on the Status of Teacher Supply and Demand in
Massachusetts (1987) used certification files to determine the
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percent of those certified in Massachusetts in a given year who were not
teaching the following year(s). Certificants were tracked for several years
forward. It found that certificate holders were hired as long as 12 or 13 years
after certification.

Connecticut maintains an ongoing activity to monitor its reserve pool of
teachers. Part of that effort focuses on the nearly 3,000 new certificants who did
not take teaching positions within a year following certification. (Nearly 4,000
had received certificates; it was found that only 992 of them were employed in
public schools.) A random sample of 36.4 percent of these individuals was
surveyed in 1987 (Prowda and Beaudin, 1988). Addresses were available for
only 2,727 individuals certified in the state in 1985-86 but not teaching in
1986-87. Questions included current employment and salary, any prior teaching
experience, undergraduate subject major and grade point average, teaching
application experiences, and future employment plans. Certification files
provided further information on subject specialties. Among the results: the
median age of the nonteaching new certificants was 33; on average, they
obtained their certificates five years after college graduation; slightly more than
half had never taught full-time; the majority were employed, usually in
education-related work (substitute teaching, enrolled as graduate students,
tutoring, etc.); 52 percent had applied for public school teaching positions for
1986-87; only about 30 percent of respondents intended to apply for the
1987-88 year; and proportionately fewer science and mathematics majors would
apply than education, social studies, and humanities majors. Salary sensitivity
was analyzed using the questionnaire data: "The probability that a non teaching
new certificant holding a job outside of education applied for a public school
teaching position declined by 6.6 percent for each $10,000 he/she earned in
salary" (p.9).

The results of the Massachusetts and Connecticut studies are offered as
examples of what can be learned about certificants who have never taught—an
important segment of the reserve pool. While national data are not available on
certificants who have never taught, states can be encouraged to gather such
data, and NCES can compile and disseminate states' information accordingly.

Two research areas concerning the reserve pool warrant study. One is to
study how much change in incentives would be needed to attract reserve pool
members to teaching. The Connecticut study on salary incentives could be
repeated in other states. In addition, studying the number of returnees to school
districts in which there have been large salary increases (e.g., Rochester, New
York) could reveal some information on the size of the potential supply in the
reserve pool. Another topic would be the effect of limited mobility on entry to
teaching. It appears that people will move a short distance but not a long
distance to accept a teaching position. A
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study of the recruitment areas for urban, suburban, small town, and rural
districts would help define the geographic areas in which members of the
reserve pool represent potential supply.

In view of the major importance of the reserve pool to teacher supply and
the concern that the other constituent of supply, newly certified teachers, is
decreasing, the panel urges that all of these types of data collection and research
activities be carried out.

Retention and Attrition Rates

New entrants to teaching are one major component of teacher supply. The
other major component—and the largest—is the corps of continuing teachers.
Continuing teachers represent typically 90 percent of teacher supply in any
year. Models tend to use single retention rates or attrition rates for projection
purposes. More successful state models use attrition rates that are differentiated
by age or years of experience and by subject field. We reaffirm our support, as
stated in the panel's interim report, for the use of timely, disaggregated data to
determine the proportions of teachers who can be expected to stay or leave.
Improvements can be built into SASS to ensure useful data on teacher retention
and attrition by subject. We again acknowledge that there are tricky problems in
using information on retention to project continuing teachers. For example,
teachers who leave one school may simply transfer to another, and for a
national portrayal of supply this kind of mobility needs to be subtracted out.
Models for a subject such as biology need to be sure not to count as continuing
biology teachers those who were teaching another subject last year.

In this vein, additional data are called for to monitor, over time, the
important phases of the supply pipeline encompassing retention and attrition.
To what extent do science and mathematics teachers leave teaching early in
their careers? Do statistics indicate a large wave of retirements in the next five
years? 15 years? It appears from an analysis by RAND of the teaching force in
1976-77, 1980-81, and 1983-84 that the proportion of teachers age 55 and over
(9.5-10 percent) was quite stable. There was a clustering of secondary school
teachers in mid-career, (age 35-44); 36.2 percent of secondary school teachers
in 1983-87 were in this age group, an increase from 22.6 percent in 1976-77.
The older members of this group are expected to become eligible for retirement
in about 15 years (i.e., 1998-99). At that time the beginning of a wave of
retirements may be anticipated (Haggstrom et al., 1988:8-9). For science and
mathematics teachers, patterns of age, years of experience, and expected
retirements seem to be similar. The 1985-86 survey of science and mathematics
education by Weiss (1987) found that the typical high school science or
mathematics teacher
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in 1985-1986 had 14 years of prior teaching experience, compared with 11
years for a typical teacher in 1977—some evidence of aging. The data do not
support the prediction of an unusually large wave of retirees in the next decade.
The class intervals in the Weiss study differ from those in the RAND study,
although she found that only 14 percent of secondary school mathematics
teachers and 16 percent of secondary school science teachers were over 50
years old (Weiss, 1987:64).

Data are thus needed from districts on the distribution of teachers by level,
age, race/ethnicity, sex, and discipline. Attrition should be classified by
retirement or other cause. Comparative salaries should be included to glean
more about the competitiveness of teacher salaries relative to opportunity cost
salaries. More specifically, information on the salary scale is needed, unless
both average salary and years of experience are available. These data would
enable the separation of attrition due to retirement from attrition due to
incentives to leave teaching in favor of something else. The best prospect for
obtaining these data is probably SASS, which included questions on attrition,
by field, in the base year survey, but response to those questions was
unacceptably small. The panel encourages efforts by NCES to modify the SASS
matrix questions on attrition to simplify and improve response and to collect
these data on a continuing basis. The school questionnaire should be able to
separate attrition due to moving to another district from attrition due to leaving
the teaching profession completely, which reduces the national supply of
teachers.

Overall changes in supply are affected by factors that make teaching more
or less attractive compared with other occupations. The SASS follow-up survey
of former teachers, conducted in spring 1989 and to be surveyed again in 1991
and 1993, should provide data on this aspect on a national scale. Another rich
source of data that are available for analysis is the supplemental questionnaire
sent to over 1,000 past and present teachers and those trained for teaching in
1986 as part of the fifth follow-up of the National Longitudinal Study of 1972
(NLS-72) (see Appendix B for a description of this subsample). In a
preliminary analysis of the detailed career histories of these current and former
teachers, Heyns (1988) found that nearly half (44.7 percent) of those who had
taught for at least a year were no longer teaching by 1986. She found attrition
rates to be particularly high in the first three or four years of teaching, and often
it was male high school teachers who left. Most of those who left were single
and took another job directly after leaving teaching; that is, the primary pattern
of nonretirement attrition was not women leaving for homemaking.

Another factor that can influence the retention rate for a school district or
state is the portability of teachers' pensions. It would be useful to have
comparative information from states on teacher retirement policies. Such
information would be helpful for research relating retention rates,
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portability of teacher pensions and retirement policies, and particularly the
sensitivity of attrition rates to the generosity of retirement provision.

The effects and the relative strengths of incentives such as retirement
systems and those such as salary and professional development opportunities on
attrition or retention are worth pursuing through better data gathering. SASS
does ask school districts about the minimum age, years of service, and penalty
associated with their retirement plans. Nonetheless, additional information is
needed to improve the analysis of behavioral components at the retirement end
of the supply pipeline.

Teacher Mobility and Interstate Migration

Little information is available on teacher mobility. Although teacher
mobility in or out of a district affects supply at the district level, it affects
supply at the state level only if the migration is interstate and affects national
supply only if the teachers immigrate or emigrate. Effective monitoring of
teacher mobility should start with separation data from the states, in the interest
of avoiding double-counting. To be checked is whether the state can subtract
"movers" from "leavers."

Little is known of the effects of interstate migration on the supply of
teachers for a given state, but large systems the panel interviewed in Texas,
Nevada, and Washington are noteworthy for major recruiting efforts out of
state, as are two of the large-city districts represented at the panel's May 1988
conference, the Los Angeles Unified School District and the school district of
Date County, Florida. While some states may have information on the in-
migration of teachers (see Table 4.1 for New York State), most states do not
maintain such data; for those that do, the data may not be comparable with other
states. The National Governors' Association (NGA) surveyed 15 states in 1987
for information on teacher mobility and teacher retirement system
characteristics (NGA, 1988:9-10). Six states were able to provide information
on the number of new hires who had taught in another state. The NGA
concluded: "Clearly, this is another example of the need for better educational
statistics. Nonetheless, . . . the number of experienced teachers moving into a
state is large enough to be of concern but manageable enough for a retirement
system to attempt to accommodate mobile teachers."

None of the states has data for out-migration to other states. One effort to
overcome that deficiency is a project funded by the National Science
Foundation through the Council of Chief State School Officers and the
Regional Laboratory for Educational Improvement in the Northeast and Islands.
Known as the Northeast Teacher Supply and Demand (NETSAD) study, it is a
seven-state cooperative endeavor being undertaken by the Massachusetts
Institute for Social and Economic Research. A primary
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concern of the project is to track the historical interstate migration of
teachers within the region. It was borne of the interest of the Chief State School
Officers in the seven states to establish a regional teaching certificate.

The SASS teacher questionnaire includes information regarding the
occupation of teachers just prior to their current positions, which should be a
resource for studying mobility at both the state and district levels. In addition,
the SASS follow-up survey of teachers who leave the districts in the SASS
sample, and further analysis of the NLS subsample of teachers and former
teachers, should provide some useful data on the behavioral components of
teacher mobility. Do they move for salary increases, for better working
conditions, or because their family moves? A different perspective on the
behavioral components of teacher mobility could be obtained from in-depth
discussions with a group of district personnel officers. A series of in-depth
conferences with school system officials is recommended in Chapter 6.

To summarize the discussion of this section, the supply of precollege
science and mathematics teachers can be envisioned as a pipeline marked by a
number of stages or decision points. These decision points should be monitored
for a clearer understanding of the incentives underlying the decisions made by
individuals as they move through college and the world of work. Key decision
points that call for further information are college students' selection of majors
and career goals; earning certification to teach and to become certified in certain
subject areas; the decision either to apply immediately to teach or to pursue a
nonteaching activity; knowing about the composition of the group of new hires;
understanding the supply potential of teachers in the reserve pool; and knowing
more about the decision to remain in teaching or to leave. At each stage we
have noted data that are needed to provide a clearer picture of the supply of
science and mathematics teachers.

A SPECIAL CASE: THE SUPPLY OF MINORITY TEACHERS

In the interviews conducted with school district personnel administrators
across the country, they frequently mentioned a shortage of minority teachers. If
concentrated efforts were made to increase the number of minority science and
mathematics teachers in particular, an indirect result certainly would be an
increase in the overall supply pool of teachers. In this vein, then, we summarize
the available data on the particular problem of the supply of minority science
and mathematics teachers.

Statistics collected by the National Education Association (NEA) indicate
that the proportion of minority teachers fell significantly between 1971 and
1986. In 1971, 8.1 percent of the teaching force were black and 3.6
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percent were of other minority groups. By 1986, however, black representation
had dropped to 6.9 percent, and other minorities had declined to 3.4 percent
(NEA, 1987e:14). Comparisons with minority school enrollment proportions
show how seriously underrepresented minority teachers are. A policy statement
issued in September 1987 by the American Association of Colleges for Teacher
Education (AACTE) summarized data from the NCES on student enrollments
(CES, 1987b) and from the NEA on teachers (NEA, 1987¢) in a clear
illustration of the problem (AACTE, 1987a:3):

» Blacks represent 16.2 percent of the children in public schools, but only 6.9
percent of the teachers.

» Hispanics represent 9.1 percent of the children in public schools, but only
1.9 percent of the teachers.

*  Whites represent 71.2 percent of the children in public schools, but 89.6
percent of the teachers.

To trace the special problem of minority underrepresentation in precollege
teaching—and, when data are available, science and mathematics teaching in
particular—selected statistics are shown below to illustrate the monitoring of
minority-teacher supply at eight stages of a supply pipeline.

1. Minority enrollment in higher education. The data on minority
enrollments that follow were compiled by NCES and reported in its
1988 report Trends in Minority Enrollment in Higher Education, Fall
1976-Fall 1986 (CES, 1988d). Black enrollments in higher education
went from 1.03 million in 1976 to a high point of 1.11 million in 1980
and declined somewhat to 1.08 million as of 1986. Enrollment for other
minority groups has increased steadily since 1976: Hispanics (from
400,000 to 625,000 in 1986) and Asians/Pacific Islanders (more than
doubling from 200,000 in 1976 to 448,000 in 1986). Black male
enrollment has undergone the most significant rate of decline among
minorities, having fallen about 7 percent between 1976 and 1986. In
terms of proportions, minorities generally constituted approximately
17.9 percent of total enrollment in institutions of higher education as of
1986—an increase from 15.4 percent of total enrollments in 1976. For
blacks, however, the proportion had fallen from 9.4 percent in 1976 to
8.6 percent in 1986.

2. Interest in majoring in education. For college-bound black high school
seniors who noted their intended college major on their SAT
background information forms, interest in majoring in education
decreased between 1981 and 1984. Baratz (1986), citing the yearly
profiles of college-bound seniors published by the College Board,
reported that in 1981, 5 percent of black student respondents intended to
major in education. But by 1984 only 3.4 percent of black students
intended to do so (pp. 9-10). And when the mean SAT scores of black
high school seniors by intended major are compared, the highest mean
SAT scores are found among students
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headed for the fields of engineering, physical science or mathematics,
and biological sciences. The mean SAT score for students who were
planning to major in education was the lowest among the eight fields of
study (Baratz, 1986:8).

