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FOREWORD

The topic "Data Needs in the 1990s for Monitoring Labor-Market Conditions for
Engineers" i3 most important as the United States faces the problems generated by a global
economy, a strongly internationalized engineering enterprise, and industrial
competitiveness. To grapple with the policy issues that relate to the character of the U.S.
R&D enterprise, our industrial capabilities, labor-market conditions for engineers, and the
education of engineers, improved data are needed. Policies need to be based on
quantitative, not anecdotal, data The National Science Foundation for many years has
been in the forefront of producing quantitative information on the bas of which policy
decisions can be madeparticularly in its Science and Engineering Indicators, which
presents quantitative information that has been invaluable in shaping educational,
governmental, and research policies.

At the workshop convened on March 28, 1988, participants considered data needs for
the next de :ade. The kinds of data that we will need will depend on what we consider
important information required for policy and management decisions. The four major
issues addressed at the workshop--occupational mobility and flow dynamics, international
flows of engineers, technical currency, and the role of underrepresented groups in
engineering--generate requirements for data not now available.

Consider, for example, occupational mobility: several years ago the impact of the
military buildup in this country upon the availability of engineers for civil industry was an
issue. The National Research Council's Office of Scientific and Engineering Personnel
(OSEP) examined quantitative data that revealed that during past buildups, there was a
remarkable amount of occupational mobility/fungibility. The problem was found to be less
serious than anticipated. In the future, as the military buildup levels off, the reverse may be
of concern. The question of occupational mobility is central.

Technical currency is another issue that has been discussed widely. In a rapidly
changing technological world, techni cs1 obsolescence is a continuing problem. Although
many large corporations have excellent career-long education programs and professional
cr.glaeering societies are deeply involved in continuing education activities, as are U.S.
universities, there is no national policy that addresses this issue. It is important to have
data to determine whether governmental intervention is desirable or whether the engineering
community as a whole needs to take action.

There are growing concerns in some parts of the engineering community about the
effect of international flows of engineers, especially from foreign countries to this country,
on the U.S. engineering enterprise. How we address these concerns in the United States
will be important. OSEP, in a recent study, found serious needs for data on which one
could base policy decisions with respect to international flows.



The problems of women and minorities in engineering have been with us for a long
time. There has been a significant increase in the number of women entering engineering,
but the same is not inn of minorities. It seems strange to have forecasts of a shth-tage of
engineers which can only be met by foreign inflows of engineers when the United States
has an underutilized talent pool in its women and minorities. Why are they not moving in
adequate numbers into the engineering professions, which represent some of the most
exciting, best-paying jobs in the country? Better quantitative data are needed to answer that
question and to formulate policies.

Clearly, ,ve need decidedly better and more relevant quantitative data if we are to
monitor with confidence the dynamics of the engineering component of the nation's
technology base and formulate wise national engineering i sanpower policies. This report
provides guidance to the National Science Foundation and other agencies for the collection
of data to serve the needs of the county.

Robert M. White
President
National Academy of Engineering
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PREFACE AND ACKNOWLEDGMENTS

A major concern of the National Science Foundation (NSF) is gaining a better
understanding of the large and diverse number of data bases focused on the engineering
community. An earlier study conducted by me National Research Council's Committee on
the Education and Utilization of the Engineer (CEUE) and partially funded by NSF had
recommended that (1) the data-collection agencies use common definitions to identify and
collect consistent information on different segments of the engineering community and
(2) data-collection agencies be convened to discuss how best to make those data more
complete, accurate, and compatible. Respondir g to CEUE's recommendation, NSF asked
the National Research Council to conduct a study of data needs for monitoring engineering
labor-market conditions that would address the definitional and methodological differences
of existing data bases, mechanisms to reduce current information gaps, and future data
needs. In particular, as NSF embarked on an ambitious effort to evaluate and redesign its
Scientific and Technical Personnel Data System for the 1990s, it was interested in
answering five questions:

1. Among the major data bases, what are the similarities and differences in the
definition of "engineer" and "the engineering community"?

2. What are the strengths and weaknesses of each of the. data bases, and what
does each try to measure?

3. How might the data bases be used in conjunction with each other? Should
they be integrated into one large data base?

4. What types of issues cannot be addressed by using the current data bases?

5. What sources of international data on engineers are available, and what types
of comparisons are feasible?

The introductory chapter of this report summarizes the activities undertaken by the
study committee in the course of answering these questions. The Committee on Data
Needs for Monitoring Labor-Market Conditions for Engineers identified the major sources
of information on engineers in the U.S. work force and considered the various definitions
of "engineer" used within them. Chapter 2 briefly cites the defmitions used by the Bureau
of Labor Statistics, National Science Foundation, and the Research Council's Committee
on the Education and Utilization of the Engineer. Appendix A describes these data bases,
as well as their strengths and weaknesses. Next, the committee looked to the future rather
than to the past to articulate issues most linked to the formulation of federal policy in a
rapidly changing environment. The committee discussed various current trends that have
implications for the utilization of engineers in the next decade and identified four major
policy issue areas that are expected to increase in Prominence: occupational mobility and
flow dynamics, international flows, maintaining technical currency, and the role of
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underrepresented groups in engineering. As shown in Chapter 3, "Data Bases and Policy
Issues," many of the informaion needs of researchers and policymakers can be served by
the current data bases on the engineering work force; however, data gaps do exist in some
areas. Thus, in Chapter 4, the committee presents conclusions and recommendations foi
actions that will make the data bases more valuable in their content, approach, and
diversity.

The Committee on Data Needs for Monitoring Labor-Market Conditions for
Engineers appreciates the special assistance that it received froma number of individuals.
Erich Bloch, director of the National Science Foundation (NSF), initiated this study as a
result of the CEUE recommendations. Richard J. Green, assistant director of NSF's
Directorate for Scientific, Technological, and International Affairs (STIA); Carl W. Hall,
acting assistant director of NSF's Directorate for Engineering; and Mary F. Poats, special
assistant in the Directorate for Engineering, contributed to the development ofthis project.
Staff within STIA's Division of Science Resources Studies worked directly with staff at the
National Research Council to structure this project: William L. Stewart, division director,
Charles H. Dickens, head of the Surveys and Analysis Section; and Michael F. Crowley,
director of the Scientific and Technical Personnel Characteristics Study Group (STPCSG).
Particular appreciation is extended to Melissa J. Lane, STPCSG economist, who served as
the NSF staff officer on this project.

At the Research Council, the study committee is grateful for the support provided by
staff in the Wional Academy of Engineering (NAE)--particularly Robert M. White.
president; Alexander H. Flax, home secretary; Jesse Ausubel, director of the program
office; and Hugh H. Miller, who served as liaison between the committee and the NAE- -
and in the National Research Council's Office of Scientific and Engineering Personnel
(OSEP). Alan Fechter, OSEP's executive director, supported the project from its
developmental stages in 1986 and provided helpful counsel during the committee's
intensive 6-month study of the issue, "What data needs exist for one to monitor the
engineering labor market in a comprehensive manner during the 1990s?" Linda S. Dix,
staff officer, organized the various committee activities, including the workshop convened
on March 28, 1988, conferred with staff at the numerous data-collection agencies and
professional engineering societies to ensure that descriptive information about each data
base was correct, and had administrative responsibilities for this study. Engin I.
Holmstrom, consultant to the study, wrote the background paper and drafted this report.
Finally, Constance F. Citro, study director for the Panel on Decennial Census
Methodology and for the Panel on NSF Scientific and Technical Personnel Data Systems in
the Research Council's Commission on Behavioral and Social Sciences and Education,
offered many insights as the project was developing.

Much information presented in this report was gathered during the committee-
sponsored workshop. The committee greatly appreciates the guidance provided during the
small-group discussions by four researchers recognized for their particular expertise:
Pamela Atkinson, former NAE fellow now at the University of California-Berkeley, who
led the discussion on flow dynamics and occupational mobility; Michael G. Finn, with Oak
Ridge Associated Universities at the time of the workshop and now director of studies and
surveys in OSEP, whose knowledge of international flows of engineers enhances that
section within the report; William K. Le Bold, director of engineering education research
studies and information systems at Purdue University, whose knowledge of the importance
of and methods for achieving technical currency in engineering contributed much to the
discussion; and Betty M. Vetter, executive director of the Commission on Professionals in
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Science and Technology, who has a wealth of knowledge not only about women and
minorities in engineering but about many of the other topics discussed during the
workshop.

In addition, the committee thanks those who attended the workshop and contributed
to its deliberations. Approximately 60 individuals represented the federal data-co11e3ion
agencies, professional engineering societies, industrial and university employers of
engineers, and researchers interesied in the engineering labor market. Special
acknowledgments are extended to those participants who followed up their attendance by
sending the committee additional information for consideration: Peter Cannon, vice
president for research/chief scientist at Rockwell Science Center; June S. Chewning, senior
manpower analyst, Department of Energy's Office of Energy Research; Robert J.
Mosborg, assistant dean/director of the Engineering Placement Office, University of
Illinois, Urbana - Champaign; David R. Reyes-Guerra, executive director, Accreditation
Board for Engineering and Technology, Inc.; and Robert IC Weatherall, director, Office of
Career Services and Preprofessional Advising, Massachusetts Institute of Technology,
whose many insights were invaluable to the committee as it assembled the information
provided in this report.

We hope that the efforts of these individuals will clarify the issues surrounding data
needed to understand the engineering labor market and assist you in your research on
engineering employment, particularly in the coming decade.

John P. McTague
Chairman
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EXECUTIVE SUMMARY

Overview

The globalization of engineering functions and the rapidly expanding pace of
technological change have generated a range of policy issues of interest to educators,
industrialists, and government officials at the highest levels. To arrive at wise policy
decisions, policymakers must have access to information that is timely, comprehensive,
and accurate.