3. Bachelor's degrees earned. It appears that the minority teacher supply
pool continues to decline with each stage along the pipeline. Most of the
declines occur among blacks; other minority groups seem to continue in
the supply pipeline at greater rates than blacks, and at greater rates than
a decade ago. As reported by NCES in Education Indicators—1988
(NCES, 1988f:104):

Blacks earned fewer degrees in 1985 than in 1977 at all degree levels except
the first-professional (e.g., M.D., J.D.). The declines are particularly significant
when compared with increases in the young adult black population during the
same period: it rose 7 percent among 18-to 24-year-olds and 40 percent among
25-to 34-year-olds. Men accounted for nearly two-thirds of the drop in degrees
[among blacks] . . . . Hispanics, Asians and American Indians/Alaskan Natives
earned more degrees in 1985 than in 1977 at all levels. The increase among
Hispanics was in line with their population growth.

The number of bachelor's degrees in education (though this statistic has limited
meaning given the movement toward requiring subject majors) fell
significantly overall, from 143,462 in 1976-77 to 87,788 in 1984-85—a
39 percent decline. But for blacks it declined particularly steeply. In
1976-77, 12,922 blacks earned bachelor's degrees in education; in 1985,
only 5,456 did—a 58 percent decline (NCES, 1988f:290,292).

4. Pursuing a master's degree in education. In an NCES special report,
Hill (1983:18) reported a large decrease between 1976 and 1981 in the
number of education degrees earned at the master's and doctor's degree
level as well as the bachelor's degree level. Fewer students as a whole
obtained an advanced degree in education, but for blacks the number
declined more than for graduates in general. Overall, 128,417 graduate
students received master's degrees in education in 1976 (NCES,
1986:130), by far the most popular advanced degree pursued (next was
the master's in business, with 42,512 recipients). By 1985, only 76,137
master's degrees in education were earned—a dramatic 41 percent
decline (NCES, 1988b:211). For blacks, however, there was a 53
percent drop in the number receiving master's degrees in education:
from 12,434 in 1975-76 (Hill, 1983:27) to 5,812 in 1984-85 (NCES,
1988b:223).

5. Pursuing teaching versus other endeavors. While the number of blacks
earning bachelor's and master's degrees in education fell substantially
between the mid-1970s and the mid-1980s, the total number of
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first-professional degrees and M.B.A.s awarded to blacks rose during
this period (Hill, 1983:27,29; NCES, 1988b:223-228). In a Phi Delta
Kappan article documenting the shortage of black teachers, Patricia A.
Graham cited a variety of data sources indicating decline in the supply
of minority teachers. Graham speculated about the alternative routes
black students in higher education could be taking (Graham, 1987:603):

Experts differ about the causes for the decline in the number of black teachers
and for the decline in the number of black students seeking to major in
education. The first explanation, favored by those who believe that America is
slowly but inevitably progressing toward racial justice, stresses the broader
range of career choices available to educated blacks today. Previously,
teaching was one of the few jobs available to college-educated black men and
women. Because we now see blacks in other professions, we conclude that
these successful middle-class blacks would have been teachers in previous
generations. To some extent, this conclusion is probably correct, but not
enough blacks have moved into other professions as yet for us to be certain
that they represent displaced teachers . . . . Young blacks who are choosing
alternatives to careers in education are not shifting in significant numbers to
other professional fields.

The data we have available do not probe the alternative careers that minorities are
pursuing, and we believe this will be an important research topic to
study. The Survey of Recent College Graduates asks for the respondent's
race. This survey may hint at decisions made immediately after college
graduation, but it does not probe as deeply into alternative career or
schooling decisions as would be required to analyze fully this special
case of minority science and mathematics teacher supply. Data from the
follow-up surveys of the NLS-72 sample could be analyzed by race/
ethnicity to identify the career patterns minority students are selecting
and the career patterns they pursue.

6. New hires. The number of new hires into the nation's public school
systems is not known nationally by racial/ethnic group, but it should be
available from SASS since the teacher questionnaire asks for the
respondent's race and subject taught. SASS is also expected to provide
data on what the person had done before entering teaching (though it
does not ask for the salary of the job held prior to entering teaching).

7. The current teaching force. Among the general public-school teaching
force, the percentage of teachers who are black decreased from 8.1
percent in 1971 to 6.9 percent in 1986 (NCES, 1988b:70). The
proportions of secondary science and mathematics teachers in 1985-86
who are black are lower still. Among grade 10-12 mathematics teachers,
only 3 percent are black; among grade 10-12 science teachers, 5 percent
are black (Weiss,
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1987:63). Most of the black and Hispanic teachers of science and
mathematics are in the elementary grades. The Office of Technology
Assessment (1988:58) posits: "For now, the proportion of minorities in
the teaching force is increasing slightly, but several commentators warn
of future shortages of minority teachers, particularly in mathematics and
science."”

8. Retention and attrition. Of 308 minority teachers surveyed as part of
Metropolitan Life's 1988 Survey of the American Teacher, 40 percent
said they were likely to leave teaching within five years, as opposed to
25 percent of the 891 nonminority respondents (Metropolitan Life,
1988:22). This may reflect the fact that 29 percent of the minority
teachers surveyed for the Metropolitan Life project worked in inner-city
schools, as opposed to only 9 percent of the nonminority teachers. The
Metropolitan Life report summarized its findings on this aspect of
teaching as follows (p. 5):

* Almost three out of four of the dissatisfied minority teachers say they
are likely to leave, compared to about half of the dissatisfied
nonminority teachers.

* Even among minorities who are very satisfied with their careers as
teachers, more than one out of five say that they are likely to leave.

* Less experienced minority teachers are the most likely to say that
they will leave. Fully 55 percent of minority teachers with less than
five years of teaching experience say that they are likely to leave the
profession.

Little information is currently available on retention and attrition rates
of minority teachers. A study by Kemple (1989) of the career paths of
2,535 black teachers in North Carolina finds that, on one hand, over two-
thirds of these teachers, who began their teaching careers between 1974
and 1982, stayed in teaching through 1985-86, and over one-third who
had quit returned. On the other hand, the likelihood of teachers in this
group leaving has been increasing since the mid-1970s, suggesting that as
blacks gain access to other professions they may shorten their teaching
careers. Kemple stressed that "even minor increases in attrition will have
large influences on the overall representation of Black men and women in
the teaching force" (p. 2).

Data from the 1989 SASS follow-up questionnaires of teachers who left
and teachers who remain, which are expected to be available in 1990, and
analysis of the 1986 survey of teachers and former teachers who took part in
NLS-72, offer the best possibilities at this time of national data capturing much-
needed information on alternative jobs taken and opportunity costs associated
with teaching science and mathematics. These questionnaires ask for the
respondent's race, subjects taught, length of experience, comparative salaries,
and decisions made regarding continuing or leaving teaching, the pursuit of
more schooling, or taking other positions.
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Research is needed on the employment patterns of minorities and
especially the difference in response to opportunity by minority women. Would
increasing salaries attract them to teaching? Or is the cost of teacher training the
problem? From 1958 to 1965 state teacher colleges provided blacks with easy
access to education. They could live at home while going to college and could
get a degree with the opportunity for income. A researchable question is
whether the cost of teacher training relative to other occupational training has
increased.

In conducting such research, analysis of existing data by racial/ethnic
characteristics would be a productive first step. As a companion to the
description in Appendix B of national data sets relevant to teacher supply and
demand, NCES has published a useful compilation identifying six minority
student issues and relating them to 32 NCES surveys containing racial/ethnic
data (NCES, 1989b).

In conclusion, the troubling evidence thus far on minority science and
mathematics teachers suggests a disproportionately acute shortage of blacks.
The most valuable activity we can suggest—from analysis of data from SASS
and other data sets and through the conduct of further research—would be to
probe into alternative decisions black college students and graduates make,
alternative positions they pursue, and the opportunity costs they perceive that
draw them away from teaching science or mathematics.

SUMMARY

We have called attention to important gaps in the content of current state
and national models. To understand fully the forces, influences, and incentives
that affect the supply of science and mathematics teachers requires data and
behavioral content that the current models do not capture. A sequential
approach toward the goal of improved national models is thus recommended.
For the short term, efforts can be made to monitor the state of supply—by
further analyzing existing data such as those from the NLS-72, by building on
the promising work of SASS, and by compiling and disseminating states' data,
for a clearer portrayal of the supply situation in this country. This chapter
described existing and proposed data that can serve as components of an
effective monitoring system.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Qualit

THE QUALITY OF SCIENCE AND MATHEMATICS 116

TEACHING

5

Statistics Related to the Quality of Science
and Mathematics Teaching

As noted in previous chapters, the supply and demand for teachers of
mathematics is brought into equilibrium in the short term by adaptations in the
selection criteria for teacher or teaching quality. Thus a school system unable to
hire science and mathematics teachers at a preferred quality level will have to
lower its minimum quality requirements. Conversely, school systems facing a
supply of teachers of acceptable quality in excess of the number they need will
be able to choose those at the top of their quality scale, thus ending up hiring
teachers of higher quality than suggested by their minimum criteria. While this
comprises a generally accurate description of school system hiring practices, it
does not tell us anything at all about what factors go into quality teachers or
quality teaching. It is to that topic that we now turn.

It should be recognized from the beginning that we do not have very
precise notions about what constitutes teacher or teaching quality, and thus we
cannot provide definitive prescriptions as to types of data that need to be
obtained in order to monitor either the level of teacher quality that exists or
changes over time in quality. The problem is that assessment of quality is an
extraordinarily difficult enterprise, and existing research does not go very far in
identifying the factors that determine quality. It is the panel's view that the right
dimensions of teacher or teaching quality are factors that produce a positive
influence on student outcomes—that is, higher quality in our view should be
defined to mean better student outcomes, given the influence of other forces
besides teachers or school system factors that influence student outcomes.

Perhaps the best way to summarize the current state of knowledge on this
topic is to note two sets of facts that come from existing studies of teacher
quality.
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1. Teacher quality matters a good deal to student outcomes, in the sense
that it is possible to identify teachers who have produced well below
average outcomes. In this context, identify simply means that specific
teachers can be shown to produce relatively good outcomes, and other
specific teachers can be shown to produce relatively poor outcomes
(Contra and Potter, 1980).

2. If one tries to describe what factors are associated with teachers who
produce good outcomes or bad outcomes, one finds very little
association between particular characteristics of teachers and the
resulting student outcomes. That is, better formal credentials, better
preparation in terms of course work, more years of teaching experience,
better scores on standard tests of teacher qualifications, etc., do not
generally show up as teacher characteristics that are strongly related to
better or worse outcomes (Druva and Anderson, 1983; Hanushek, 1986,
1989). It has often been found that teacher verbal ability is positively
related to better student outcomes, but the relationship is not
exceptionally strong; most other factors do not show up at all (Darling-
Hammond and Hudson, 1986).

In sum, we know that there must be characteristics of teachers or of
classroom situations that produce better student outcomes, and qualities or
characteristics that produce worse student outcomes, but we do not know what
these characteristics or qualities are with any degree of assurance.

Although it may be surprising to some readers that so little is known about
what factors are related to teacher or teaching quality, a little reflection suggests
that it is not so unusual that the state of knowledge is so limited. If one were to
ask whether some people are more effective social workers and others less
effective, whether some people turn out to be very successful business
executives and others less so, or whether some people are very successful at
doing survey research interviews and others are less successful, the answer in
all these cases will surely be that there are very large differences in the degree
to which people are successful or unsuccessful in particular kinds of
professional activities. If one goes further to ask what factors are associated
with success in being a social worker, a business executive, or a survey research
interviewer, the answer will commonly be that very little is known about why
some people succeed and others fail. The probable reasons are that the factors
making for success are complicated, that personal characteristics and
characteristics of the particular environment interact and may be idiosyncratic
to particular situations or types of work environments, and that success has a lot
to do with motivation, energy, striving for success, interpersonal skills, and
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myriad other factors that come together in subtle ways to produce better or
worse outcomes.'

Given this state of knowledge, what should be done about the collection of
data that relate to teacher or teaching quality? It is the panel's view that,
although little is known about what factors are importantly related to quality,
something is known about the kinds of factors that probably play some role in
determining quality. We should try to collect the best such set of factors,
recognizing that the data collected will not be sufficient to do a satisfactory job
of explaining student outcomes. Thus in this section we discuss a number of
types of data that are probably related to quality, although they have not been
convincingly shown to be either strongly or systematically reliable indicators of
quality. These results may be caused by systematic errors: for example, the
better teachers teach higher-order skills, but tests measure primarily lower-order
skills, so the quality difference in teaching is not measured.

The reader will note that we have talked about quality both in terms of
teacher quality and teaching quality. The two are not synonymous. By teacher
quality we mean those personal characteristics of individuals that enable them
to be more effective in classroom settings: education level, subject matter
knowledge, interpersonal skills in working with students, degree of inservice
training, formal credentials, etc. By teaching quality we have in mind a
somewhat broader notion that encompasses not only teacher characteristics but
also the school setting in which classroom teaching takes place. Thus teaching
quality includes factors that are beyond the control of the individual teacher:
disciplinary norms of the school system or of the building principal, support
given by principals to teachers, the presence or absence of inservice training
opportunities or opportunities for interaction among teachers, types of textbooks
that are selected for use in the school systems, amount of time allocated to each
subject, number of classroom hours taught, and so on. Thus, teaching quality
encompasses factors that

! The nature of the problem is illustrated by the example of survey research
interviewing. This subject has been studied for many decades, and what we know with
certainty are only a few relevant facts, none of which is sufficient to design a test to
predict success at survey research interviewing. There are enormous differences in
degree of success. Some interviewers achieve close to a 100 percent cooperation rate and
have virtually no refusals, collect consistently high-quality data, and do so with relatively
few hours expended in the interviewing task and thus have lower costs. Other
interviewers have extremely high refusal rates, do not collect consistently high-quality
data, and take a great many hours to produce relatively mediocre results. Although we
know that these differences exist, it has not been possible to identify personal
characteristics that would enable survey research organizations to predict who will be a
good interviewer and who will not. Conventional demographic characteristics
(educational level, experience, age, etc.) are of virtually no use in explaining success.
Although a few personality characteristics seem to have some association with success,
the state of knowledge is still relatively crude, despite a great deal of methodological
work.
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are not within the control of individual teachers, while teacher quality includes
only those factors that relate to the personal characteristics of individual teachers.