This report summarizes the deliberations of the Office of Scientific and Engineering
Personnel's Committee on Data Needs for Monitoring Labor-Market Conditions for
Engineers. Much of the information presented was discussed at a workshop convened by
the Committee to decide how best to make existing data bases on engineers more complete,
accurate, and compatible and to help the funding agency, the National Science Foundation
(NSF), with its data-collection and analytic efforts in the 1990s.

Current data bases were evaluated in terms of their responsiveness to policy
questions raised by four major issues of increasing interest to the engineering community- -
broadly defined to include engineers, their employers, and the institutions educating and

.
g them:

Occupational mobility and flow dynamics
Technical currency
International flows of engineers
Role of underrepresented groups in engineering - -women and members of
some ethnic minority groups.

Conclusions and Recommendations

The committee reached two principal conclusions. First, current data bases are
quite valuable in enabling one to understand engineering labor markets. Second, the value
of existing data bases can be increased significantly for many policy purposes, without
major change, by taking steps to improve the cross-correlation between them, to
disseminate a larger amount of information currtntly unpublished but available from
existing surveys, to add an element of specificity to chart areas of expertise, and to increase
their longitudinal nature.

The recommendations developed by the committee are given below.

Existing major data bases should be continued and enhanced in order to
expand our knowledge of the engineering community. Data should be readily
accessible to researchers.
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The value of existing data bases can be enhanced by improving their
longitudinal nature. Major reasons for collecting and, if currently collected,
using k: tg altli nal national data include (1) to track the retention of students,
particularly women and minorities, in the engineering education pipeline, (2)
to monitor occupational mobility and international flows within the
engineering community, and (3) to facilitate more in-depth analyses of career
patterns and the career mobility and progress of female and minority
engineers. Specifically, the time frame of NSF's National Surveys of Natural
and Social Scientists and Engineers should be expanded, and the feasibility of
including the 1982 longitudinal postcensal sample in the sample that will be
drawn for the 1990s should be investigated.

Futhennore, in order to address thl major issues-- occupational mobility and
flow dynamics, international flows, technical currency, and underrepresented
groupsthe committee recommends that the National Academy of Engineering
convene:

(1) An annual roundtable meeting at which data collectors could exchange
information, coordinate their efforts, and review progress made in
implementing the recommendations put forth in this report and

(2) Biennial meetings of data collectors and data users -- researchers,
educators, employers, policymakers- -to discuss data needs arising
from the changing mix of policy issues.

The committee also makes specific recommendations on the following topics, which
. i 'ild be among those addressed at these meetings:

Information on engineers generated from all current data bases should reflect
recent changes both in the nature and scope of the engineering profession and
in the range of activities and responsibilities of individual engineers:

(1) Engineers who have entered supervisory /managerial/administrative
jobs (including vice president, president, chief executive, and
chairman of the board), as well as those in sales and marketing, for
example, should be counted as engineers.

(2) Taxonomies should be expanded beyond the identification of
engineers by traditional disciplines to include identification by
engineering functions. Although surveys by NSF and others include
questions on work activities that are helpful and should be used more
widely, there is a need for more detailed descripiions of engineering
job functions, possibly including detail on the technologies and/or
tools used by engineers in their job. Research and experimentation to
develop taxonomies more satisfactory in this respect are necessary.

(3) Field of highest degree and occupational function taxonomies should
be expanded to cover emerging fields and to provide meaningful
occupational disaggregations.
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(4) Taxonomies of employment settings should be expanded to include
nontraditional employers of engineers, such as accounting firms,
management consulting firms, banks and investment orgarizations,
and other service organizations, as well as small businesses and
entrep. _neurial companies.

(5) Efforts should be exerted to maximize the degree of comparability in
these taxonomies to facilitate comparisons and crosswalks (see pages
9 -13).

The overlapping information that already exists in each data base should be
exploited more fully to increase the amount of cross-correlation done; this
would increase the value of all engineering employment data bases.
Furthermore, the possibility of increasing the amount of overlapping
information that is collected should be explored so as to improve (or refine)
the degree of crcss-correlation that will be possible (see pages 11-12).

The usefulness of all existing engineering employment data bases for
providing information on technical updating can be increased by adding data
elements dealing with level of technical responsibility and level of supervisory
responsibility (see pages 11-14

NSF should provide periodic cross-tabulations of occupational mobility, such
as by field of highest degree and current occupational functions, controlling
for years of experience. Such information can be usea US a measure of
adaptability, indicating the extent of movement from field of education or
training to jobs requiring other engineering functions and competence (see
pages 9-11).

NSF Surveys of Natural and Social Scientists and Engineers should include
questions dealing with both formal and informal mechanisms by which
engineers maintain their technical currency. Proportion of time spent on
formal and informal education and training activities should also be measured
(see pages 12-14).

NSF should continue its current efforts to improve data bases on foreign-born
engineers, including the possibility of a regular survey of immigrants that will
produce much-needed infoimation on foreign-born engineers living and
working in the United States (see pages 14-17).

NSF should also continue its efforts to test the feasibility °Hollowing up
foreign nationals with new U.S. degrees, both at the doctoral and other
levels, who have made firm commitments to leave the United States as well as
of obtaining comparative data on engineers in other countries. Information
should also be collected on American engineers studying, working, or visiting
abroad. The engineering personnel patterns used by multinational
corporations should also be examined (see pages 14-17).

Data about minorities in engineering should be collected and reported by sex
(see pages 17-19).
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Data on women and minorities in engineering should be released in a timely
manner. Such data are imperative now that there are indications of downward
trends in the enrollment of women and minorities in engineering (see pages
17-19).

In addition, special studies responding to particular information needs of the engineering
community are necessary:

Special longitudinal studies investigating factors relating to the successor
failure of women and minorities both in engineering education and in the
engineering labor force should be continued (seepages 17-19).

A pilot study should be conducted to develop adequate measurement
techniques for utilization, technical currency, and resilience (see pages 9-14).

Periodic small-scale special studies should be undertaken so as to identify
(a) areas in which technology is changing rapidly and (b) newly emerging
fields. Then, special studies should be conducted to study how engineers and
employers are maintaining currency in those fields (seepages 12-13).

Many of these small, special studies might best be conducted by professional societies or
eductitional institutions. Results of such studies could be used to supplement information
prutwed by the large data-base agencies such as the National Science Foundation and the
Bureau of Labor Statistics.

15
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1: INTRODUCTION

In the early 1980s a study of engineering education and practice -- conducted by the
National Research Council's Committee on the Education and Utilization of the Engineer
(CEUE)pointed out significant inadequacies in current data bases for constructing
consistent portraits of the engineering community. The diverse structure and purpose of
the existing data bases and ita resulting definitional and methodological differences make
integration of data into a comprehensive flow model of the engineering community
difficult. CEUE recommended that the various public and private data-collection agencies
be convened to see how bat to make data on the engineering community more complete,
accurate, and compatible.1

r ' thin the federal government, the National Science Foundation (NSF) has the
primary responsibility of collecting, analyzing, and reporting statistical information on the
scientific and engineering communities and labor market. Responding to the CEUE
recommendations, NSF asked the National Academy of Engineering (NAE) to convene a
workshop on data needs for monitoring the engineering labor force. NAE, in turn, asked
the National Research Cow icil's Office of Scientific and Engineering Personnel (OSEP) to
appoint a steering committee to plan the workshop and to write a study report.

This study is part of an ongoing effort initiated by NSFs Division of Science
Resources Stu'Aes to evaluate and redesign its ;scientific and Technical Personnel Data
System (STPDS). The effort entails a number of activities. A pa.ael of the Committee on
National Statistics of the Research Council has been established to conduct a
comprehensive review of the technical characteristics of the STPDS. In addition to the
Workshop on Engineering Data Needs for the 1990s, three other workshops--on the
physical sciences, the life sciences, and the social sciences--will be held. The results of
these activities will be utilized in planning NSFs statistical efforts for the 1990s.

To evaluate the adequacy of existing data sources in responding to policy information
needs of the 1990s, the Committee on Data Needs for Monitoring Labor-Market Conditions
for Engineers first discussed various current trends that have implications for the utilization
of engineers in the next decade. The committee assumed that the globalization of
economies will continue and that U.S. competitiveness will increasingly depend on the
quality, talent, and innovativeness of its engineering work force. The decline in the size of
the college-age population will continue until the mid-1990s. In addition, blacks and
Hispanics, who usually do not enter engineering, will constitute a larger share of the talent
pool. Coupled with the continuing influx of foreign nationals, the composition and the size
of the engineering work force will increasingly become a national policy issue. Scientific
and technological developments will continue to change rapidly. The engineering

1Committee on the Education and Utilization of the Engineer, National Research Council, Engineering
Education and Practice in the United States: Foundations of Our Techno-Economic Future, Washington, D.C.:
National Academy Press, 1985.
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profession will continue to adapt to rapidly changing demands by making internal
adjustments--shifting talent from one engineering area to another and updating existing
institutional capabilities--or by attracting personnel from other fields. However, such
mobility can have consequences for the quality and productiveness of the engineering labor
force. Understanding and monitoring such flows will become increasingly more important
for making rational policy decisions in the 1990s.

The committee then identified four major policy issue areas that are expected to be
particularly prominent in the 1990s: (1) the nature and scope of nccupational mobility and
flow dynamics in engineering; (2) maintaining technical currency; (3) international flows;
and (4) underrepresented groups--that is, women and some minorities. Although
interrelated, the committee beheves that each area deals with issues that will gain in
significance as globalization of the engineering enterprise continues and as questions
regarding the competitiveness of the U.S. engineering work force, its social and
demograpnic characteristics, talent pool, utilization patterns, and ability to respond to
rapidly changing technology increasingly become matters of national concern.