In examining the quality of mathematics and science teachers, we have in
mind a broader notion than assessing the quality of teachers who specialize in
mathematics or science. Although some districts employ teachers who
specialize in science or mathematics as early as the fourth grade, most teaching
in mathematics in grades K-8 is done by teachers in either elementary or middle
school who may not be classified as science or mathematics teachers, but rather
as teachers who teach science and mathematics. The distinction is important: we
are interested in assessing the quality of mathematics and science teaching on
the part of teachers who teach those subjects, and many of them—probably most
—are not specialized in the teaching of either science or mathematics.

Moreover, we are also interested in those dimensions of quality that relate
to preferences of the school systems for the types of teachers they wish to hire.
It is clear enough from our case studies, as well as from extensive discussions
with the personnel directors of large city school systems, that mathematics or
science teachers are not hired solely for the perceived quality of their
mathematics or science teaching. Many school systems have other dimensions
of teacher performance in mind when they hire teachers. In some school
systems, the ability to fit in with the community is important; in some, the
ability to teach other subjects or to direct extracurricular activities is important;
in some, the ability to work with the types of students in the school system is
perceived to be extremely important. The basic point is simple enough: school
systems do not hire teachers to teach science and mathematics solely because of
their perceived ability to be effective in classroom settings. Rather, hiring
decisions are influenced by a great many other factors, some of which will
necessarily result in hiring people who are likely to be less effective in teaching
science and mathematics than teachers who were not hired because they lacked
other skills or characteristics.

In the remainder of this chapter, we attempt to sort out the major
ingredients of teaching and teacher quality that call for further data. We look
first at school system policies and practices and the school-level conditions that
can affect teaching quality. Next we look at the qualifications of incoming
teachers—their college and professional preparation, their level of achievement
in science and mathematics, their cognitive abilities, and so on. Finally, we
examine other factors that also influence student outcomes but do not fall neatly
under either school system policies and practices or teacher qualifications and
characteristics: curriculum and textbook selection issues, time-on-task issues,
and issues relating to the home environments of students. All of these do or may
influence student outcomes to a substantial
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degree, and none is likely to be under the control of either the teacher or the
school principal.

SCHOOL SYSTEM POLICIES AND PRACTICES

The assignment of a teacher to courses and pupils appropriate to the
individual's educational background, certification status, and experience is
crucial to quality instruction in precollege mathematics and science. But district
personnel policies, budget constraints, and other external factors can impede the
ability to achieve the most effective match.

A policy maker with the specific goal of higher-quality instruction often
finds that it is difficult to change many of the policy variables that affect the
quality of instruction. District policies exist in a complex web of competing
goals and pressures. Even if the central goal is quality teaching, the policy
maker must also consider school system policies and union contract provisions
regarding recruitment, initial assignment, and transfer and retention of teachers.
A given set of policy guidelines can have quite different effects depending on
whether enrollment is stable, growing, or declining. For example, seniority rules
for assignment or transfer have different effects in environments in which
enrollments are rising or declining. Personnel policies are also affected by the
enrollment size of a particular school system, the enrollment size of a high
school, the extent to which the curriculum is taught by specialists, and the
match among educational background, teaching assignment, and teacher and
student cultures.

Recruitment and Hiring Practices

Certain policies set by the school district, teacher organization, or state
school finance plan can have deleterious effects on the ability to hire the most
talented teachers. The examples given here apply not only to science and
mathematics teachers but probably also to teachers in general.

Discussions with personnel offices of large school systems suggested that
recruitment of new teachers by large districts with diverse student populations
was often hindered by the fact that recruiters could not specify the school to
which the applicant would be assigned. Many persons would find such a school
system desirable only if they could teach in a given section of the school system
or in a specified school. Since recruiters could not make such commitments, or
could not make those commitments early enough in the recruitment period,
candidates were lost to the school system. This problem stemmed from district
policies related to the timing of hiring, interviewing, and specific placement.
District policy in some systems requires
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the applicant to be interviewed only by the district administrator; subsequent
assignment is a central office decision. Other district administrators screen
applications and refer promising candidates directly to principals, who conduct
the interviews.

The uncertainty of initial assignment also seemed to be exacerbated by
seniority rules of internal transfer. In one medium-sized school district in a
western state that participated in our case study analysis, internal transfer rules
took months to implement. With a tendency for junior high science and
mathematics teachers to request high school positions, and for elementary
teachers to request junior high positions, the process of considering all transfer
applications and then determining which positions were actually vacant
continued well into the summer. Job offers could not be made until August.
Since other districts could make job offers in March and April, this district was
left with candidates who had not obtained positions elsewhere.

In some circumstances, the problems stemming from seniority rules
become especially severe when combined with rehiring rights after teachers
have been laid off due to enrollment decline or financial constraints. In such
circumstances, district rules, regulations, and practices rather than professional
judgment often seemed to determine the match between teacher and classroom
assignment. For example, seniority rules may restrict new hires to the least
desirable schools in the district. These rules may drive teachers not only from
the school system but also from the profession. Seniority rights may also prevail
when teachers are transferred among schools. When vacancies occur, the
teacher with the greatest longevity in the school system may have first choice.
When enrollment declines, teachers with higher longevity in the school system,
the school, or a teaching field may have rights to bump less senior teachers. The
length of the waiting period before opening vacancies to outside applicants
greatly affects the district's ability to sign on talented applicants. Many officials
said they lose good applicants to other districts whose rules or budgets allowed
them to hire sooner.

Enrollment size and composition also influence district policies. The hiring
restrictions of one large urban school system in the West contrasted starkly with
the innovative practices for meeting future needs employed by a small suburban
school system in the same region. The suburban superintendent, in conjunction
with a nearby college, recruited well-trained graduates to fill projected
vacancies. The smaller enrollment size and relative wealth of the suburban
school system, as well as the homogeneity of the student population, accounted
for the differences in practices between the suburban and the urban systems. In
another suburban school system in the East, a teacher who attracted high school
students to advanced science classes had been allowed to develop his own
teaching assignment. Such
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flexibility is less likely in a larger school system concerned with uniform course
offerings among schools. One of the reasons for more rules, and sometimes less
flexible ones, in larger school systems is the need to adhere to goals of equity
among staff members in conditions of employment.

Factors external to the school district can also affect local hiring practices.
Increases in state-mandated graduation requirements for mathematics or science
can cause the district to fill vacancies in those fields with teachers not yet
certified in the particular subjects, in order to meet the state requirement.

As noted in Chapter 2, 42 states have added requirements in science or
mathematics since 1983. The Center for Policy Research in Education (CPRE),
which has surveyed the states' graduation requirements, has found that in
schools affected, about 27 percent of students are taking an extra mathematics
course and 34 percent an extra science course (CPRE 1989:33). Many of these
students are middle-to low-achieving, the CPRE study relates (p. 35). CPRE
inquired as to the nature or level of the additional courses. In many instances
the added courses were remedial or lowerlevel science and mathematics courses
(p. 35-36). The increased requirements undoubtedly have changed schools'
staffing patterns and course assignments and have probably affected hiring
practices for science and mathematics teachers.

State-mandated minimum competency test scores and state school-finance
formula constraints on local funds for laboratory equipment and supplies,
computers, teacher aides, or teacher salaries are other external factors that local
personnel officials must take into consideration in hiring teachers. An
unintended consequence of decisions made under these conditions may be a
loss in teacher or teaching quality.

Of course, not all rules act to restrict supply or make the task of matching
persons and assignments more difficult; certain rules may benefit some school
systems. When there is a potential for future growth in high school enrollments,
teachers in a school system may pursue advanced study so that they can move
from elementary school or junior high to high school. Other teachers may be
attracted to begin their career in the district with a thought toward future
advancement. Without seniority rules, there would be no such encouragement,
as new hires might occupy newly created positions in high schools.

Data are needed to better describe the incidence of these and other policies
and practices that affect the ability to hire and place the most promising
candidates to assure instruction of high quality. The Schools and Staffing
Survey (SASS) does not yet provide data related to most of these areas. In-
depth conferences with a sample of SASS districts on a regular basis are
recommended (see Chapter 6) to gain more accurate insights into the use of
such policies and practices.
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Misassignment of Teachers

Teacher assignment is critical to quality instruction in all subjects,
especially so for science and mathematics. Misassignment of science teachers
can occur when a vacancy in a science specialty is filled with a certified science
teacher who is unfamiliar with that particular field. High schools may be too
small to have a full-time chemistry or physics teacher or even a full-time
biology teacher.” In 1986-87, only 13 percent of teachers who taught physics in
secondary schools had teaching assignments in physics alone. Almost two-
thirds of the teachers who taught physics had their primary concentration of
classes in chemistry, mathematics, or general and physical science (American
Institute of Physics, 1988:17). There may be a need for one but not two science
teachers. The same type of misassignment can occur in mathematics, when a
teacher is trained to teach areas of mathematics other than that assigned or some
other subject altogether. In many states, it is legal to assign a teacher to teach
part time in an area in which the teacher is not certified, under a practice called
out-of-field teaching as opposed to "misassignment" (Robinson, 1985).

Estimates of the prevalence of misassignment based on data from the early
1980s collected by the National Center for Education Statistics (NCES) and the
National Education Association (NEA) vary considerably. In a preliminary
report on indicators of precollege education in science and mathematics, the
National Research Council (NRC) notes the erosion of the quality of the
existing teaching pool by misassignment of newly certified teachers. This report
cites NCES findings that, among bachelor's degree recipients in 1979-80 who
were teaching elementary or secondary

2 In one of the case studies, the employment of a full-time chemistry teacher by a
school system was mentioned. This condition was treated as rare for the school systems
studied. Such employment can be seen as unusual for the United States by examining
some necessary conditions. If one assumes that a teacher teaches 5 classes and that a
class has between 25 and 30 students, then to teach a single subject at the same grade
level requires 125 to 150 students per grade level. For a 4-year high school this means a
school enrollment size of 500 to 600. For a 3-year high school, it means an enrollment
size of 375 to 400. In 1982-83 9.5 percent of secondary students attended schools below
the latter size criterion. An additional 10.5 percent of secondary students met the former
criterion. If only half of the students take a chemistry course, then slightly more than half
of the students, 53.3 percent, attend such secondary schools. If only a third of the
students take a chemistry course, then only slightly more than 10 percent of secondary
students (13.4 percent) attend schools of that enrollment size (NCES, 1986:68). That
only a third of secondary students are likely to take a chemistry course can be garnered
from the fact that 65.4 percent of public secondary school students take natural science
(p. 41), and the average number of Carnegie units (a standard of measurement that
represents one credit for the completion of a one-year course) in natural science is 1.9 (p.
44). Expanding the ranges of possible courses in natural science to include two courses
in chemistry or chemistry and physics would indicate that only 3.9 percent of schools,
that is, the schools with larger enrollments that enroll 13.4 percent of the students, would
be able to hire a full-time chemistry or physics teacher.
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school full time in May 1981, only 45 percent of science teachers and 42
percent of mathematics teachers were certified or eligible to be certified in the
field in which they were teaching (NRC, 1985:52). More recently, Darling-
Hammond and Hudson (1987a:21) reported "estimates that vary depending on
who is asked to estimate the degree of misassignment (school administrators
versus teachers) and on how misassignment is defined." They reported
(1987a:21):

* Not certified in area of primary assignment: 9-11 percent by teacher report,
3.4 percent from central office administrators' estimates (NEA, 1982;
NCES, 1985a).

» Not certified for some classes taught: 16 percent by teacher report (NEA,
1982).

* Less than a college minor in area of primary assignment: 17 percent by
secondary school teacher report (Carroll, 1985).

The 1985 National Survey of Science and Mathematics Education found
higher proportions for science and mathematics—18 percent of grade 7-9
mathematics teachers and 14 percent of grade 10-12 mathematics teachers teach
courses for which they are uncertified. For science teachers, the percentages are
25 for grades 7-9 and 20 for grades 10-12 (Weiss, 1987:77-88).

Transfer policies can sometimes lead to a misassignment and thwart a
teacher's potential for advancement. In our contacts with school district
administrators, a tendency was reported for principals to transfer teachers from
subject fields of surplus to subject fields of need. Often, these transfers moved
the teachers from their primary subject fields to different areas. Transfers of this
nature took place to changes in student demand for subjects under stable
enrollments as well as in times of changing enrollments. Such transfers also
occurred because principals sought teachers able or willing to handle
extracurricular tasks such as athletics, the school paper, the yearbook, or student
clubs.

The extent to which misassignment occurs today in science and
mathematics may be greater than for other subjects. Data on the extent of
misassignment for all fields at the school district level will be obtainable from
the SASS Teacher Demand and Shortage questionnaire. It will also be possible
to estimate misassignment by field by using the SASS teacher questionnaire.
This questionnaire obtains courses currently taught by each departmental
teacher, the teacher's area(s) of certification, and college major and minor.
Estimates of misassignment by field as defined by certification status can be
made using these data.

Since certification standards vary so much across states, the fact that one
was not certified in the field in which one is teaching does not necessarily mean
misassignment. To obtain a more complete picture of
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misassignment, information on inservice training and actual course-taking
preparation should also be analyzed, as Darling-Hammond and Hudson suggest
(1987a: 21-22). The SASS teacher questionnaire represents a promising step
forward. It requests data not only on certification status (as above), but also on
degrees earned and major and minor fields of study, amount of course work in
primary and secondary teaching assignment fields, and, for teachers who teach
any science or mathematics courses, the number of graduate and undergraduate
courses taken in various categories. These are rich data to examine
misassignment and out-of-field teaching.

Information from SASS should be analyzed together with state
certification data on the number of emergency certificates issued in science and
mathematics; 46 states allow emergency certification. Of these, 30 require
university course work in order to renew and work toward full certification
(McKibbin, 1988:32). Supplementary data would include state rules on the
extent to which out-of-field assignment is legal. Such information from various
sources, when analyzed jointly, will help monitor the extent and trends of
misassignment in science and mathematics teaching.

Providing for Inservice and Continuing Education

Some of the most important district and school practices that affect the
quality of instruction are those directed to teachers already in place. To
maintain quality instruction throughout their careers, teachers require
professional support from their schools and districts. This support includes
working conditions, facilities such as laboratories, materials and supplies,
collegial and administrative support, resources for continuing education, and
opportunities to influence decision making (Darling-Hammond and Hudson,
1987a:27-37).

District practices regarding inservice and continuing higher education for
teachers in place affect teacher quality directly and can make it more or less
attractive for a teacher to continue in a district. School districts have been the
primary sponsors of inservice programs, but such programs are highly
vulnerable to district budget cuts.

Decisions as to what kinds of inservice education to fund with a limited
budget affect teaching quality in ways that data alone may be unable to
illustrate. In one large, suburban, low-wealth district we studied, much of the
staff development budget was geared to weaker teachers. Teachers had little
release time during the school year—17 days allotted for each high school.
Only about 20 percent of staff development was used for college-level course
work.

A national commitment to teachers' continuing education appears to be
missing. The federal government does support inservice education through the
Title II program of the Education for Economic Security

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Qualit

THE QUALITY OF SCIENCE AND MATHEMATICS 126

TEACHING

Act of the Department of Education and through the National Science
Foundation (NSF) Teacher Enhancement Program (Office of Technology
Assessment, 1988:69), but funding for both activities is severely limited.
Appropriations for the Title IT program have been uneven, dropping from $100
million in fiscal year 1985 to $42 million in 1986, then $80 million, $120
million, and $127 million in 1987, 1988, and 1989, respectively (OTA,
1988:123; U.S. Department of Education, 1989). These are small amounts when
viewed on a per-pupil or per-teacher basis. The Office of Technology
Assessment notes by comparison that a $40 million education program equates
to a spending of $1 per pupil or $20 per teacher (1988:123). NSF's Teacher
Enhancement Program funds a small program of teacher institutes emphasizing
teaching techniques in science and mathematics. The institute program is much
smaller than it was in the past. Between 1954 and 1974 NSF spent over $500
million on teacher training institutes that at their peak involved 40,000 teachers
(OTA, 1988:119-120). The Teacher Enhancement Program has been revived
somewhat since 1982, when it was virtually nonexistent. According to Charles
Hudnall of the NSF staff, from 1983, when $11 million were appropriated, it
has grown steadily to $43 million in 1989.

There is little national information available on the extent to which
inservice programs—or other important professional resources—are used. Most
of the existing data on this topic were collected from teachers, through self-
reporting, in 1985-86 and reported in Weiss (1987). The SASS local education
agency questionnaire asks whether the district reimburses teachers' tuition and
course fees. It also asks whether free retraining is available for teachers for
shortage areas, and what those shortage areas are. The school questionnaire for
the 1990 follow-up of NELS:88 asks principals (primarily of middle or junior-
high schools) whether teachers are rewarded with time off for professional
workshops, extra materials, choice of classes, etc. Teachers in NELS:88 are
asked about the number of hours spent on noncollege inservice education. The
NEA Survey of the American Public School Teacher (described in Appendix B)
includes three fairly detailed items concerning inservice of various types over
the past three years, including how much of the teacher's own money was spent
on college credit programs.

More data on policies related to inservice and other professional programs
are needed from school districts. Among useful measures to obtain on inservice
program use would be the number of hours of inservice training in mathematics,
science, and related pedagogy accumulated in the last 12 months. Graduate
courses should be distinguished from refresher workshops. Substantial inservice
work in the form of graduate courses in one's primary field may indicate a high
level of quality and professionalism or the intent to move from middle school to
high school. The SASS teacher

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Qualit

THE QUALITY OF SCIENCE AND MATHEMATICS 127

TEACHING

questionnaire asks whether in the past two years the teacher took any inservice
or college courses requiring 30 or more hours of classroom study, the subject
field, and a choice among several purposes for this continuing education. NEA's
Survey of the American Public School Teacher, conducted every five years,
also asks in considerable detail about kinds of inservice and college courses
taken in various subjects.

Beyond survey data, in-depth interviews with personnel officers from a
sample of SASS school districts, held on a regular basis in a conference format,
are recommended. These conference could yield information and context on
inservice programs and the incentives behind them that no formal data
collection can achieve. In this vein, improvements in inservice data are called
for, perhaps using the NEA Survey of the American Public School Teacher as a
starting point.

Other Practices that Affect Teaching Quality

This section discusses information on other practices affecting teaching
quality that is relatively easy to obtain (and in some cases available in a national
data set, as Appendix B shows).

Time allotted during the day for actual science and mathematics
instruction. Darling-Hammond and Hudson (1987a:30) note some possible
indicators of time use: (1) amount of time within the school day allocated to
classroom instruction, preparation, nonteaching duties (bus duty, hall duty,
etc.), meetings with colleagues, conferences with parents and students and (2)
amount of time outside the school day teachers spend on planning and
preparation, grading classroom assignments, contacting parents, working with
students, completing administrative paperwork, reading professional journals,
and participating in other professional development activities. With regard to
the former category—time use during the school day—the National Research
Council's Committee on Indicators of Precollege Science and Mathematics
Education found that "the amount of time given to the study of a subject is
consistently correlated with student performance as measured by achievement
tests . . ." (National Research Council, 1985:106). Although it is possible to
estimate instructional time through course enrollment at the secondary level,
teachers at the elementary level have considerable latitude in the amount of time
allocated to science and mathematics. Because of concern about the small
amount of time spent in science instruction (Weiss, 1978), the committee
recommended that time spent on science and mathematics instruction in
elementary school be tracked on a sample basis at the national, state, and local
levels (National Research Council, 1985:106-7).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Qualit

THE QUALITY OF SCIENCE AND MATHEMATICS 128

TEACHING

Among current national data sets, the SASS and NELS:88 teacher
questionnaires and the NSF survey of science and mathematics education
appear to provide the most detailed data on time use.

Class size and teaching load bear on the teacher's ability to be effective.
Darling-Hammond and Hudson (1987a:30-31) note some evidence that smaller
class sizes are related to higher achievement, and they believe that "the relation
between class size and teacher satisfaction and commitment has been,
apparently, too obvious to warrant much study" (p.30). Such indicators should
be monitored regularly, with particular attention to changes over time. The
SASS, NELS:88, the NEA teacher questionnaires, and the NSF survey of
science and mathematics education collect such data.

Opportunities for collaboration and decision making, when encouraged,
lead to more discussion of teaching, more use of new ideas, more involvement
in solving teaching problems, and stronger commitment to teaching (Darling-
Hammond and Hudson, 1987a:32). Collaboration and participation in decision
making also seem to reduce absenteeism and turnover. Schools vary widely in
opportunities for collaboration. In a medium-sized urban district studied by the
panel, new teachers received little support beyond being handed the syllabus for
the course. One new science teacher said that she was sure that help was
available but she had no time for discussions; she spent every free minute
setting up or taking down labs. One school included in another district case
study pairs each new science teacher with an experienced teacher, and
interaction is frequent. The SASS and NAEP teacher questionnaires and the
NSF survey of science and mathematics education collect general, self-reported
opinions by teachers on these aspects of quality. While it would be difficult to
measure the effects of these practices with survey instruments, they are noted
because researchers have found them to be related to teaching quality.

Salaries do seem to affect individuals' decisions not to enter teaching, and
low salaries influence existing teachers' propensities to take second jobs
(Darling-Hammond and Hudson, 1987a:33). But research has shown little about
the effects of salaries on teacher performance. Among the current national data
sources, the National Education Association provides data on starting salary of
teachers and the SASS teacher questionnaire inquires about salary, including
income from nonschool employment and total family income. This
questionnaire also requests opinions of various pay incentives.

A wide variety of data collection and research concerning school system
policies and practices that affect teaching quality have been proposed in this
section. We set priorities on these data needs in Chapter 6. It is critical,
however, to build a foundation of data about school and district practices
relating to quality and to embed the data in a context obtained
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by interaction with school districts (such as those recommended at the end of
Chapter 6).

MEASURING TEACHER QUALIFICATIONS

A good information base on the quality of the teaching force would permit
descriptive profiles of teachers and would allow for the measurement of change
in teacher characteristics over time. Such information may be particularly
important for understanding the quality adjustments that bring supply and
demand into equilibrium. In the future, it may be possible to introduce quality
information focusing on teachers, as well as on school and district practices,
into models of teacher supply and demand.

Although certification is available as the baseline measure of teacher
quality, it is a most imprecise indicator. More comprehensive information
would be available from a teacher's transcript showing all courses taken. A
higher standard of quality still would be approval by a professional board of
standards in science or mathematics. Thus, one presumes a higher level of
teacher knowledge as more of the standards are met and, therefore, a better
quality of instruction. It is clear that the number of teachers meeting the
standards declines as one moves from state certification to those of professional
associations, and to the qualitative rather than the quantitative dimension of the
professional standards. We discuss these standards of quality in order of
difficulty of attainment.

Certification as the Basic Proxy for Teacher Quality

When measuring quality of the supply of teachers of science and
mathematics, certification is the obvious first standard. Despite differences
among states in certification rules and the level of preparation implied by the
different standards, as shown in Appendix Table 5.1 (the tables in this chapter
appear at the end of the chapter), certification is easily monitored. Certification
does suggest some minimal level of knowledge and training.

Recently, alternative certification programs have been established in 21
states, in response primarily to shortages in particular subject areas, but also in
response to dissatisfaction with the quality of traditional university programs
(McKibbin, 1988). What do we know about the quality of teachers certificated
through these programs? In a survey of these alternative programs, McKibbin
concluded: "In most cases, the entry requirements were equal to or greater than
the requirements for entry into university teacher education" (p. 34). But the
weaknesses of the alternative programs (which supply a very small percentage
of all new hires in the states that permit them) are similar to the weaknesses of
traditional programs, McKibbin added: "In the larger programs the training
resembles the offerings

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1597.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

: Monitoring Supply, Demand, and Qualit

THE QUALITY OF SCIENCE AND MATHEMATICS 130

TEACHING

in university certification programs" (p. 35). He concluded that, although
alternative programs thus far do meet specific subject-area needs, they do not
seem to be superior in quality and they are not likely to replace conventional
routes to certification” (p. 35).

Certification, whether obtained through traditional or alternative
certification programs, is generally a poor indicator of quality, even for teachers
of science and mathematics. Requirements are often nonspecific with respect to
required breadth and depth of subject knowledge. For instance, in some states
only a minimal number of hours in mathematics is specified with no level
indicated (e.g., no requirement that the courses must contain work in calculus or
beyond). Certification is also possible in a minor area, or as an endorsement on
some other area; in these cases, even fewer hours of a given subject are
required. Nonetheless, certification is the obvious first cut at a quality
dimension of both the teaching force and the supply pool. Hiring uncertified
teachers often means a diminution of quality. Conversely, increasing standards
for certification can be expected to improve quality. Monitoring changes in the
number of teachers with traditional, emergency, and alternative certificates, by
subject areas, would provide useful information on quality at a baseline level.

Course Preparation and Transcript Data

What is known about the actual course preparation of teachers of
mathematics and science? Two studies related to the question are (1) the
analysis of mathematics and science preparation in the major teacher training
institutions of the southern states reported by Galambos (1985) and (2) the
study of a nationally representative sample of mathematics and science
teachers, which includes their course backgrounds, reported by Weiss (1987).
The research indicates that education majors tend to have less course work in
mathematics and physical sciences work than do arts and science majors,
although they tend to have more course work in biology and geology
(Galambos, 1985). Education majors also have completed less college-level
mathematics course work than have arts and science majors. The science
preparation of education majors and arts and science majors is quite similar.
Both groups take about the same number of science courses and accumulate
about the same amount of laboratory experience. The groups differ in the
relative amount of biology and geology versus chemistry and physics that they
take: two-thirds of education majors take no chemistry or physics at all. Arts
and science majors take almost twice as much chemistry and physics as teachers
do.

Course preparation required to earn certification to teach physical sciences
or life sciences can affect teacher quality in a rather unexpected
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way: by classifying geology and earth sciences (which are relatively descriptive
courses) with physics and chemistry (which are quantitative), as is commonly
done, a teaching candidate can obtain certification to teach physics/chemistry/
geology by taking many geology/earth sciences courses and few physics and
chemistry courses. The certificant can then be assigned to teach physics and
chemistry classes with only limited knowledge of the subject matter.
Disaggregation of geology from physics and chemistry in the science-teaching
certification process should result in a closer fit between teachers' course
preparation and their certification to teach certain courses.

Courses typically taken by those preparing to be elementary teachers and
secondary teachers are described below in more detail.

Elementary Teachers

According to a recent RAND report (Darling-Hammond and Hudson,
1987b:32), the typical preparation program for elementary teachers includes
four science courses and two and a half mathematics courses. A large
proportion of elementary teacher preparation is in social science or general
areas rather than in courses specifically related to subjects taught. Weiss
indicates that elementary teachers are most likely to have taken a biological
science course, a physical science course, but not chemistry or physics. These
teachers are likely to have content-specific methods courses in both science and
mathematics.?

Mathematical content courses designed specifically for elementary
teachers help explain the increase among these teachers in their confidence to
teach mathematics. Either they feel that they are well qualified, or their
perception of elementary school mathematics is limited to arithmetic
computation, which they feel comfortable teaching (Weiss, 1987). No such
improvement in their confidence to teach science is noted. Either elementary
teachers take too little science course work in college, or college-level science
courses are not relevant for elementary teachers, or both.