The committee commissioned a background paper describing major data bases on
engineers (see Appendix A, pages 25-60). Since the focus of the workshop was
engineering practice, rather than engineering education and training, the paper provides
information mostly on national and recurrent data bases on engineers in the labor market.
These include NSFs National Survey of Natural and Social Scientists and Engineers (also
referred to as the postcensal survey, from which the "experienced sample" is drawn);
Survey of Science, Social Science, and Engineering Graduates (also referred to as the
" Survey of New Graduates"); Survey of Doctorate Recipients; and Survey of Earned
Doctorates and the Bureau of Labor Statistics' (BLS) Occupational Employment Survey
and Current Population Survey. Membership data bases maintained by various engineering
societies, such as the National Society of Professional Engineers, as well as a few smaller
surveys, such as the salary surveys of Battelle and the College Placement Council, were
also included. Finally, the paper includes three major educational data sources--those of
the Accreditation Board for Engineering and Technology (ABET), the Engineering
Manpower Commission (EMC), and the National Center for Education Statistics (NCES),
each of which produces supply-related information on engineering enrollments and
degrees.

The workshop convened by the study committee on March 28, 1988, brought
together individuals who educate, train, and employ engineers; researchers who use the
engineering data bases; and data collectors. After discussing the strengths and weaknesses
of each data base, the workshop participants formed four small discussion groups, each to
assess the adequacy of current engineering data sources in addressing a particular policy
issue area. Each group was also charged with the task of discussing and deciding methods
of achieving some consistency in the definitions, methodology, and results of major
engineering data bases and the possibility of integrating them. Based on the proceedings of
the workshop (see Appendix D, pages 67-77), the committee identified areas in which
current data-collection efforts can be improved to meet engineering labor-market
information needs of the 1990s. This report summarizes the results of the workshop and
presents the recommendations of the study committee.
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2: WHO IS AN ENGINEER?

It has often been noted that different data bases give quite different counts of the
number of engineers in the United States. A major reason is that they use different ways of
&fining "engineer," depending on the purpose for which they are created, and different
methods of determining who belongs in that category. For instance, the National Science
Foundation's (NSF) complex screening process defines and identifies engineers based on
educational credentials (at least 2 years of college), self-reported occupation (has been
employed in an engineering occupation as defined by NSF; this excludes computer
specialists), and/or professional identification as an engineer on the basis of total education
and work experience. Missing are data on technologists, technicians, and others who may
be employed in engineering positions without the educational credentials as prescribed by
NSF. On the other hand, the Occupational Employment Survey conducted by the Bureau
of Labor Statistics (BLS) requests all U.S. industries to provide data on the number of
persons working as engineers, based on the definition for each occupation provided by
BLS (this excludes sales engineers, engineering teachers, and individuals trained or
educated in engineering but working in other fields, including management). The monthly
Cturent Population Survey conducted by BLS is also occupation-specific; the surveys sent
to households ask respondents to indicate the fields in which individuals are working rather
than those for which they may have been educated or trained.

Both NSF and BLS secure Lseful information, but neither secures all that is needed
when the primary focus is on the structure and dynamics of a professional feel' i--rather than
on its size--or on the flow of persons into, within, and out of that profession, or on
estimating the potential or future supply. Thus, a more flexible and inclusive definition is
needed to assure information on individuals who may at various times be part of the
engineering labor force, though not necessarily at the time of a specific survey. In this
broad sense, the engineering community includes not only practicing engineers but also
retired ones; engineers who are applying their knowledge to sales, management, or related
activities; individuals who are trained or educated in other fields but who are doing or are
qualified to do engineering work; and other potential members of the engineering m Irk
force.

The definitions used are most worthwhile to achieve one objective--namely, to
determine the size of the engineering population. However, for the purposes of this report,
and generally in studying the dynamics of the engineering profession, a broad and inclusive
definition is desirable. The definition of "engineer" used by the study committee is as
follows:

A person having at least one of the following qualifimtions:

college/university B.S. or advanced degree in an engineering program;
membership in a recognized engineering society at a professional level;
registered or licensed as an engineer by a governmental agency;
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current or recent employment in a job classification requiring engineering
work at a professional level.2

2Conunittee on the Education and Utilization of the Engineer, National Research Council, Engineering
Infrastructure Diagramming and Modeling, Washington, D.C.: National Academy Press, 1986, page 11.
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3: DATA BASES AND POLICY ISSUES

Current engineering employment data bases provide answers to many policy
questions. However, data gaps do exist in some areas of interest to the engineering
community (see Appendix A, pages 25-60). The committee identified four major issues on
which more data should be made available: occupational mobility and flow dynamics,
maintaining technical can envy, international flows, and underrepresented groups (women
and some ethnic minorities). This chapter is structured around the committee's
deliberations and discussion at the committee-sponsored workshop about those four issues.

Occupational Mobility and Flow Dynamics

Engineering is a dynamic profession, constantly changing and adapting to new
conditions and demands. It is also an extremely diverse profession, involving a wide range
of skills, competencies, and work settings. Engineers are now found in a variety of
settings, ranging from factories, construction sites, and laboratories to the chief executive
offices ,of multinational conglomerates.

The rate of technological change has intensified. As a consequence, emerging fields
are rapidly altering the nature and practice of engineering, and the relationship between
engineers and their support systems is constantly changing. While the number of
engineering specialties and subspecialties is growing, there is, at the same time, greater
pressure for interdisciplinary activity.

The educational system seeks to keep ahead of the rapidly changing nature of
engineering work, but it is difficult to anticipate needs in fields where technology will
change, or even to respond in time to those that are in early stages of development. Thus,
there is a time lag between emerging fields and formalization of educational programs.
Thus, adjustments to new needs are normally first made by moving existing person. i
among engineering fields and between engineering and other fields, by increasingly relying
on foreign engineers, and by providing inservice education or training to current
employees.

The fungibility and resiliency of the engineering wort, force are also evident in its
ability to respond to significant fluctuations in funding. For instance, it has been shown
that large increases or decreases in defense spending did not result in the predicted
consequences of sectoral distortion.3 The only exception seems to be in the early 1970s,
when defense cutbacks coincided with an economic recession and a decrease in college

3Panel on Engineering Labor Markets, Office of Scientific and Engineering Personnel, National Research
Council, The Impact of Defense Spending on Nondefense Engineering Labor Markets, Washington, D.C.:
National Academy Press, 1986.
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enrollments, resulting in highly publicized hardships among doctoral graduates who had
prepared for an academic career and for engineers employed in the aerospace industry.

The National Research Council's Panel on Engineering Labor Markets cited, as
examples of the remarkable adjustment potential of the engineering labor market, (1) the
willingness of experienced engineers, as well as of those in the engineering education
pipeline, to follow the signals of the market, (2) the availability of persons trained in related
areas, and (3) the willingness of employers to modify their hiring criteria (e.g., regarding
prior experience) and to lay out new capital investments to increase productivity .4
Occupational mobility, resiliency, and fungibility are matters of concern not only to the
individual engineer, but also to educators, employers, and national policymakers.
Information about these matters also gives the profession a picture of itself.

In determining major policy issues in the next decade, one must recognize that the rate
of technological development will probably continue to accelerate. The engineering labor
market will probably continue to respond to technological changes by making internal
adjus=ents and by importing talent from other fields or sources. However, questions
about the quality of the work force and mobility are closely related. It is important to know
how much and what kinds of mobility exist in the engineering work force. Answers to the
following questions will be essential in assessing the technological strength and
competitiveness of the U.S. engineering work force and will be a vital part of the
knowledge base required for sound policy formulation in the 1990s:

1. What are the numbers and characteristics of the engineering work force and its
various components?

2. What are the typical career patterns of engineers in different fields? with
different engineering degree levels? without engineering degrees?

3. How does the engineering profession respond to changing demand? Is the
response the same in all engineering areas? What is the cost-effectiveness of
education, training, and retraining?

In addition to the more traditional engineering functions, engineers often serve as salesmen,
planners, and managers.

4. How skillful are the engineers in these different roles? What is the migration
among roles? What are the salary differences? How many have management
degrees, and does possession of those degrees make a difference? Whom do
the managers manage? What are the rates of upward mobility in engineering?

5. How many annually leave engineering jobs to enter the "technical reserve
pool"?5 How many engineers return to engineering jobs from the "technical
reserve pool"?

4Panel on Engineering Labor Markets. op. cit.
3The technical reserve pool is comprised of individuals who are qualified to function as engineering faculty,
engineers, engineering technologists, engineering technicians. or engineering support staff but who are
curt tntly outside the engineering community; it includes retirees and other unemployed individuals, people
working in other fields. and those in the military. For further information. see Committee on the Education
and Utilization of the Engineer. National Research Council. Engineering Infrastructure Diagramming and
Modeling, Washington, D.C.: National Academy Press, 1986.
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6. How many engineering technologists and .c.zhnicians are there? What are
thGir demographic and employment characteristics? What proportion of the
engineering labor market do they represent? What are the rates of upward
mobility among engineering technologists and technicians?

Presently existing major data sources in engineering are valuable in their content,
approach, and diversity, as far as they go. They presumably serve the information needs
and mandate of their data-collecting agencies and provide valuable information on the
numbers and characteristics of engineers in the labor force. In particular, surveys
following up the same cohort of engineers over a period of time (i.e., longitudinal surveys,
such as the NSFs National Survey of Natural and Social Scientists and Engineers) are
extremely valuable in tracing career patterns and mobility of engineers. The concerns
regarding different estimates of the current engineering population can be partially alleviated
by explaining clearly the definitional and methodological differences of the various data
sources. There are, however, possible changes that would increase the value of current
data :es by making them more comprehensive and compatible.

Existing data bases contain many of the necessary data elements that can be used as
correlates or indicators of occupational mobility to answer most of the questions cited
above. Both BLS and NSF data bases can be manipulated to provide estimates of the size
of the technical reserve pool, rates of mobility, and so forth. However, most data-
collection methods need to be expanded in order to be more responsive to recent and
developing changes in the nature and scope of engineering education and practice.