The importance of high-quality instruction in science and mathematics at
the critical elementary level cannot be overemphasized. Science in the
elementary grades can become language arts—that is, vocabulary and not

3 Mathematics for elementary school teachers in the Weiss data are courses developed
in the 1970s and designed specifically for teachers. In many places they have solid
course content that is more appropriate for elementary teachers than precalculus or
introductory calculus courses. A consensus exists in the mathematics community on the
concept of these specifically designed courses, which are considered to be a significant
gain in elementary teacher preparation. Since these courses differ from the below-
college-level courses in the Galambos' study, the two types of offerings should be
distinguished from one another.
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conceptual or experiential science, and the same can be said of mathematics.
The question concerning the preparation of elementary teachers for
mathematics and science gives rise to two contrasting answers. One answer
calls for a better preparation of all elementary teachers in science and
mathematics. The other answer calls for specialists to teach these subjects
beginning at the fourth grade. One relevant issue is the youngest age at which
children can comfortably tolerate varied teaching styles during the course of a
day. While further research is needed toward raising the quality of elementary
science and mathematics teaching, for the short run it is important to determine,
perhaps through a future edition of SASS, the educational background of
teachers at the elementary level. What science or mathematics courses or majors
have they pursued?

Secondary Science and Mathematics Teachers

In the southern states included in the Galambos study, secondary teachers
complete a major in their content areas. The Galambos study indicates,
however, that they take fewer courses and fewer upper-division courses in their
majors than do their counterparts in arts and sciences. Mathematics majors tend
to resemble each other more closely than do science majors. Secondary
teachers, like elementary teachers, tend to prepare more for biology than for
chemistry or physics. As indicated above, this fact may result from widespread
offerings or requirements for high school biology and more restricted offerings
of chemistry and physics as electives. The cause and result are not clear.
Availability of biology teachers may lead to a variety of high school course
offerings. The Weiss data show that secondary science teachers do tend to
concentrate in life sciences.

The Galambos and Weiss methodologies have limitations, and in some
aspects their results are not comparable. The Weiss data on course background
were self-reported. Galambos collected transcripts, but one does not know
whether all the teachers trained in the Galambos study actually took teaching
positions. However, the Galambos and Weiss studies do indicate the importance
of course background data to gain a clear picture of actual preparation programs.

Data on courses taken and transcript data would seem the most concrete
measure of qualifications. Differences in course titles among institutions and in
course content could be assessed. Transcripts could be used to examine the
teachers' majors while in college or graduate school and to examine the
teacher's academic preparation in terms of specific courses taken. The
transcripts could also be used to identify the teachers who failed, withdrew
from, or repeated required courses in mathematics or science.
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Working from such a disaggregated data base, one could determine, when
a teacher does not meet certification requirements, whether it is a case of (1)
lack of subject background, (2) lack of student teaching, (3) lack of content-
specific methods courses, or (4) lack of general education courses. When a
person meets certification requirements, one could also determine the degree to
which the four factors considered above are satisfied. Transcripts are especially
useful for assessing the backgrounds of recent graduates. They are also valuable
for monitoring the changes taking place in teacher training programs. Teachers
educated 10 years ago, for example, are unlikely to have had a course in
computer science. Teachers trained today would be more likely to have that
exposure. Transcripts would document that sort of change. Transcript data thus
permit measurement of change over time in preparation programs, and they can
suggest the prevalence of the four factors mentioned above among noncertified
teachers.

Collecting transcript data for national purposes, however, could prove too
daunting a task except for a relatively small sample. NSF has contracted for a
transcript study for the science and mathematics teachers who responded to the
teacher questionnaire in NELS:88. This appears to be an appropriate group of
teachers to study since NELS:88 will also have student outcome data and data
on teaching practices that can be analyzed in conjunction with the teacher
background information.

When teachers move from elementary to secondary positions, do they take
more science or mathematics courses to strengthen their content background?
The SASS teacher questionnaire contains gaps in this area of information.
Respondents note the number of courses they have taken in specific disciplines,
but not when they were taken. One does not know whether they were taken
before or after the teacher moved from elementary to secondary teaching, and
therefore whether they were taken to strengthen background.

Professional Standards as a Quality Dimension

A measure of higher quality of the teacher supply would be the number of
teachers meeting the professional standards of mathematics and science teacher
associations for preparation programs. A slightly higher standard still would be
teachers who also meet the inservice education standards of these associations.
These professional association standards indicate whether teachers have a
subject background in science or mathematics that includes a sense of how the
discipline should be taught with regard to content and student background
(Richardson-Koehler, 1987).

The recommendations of professional associations of mathematics and
science teachers call for more than certification for measuring the quality
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of the teaching force. The abbreviated standards issued by the National Science
Teachers Association (NSTA) and the National Council of Teachers of
Mathematics (NCTM) indicate both the quantity and the pattern of preparation
(Appendix Table 5.2). The standards cover both elementary and secondary
teachers. Both the Galambos and Weiss studies suggest that teachers often meet
the quantitative standards but may nevertheless fail to measure up to these
criteria for quality: teachers take too many low-level courses, and they devote
too little time to the quantitative physical sciences in favor of biological and
descriptive sciences. For science teachers, the frequent mismatch between
preparation and assignment leads to instructional situations in which the
published professional standards are not met.

For secondary mathematics teachers, these standards are more likely to be
breached in terms of the pattern and quality of preparation, not in terms of the
total number of courses taken in mathematics, or the fact that one majored in
mathematics. A common yardstick of these and other standards is that a
secondary mathematics teacher's preparation should encompass more than
introductory calculus. More importantly, the preparation program should
sample areas within mathematics and culminate in an overall sense of the
discipline.

Most state certification requirements for mathematics include a content-
specific methods course. Some of the more recent alternative routes to
certification do not have this requirement. Professional preparation specific to
the teaching of mathematics, including understanding of mathematics learning,
is an important dimension of quality. Both the NCTM and the Mathematical
Association of America (MAA) guidelines include specific recommendations
for mathematics education courses. Data on the extent to which these and
inservice standards of professional associations are followed should be
collected and monitored over time, building on monitoring activities conducted
by the professional associations themselves.

Testing for Subject-Matter Knowledge

Most states now require that teachers pass a competency test as a
prerequisite for certification (Appendix Table 5.3). By the fall of 1987, 45 states
had enacted competency testing programs as part of the certification process.
And in 31 states, rules also required that students take an examination for
admission into a teacher education program.

One subject of debate concerns what competency tests should cover. No
nationally accepted test exists, so some states use commercially developed tests,
and others design their own. They cover a combination of basic skills, subject
matter knowledge, and pedagogy. Appendix Table 5.3, which shows the states
mandating competency testing of teachers, indicates the
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variety of tests employed. These range from low-level tests for screening
entrance to teacher education programs to exit tests from these programs or for
hiring, to more sophisticated measures such as the National Teachers
Examinations (NTE) area tests for teachers within a field. The NTE tests for
both subject matter and content-specific method. From test results, it does not
appear that the ability of prospective teachers qualified in chemistry, physics,
and general science has been declining from 1980 to 1984. However, as a
measurement of instructional quality, the major limitation of the NTE test is the
weak relationship of test performance to teacher performance (National
Research Council, 1988:96). Other limitations of the NTE are the fact that not
all states require the test and the fact that some test takers may not have taken
teaching positions (National Science Foundation, 1985:127).

The NRC Committee on Indicators of Precollege Science and Mathematics
Education recommended, as a key indicator of quality, "that samples of current
teachers be selected to take tests that probe the same content and skills that their
students are expected to master" (NRC, 1988:9-10). More specifically, the
committee recommended that tests be given every four years to a sample of all
teachers and every two years to a sample of newly hired secondary school
science and mathematics teachers.

The Holmes and Carnegie Recommended Standards

Within the past three years, two groups of education experts have proposed
more sophisticated measures of the quality of teachers' professional preparation.
These groups call for placing greater requirements on teachers in the preservice
stages—ensuring higher quality through more rigorous preparation, certification
and selection—and ultimately for more professional autonomy once in the
classroom. The two groups are (1) the Carnegie Task Force on Teaching as a
Profession, which has given a grant to Stanford University to develop measures
of teacher quality that may be used by its proposed National Board for
Professional Teaching Standards (Carnegie Task Force on Teaching as a
Profession, 1986) and (2) the Holmes Group, composed of 96 deans of
education from universities nationwide, which aims to develop higher standards
for teacher education at their institutions (Holmes Group, 1986).

The Carnegie group has proposed a three-stage voluntary assessment
process covering subject matter mastery, education courses taken, and actual
teaching performance, all under the aegis of a National Board for Professional
Teaching Standards. Researchers at Stanford have classroom-tested measures of
teacher quality for elementary school mathematics and high school history
teachers. Both of these classroom-based studies of
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measures of quality seek to incorporate an evaluation of actual teaching
effectiveness with regard to subject matter, content-specific teaching, and
student characteristics. The development of these procedures could provide
better measures of quality than those now available.

Both the Carnegie and Holmes recommendations are similar in calling for
completion of a subject-matter major before initiation of training for teaching.
Both permit an introduction to education, but only at the undergraduate level.
Both are similar in calling for a restructuring of the teacher corps.
(Appendix Table 5.4 summarizes their major recommendations.) The Holmes
Group categorizes teachers as "career professionals," "professional teachers,"
and "instructors." The Carnegie Forum distinguishes between "licensure” and
"certification." Licensure would be what is now called state certification.
Beyond that, Carnegie's proposed National Board for Professional Teaching
Standards would give board "certification." The assessment technique planned
for board certification would go beyond knowledge and preparation of teachers
to an assessment of their mastery of teaching techniques in the classroom. The
ultimate measure of the quality of the teaching force would be the number of
teachers that were board certified or that were categorized as "career
professionals" under the Holmes definition.

The purpose of these measures is to enhance the general professionalism of
the field and thereby attract and retain higher-quality personnel. As these
approaches are refined and implemented more widely, more sophisticated
measurements or data on aspects of teacher quality should emerge.

The changes called for by these groups, to the extent that they are adopted,
will revamp many existing practices and give rise to new questions, some of
which center on the supply response to changes in quality requirements. If
teachers are required to study for five years, what adjustments are required in
compensation to attract teachers? If teachers are required first to have a subject-
matter major, will fewer or more persons continue on for a teaching degree?
Will states and localities fund the change? Will the changes be willingly
embraced or grudgingly made by prospective teachers, school administrators,
school boards, and taxpayers?

The Presidential Awards for Science and Mathematics
Teachers

The Presidential Award for Excellence program for recognition of
excellence in teaching, sponsored by the National Science Foundation, was
begun in 1983. Each year an award is given to one science teacher and one
mathematics teacher in each state. Actually 54 jurisdictions are covered,
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consisting of the 50 states, the District of Columbia, Puerto Rico, the U.S. Trust
Territories, and the Department of Defense dependency schools. Eligibility is
restricted to teachers in junior high, middle, or high schools with a minimum of
five years of experience who devote at least half-time to classroom teaching.

An examination of descriptions of winners reveals a profile of highly
visible teachers. Many have published articles in professional journals, and all
are involved heavily in after-school curricular activities, such as workshops and
student projects. A few have higher degrees in their fields.

Each winner receives a monetary award of $5,000 given to the school. The
candidate indicates how the money should be used. The range of uses includes
travel expenses to attend courses, stipends for outside speakers, computer
hardware and software, and science equipment. In a number of instances the
money has been designated for materials that one would think the school budget
should normally provide. There has been no follow-up on how the money is
actually spent.

We recommend that there be a follow-up study at schools of previous
winners to determine "quality” effects of the awards. In how many schools were
the monies used for basic materials that would normally belong in the school or
district budget? To what extent could the findings from follow-up analysis of
the awards and recipients yield information about quality of instruction and the
qualifications of the teachers?

The award winners constitute an interesting group for research. As an
example of possible research, one study of 34 winners of the 1983 Presidential
Award for Excellence in Teaching Mathematics was conducted by Yamashita
(1987) to compare their level of professional development with that of a
comparison group who were members of NCTM. A list of 21 professional
development activities was given to all the participants to rate for importance to
their own professional development. Awardees rated the most important
activities as attending conferences and institutes, reading and writing for
journals, developing curriculum beyond that for their immediate courses,
advising student math activities, and teaching inservice courses. The
comparison group rated writing for publication and consulting as of primary
importance; the other activities mentioned above were rated less important to
them than to the awardees. Awardees participated in more activities than did the
comparison group. Yamashita concluded: "It may well be that the most
distinguishing difference between the awardees and the comparison teachers in
this study is the number of activities in which they engage and the higher
energy level manifested therein" (p. 66).
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TEACHER QUALIFICATIONS AND STUDENT OUTCOMES

Evidence

The literature to date does not indicate strong relationships of measurable
teacher qualifications and such educational outcomes such as student
performance on standardized tests. In a meta-analysis of 65 studies that had
sought relationships between science teachers' characteristics and teaching
effectiveness or student outcomes, Druva and Anderson (1983) find generally
weak correlations, and many of these correlations were based on only one
study. However, certain positive correlations are identified, on the basis of more
than one study, that warrant statements of results: teaching effectiveness is
positively correlated with the number of education courses taken, the student
teaching grade, and length of teaching experience. Student outcomes are
positively correlated with teachers' science training and general educational
preparation. And this correlation between teachers' science training and
cognitive student outcome is progressively higher in higher-level science
courses.

From studies summarized in a comprehensive literature review by Darling-
Hammond and Hudson (1986:24-32), it appears that certain teacher
characteristics exhibit some positive relationship (often weak) to student
performance: verbal ability; number of mathematics credits (for mathematics
teachers); educational background in science, particularly for science teachers
in higher grades; recent continuing educational experience; involvement in
professional organizations; years of teaching experience; and 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.

In a review of the literature, Blank and Raizen (1986) note that the failure
of any research to establish a strong relation between teacher characteristics and
student outcomes may be explained by a number of problems with the research
to date on teacher effectiveness:

* The degree of variation in the independent variable, e.g., NTE scores, is
often so small that no effect on outcomes would be measurable.

* Many studies have not included teachers with emergency certificates or low
levels of training in the field in which they were teaching, so that, again,
one would not expect to find strong relationships of such measures as
extent of subject preparation and outcomes.

* Many 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.
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In sum, the presumption of a relationship between higher teacher
qualifications and improved instruction is in need of testing and should not be
discarded.