First, in order to understand the dynamics of the engineering work force, we need to
develop additional appropriate ways of looking at and describing engineers, including both
identification by field of degree and identification by work function. Identification by
function is particularly important for experienced engineers whose daily activities may no
longer be closely related to their degree fields. Appropriate functional identification will
increase our understanding of the effects of engineering education as well as of career
flexibility, resiliency, and mobility of engineers. Moreover, such information is vital to our
understanding of the supply-demand relationship in engineering. Usually, the demand for
technical people, especially in the case of experienced persons and those with advanced
degrees, is not simply for electrical engineers as such but for specialists in digital circuit
design, semiconductor devices, optical communications, or some other specialty. This is
the level at which shortages and surpluses become apparent. It is also the level at which
much of the perceived migration between fields occurs.

Second, the detail level of functions or specialty lists will have to be increased to
match the increasingly evolving, diverse, and, at the same time, interdisciplinary skills and
activities of engineers. Engineers are utilized at different responsibility levels and play
many different roles, ranging from design and production functions to sales and
management, and should be identified and counted. Engineers are also employed in many
diverse settings. Increasingly, small companies are generating much of the new technology
in this country and the engineer/businessmen clearly are a vital part of this country's
engineering work force. Their role should not be discounted just because their jobs entail
more than engineering.

Although dealing with the increasingly large array of specialties within major
engineering functions may present problems to NSF and BLS, witnout such detail, our
understanding of the engineering work force will remain inadequate, will perpetuate the
traditional view, and will fail to accurately reflect its dynamic nature. Therefore, if we are
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to establish data bases that will be suitable for the next decade or so, the current surveys
must be expanded beyond the identification of traditional disciplines so that they include
such engineering functions and interdisciplinary activity as systems engineering,
applications/field service, consulting engineering, quality control, manufacturing/
production engineering, plant engineering, and process engineering, as well as technical
marketing and sales engineering. Such information could be usedas a measure of
adaptability, indicating the extent of movement from field of education or training to jobs
requiring new engineering functions and competence.

BLS surveys would benefit from inclusion of questions on education, such as degree
fields and levels, while the NSF surveys would benefit from inclusion of more in-depth
questions on function, such as technical and supervisory responsibility. However, in order
to maintain the time-series value of BLS and NSF surveys, the recommended additions to
already existing taxonomies should supplement rather than replace previously used
categories. The inclusion of these expanded taxonomies in NSF and BLS surveys would
increase the usefulness of each data base and allow researchers to develop crosswalks
between the two data bases in order to obtain a more comprehensive picture of the
engineering work force.

Finally, an Important component of the engineering work force is comprised of those
who obtained their competence by paths other than formal education in engineering. NSF
data bases already collect much information on all practicing engineers, but there has been
little use of this resource to enumerate and describe the characteristics of engineers without
formal science or engineering education. Data from both NSF and BLS data bases should
be utilized more extensively to determine the number, characteristizs, and career patterns of
engineers without engineering or science backgrounds.

Some professional societies include more detailed utilization questions in their
surveys of membership than do BLS or NSF in their nationwide surveys of engineers and
scientists. For instance, in the National Engineering Utilization Survey, the Engineering
Manpower Commission (EMC) asked questions dealing with "present supervisory
responsibility," including supervision of nontechnical personnel, nonprofessional technical
personnel, professional engineering personnel, and different management levels. The
question regarding "the level of technical responsibility of present job" included items
ranging from "prescribed procedures requiring no previous knowledge" to "pioneering
work-international authority." Occupational taxonomies used in such surveys also tend to
be more detailed and current than those used by national data collectors. A closer
cooperation between governmental data-collection agencies and Professional societies might
result in collection of information that is more useful and has greater value.

Maintaining Technical Currency

Engineering plays a crucial role in maintaining the nation's defense capability,
contributes to its economic competitiveness in world markets, enhances its quality of life,
and provides the technical means by which its national resources are protected. Any
decrease in the technical currency of the U.S. engineering work force would have direct
negative consequences on the nation's economic and social health.

In the rapidly changing world of engineering, a major concern to employers is
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maintaining the technical competence of their employees. Professional societies provide
educational programs to keep the engineering profession healthy and up -to -date.
Educational institutions, both not-for-profit and for-profit, are also interested in the needs
for technical updating in different engineering fields. First, they are one of the major
providers of such education programs. Second, information about technical needs is
crucial for maintaining the currency of educational curricula and programs and for attracting
students as well as for achieving the crucial balance between the core engineering
curriculum and other courses that facilitate the adaptability and resiliency of the engineering
work force.

There is limited but consistent evidence that "misutilization" of engineers is a major
contril-tning factor to their obsolescence.6 Work assignments that do not challenge
engineers to acquire knowledge of the latest developments result in quicker obsolescence.
Sometimes introduction of new technology produces almost instant obsolescence: for
example, computers are rapidly displacing drafting technologists and technicians.

Because of rapidly changing technology, there is growing emphasis on career-long
education and professional development in every field of engineering. It is essential to
know how different engineers at different levels with different functions are keeping
themselves current. Specifically,

1. What are the utilization patterns of engineers in different fields? How are they
affected by new technologies, such as computer-aided design?

2. What is the extent of systematic updating throughout the engineering
profession? How well do engineers maintain their technical currency?

3. What are the most effective ways to improve resilience in the engineering
work force?

4. What is the scope, nature, and effectiveness of available educational programs
in engineering?

Current data bases collect little information on technical updating. The committee believes
that several actions designed to find ways of securing such information and to improve the
usefulness of some existing data bases should be pursued.

Interactions with colleagues, reading periodicals, and other informal means are as
crucial in maintaining technical currency as is participating in formal education programs.
Yet information is more readily available on formal than on informal education programs.
For instance, questions on career-long education in NSF's National Surveys of Natural and
Social Scientists and Engineers include courses given at the employer's training facility, at
continuing education centers, in professional meetings, or by professional societies and the
armed forces. However, the usefulness of this longitudinal survey could be increased by
the addition of questions concerning addition:J. informal means of maintaining one's

6American Association of Engineering Societies, Toward the More Effective Utilization of American
Engineers: The National Engineering Utilization Survey, New York: Engineering Manpower Commission,
1986.
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technical currency.7 Clearly, measurement problems will need to be resolved before
effectiveness of such education programs can be assessed. Professional societies are
encouraged to include in their surveys detailed questions dealing with technical currency
and various measures of effectiveness of several education programs in order to
supplement the information collected from the ongoing and cumulative surveys of NSF.

International Flows

Based on estimates provided by a recent study by the National Research Council,
nearly 2 in 10 engineers in the United States in 1982 were foreign-born. The same year,
foreign-born engineers accounted for 36 percent of the new Ph.D.s entering the American
engineering labor force. The dependence on foreign-born engineers appears to be greatest
in academic institutions. In 1982, foreign-born engineers constituted nearly 3 in 10 of all
engineers employed in American universities. Toward the mid-1980s, over one-half of
engineering assistant professors under the age of 35 were noncitizens. Noncitizens
represented over 60 percent of engineering postdoctorates in 1985, and over 40 percent of
all full-time graduate enrollments in engineering.8 The preponderance of foreign-born
engineering faculty and students has led to problems in communication and to concerns
regarding the changing culture of engineering departments? Some institutions have now
imposed admission ceilings for foreign students. Some are concerned that if foreign-born
engineers continue to receive larger shares of advanced engineering degrees, thl United
States will find an inadequate supply of U.S. citizens for its national security missions.lo

During the next decade it will become increasingly more important to monitor and
study the effects of the influx of foreign nationals into the U.S. engineering community and
the outflow of those who are U.S.-educated. As the globalization of the engineering
enterprise continues, ties to engineering in foreign countries will become more important to
the health of U.S. engineering as well as to the general health of the U.S. economy. The
flow of engineering jobs and responsibilities across international borders has far-reaching
consequences that are only partially understood. As the dependency of the United States
on foreign engineering talent continues to grow, better information will be needed to make
policy decisions regarding the import and export of engineering services.

7See, for instance, Robert C. Dauffenbach and Michael G. Finn, Employer Provided Training and the Issue of
Quality in the Engineering Work Force, paper prepared for the Joint National Meetings of the Operations
Research Society and the Institute of Management Science, November 1985. Dauffenbach and Finn examined
the participation patterns of engineers in career-long education programs, utilizing data from the 1982 Survey
of Natural and Social Scientists and Engineers, and found that training not provided by employers had no
apparent effect on salaries. This study, however, did not evaluate the effects of informal mechanisms of
education because of the lack of data. See also American Association of Engineering Societies, Toward the
More Effective Utilization of American Engineers: The National Engineering Utilization Survey, New York:
Engineering Manpower Commission, 1986, for another discussion of the effects of continuing education on
salaries.
8Commiftee on the 7.nternational Exchange and Mov,Jment of Engineers, National Research Council, Foreign
and Foreign-Born Engineer; in the United States. infusing Talent, Raising Issues, Washington, D.C.: National
Academy Press, 1985.
9Elinor G. Barber and Robert P. Morgan. "The impact of foreign students in engineering education in the
United States," Science 236 (April 3), pp. 33-37.
1801enn W. Kuswa, "Effects of foreign nationals on federally supported laboratories," in Committee on the
International Exchange and Movement of Engineers, Foreign and Foreign-Born Engineers in the United
States: Infusing Talent, Raising Issues, Washington, D.C.: National Academy Press, 1988, pp. 147-162.
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Although the number of foreign-born engineering students and professionals can be
estimated from various sources, there are major data gaps m coverage and in the level of
detail essential for some decisions. Questions of particular concern indude:

1. How many and what types of foreign engineers enter, leave, or stay in the
engineering work force of the United States?

2. From which countries do foreign engineers come? What factors promote tn.:
flow of foreign engineers to the United States?

3. How many American engineers actually emig ate to foreign countries? How
many make professionally related short-tern or long-term visits abroad? In
which disciplines? For how long? To which countries do American
engineers go? What factors promote the flow of American engineers to
foreign countries?