Implications for Data and Research

The panel reaffirms its earlier recommendations that relate to measuring
teacher qualifications and their relationship to student outcomes (National
Research Council, 1987c:8). Both the case studies and the meeting with large
district personnel officers confirmed the usefulness of these recommended data
collection efforts. As stated in the interim report:

1. We recommend that the National Center for Education Statistics surveys
of teachers regularly include:

* Measures of general intellectual ability and of academic preparation to
teach mathematics and science fields, particularly for new entrants, in order
to provide time series for monitoring and analysis. These measures should
be obtained to the extent possible from transcript records rather than
through survey questions.

» For experienced teachers, measures of recent inservice preparation and
participation in professional activities in mathematics and science fields.
These surveys should also obtain measures of years of teaching
mathematics and science distinct from total teaching experience.

* Measures of certification (type and subject fields). We also recommend that
the NCES obtain and disseminate available information on state
certification policies and practices; we note that NCES has since published
such information (NCES, 1988b, p. 123).

2. We recommend that further research be conducted on the relationship of
measurable characteristics of teachers of mathematics and science to
educational outcomes of students in these fields. In order to permit
comprehensive and methodologically appropriate research on this issue,
the National Educational Longitudinal Study of 1988 should include
appropriate measures of student outcomes together with a rich set of
teacher characteristics and characteristics of schools and districts. (We
note that NCES includes such data items in NELS-88.)

Research relating teacher qualifications and student outcomes may be
pursued using student and teacher questionnaire data from the 1985-86 NAEP
assessment for science and mathematics as a starting point. NELS:88 is another
useful source of information, especially for longitudinal research.

Of all the national data sets highlighted in Appendix B, the Schools and
Staffing Survey asks for the greatest level of detail regarding teachers'
qualifications. SASS asks teachers in detail about their past teaching
experience, breaks in service, and previous occupation. It asks for the teacher's
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major and minor at every postsecondary level completed, the year each degree
was completed, and the name of the undergraduate college. The respondent
further notes in what field he or she teaches the most classes and the second-
most classes. The respondent then is to provide the number of courses taken in
these fields. For teachers who teach any science or mathematics in grades 7-12,
there are data on number of courses in science and mathematics areas. SASS
further asks detailed certification questions regarding field(s) and type (full,
probationary, or emergency) for each field. The teacher then describes the
amount—and purpose of—inservice or college courses taken in the last two
years. Whether these courses were taken in the teacher's primary assignment
field is also discernible through the questionnaire. Thus, with its ability to single
out science and mathematics, the SASS teacher questionnaire will advance the
level of statistical information on teacher qualifications far beyond the mere
presence or absence of certification.

From the district's perspective, SASS asks district respondents which
screening devices they use—or require—for hiring: full state certification;
emergency certification; graduation from an approved teacher education
program; college major or minor in the field to be taught; passing of a district
test; passing of a state test of basic skills; passing of a state test of subject
knowledge; passing of the NTE.

Screening devices used by districts, which constitute standards of
qualification, and their changes over time should be monitored through SASS
and by continued collection and dissemination of certification data from states.
However, the collection and use of more statistics related to teacher quality
must be tempered as their limitations are recognized.

There are some statistics not included in SASS, such as NTE scores, grade
point averages, and other information that transcripts would provide. The NSF-
sponsored teacher transcript study being carried out in conjunction with
NELS:88 will provide the opportunity to explore the potential of transcripts as
measures of academic background. In addition to transcript data, monitoring
changes in admission standards for teacher education programs, by publishing
data collected by the American Association of Colleges for Teacher Education
(AACTE), is also recommended.

Finally, research is needed on the supply response to changes in
certification requirements. By itself, more stringent qualification requirements
will tend to reduce the supply of new teachers unless it is offset by salary
prospects, greater prestige, or better working conditions. Absent any of these
offsets, tougher qualification requirements are likely to shift supply between
school districts and states, not produce a more qualified supply pool.
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OTHER SCHOOL AND HOME FACTORS THAT AFFECT
OUTCOMES

Much of the impetus for concern over the quality of precollege science and
mathematics teachers arises from the widespread evidence that U.S. student
outcomes—test scores and general level of literacy—in sicence and
mathematics are poor. The possibility must be raised, however, that the problem
underlying these low outcomes does not lie solely with the quality of teaching
or the qualifications of teachers. Educational outcomes are a complex product
of student and family inputs, teaching inputs, and educational curricula. Poor
outcomes can be due to factors entirely beyond the quality of the teacher corps.
This section addresses some of the most important of these factors.

Curriculum Structure

The influence of curriculum structure on U.S. students' mathematics test
scores is under debate. It is argued that the consequences of a layered curriculum
—through which students are introduced to relatively little new material each
year through grade 8, and much of the mathematics training in any given year is
thus basically review—are boredom and lack of mastery of the key ideas
involved in the development of mathematical skills. A related criticism is that
mathematics textbook producers, in trying to market their product to as many
school systems as possible, end up with a light treatment of many topics rather
than intensive treatment of a few topics. Since the basic text is the primary
resource used by most precollege mathematics teachers (Weiss, 1987:31, 39),
and since the text usually favors breadth and memorization of facts over depth
(Office of Technology Assessment, 1988:30-34), the result is that students
master few if any of the key concepts.

Quality of Textbooks

Although most science and mathematics teachers surveyed by Weiss in
1985 seemed to indicate that poor quality of textbooks was not a serious
problem (Weiss, 1987:40-42), many scientists and educators who have
reviewed the textbooks criticize their quality and their extensive use in
classrooms (Office of Technology Assessment, 1988:30-33). The Mathematical
Sciences Education Board (MSEB) of the National Research Council, as part of
an ongoing effort to identify the key elements needed for reform, has
determined that, between the second and eighth grades, there is only one year in
which more than half the material is new (National Research Council, 1987b).
This suggests that the solution to improving the quality of student skills in
mathematics does not rest solely with providing better trained teachers, or even
with providing more time for the teaching of
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science and mathematics, but rather depends on more fundamental reform of
how the mathematics curriculum is organized. In a decentralized school system
such as we have in the United States, fundamental reform of this nature is
difficult to achieve. Moreover, there are differences of viewpoint among
educators as to the validity of this line of criticism.

Classroom Time Used for Science and Mathematics

The amount of classroom time devoted to science and mathematics is
another area of dispute, especially at the elementary level. Elementary school
teachers are said to spend relatively little classroom time on science and
mathematics topics. Recent studies have compared the amounts of classroom
time spent by students on different topics; the evidence is mixed.

To begin with, there appears to be a substantial difference in the
instructional time allocated to reading and mathematics in the early grades in
the United States. One study indicates that about twice as much time is
allocated to reading as to mathematics in the fourth grade (Cawelti and
Adkisson, 1985). Weiss (1987:13) also found substantially more time devoted
to reading than to mathematics, though not twice as much time. At the grade 4-6
level, teachers in this survey reported spending 63 minutes per day on reading
and 52 minutes on mathematics. At the K-3 level, however, reading took up 77
minutes and mathematics 43 minutes, a wider difference in the earlier years of
schooling. Forthcoming data from SASS will provide more recent information
on classroom time; the SASS teacher questionnaire asks elementary school
teachers in self-contained classes for hours per week spent in each of the core
subjects, including science and mathematics.

Other studies based on careful observation of actual classroom time spent
on mathematics in three cities (one each in the United States, Japan, and
Taiwan) have found very large differences between the students in the U.S. city
and those in the Taiwanese or Japanese city (Stevenson et al., 1986): U.S. fifth-
grade children spent 3.4 hours per week on mathematics, Taiwanese students
11.7 hours per week, and Japanese students 7.8 hours per week. In grade 1, the
differences were similar—2.7 hours for U.S. children, 4.0 hours for Taiwanese
children, and 5.8 hours for Japanese students. In addition, U.S. students were
less likely to be attending to the teachers than either Taiwanese or Japanese
children, largely because individual work is much more common in U.S.
classrooms than in Asian classrooms. However, for eighth grade, another study
of classroom hours (McKnight et al., 1987) reports that U.S. students in grade 8
spend more time on mathematics instruction than students from Japan or Hong
Kong.

Comparability problems limit attempts to draw conclusions from these
studies. To start with, the studies are of students in different grades. In
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addition, the study by Stevenson and his colleagues contains very accurate
measurement of classroom hours but covers a very small and possibly
unrepresentative sample of schools; the McKnight et al. study is based on a
national probability sample of schools but suffered from a high nonresponse
rate and used officially scheduled hours and similar data to estimate time spent.
Given the known difficulties of getting accurate estimates of time spent on
various activities from very generalized methods (How much time is scheduled?
How much is spent on average?), the panel is inclined to believe that the data of
Stevenson and his colleagues are probably closer to the truth, and that one
source of the difference in mathematics achievement is the gap in time allocated
within the classroom.

If students' low skills and test scores in science and mathematics were
known conclusively to be due simply to the relative amounts of time spent on
these subjects, the solution would be relatively simple—provided school
systems can be encouraged or induced to change the structure of their curricula.
But if time spent or curriculum structure are the basic problems, then the issue
is not one of teacher or teaching quality, but simply one of relative emphasis
within the curriculum.

It may be true, of course, that many U.S. elementary school teachers are
less comfortable teaching science and mathematics than teaching language arts,
and therefore spend less time on science and mathematics. This may be
explained by observing that in the United States elementary teachers tend not to
be subject specialists, whereas the employment of specialist teachers of
mathematics is more common in Japan, China, and Taiwan in the early grades.

Other Instructional Factors

Other possibly important differences between U.S. and Asian science and
mathematics instruction have been identified in the ongoing studies being
conducted by Stevenson and his colleagues. There are documented differences
in the nature of textbooks—American texts explicate mathematics problems
much more extensively and lead the students very carefully through exercises
and problems; Asian texts are much shorter (about half the length in some of the
texts examined) and make much stronger demands on the students to find their
own way through the problem. There are also documented differences between
American and Asian teachers of mathematics in the number of actual teaching
hours per day and the amount of time available for planning and preparation;
American teachers have much less nonteaching time scheduled during the day
than their Asian counterparts. And there are documented differences in the
degree to which teachers are autonomous in their own classrooms. In American
classrooms, it is not uncommon that teachers are basically on their own
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after the first year, while in Asian classrooms younger teachers are typically
under the tutelage of a senior teacher for a number of years (Stevenson, 1987;
Lee et al., 1987; Stevenson et al., 1988; Stigler et al., 1987; Stevenson and
Bartsch, in press). There also appear to be substantial differences in the training
given to U.S. and Japanese mathematics teachers, with U.S. teachers spending
more time learning mathematical content, and Japanese teachers spending more
time learning mathematics pedagogy (teaching of mathematics) (McKnight et
al., 1987:65).

Home Environment

The home environment also has a significant impact on young children's
learning. The home environment of many children in the United States is not
conducive to concentrated thought and learning. The proportion of single-parent
households and the proportion of households in which both spouses work are
much higher now than in past decades. These realities can create problems for
children and can have a potentially serious influence on their skill development.
To understand educational outcomes requires us to understand the contributing
effects of these home environment factors.

Parental attitudes, as well as demographic differences in home
environments, can also influence children's ambition to concentrate on
academic learning. The best documented evidence of differences in attitudes
and expectations comes from a comparison of American and Asian households.
In general, Asian mothers are less satisfied with the school performance of their
children than American mothers (despite the fact that their children are
generally doing better); they are more likely to attribute success in school to
hard work rather than to native ability; and they are less likely to be satisfied
with the way the schools are performing than their American counterparts (Lee
etal., 1987).

Poor student outcomes are thus not uniquely correlated with inadequate
quantity or quality of teachers, but could easily be due to factors that are largely
unrelated to teacher quality. One cannot conclude that poor science and
mathematics outcomes on the part of students necessarily reflect inadequacies
in the background or ability of their teachers and to try to remedy the problem
only by enhancing the numbers or the quality of precollege science and
mathematics teachers. Factors such as the structure of the curriculum, the
practices of both K-12 school systems and teacher training institutions, the
amount of time spent on science and mathematics topics in schools, and the
influence of home environments on development outcomes all need to be
understood before we can fully understand the problem or devise appropriate
remedies. Thus, although the issues raised in this section are beyond the scope
of this study, they serve to point up
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the many other factors beyond teaching and teacher quality that bear upon
student outcomes

SUMMARY

In the near term, it is through quality adjustments that the supply and
demand for precollege mathematics and science teachers reach equilibrium. The
quality of instruction is therefore a central focus of our study. Statistics that can
furnish indications of quality and trends or events that can be monitored to
illuminate quality and changes in quality over time are called for.

Areas of data concern relating to quality not only focus on teacher
characteristics but also extend to contextual arrangements that affect overall
teaching quality. These contextual variables include teacher policies and
practices regarding assignments and teacher background, course offerings and
enrollments, recruitment practices, school and school system policies governing
both initial placement and transfers, and inservice training provided by schools,
school systems, states, professional associations, and the federal government.
Also of concern is the distribution of qualified teachers across districts when
classified by enrollment size; by racial/ethnic characteristics of its students; by
geographic characteristics of urban, suburban, rural; and by socioeconomic
status.

We have identified some district policies and practices that influence
teaching quality, and note in particular the importance of information on
recruitment practices, seniority rules, potential for teacher advancement, teacher
assignment and misassignment, and continuing professional development, as
well as external factors, primarily state mandates and policies, that affect the
quality of the supply pool.

There are numerous ways to measure and assess teacher qualifications that
influence overall teaching quality. Some are objective and can be counted; some
are subjective and not easily quantified. Some are easily quantified but of little
use (such as certification); some would be highly useful but would require more
examination (such as transcripts). Some indicators are based on existing
standards (such as those of the National Science Teachers Association), and
some on proposed standards (such as those of the Holmes and Carnegie
groups). While it is acknowledge that a thorough knowledge of content is only a
necessary and not a sufficient set of characteristics for a successful teacher,
certain qualifications are necessary. And data can be collected to indicate the
presence and strength of these qualifications. We do recognize, however, the
considerable amount of effort and resources that would have to be invested in
collecting these data, when such factors as presence of certification, transcript
data, and educational background have not yet been demonstrated to be strongly
associated with
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teacher quality or student outcome. Thus, it is important that the National
Science Foundation fund a program of controlled experiments on factors that do
measure teacher or teaching quality. Such research would include identifying
the relationship between measurable teacher qualifications and student outcomes.