4. What is the nature of technical flows within multinational corporations?

In general, there is fair to good information about engineers who get degrees in the United
States and then stay here, but much less is known either about those who get degrees and
leave the United States or about those migrating to the United States with engineering
degrees earned in other countries. There is also very little information about American
engineers who study or work abroad.

Regarding the first set of questions, the existing data bases provide more information
on the number of foreign recipients of U.S. degrees than on those already in the U.S. tabor
market and more regarding Ph.D. recipients than master's or bachelor's degree holders.
There are good estimates of foreign Ph.D. engineers with new U.S. degrees. The Stu icy
of Earned Doctorates provides statistics on the employment plans of new doctorate
recipients each year. For instance, results of the most recent Survey indicate that 58.1
percent of the foreign-born engineers receiving U.S. doctorates planned to stay in the
United States in 1986 (this includes 82.1 percent, or 151, of the 184 holding iennanent
visas and 53.1, or 455, of the 878 holding temporary visas).11 Among other data sources
on engineering doctorates, Michael Finn, for example, used Social Security tax information
to produce independent estimates of stay rates of foreign Ph.D.s and concluded that over
60 percent of recipients of U.S. engineering doctorates in 1980 and 1981 were working in
the United States in 1982 12

Detailed information on foreign-born engineers with bachelor's or master's degrees is
more difficult to find. Several organizations--such as the National Science Foundation,
National Center for Education Statistics, and Engineering Manpower Commission--provide
data on the number of new graduates who are foreign nationals on temporary visas;
however, there are no adequate recurrent data on the stay rate of such graduates.
Postceasal surveys can be used to estimate stay rates; but becausz of the relatively small
numbers involved, results tend to be of questionable reliability. Currently, there appears to
be no easy method to get better data on the stay rate of foreign engineers with master's
degrees or baccalaureates.

11See, for example, Susan L. Coyle, Summary Report 1986: Doctorate Recipients from United States
Universities, Washington, D.C.: National Academy Press, 1987.
12Michael O. Finn, Foreign National Scientists and Yngineers in the U.S. Labor Force, 1972-1982, Oak
Ridge, TN: Oak Ridge Associated Universities, June 1985.
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Information is also needed on foreign engineers working in the United States without
a U.S. degree. Using the postcensal survey of 1982, Finn estimated that foreign nationals
with non-U.S. degrees constituted about one-fifth of all immigrant engineers in 1981.13
However, this estimate cannot be updated until the 1992-93 postcensal survey.

Although existing data sources provide good information on the numbers of new
foreign engineering graduates, there is very little information on their stay rates and career
patterns. To improve the estimates of foreign inflows into the U.S. ek,ineering labor
force, NSF is currently taking steps to explore the cost and effectiveness of a survey of
immigrants, to be conducted on a regular basis. That survey would be desirable. Another
possibility is a survey of employers to determine the characteristics and contributions of
foreign engineers employed in American industry.

Almost no quantitative information on the career patterns of U.S.-trained foreign
nationals who return to their home countries exists. Many believe that U.S.-trained foreign
engineers are important contacts, providing techno-economical links between the United
States and multinational engineering companies while also promoting and contributing to
technology transfer. At present, no data bases can be used to test such contentions.
Clearly, a survey of U.S .-trained foreign engineers no longer living in the United States
would be costly. However, since NSF surveys of recent graduates, beginning in 1986,
asked respondents to provide their ion-U.S. addresses, the conduct of follow-up surveys
of foreign graduates who return to their some countries should be possible. Response
rates of foreign engineers who have returned home will probrbly be lower than average;
nevertheless, the feasibility of acquiring data in thismanner should be investigated.

Finally, the engineering community would benefit from more and better data on
engineers in other countries. NSF has ongoing efforts in this area: for example, it has a
contract with the U.S. Bureau of the Census to obtain census tapes from a number of
foreign countries and to tabulate data that are as close as possible in definition to U.S. data
on engineers and scientists. The committee endorses such efforts.

Regarding the second set of questions, there is no regularly published information on
the country-of-origin of engineers in the United States, although the U.S. Immigration and
Naturalization Service collects such information on immigrant engineers and the Institute of
International Education does the same for foreign engineering students in the United States.
Country -of- origin data can be obtained from the Survey of Doctorate Recipients and from
the postcensal surveys. The latter, however, requires special tabulations from the Bureau
of the Census, as country-of-origin information is suppressed on the public user tapes.
Moreover, these data sources provide enumerative and descriptive information only and do
not permit identification of factors that promote the flow of scientists and engineers to the
United States. A fev: special studies have been conducted to determine reasons for staying
in the United States: findings suggest that income differentials, professional opportunities,
and work conditions are important determinants of immigration of professionals to the
United States, along with a number of political and social considerations.14 Further, U.S.
immigration policy ana its subsequent changes also exert significant influence on
immigration patterns of foreign professionals to the United States.15

13Finn, op. cit.
14See, for example, Wei-Chiao Huang, "A pooled cross-section and time-series study of professional indirect
immigration to the United States," Southern Economic Journal (July 1987), pp. 95-109.
15Vinod Agarwal and Donald Winkler, "Migration of professional manpower to the United States," Southern
Economic Journal (January 1984), pp. 814-830.
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Regarding the third set of questions, most of what we know about the flow of U.S.
engineers to foreign countries currently comes from very limited and inadequate data or
from anecdotal sources. The Survey of Earned Doctorates contains a question on intention
to study abroad after graduation. Statistics show that each year fewer than 1 percent of
new engineering doctorates elect to study abroad.16 A special follow-up survey of this
small group of engineering doctorates might shed much-needed information on the reasons
and actual benefits of postdoctoral study in foreign countries.

Current data sources provide almost no information on American engineers working
abroad. NSF experimented with a new set of questions for the 1987 Survey of Doctoral
Scientists and Engineers, dealing with trips abroad for three or more months. If these
questions prove to be useful, similar questions should be included in the Survey of Recent
Graduates and in the next generation of postcensal surveys.

Other potential data sources remain largely untapped For instance, national
laboratories and firms funded by the Department of Defense and the Department of Energy
with national security work keep track of travel abroad. Information on U.S. citizens
traveling to countries that require a visa can be obtained from foreign consulates, although
work requiring short stays may be accomplished on a travel, rather than a work, visa.
U.S. companies may also keep track of their employees' activities abroad. Information on
U.S. engineers working abroad is but one useful and essential component of a data system
on international flows that should be developed and collected on a regular basis.

The intern ional movement of engineers contributes to the exchange of information
and has importain consequences for technical development in the United States and for
global competitiveness. International technology transfers in such fields as magnetic fusion
and high-energy physics research are often cited as models for mutual benefit among
nations.17 The increasing globalization of the engineering enterprise dictates that in the
1990s national engineering data sources have the capability to track international inflows
and outflows of the engineering community effectively and precisely.

Underrepresented Groups:
Women and Some Ethnic Minorities

From the mid-1970s to the early 1980s, the number of women and minorities in
engineering grew. Their increased participation, coupled with dramatic increases in the
number of foreign students, masked the continuing decline in the proportion of traditional
engineering students--that is, white males.

Today, however, women and ethnic minorities, with the exception of Asian Americans,
continue to be underrepresented in engineering. Moreover, there are signs that their
enrollments have already peaked and are beginning to decline, raising serious questions
about the shrinking talent pool of engineers. It is estimated that between 1970 and 1983,
the number of women engineers tripled.18 Despite these increases, NSF reports that in
1986, women comprised only about 4 percent of the total engineering work force of over

16Committee on the International Exchange and Movement of Engineers, op. cit.
"Ibid.
18Connittee on the Education and Utilization of the Engineer, National Research Council, Engineering
Employment Characteristics, Washington, D.C.: National Academy Press, 1985.
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2.4 million.19 Blacks, Hispanics, and American Indians continue to be underrepresented
in the engineering work force. Estimates of the number of blacks, for instance, range from
2 to 3 percent of the total engineering work force, while they represent nearly 12 percent of
the general population.

The committee discussed various studies dealing with women and minorities in
engineering and the adequacy of available data sources in responding to the following
questions:

1. What are the numbers and characteristics of women and minorities who enter
engineering education and practice? What are the numbers and characteristics
of technically qualified women and minorities who select nontechnical
curricula? What are the numbers, characteribLics, and attitudes of women and
minorities who drop out of engineering-- either before or after achieving an
engineering degree?

2. What percentage of women and minorities holding engineering bachelor's
degrees pursue graduate education in engineering? What factors influence
their decisions? What are the structural bnrriers to their pursuit of graduate
education in engineering?

3. What are the utilization patterns of women and minority engineers, including
reentry women and minorities, as compared to white males by field, industry,
and type of activity? What are their career patterns? What factors determine
their career patterns? How do these factors differ from those influencing the
career patterns of white males?

Some of the data needed to answer these, questions already exist. Enumerative data
on female and minority engineers are usually considered to be good but not mutually
exclusive. Demographic data on scientists and engineers are routinely reported: for
example, Women and Minorities is published annually by NSF and Science Indicators
(recently retitled, Science and Engineering Indicators) is published biennially by the
National Science Board. Enrollment and degree information is also routinely reported by
the National Center for Education Statistics and the Engineering Manpower Commission.
However, most of the enumerative information on women and minorities is reported
separately; thus, there is not a separate analysis of minority women. Similarly, institutional
data bases do not usually report minority data by sex. Cross- tabulations by sex and by race
can be obtained from individual data bases but usually are not presented as such because of
small cell sizes.

In general, studies providing descriptive and analytic information on the participation
of women and minorities are more readily available for the education than for the labor
market domain, more for women than for minorities, and more for doctorate recipients than
for holders of other degrees.