If the Carnegie or Holmes recommendations for higher professional
standards are adopted, the consequent changes in the teaching force should be
monitored, together with any changes in supply as a result of the more rigorous
requirements.

Other factors beyond teacher quality—such as textbook use, time
commitments, the structure of science and mathematics curricula, and home
environment—were noted as influences on teaching quality and student
outcomes. These factors complicate any attempts to link outcomes with
particular teacher qualifications.

In conclusion, to understand the crucial role of quality in bringing supply
and demand for precollege science and mathematics teachers into equilibrium in
the short term, we have acknowledged some rather daunting data needs and
research issues. We realize that these needs might not be able to be met
completely enough to introduce teacher quality measures into teacher supply
models in the near future. But successful collection of more precise data,
particularly through SASS and existing state information files, can be expected
to contribute to an understanding of teacher quality, and additional research
may help identify the characteristics of teachers and teaching that are
determinants of student outcomes.
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APPENDIX TABLE 5.2 Guidelines for Math tics and Sei T
Qualifications Specified by the National Council of Teachers of
Mathematics (NCTM) and the National Science Teachers Association (NSTA)

NCTM Guidelines NSTA Standards

Early elementary school Elementary level

The following 3, each of which 1. Minimum 12 semester hours in laboratory-

presumes a prerequisite of 2 or field-oriented science including courses

years of high school algebra in biological, physical, and earth sciences.

and 1 year of geometry: These courses should provide science content

that is applicable to elementary classrooms.
1. number systems 2. Minimum of 1 course in elementary science
2. informal geometry methods (approxi ly 3 ter hours) to
3. mathematics teaching be taken after completion of content courses.
methods 8. Field experience in teaching science to

elementary students.

Upper elementary and Middle/junior high school level
middle school
The following 4 courses, each 1. Minimum 36 semester hours of science
of which presumes a instruction with at least 9 hours in each
prerequisite of 2 years of of biological or earth science, physical
high school algebra and 1 year science, and earth/space science.
of geometry: Remaining 9 hours should be science
1. number systems electives.
2. informal geometry 2. Mini of 9 ter hours in support
3. topics in mathematics areas of mathematics and computer science.
(including real number 3. A science methods course designed for the
systems, probability and middle school level.
statistics, coordinate 4. Observation and field experience with
geometry, and number early adol t science
theory)
4. mathematics methods
Junior high school Secondary level
The following 7 courses, General standards for all science
each with a prerequisite of specialization areas:
3 to 4 years of high school
mathematics, beginning with 1. Minimum 50 semester hours of course
algebra and including work in 1 or more sciences, plus
trigonometry: study in related fields of mathematics,
1. calculus statistics, and computer applications.
2. geometry 2. Three- to 5-semester-hour course in
3. computer science science methods and curriculum.
4. abstract algebra 3. Field experiences in secondary science
5. mathematics applications classrooms at more than 1 grade
6. probability and statistics level or more than 1 science area.

7. mathematics methods
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NCTM Guidelines

NSTA Standards

Senior high school

The following 13 courses,

which constitute an under-
graduate major in mathematics,
each presume a prerequisite of
3 to 4 years of high school
mathematics, beginning with
algebra and including
trigomometry:

1-3. 3 semesters of calculus

4. computer science

5-6. linear and abstract
algebra

7. geometry

8. probability and statistics

9-12. 1 course each in:
mathematics methods,
mathematics applications,
selected topics, and the
history of mathematics

13.  at least 1 additional
mathematics elective
course Specialized
standards

Specialized standards

1.

Biology: minimum 32 semester hours
of biclogy plus 16 semester hours

in other sciences.

Chemistry: minimum 32 semester hours
of chemistry plus 16 semester hours

in other sciences.

Earth/space science: minimum 32
semester hours of earth/space science,
specializing in one area (astronomy,
geology, meteorology, or oceanography),
plus 16 semester hours in other sciences.
General science: 8 semester hours each
in biology, chemistry, physics, earth/
space science, and applications of
science in society. Twelve hours

in any 1 area, plus mathematics to

at least the precalculus level.

Physical science: 24 semester hours in
chemistry, physics, and applications

to society, plus 24 semester hours

in earth/space science; also an
introductory biclogy course.

Physics: 32 semester hours in

physics, plus 16 in other sciences.

Source: Office of Technology Assessment (1988:64).
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28
g2
f § :E APPENDIX TABLE 5.3 States That Have Enacted Testing Programs for Initially
Q o ‘§ Certifying Teachers: Fall 1987
_g P State Enacted Effective Test Used?
S § 5§ ‘Alabama 1980 1981 State
5 &5  Arizona 1980 1980 State
= £ Z Arkansas 1979 1983 NTE
= g2 California 1981 1982 CBEST
258 Colorado 1981 1983 CAT
-g o2 Connecticut 1982 1985 State
© 0 @ Delaware 1982 1983 PPST
S 2o Florida 1978 1980 State
Eo0 Georgia 1975 1980 State
= £ 0 Hawaii 1986 1986 NTE
8 as Idaho 1987 1988 NTE
28 Mlinois 1985 1988 State
S8 Indiana 1984 1985 NTE
822 Kansas 1984 1986 NTE and PPST
= Kentucky 1984 1985 NTE
=550 Louisiana 1977 1978 NTE
T 45 Maine 1984 1988 NTE
s2®@ Maryland 1986 1986 NTE
- gg Massachusetts 1985 b b
£ E Michigan 1986 1991 b
2§ 5  Minnesota 1986 1988 PPST
5 <5 Mississippi 1975 1977 NTE
892 Missouri 1985 1988 b
<8y  Montana 1985 1986 NTE
828 Nebraska 1984 1989 b
w oo Nevada 1984 1989 PPST and State
235 New Hampshire 1984 1985 PPST and NTE
£L£%  Newlersey 1984 1985 NTE
220 New Mexico 1981 1983 NTE
© %j é New York 1980 1984 NTE
LS North Carolina 1964 1964 NTE
S5 North Dakota 1986 b b
255 Ohio 1986 1987 NTE
55 2 Oklahoma 1980 1982 State
so9 Oregon 1984 1985 CBEST
=3 g Pennsylvania 1985 1987 State
‘qc: ° 3 Rhode Island 1985 1986 NTE
8 2< South Carolina 1979 1982 NTE and State
GEJ_ o E South Dakota 1985 1986 NTE
= 2 » Tennessee 1980 1981 NTE
388
550
ERNORNS
2R%
2% 5
F8g

o »
£
o g
%53
385
<570
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State Enacted Effective Test Used?®
Texas 1981 1986 State
Virginia 1979 1980 NTE
Washington 1984 b b
West Virginia 1982 1985 State
Wisconsin 1986 1990 b
2 Tests:

CAT= California Achievement Test;

CBEST = California Basic Skills Test;

NTE = National Teacher Examination;

PPST = Pre-Professional Skills Test;

State = State-developed test.

b To be determined.

Source: National Center for Education Statistics (1988f:249-250).
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APPENDIX TABLE 5.4 Comparison of Recommendations of Carnegie and Holmes
Reports Pertaining to Preservice Education of Teachers

Category of
Recommenda- N b
tion Carnegie Report = Holmes Group =
Fifth Year of Require bachelors degree in Make education of teachers more
Study the arts and sciences as solid intellectually by pursuing an
prerequisite of professional undergraduate major in an academic
study of teaching. Require subject other than education,
a master’s degree for all receive their professional training
teachers. in a fifth year master's degree
program, and complete a year-long
supervised internship.
Curriculum Develop new professional Revise undergraduate curriculum
Revision curriculum in graduate in arts and sciences. Organize

schools of education leading
to Master in Teaching degree
based on systematic
knowledge of teaching and
including internships and
residencies in schools.

Connect institutions of
higher education with
schools through the
development of professional
development schools.

Coordination

Create a national board for
professional teaching
standards to establish high
standards for what teachers
need to know and to be able
to do, and to certify
teachers who meet that
standard.

Certification

academic course requirements,
including involvement of other
departments in institutions of
higher education. Need advanced
studies inpedagogy (focus on
human cognition, teaching and
learning, and teaching), teachers’
learning, assessment of
professional performance, and
evaluation of instruction.

Need coherent program in schools
and institutions of higher educa-
tion that will support advanced
study. Create professional
development schools, similar to
teaching hospitals, in which
prospective teachers would receive
their clinical training.

Create 3-tier systems of teacher

licensing:

o Instructor--has BA degree,
without year of supervised
practice and study in
pedagogy and human learning;
has passed exams (see
evaluation)

o Professional teacher--has MA
in teaching; completed year
of supervised practice;
passed exams

o Career professional--has
completed all of the above
plus further specialized study
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Category of Recommendation  Carnegie Report® Holmes Group®
Evaluation/Assessment Use multiple
evaluations;
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¢ Test basic mastery of
writing and speaking;

* Demonstrate mastery of
subject, skill in lesson
planning, and
instructional delivery
prior to clinical internship;

* Evaluate variety of
teaching styles during
internship—including
own—and present
analytic evidence as part
of professional portfolio
for advancement

Differential Staffing Restructure teaching Recognize differences
force and introduce in teacher's knowledge,
new category of lead skill, and commitment
teachers with proven in their education,
ability to provide certification, and work.
active leadership in
redesign of schools
and in helping
colleagues to uphold
high standards of
learning and teaching.

2 Carnegie Task Force on Teaching as a Profession (1986) A Nation Prepared: Teachers for the
21st Century. Washington, D.C.: Carnegie Forum on Education and the Economy. Pp. 55-56.

b The Holmes Group (1986) Tomorrow's Teachers: A Report of the Holmes Group. East
Lansing: The Holmes Group, Inc. Pp. 65-66.

Source: Regional Laboratory for Educational Improvement of the Northeast and Islands
(1987:15-17).
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6
Data Needs and Research Opportunities

The previous chapters display some of the conceptual richness that
meaningful descriptions of supply and demand for precollege science and
mathematics teachers would entail. Some of these discussions are based on
quite detailed data from a single state or sample survey. Such rich descriptions
cannot be realized at a national level, however, in the absence of comprehensive
national data (or an aggregation of state data) that would give them substance.

As we have noted in earlier chapters, classrooms are rarely unstaffed.
What usually is adjusted in times of shortage or surplus is the quality of staff.
Moreover, there is a reservoir of individuals who are certified to teach, as well
as individuals who would like to teach but are not certified, that is far larger
than the counts generated by enumeration of those currently teaching and the
numbers of new graduates of teacher training programs.

Some analysts believe that in the next decade the demand for science and
mathematics teachers will increase as a result of growing enrollment demand
and teacher retirements. To understand how the supply and quality of science
and mathematics teachers will respond to changes in demand, data are needed
to support the construction of measures of demand, of potential supply, of
quality to the extent possible, and of models of the responsiveness of supply to
incentives and to changes in demand.

It is the panel's view that current national data collection efforts and
knowledge of the relation between incentives and supply are inadequate to
support rich structural modeling of teacher demand and supply. Thus, we
propose a sequential approach:
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* First, as efforts are made to improve the consistency, scope, and quantity of
data, publish indicators from existing data that are considered relevant to
teacher supply and demand.

* Second, carry out the research needed to support behavioral models.

* Third, as data bases are improved and research findings on the relation
between incentive and supply become available, devote resources to
structural modeling that goes beyond straightforward extrapolative
projection.

In this chapter, the panel's recommendations for data to monitor the state
of demand, supply, and quality of precollege science and mathematics teachers
are set out, followed by a discussion of research issues and a recommendation
for a series of conferences that could assist in understanding the processes that
result in the observed data. Some of the data recommendations could be easily
implemented by modification of existing survey questionnaires. Others would
require new data collection approaches. Similarly, some of the research issues
can be studied with existing data or data soon to be available from SASS,
whereas other issues can only be investigated by development of new data bases.

This chapter proceeds with sections on data recommendations (most of
them for NCES), research issues (primarily for NSF), research facilitation
suggestions, and finally a major recommendation for a series of conferences
bringing together NCES and officials of school districts and state education
agencies to discuss teacher supply, demand, and quality concerns. It is difficult
to assign priorities across such disparate topics. However, within each section
where we have listed specific recommendations we have marked those of
highest priority with an asterisk. In addition, in most of the sections, the specific
recommendations are listed in order of priority. Finally, at the conclusion of the
Summary we offer guidelines for timing the implementation of the high-priority
recommendations.

DATA RECOMMENDATIONS

We present a wide range of data recommendations related to demand,
supply, and quality. Better data in the short run on elements of the supply/
demand situation, including the sensitivity of teachers' career decisions to the
many factors that may influence these decisions, will in turn contribute to the
kinds of behavioral models that should be effective in the future. At the outset,
we urge NCES to support SASS with a reliable, ongoing base of funding.
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Funding for Data Collection

In the near term it is of key importance to monitor the state of demand,
supply, and quality of precollege science and mathematics teachers. We note
that the National Center for Education Statistics recognized the need for a major
effort of data collection concerning teachers and contracted with the RAND
Corporation in 1985 to design the Schools and Staffing Survey (SASS). A pilot
test of that survey was conducted in 1986-87, and the first full-scale survey was
conducted in 1987-88. SASS data are expected to be available in 1990
(publication has been delayed because of recent legislation pertaining to the
confidentiality of data collected by NCES). Although new surveys always have
unexpected problems, we anticipate that much of the needed data will be
available and we have so identified data needs that SASS was designed to fill.
To monitor the supply and demand of science and mathematics teachers
effectively, SASS should be repeated periodically, at least every four years, and
adequate funds for analysis should be made available to permit full exploitation
of this valuable data resource.