NSFs data collection is most appropriate for monitoring progress in the participation
of wome and minorities in engineering and in deepening our understanding of their
experience and treatment once they enter the engineering work force. For instance, the

19National Science Foundation, U.S. Scientists and Engineers: 1986 (NSF 87-322), Washington, D.C.: U.S.
Government Printing Office, 1987.
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National Research Council's Committee on the Education and Employment of Women in
Science and Engineering examined extensively the Surveys of Earned Doctorates and of
Doctorate Recipients in order to document career patterns of female doctorates in academe,
industry, and government." Using NSFs 1972 and 1978 Surveys of Natural and Social
Scientists and Engineers, Michael Finn examined the differential effects of experience,
training, and education on salaries of male and female scientists.21 To understand their
participation in science and engineering, NSF oversampled both women and minorities in
its drawing of the 1982 postcensal survey population. However, given the small number
of female scientists and engineers in these samples, it has been difficult to analyze
utilization patterns in detailfor example, in different subspecialty areas or by different
occupational functions. The even smaller numbers of minorities preclude any but the most
general level of analysis. In many occupations the sample can not be expanded to include
more women or underrepresented minorities because questionnaires have already been sent
to all who completed the 1980 Census of Population survey forms.

These concerns indicate the limitations of the national data bases and suggest the need
for supplementary approaches such as smaller "case study" projects that focus directly on
issues pertaining to the participation and utilization of women and minorities in
engineering.

20Committee on the Education and Employment of Women in Science and Engineering, National Research
Council, Climbing the Academic Ladder: Doctoral Women Scientists in Academe, Washington, D.C.: National
Academy of Sciences, 1979; Career Outcomes in a Matched Sample of Men and Women Ph.D.s: An Analytic
Report, Washington, D.C.: National Academy Press, 1981; Climbing the Ladder: An Update on the Status of
Doctoral WInten Scientists and Engineers, Washington, D.C.: National Academy Press, 1983.
21Michael G. Finn, Training, Work Experience, and the Earnings of Men and Women Scientists, Oak Ridge,
IN: Oak Ridge Associated Universities, 1981. See also Aline Quester, Men and Women in Science and
Engineering Occupations, Alexandria, VA: Center for Naval Analysis, 1984.
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4: CONCLUSIONS AND RECOMMENDATIONS

Current data bases in engineering are valuable in their content, approach, and
diversity, as far as they go. Concerns regarding the divergence in results produced by
different data bases, such as the labor-market estimates of the National Science Foundation
and the Bureau of Labor Statistics, could be partially alleviated by clear explanations of
differences in definitions and methodologies that lead to such differences. However, these
differences may make difficult, if not impossible, the comingling of data from the various
data bases to achieve broader goals and deeper understandings of the engineering
community and its workings.

Engineering data basesserve a wide variety of purposes. Since each different data
base seems to serve effectively the purposes and information needs for which it was
designed, integration of all current engineering data bases into one major data source on
engineering does not appear to be either desirable or feasible. It should be noted that the
usefulness of the BLS and NSF data bases in engineering comes from their estimates of the
number of engineers As well as from the descriptive and analytic information that they
produce about the ;:ngineering labor force. In particular, NSF's data system is very
valuable in providing descriptive information about the characteristics of the engineering
work force. Although it is important for supply and demand projections to have accurate
information about die size of the engineering work force, the committee recognizes that
definitional and labeling differences will result in different counts. Neither the single count
used by BLS nor the algorithms used by NSF will do justice to the complex and dynamic
reality of the engineering community.

Thus, the committee urges that immediate steps be taken to implement three of its
recommendations:

1. Existing major data bases should be continued and enhanced in order to
expand our knowledge of the engineering community. Data should be readily
accessible to researchers.

2. The value of all existing data bases can be enhanced by improving their
longitudinal nature. Major reasons for collecting and, if currently collected,
using longitudinal national data include (1) to track the retention of students,
(2) to monitor occupational mobility and international flows within the
engineering community, and (3) to facilitate more in-depth analyses of career
patterns and the career mobility and progress of female and minority
engineers. Specifically, the time frame of NSF's National Surveys of Natural
and Social Scientists and Engineers should be expanded, and the feasibility of
including at least some of the 1982 longitudinal postcensal sample in the
sample that will be drawn for the 1990s should be investigated.
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3. The National Academy of Engineering should convene regular meetings at
which engineering data bases will be addressed:

An annual roundtable meeting at which data collectors could exchange
information, coordinate their efforts, and review progress made in
implementing the recommendations put forth in this report and

Biennial meetings of data collectors and data users --researchers,
educators, employers, policy makers --to discuss data needs arising
from the changing mix of policy issues.

The committee recognizes that its recommendations involve a range of costs as well
as of difficulty. Nonetheless, because of the importance to the engineering community of
the data collected and the resulting analyses by the various organizations and agencies cited
in this report, the committee urges that steps be taken to implement the recommendations in
the following order:

Most Important

4. Infon,iation on engineers generated from all current data bases should reflect
recent changes both in the nature and scope of the engineering profession and
in the range of activities and responsibilitzs of individual engineers:

Engineers who have entered supervisory/managerial/administrative jobs
(including vice president, president, chief executive, and chairman of
the board), as well as those in sales and marketing, for example, should
be counted as engineers.

Taxonomies should be expanded beyond the identification of engineers
by traditional disciplines to include identification by engineering
functions. Although surveys by NSF and others include questions on
work activities that are helpful and should be used more widely, there is
a need for more detailed description of engineering job functions,
possibly including detail on the technologies and/or tools used by
engineers in their jobs. Research and experimentation to develop
taxonomies more satisfactory in this respect are necessary.

Field of highest degree and occupational function taxonomies should
also be expanded to cover emerging fields and to provide meaningful
occupational disaggregations.

Taxonomies of employment settings should be expanded to include
nontraditional employers of engineers, such as accounting firms,
management consulting firms, banks and investment organizations, and
other service organizations, as well as small businesses and
entrepreneurial companies.

Efforts should be exerted to maximize the degree of comparability in
these taxonomies to facilitate comparisons and crosswalks (see pages
9- 1 3).
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5. The overlapping information that already exists in each data base should be
exploited more fully to increase the amount of cross-correlation done; this
would increase the value of all engineering employment data bases.
Furthermore the possibility of increasing the amount of overlapping
information that is collected should be explored so as to improve (or refine)
the degree of cross-correlation that will be possible (see pages 11-12).

6. NSF should continue its efforts to test the feasibility of following up foreign
nationals with new U.S. degrees, both at the doctoral and other levels, who
have made firm commitments to leave the United States as well as of
obtaining comparative data on engineers in other countries. Information
should also be collected on American engineers studying, working, or visiting
abroad. The engineering ponnel patterns used by multinational
corporations should also beexamined (see pages 14-17).

7 . NSF should provide periodic cross-tabulations of occupational mobility, such
as by field of highest degree and current occupational functions, controlling
for years of experience. Such information can be used as a measure of
adaptability, indicating the extent of movement from field of education or
training to jobs requiring other engineering functions and competence (see
pages 9-11).

8. NSF Surveys of Natural and Social Scientists and Engineers should include
questions dealing with both formal and informal mechanisms by which
engineers maintain their technical currency. Proportion of time spent on
formal and informal education and training activities should also be measured
(see pages 12-14).

9. The usefulness of all existing engineering employment data bases for
providing information on technical updating can be increased by adding data
elements dealing with level of technical responsibility and level of supervisory
responsibility (see pages 11-12).

Very Important

10. NSF should continue its current efforts to improve data bases on foreign-born
engineers, including the possibility of a regular survey of immigrants that will
produce much-needed information on foreign-born engineers living and
working in the United States (see pages 14 -17).

11. Special studies investigating factors relating to the success or failure of
women and minorities both in engineering education and in the engineering
labor force should be continued (see pages 17-19).

12. A pilot study should be conducted to develop adequate measurement
techniques for utilization, technical currency, and resilience (see pages 9-14).

13. Periodic small-scale special studies should be undertaken so as to identify
(a) areas in which technology is changing rapidly and (b) newly emerging
fields. Then, special studies should be conducted to study how engineers and
employers are maintaining currency in these fields (see pages 12-13).
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Important

14. Data about minorities in engineering should be collected and reported by sex
(see pages 17-19).

15:- --Data on women and minorities in engineering should be released in a timely
manner. Such data are imperative now that there are indications of downward
trends in the enrollment of women and minorities in engineering (see pages
17-19).

The committee sees a real need for better communication and coordination among the
federal agencies collecting information about the engineering labor force and between those
data collectors and others with more proscribed samples or interests. While the committee
recognizes that some of the existing engineering human resource data bases have already
implemented various of the recommended actions, it believes that incorporating changes
that will make them more comprehensive and compatible will also facilitate crosswalks
across major data bases, significantly increasing their usefulness to researchers interested in
labor-market conditions for engineers and in engineering practice, and will produce
valuable information upon which rational policy decisions can be made, both at
governmental and institutional levels. The committee's recommendations respond to major
concerns of the engineering community. It is hoped that action will be taken on each of
them in the near future.
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Introduction

In the early 1980s, a majlr stun' 41 engineering education and practice was conducted by the
National Research Council's Co: lee on the ducation and Utilization of the Engineer (CEUE). That
study, partially supported by fungi: .im the National Science Foundation (NSF), concluded that currently
available data bases are inadequate for making historical comparisons or constructing consistent portraits of
the engineering community and recommende a more comprehensive and consistent set of data, available on
an annual basis, for tracking and assessing the supply and utilization of engineers. CEUE recommended
that (1) the data-collection agencies use common definitions as well as flow diagrams to identify and collect
consistent information on different segments of the engineering community and (2) the various public and
private data-collection agencies be convened to see how best to make data on the engineering community
more complete, more accurate, and MOM compatible.)

Responding to the CEUE recommendation, NSF funded a workshop on data needs for monitoring
engineering labor-market conditions, convened by a study committee of the Besmirch Council's Office of
Scientific and Engineering Personnel (OSEP). Issues to be addressed by the Committee on Data Needs for
Monitoring Libor-Market Conditions for Engineers include the definitional inconsistencies and
methodological incompatibilities of existing data bases, extension or integration of data bases to reduce
current information gaps, and future data needs. The results will help NSF to plan for its data collection
and analytical efforts in the 1990s.

This background paper has been prepared to assist workshop participants in their deliberations on
engineering data needs. First, it summarizes the CEUE findings and conclusions about data needs and
availability, including the engineering manpower flow diagram developed to identify different components
and data needs of the engineering community (Appendix A-1). Second, data sources, including the ones
used by the CEUE, are presented (detailed descriptions of each data base are reported in Appendix A-2), and
methodological differences resulting in definitional and classification problems are discussed. Finally, the
paper presents a number of issues designated by the Committee on Data Needs for Monitoring Labor-
Market Conditions for Engineers as the major labor-market questions of the 1990s and lists available data
bases that could be used to analyze them.

The focus of the workshop is not education per se but, rather, engineering practice, although there are
many educational questions that also require better and more comprehensive data collection. Further, many
of the issues faced by the engineering educational community have direct bearing on the future of
engineering employment. However, the workshop participants are invited to concentrate on questions that
contribute to our understanding of the practice of engineering. Educational data and issues should be
considered only in terms of their impact on the scope and composition of the engineering supply.

Findings and Recommendations
of the Committee on the Education and Utilization of the Engineer

Two CEUE panels dealt specifically with labor - market issues. The Panel on Engineering
Employment Characteristics was charged with (1) developing an understanding of the employment patterns
and demographic and educational characteristics of engineers, technologists, and technicians and
(2) determining how these patterns have changed or were likely to change with time. Using Bureau of
Labor Statistics (BLS) dais, that panel found that the engineering work force had grown steadily, doubling
its numbers to more than 1.5 million between 1960 and 1982. In "ddition, there were 750,000 computer
specialists and 1.1 million engineering technicians in 1982. The pod was disturbed by the fact that
estimates of the number of engineers ranged from 1.2 million (BLS) to more than 1.9 million (NSF).

1Committee on the Education and Utilization of the Engineer, Engineer Education and Practice in the
United States: Foundationsfor our Techno-Economic Future, Washington, D.C.: National Academy
Press, 1985
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There were also numerous inconsistencies in the numbers ofdifferent segments of the engineering
community. The panel concluded that these inconsistencies made it difficult to develop either quantitative
or qualitative descriptions of the engineering community and that without standard measurement criteria,
these differences would be impossible to reconcile.2

The CEUE Panel on Infrastructure Diagramming and Modelingdiscussed more fully the strengths
and weaknesses of the data collection system as a whole.3 That panel studied the structure and dynamics of
the engineering community, including underlying driving forces and factors influencing both entrance into
and exit from that community. The panel developed a flow diagram to present graphically the complex
flows and interactions of the people who make up the engineering community and to help identify different
components of the system for which separate information is needed (Appendix A-1). The following stocks
and flows were identified

Entry pool, consisting of students in secondary education, foreign students, and returning
adults;
Postsecondary education pool, consisting of B.S./M.S. engineering students, B.S./M.S.
science/math students, B.S./M.S. technology students, B.A./M.A. nontechnology students,
collegiate below-B.S. technical students, and collegiate below-B.S. nontechnical students;
Ph.D. pool, consisting of engineering Ph.D. students, science,/math Ph.D. students, foreign
Ph.D. students;
Engineering community employment pool, including engineering faculty, engineering pool,
technology pool, and technician pool;
Transfers to staff support pool or to other positions (e.g., sales or managerial);
Exit from the engineering community due to death, disability, emigration; transfers to other
jobs; and foreign workers returning to their home countries;
Temporary exit to technical reserve pool.

In collecting engineering manpower data, CEUE recommended that the following definitions be used
by all data-collection agencies:

Engineering Business, government, academic, or individual efforts in which knowledge of
mathematical, physical and/or natural sciences is employed in research, development, design,
manufacturing, systems engineering, or technical operations with the objective of creating and/or
delivering systems, products, processes, end/or services ofa technical nature and content intended
for use.

Engineering Community People meeting at least one of the following conditions:

Actively engaged in engineering, as defined above;
Actively engaged in engineering education;
Qualified as an engineer, engineering technologist, or engineering technician, as defined
below, and actively engaged in such engineering support functions as engineering management
or administration, technical sales, or technical product purchasing;
Qualified as an engineer, engineering technologist, or engineering technician, as defined
below, who was but is not now actively engaged in engineering, engineering education, or
engineering support.

Engineer A person having at least one of the following qualifications:

College/university B.S. or advanced degree in an accredited engineering program;

2Committee on the Education and Utilization of the Engineer, Engineer Employment Characteristics,
Washington, D.C.: National Academy Press, 1985.
3Committee on the Education and Utilization of the Engineer, Engineering Infrastructure Diagramming and
Modeling, Washington, D.C.: National Academy Press, 1986.
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Membership in a recognized engineering society at a professional level;
Registered or licensed as an engineer by a governmental agency;
Current or recent employment in a job classification requiring engineering work at a
professional level.

Engineering Technologist A person having at least one of the following qualifications:

A bachelor's degree from an accredited program in engineering technology;
Current or recent employment in engineering work, but lacking the qualifications of an
engineer as defined above.

Engineering Technician A person having at least one of the following qualifications:

A degree or certificate from a one- to three-year accredited technical program
Current or recent employment in engineering work, but lacking the qualifications of an
engineer as defined above and at a lower job level than that of an engineering technologist.

These definitions appear to be broad and flexible enough not to cause major changes in definitions currently
used by major data-collection agencies. However, the definition of the overall engineering community
clearly points out inadequacies in the existing data-collection system. Specifically, CEUE found that data
are relatively incomplete on staff support, technical reserve, and technician pool as well as on flows out of
engineering due to retirement, death, etc. Further, information is very limited on immigration/emigration,
geographical mobility, reentering adults, and community college graduates.

Data Bases on Engineers

The following is a brief description of the organizations that manage data bases on engineering
manpower (see Appendix A-2 for detailed descriptions). Some of these organizations collect data only on
engineers (e.g., Engineering Manpower Commission) while others have broader target populations (e.g.,
Bureau of the Census) from which information on engineers can be extracted. In between are the data bases
managed by NSF, whose data-collection efforts focus on scientific and technical human resources.

Overview

The Accreditation Board for Engineering and Technology (ABET) has maintained since 1936, when
accreditation first began in engineering, all the data on educational institutions and programs generated
through the accreditation process. ABET conducts annual analyses of the results of accreditation action in
engineering, engineering technology, and related areas. In particular, ABET data deal with the quality and
status of engineering education.

The Engineering Manpower Commission (EMC) of the American Association of Engineering Societies
maintains a data base on engineering and technology enrollments and degrees based on annual surveys of
educational institutions. The survey population for engineering enrollments and degrees is quite
comprehensive and includes over 300 institutions of higher education that award at least a bachelor's degree
in engineering. The technology survey, on the other hand, is somewhat less comprehensive. Information
is collected by sex, ethnicity, citizenship, and a number of educational variables. No information is
collected on pre-engineering enrollments in 2-year institutions.

EMC also collects base salary information annually from a comprehensive sample of employers. It
also conducts biennial surveys of salaries of engineering faculty. Salary information is provided by type of
school and by academic rank. Since 1986, all EMC enrollment and degree data are available in PC
machine-readable format.

The American Society for Engineering Education (ASEE) conducts an annual survey of engineering college
research and graduate study, published in the spring as the Engineering College Research and Graduate Study
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I
issue of Engineering Education. Entries from over 200 schools provide information for prospective
students as well as data on faculty and student numbers, degrees, research expenditures, and marately funded
laboratories. Detailed indexes list fields of study and areas of research. Asn also conducts annual or
biennial surveys of engineering and engineering technology faculty and graduate students. The survey
population is comprehensive and includes most engineering schools.

The National Society of Professional Engineers (NSPE; conducts annual engineering salary surveys of its
membership. Since NSPE membership tends to be older than engineers in general, the survey results are
not readily generalizable to the engineering population, unless cross-tabulations are rim by age.

The National Science Foundation's Division of Science Resources Studies designs,conducts, and supports
surveys collecting information on scientific and technical personnel, funding, and inputs/outputs to the
science and technology enterprise. NSF maintains the Scientific and Technical Personnel DataSystem,
which comprises three surveys and a computer-based model: the National Survey of Naturaland Social
Scientists and Engineers (often referred to as the "Experienced Sample"); the Survey ofDoctorate
Recipients; and the Survey of Science, Social Science and Engineering Graduates (also called the "Survey of
New Graduates"). While each survey provides information on a select portion of the total S/E population,
the modelthe Science and Engineering Tabulating Model-- combines the results of the Experienced Sample
with that of the Survey of New Graduates to produce national estimates of the =al stock of engineers and
scientists in the United States.

NSFs very complex screening process defines and identifies engineers based on educational
credentials (at least 2 years of college), self reported occupation (has been employed in an engineering
occupation as defined by NSF; this excludes computer specialists), and/or professional identification as an
engineer on the basis of total education and work experience. Missing are data on technologists,
technicians, eind others who may be employed in "engineering" positions without theeducational credentials
as prescribed by NSF.

Other regular data-collection activities of NSF include the Survey of Eanied Doctorates (results of
which are incorporated into the Doctorate Records File maintained by the National Research Council) and
Survey of Graduate Science and Engineering Students and Postdoctomtes. NSF also uses data from the
Immigration and Naturalization Service to assess annual flows of foreign scientistsand engineers.

The National Center for Education Statistics (NCES), Department of Education, through (1) Fall
Enrollment and Compliance Report and (2) Degrees and Other Formal Awards Conferred, has provided
information annually on enrollments and degrees conferred in higher education institutions in the United
States. These data have been reported by sex of student, control of institution (public, private), and
discipline specialty. In recent years, cross-tabulations by discipline specialty have been excluded from
published reports but can be obtained from the Center. NSF publishes field data on earned degrees from the
NCES' "degree" series.