* The panel recommends that provision be made in the budget for the
National Center for Education Statistics to conduct the Schools and Staffing
Survey on a regular cycle and that the budget include funds for follow-up
surveys of teachers who leave teaching and for in-house and external analysis
of the survey data.

Data Related to Demand

In general, the panel finds demand data to be relatively adequate. The task
of projecting enrollment-driven demand for science and mathematics teachers is
relatively straightforward. The U.S. Bureau of the Census collects data on births
and their geographic distribution. The children born each year move through
precollege schooling in a very predictable way and are augmented primarily
through immigration. The data most needed for projecting demand for teachers
are current attrition data, particularly data on attrition for reasons other than
retirement. Forecasting demand for science and math teachers, rather than
teachers generally, could be improved if better data on course-taking behavior
in high school were available. This behavior results both from state-mandated
course requirements and from student course preferences. The panel
recommends the collection of additional data, disaggregated by subject, of the
following types, in order of priority:

*1.  Data on attrition/retention rates of nonretirees by discipline. Detailed
discussion of these data on attrition/retention is found below under data
related to supply. Although knowledge and ability to forecast retirements
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is fairly adequate, data on attrition earlier in the teaching career would
improve projections of demand.

2. Data on state-mandated high school course requirements in science and
mathematics. Increased requirements for mathematics or science courses
can lead to greater demand for teachers of both advanced and remedial
courses. The Education Commission of the States (ECS) publishes data
on changes in state requirements periodically, although at a very general
level, i.e., the number of science and mathematics courses required.
State data are only a beginning. NCES has found that high school
graduation requirements as mandated by states are often exceeded by the
requirements already in place in individual districts. Therefore, relying
solely on changes in state requirements to determine demand for
teachers will probably overestimate increased demand.

3. Data on course offerings and changes in offerings over time. Changes in
course offerings can change the demand for science and mathematics
teachers and, in particular, can indicate the need for teachers with
special qualifications, such as the ability to teach advanced placement
chemistry.

4. Data on changes in enrollments (in general and for particular science
and mathematics courses). Such enrollment data should be
disaggregated by sex and race/ethnicity. Although SASS data from
LEAs will provide changes in the number of secondary science teachers
by science subject and changes in the number of mathematics teachers
and computer-science teachers, the SASS local education agency form
does not track student enrollments in a parallel fashion. The SASS
teacher questionnaire could be used to obtain enrollment data by race/
ethnicity and sex for particular science and mathematics courses by
expanding the question that asks teachers sampled for the names of the
courses they teach and the number of students in each course.

It is important that new data collections related to demand be
disaggregated by subject to be useful in setting policy to produce a corps of
teachers with the right mix of skills to meet the demands of future years.

Data Related to Supply

The number of teachers employed in schools nationwide is augmented
each year by new graduates from teacher training programs, newly certified
teachers who enter teaching from other pathways (collaborative relationships
with industry, for example), and entrants from the reserve pool of previously
certified teachers who have never taught or former teachers who have chosen to
reenter the profession. The number of teachers employed is diminished by
attrition due to retirement and other causes. Thus monitoring supply requires
keeping track of changes in the supply pool generally. In particular, it requires
data over time on certification, on attrition and
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retention rates, and on new hiring and the levels of key incentives that attract
people to the teaching profession. Monitoring supply calls, as well, for data that
describe the competitiveness of teacher salaries relative to opportunity cost
salaries, amount of reciprocity in certification across states, and portability of
teacher pensions. Our highest-priority data recommendations for the short run
call for better data on attrition, on the hiring rate for newly certified teachers, on
the supply potential of segments of the reserve pool, and on incentives that
influence individuals' decisions to enter or leave teaching. The panel
recommends obtaining better data or making fuller use of existing data on the
following aspects of supply, which are presented in "pipeline" order:

1. College Students Planning to Teach

* Trend data on the career interests expressed by college freshmen .
Indicators of future teacher supply include student aspirations to become
teachers. The proportion of freshmen aspiring to teach appears to be up
now for the first time in many years. Data from The American Freshman
(described in Appendix B) should be analyzed by subject major, sex, and
ethnicity. Follow-ups of students after two years and four years that are
conducted occasionally also should be analyzed. However, it should be
kept in mind that the number of freshmen who say they want to teach may
be only loosely related to the number among them who actually obtain
certificates.

* Data on science, mathematics, and education majors to be related, if
possible, to numbers of actual certificants. How many, by major, who
planned/did not plan to teach entered/did not enter the certification stage?
The High School and Beyond and Recent College Graduates surveys
provide these data.

2. Certification

* Information on state certification policies and practices. NCES should
continue to collect and disseminate this information.

* Data from states on education school and certification program
enrollments by subject specialty, sex, and race/ethnic group. NCES should
collect and disseminate these indicators of what is in the pipeline—potential
additions to teacher supply in the next one or two years.

* National data on the number of new certificants by type (traditional,
emergency, or alternative program) and by subject annually compiled from
state certification board data. Different states have different certification
practices and categories. It should be possible for NCES to get comparable
totals, however, for aggregated categories (mathematics, science,
elementary, secondary, for example) and to present disaggregated data
when available. Since teachers may be certified in more than one category,
these data will not be perfectly matched with the increase in the supply of
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newly qualified teachers. Rather, these data provide an upper bound on the
change in newly qualified supply.

» Information on the degree of reciprocity in certification across states.
These data help to indicate the extent to which shortages in one part of the
country could be filled by additional teachers from elsewhere. The National
Association of State Directors of Teacher Education and Certification
(NASDTEC) publishes states' reciprocity provisions periodically in its
Manual on Certification. It would be useful to include this information in
NCES's Digest of Education Statistics. The effect of reciprocity on the
mobility of the reserve pool is an issue for research.

* Data collected at the state or local level on the extent to which teachers are
employed who hold temporary, provisional, or emergency certificates. The
SASS teacher questionnaire will collect this information. The data should
be analyzed by subject, by region, or by type of area (e.g., rural, suburban,
urban, or central city). These data may indicate exhaustion of the reserve
pool or a shortage in a particular subject or in a particular geographic area.
SASS also asks districts for the number of full-time equivalent positions,
by subject, that remained vacant or were filled by a substitute or withdrawn
for lack of a suitable candidate. SASS collects the total for these three
categories but does not provide disaggregated data. Information on the
reasons for employing teachers with these categories of certificates could
be obtained through in-depth discussions with school district officials on a
regular basis, as the panel recommends at the end of this chapter.

* Data on the use of alternative programs for earning certification to teach.
In response to perceived shortages in the quantity or quality of teachers in
general, or in some cases of teachers of particular subjects, a growing
number of initiatives providing alternative or nontraditional routes to
certification have recently been created. The extent to which science and
mathematics teachers obtained their certification through an alternative
program and the distribution of such teachers geographically and among
urban, suburban, and rural schools should be monitored closely, through a
question that can readily be added to SASS.

e Follow-up data on new certificants to ascertain the numbers and
proportions of new certificants who did not immediately take teaching
positions. Such data would probe for reasons behind their decisions,
alternative activities chosen, and salaries, if possible. The Survey of Recent
College Graduates is one possible source of data, as is its successor, the
Baccalaureate and Beyond Longitudinal Study, which is expected to
provide data in the future.

3. New Hires and Incentives to Teach

» Comparative salary data to indicate competitiveness of teachers' salaries
relative to those of alternative nonteaching positions. Although there is a
question of just how this comparison should be made, one simple
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measure would be starting salaries in industry for people with equivalent
education (e.g., a B.S. in mathematics). The College Placement Council
(1988) publishes these data annually.

* Data on reasons why teachers selected their current school/district and
alternative offers they had. Such data (not currently collected by the SASS
teacher surveys or the NLS teaching supplement) would help identify
actions that schools or districts might take to attract well-qualified teachers.
(Note that, if there is a national shortage, it is not clear that such actions
would increase the national supply of teachers rather than the attractiveness
of a particular school/district.)

* The number of last year's certificants, by type of certificate, who were hired
(or received a firm job offer) by school district and the proportion of those
who applied for positions and were hired. These data, which can be
collected from college placement offices, provide an indicator of the extent
to which school districts draw from the pool of newly certified teachers,
rather than teachers from the reserve pool. Inclusion of racial/ethnic data
would help monitor the progress of minorities through the pipeline.

* Trend data obtained from districts on the ratio of the number of applicants
to vacancies in teaching, by field, and on the ratio of job offers per hire, by
field. Questions on the number of applicants and the number of job offers
per vacancy could be added to the SASS survey. Although an applicant
may apply for more than one vacancy, a decline in this indicator (assuming
no change in recruitment practices) would point to increasing shortages of
applicants in a particular field. Similarly, an increase in the number of job
offers per vacancy could indicate a shortage or the need to make the
positions more attractive.

* Data from school districts (building on SASS) on the extent to which
districts are shifting from screening applicants to recruiting, disaggregated
by subject and by race/ethnic group. When teachers are in surplus, districts
recruit near home (if at all) and passively accept applications that are then
screened. As shortages arise, districts recruit more vigorously. Thus, if it
were possible to count the number of districts engaging in active recruiting
without significant measurement error, it would be an indicator of shortage,
and growth in such an indicator over time would indicate increasing
shortage. Current SASS school district questionnaires ask about screening
generally, but not by subject, nor do they ask about recruiting. Because of
the difficulty of quantifying recruiting, this topic should be explored more
thoroughly by in-depth discussions with a sample of school districts.

* Recruitment data from personnel directors of school systems and from
college and university placement directors that identify fields of shortage
as they perceive them. Such data could highlight teaching fields for which
normal supply is not adequate. Expansion of recruitment areas and changes
in
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practices such as early offers or bonuses might indicate the severity of the
prospective shortage. Widespread reporting by many personnel officers and
many placement officers of the need for teachers in a field might indicate a
potential area of shortage. However, such a need would have to persist for
several years before being classified as a shortage. Recruitment data should
be collected by the geographic area covered, by subject, and by the race/
ethnicity of recruits.

4. The Reserve Pool

Because the reserve pool is such a major source of new hires, it is
important to know not only how large it is, but the content and size of its
various components, its size in different states or regions of a state, and whether
it is nearly exhausted in the area of the relevant labor market. From the panel's
viewpoint, all the approaches under this topic are high priority because so much
hiring is from the reserve pool. Knowing the characteristics of the types of
people in the reserve pool is important, for some individuals would not reenter
teaching under any conditions. Different components of the reserve pool can be
expected to behave differently.

A variety of approaches could be taken to measure the supply potential of
segments of the reserve pool:

» Follow new college graduates over time to determine the proportion that
enter teaching by the number of years after graduation, reasons for leaving
teaching, time spent out of teaching, and reentry into teaching. Data from
the longitudinal studies High School and Beyond and NELS:88 provide
opportunities for studying the reserve pool from this perspective. Data on
teaching status one year after graduation are available from the Recent
College Graduates (RCG) surveys carried out periodically with a sample of
recent graduates, most of whom prepared for teaching. A promising future
data source will be the Baccalaureate and Beyond Longitudinal Study,
which is scheduled to replace the RCG in 1994.

* New hires from the reserve pool can be tracked backward to study their
career histories prior to entering or reentering teaching. The SASS teacher
survey instrument will provide data on age of entry or reentry, time spent
away from teaching, what new hires were doing before they took teaching
positions, and subject areas taught. Components of the reserve pool that can
be covered in this way include both reentrants and people who were
certified but had not taught. Monitored over time, these data will begin to
shed light on the extent to which the reserve pool is adequate or exhausted
for certain subject areas or geographic areas.

» Track persons certified by a given state who are not currently teaching in
that state. Such persons constitute an important component of the reserve
pool at the state level. Using data from state certification files, some states
can track certificants who still live in the state and can characterize
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that segment of the reserve pool by age, subject specialty, and years of past
teaching experience. A survey could determine their interest in teaching or
incentives that would encourage them to teach. Studies of teacher supply
and demand in Massachusetts (Massachusetts Institute for Social and
Economic Research, 1987) and Connecticut (Connecticut State Department
of Education, 1985b) illustrate the use of certification data to estimate the
size of this component of the reserve pool.

5. Attrition Rates and Incentives to Leave Teaching

School data on attrition rates. Data from schools on the distribution of
teachers by age, race/ethnicity, sex, and disciplinary area, as well as
attrition levels within these categories. Attrition should be classified by
retirement or other cause.

The best prospect for obtaining some of these data is probably SASS,
which included an attrition-by-field question in the base year survey; the
data, however, are of poor quality. The panel urges NCES to simplify the
SASS matrix questions on attrition to improve response and to collect these
data on a continuing basis. The school questionnaire should be able to
separate attrition due to moving to another school or district from leaving
the teaching profession completely and reducing the national supply of
teachers.

Incentives to leave teaching. Overall changes in supply are affected by
factors that make teaching more or less attractive compared with other
occupations. The periodic SASS follow-up surveys of former teachers
should provide data on the reasons for attrition on a national scale and
increase understanding of the behavioral components of teacher attrition
and mobility. SASS should also collect information on salary scales, which
could be analyzed in conjunction with salaries in other occupations to learn
more about the competitiveness of teachers' salaries to opportunity cost
salaries.

Information from schools on separation rates of teachers by field of study.
These data, which are being collected by SASS, are needed to understand
the effect of separations on the teaching force for different fields of study.

* Information from states on teacher retirement policies. Such data would be

helpful for use in research on the relation among attrition rates, portability
of teacher pensions, and retirement policies. (SASS asks districts about the
minimum age, years of service, and penalty for early retirement associated
with their retirement plans.) However, knowing state retirement policies
does not answer the question fully, since teachers are often covered by
various combinations of state, district, and union retirement plans.
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Data Related to Quality

The notion of "enough" science and mathematics teachers must be
understood in qualitative terms. Therefore, it is imperative to gather data that
indicate aspects of quality. Little information exists that helps to define or
measur