NCES is currently expanding its data bas, to include over 13,000 postsecondary institutions. It has
also added two new surveys to its data base: one of faculty and one on student finance.

The Bureau of the Census, Department of Commerce, conducts the Decennial Census of U.S. population.
Data files include detailed demographic, educational, and employment information. NSFs Experienced
Sample is drawn from the Decennial Census.

The Bureau of Labor Statistics (BLS) conducts the Occupational Employment Survey (OES) involving all
U.S. industries. NSF provides partial support to cover SSE fields. Thissurvey collects data on the
number of persons working as "engineers." Definitions for each occupation are provided to respondents.
The definition of "engineer" excludes sales engineers and enzineaing teachers, but data are collected
separately on these two occupations. Workers in all fields of training (or work) whose duties are primarily
managerial are counted as managers. A 3-year cycle is needed to cover the entire U.S. industrial sectc-. The
Current Population Survey (CPS), based on monthly household structured interviews, provides
employment statistics for the U.S. population.

Data from the three survey waves are aggregated biennially by BLS' Office ofEconomic Growth and
Employment Projections. Counts of engineering jobs provided by industry are integrated with counts of
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self-employed engineers (obtained from the CPS) and form the basis of the Industry-Occupational Matrix,
used in estimating base-year numbers of engineers and in projecting employment.

Battelle conducts annual salary surveys of 1,254 R&D centers in firms having over 12,000 employees. The
data are reported from employee payroll records. No demographic information is collected.

The College Placement Council (CPC) also conducts annual salary surveys, providing information on
beginning salary offers to graduates at all degree levels from a represented ..; group of U.S. colleges and
universities. CPC survey results are reported by gender, field, type of employer, and degree leve1.4

Inconsistencies in the Data Bases

The available data sources on engineering differ in scope and purpose as well as methodology.
Although each data base responds to the information needs of its data-collection agency, differences in target
populations, sampling methods and size, response rates, data elements, etc., produce information that is
seldom compatible or consistent. Of concern tine are the methodological and definitional differences in
BLS and NSF surveys, which are major sources of information on the engineering labor market. Although
the BLS and NSF surveys share some common origins, differences in their survey methodologies make
comparisons difficult and often produce inconsistent results, such as varying work force estimates.

In calculating engineering manpower counts, BLS relies on the Industry/Occupational Matrix derived
from two sources of information: the Occupational Employment Survey (OES), which is a comprehensive,
establishment-based mail survey, and the Current Population Survey (CPS), which is a household survey of
relatively small sample size. In the OES, the respondent is a representative of the surveyed industry who
provides information on the number of persons working as engineers. In the CPS, the interviewee is a
member of the household, providing occupational information on himself/herself as well as other members
of the household.

In contrast, NSF estimates are based on responses of individual scientists and engineers to three mail
surveys: the National Survey of Natural and Social Scientists and Engineers, the Survey of Doctorate
Recipients, and the Survey of Science, Social Science, and Engineering Graduates. NSF relies on a
complex computer-based algorithm to screen respondents as engineers, using educational credentials, self-
reported occupational description, and professional identification.

BLS and NSF engineering work force estimates vary also because of differences in classification
systems used to define or code engineers.

There are seven divisions in the OES classification system:

1. Managerial and administrative occupations
2. Professional, paraprofessional, and technical occupations
3. Sales and related occupations
4. Clerical and administrative support occupations
5. Service occupations
6. Agriculture, forestry, fishing, and related occupations
7. Production, construction, operating, maintenance, and material handling occupations.

Respondents filling out information on the number of engineering jobs in their organizations are instructed:

Include persons engaged in the potential application of physical laws and principles of
engineering for the development and utilization of machines, materials, instruments,

4There are a number of other national data sources that have not been included here because of their
educational focus--for example, Cooperative Institutional Research Program of the University of California,
Los Angeles, and the American Council on Education (from which annual freshman norms are derived); and
the Graduate Records Examination files of the Educational Testing Service.
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processes, and services. Inc IAe engineers in research, development, production, technical
services, and other positions that require knowledge normally obtained through
completion of a 4-year engineering college program. Exclude persons trained in
engineering who may be cuaendy working in positions not requiring engineering
training.

Engineering is included in the second category--that is, "professionals, par;Irofessionals, and technical
occupations"-and all engineering-trained personnel working in jobs that are included in the remaining
occupational categories are not identified as enginee.

Engineering Classification Systems

Classification systems used i'fferent data collection agencies vary somewhat r 4.ssample,
engineering taxonomies uses in OES queswanaires are "custom-designed" to the industrial se r covered.
For instance, the questionnaire sent to the mining andquarrying industry includes the for wing:

Metallurgists and metallurgical, ceramic, and materials engineers
Mining engineers, including mine safety (mine equipment, design engineers, etc.)
Civil engineers, including traffic (forest engineers, structural engineers, etc.)
Mechanic, engineers (facilities or products mechanical design engir us, etc.)
All other engineers (industrial engineers, electical and electronics engineers, etc.)

The questionnaire to the on and gas extraction i idustry, on the ()the), hand, includes the following:

Mining engineers, including mine safety
Petroleum engineers (drilling engineers, mud analysis well-logging captains, etc.)
Chemical engineers (absorption and adsorption engineers, etc.)
Cilia engineers, including traffic (stnictural engineers, etc.)
Electrical and c'ecunnics engineers (computerengineers, etc.)
Industrial engineers, except safety
Safety -ngineers, except mining (pollution control engineers, fire protection ergineers, etc.)
Mechanical engineers (facilities or products mechanical design engineers, etc.)
All other engineers (marine engineers,biomedical engineers, etc.)

In the CPS, the Standard Occ stional Classification is used to code occupational information given by a
respondent regarding his/her L, wn job or that of atter members of the household. Engineering codes includethe following:

Aerospace engineers
Agricultural engineers
Civil engineers
Chemical engineers
Electrical and electronics engineers
Industrial engineers
Marine and naval engineers
Mechanical engineers
Metallurgical and materials engineers
Mining engineers
Nuclear engineers
rItroleum engineers
..,nginee,rs, n.e.c.

Computer system analysis and scientists are coded separately and reported under the "Mathematical and
computer scientists" category, in surveys by NSF. Engineering teachers are coded separately and reported as
postsecondary teachers. Sales engineers are coded under sales occupations.
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In summary, BLS's definitions are occupation-specific, and "occupation" is defined as the one in
which an employee or respondent is working rather than the occupation for which he/she may have been
trained. As a result, an employee trained as an engineer but working as a drafter is reported (or coded) as a
drafter, and vice versa.

The engineering fields used in the NSF 3-level algorithm are:

Aeronautical and astronautical engineers
Chemical engineers
Civil engineers
Electrical and electronics engineers
Industrial engineers
Materials engineers
Mechanical engines
Mining engineers
Nuclear engineers
Petroleum engineers
Other engineers (including systems engineers, sales engineers, marineengineers or naval
architects, environmental or sanitary engineers, agricultural engineers, etc.)

Appendix A-3 presents classification systems used by NSF and NCES. An important topic for the
workshop participants is to discuss to what degree these classification and definitional systems can be
improved to make theraornore responsive to emerging fields in engineering education and occupations in the
1990s.

Engineering Manpower Issues
and Data Needs for the 1990s

The Committee on Data Needs for Monitoring Labor-Market Conditions for Engineers discussed
several engineering manpower questions and decided that the major manpower issues for the 1990s centered
around the following topics:

1. Nature and scope of Occupational Mobility: flow dynamics; carer patterns of engineers with
different educational levels and training; fungibility of the engineering work force; resiliency

2. Technical Currency: effects of new technologies/fields on U.S. engineers; nature, scope, and
effectiveness of continuing education and in-service training

3. International Flows: net effects on U.S. engineering work force; number and types of foreign
engineers who enter, leave, or remain in the T ;. engineering community

4. Women and Minorities: nature and effectiveness of increasing the participation of
underrepresented groups; numbers and utilization patterns of women and minorities; tracking
whether participar st is increasing

In addition to discussing the methodological problems of existing data sources, workshop participants are
expected to evaluate existing data so, .res and determine the following:

How adequate is the current taxonomy of engineering fields and functions?
How can the various data bases be used in conjunction with one another? How can
claefication systems and definitions be standardized? How can the major sources of
engineering information be integrated into one data base?
Can these manpower questions be answered with available data? If not, how can the existing
data bases be improved or expanded to provide answers to these questions? What kinds of new
data should be collected to answer these questions?

This section briefly discusses the types of information needed to answer each manpower question and the
availability of such information from existing data bases.
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Nature and Scope of Occupational Mobility

The major issues involve flow dynamics of the engineering labor market, career patterns of
engineers with different educational levels and specialization, fungibility, and the resiliency of the
engineering work force.:

1. What are the typical career patterns of engineers in different fields? with different degrees?
What causes deviations from the "average"?

2. How many engineers change employers? Why? What is the longevity of engineering
graduates in different positions? How many for how long stay in industry, private practice, or
academe?

3. What percentage of engineers work in engineering management, manufacturing, research, and
development? What are the rates of upward mobility? What factors contribute to or are
associated with such career changes?

4. What are the components of the engineering manpower supply pipeline? Which of these
components are the most significant in terms of magnitude, propensity for short-term
chores, and long -term changes?

5. Upon graduation, how many engineers accept jobs outside the discipline they majored in?
Outside the engineering profession? How many continue their education in other than the
engineering profession?

6. What proportion of people with a bachelor's, master's, and Ph.D. in engineering are currently
not employed in engineering work or in the management of engineering work? Of the group,
what is their current primary activity?

7. How many people holding a job with engineering in the title have degrees in engineering?
How many people without a degree in engineering are performing engineering jobs (with or
without the title)? What disciplines did they study at the university level for each of the
various jobs?

8. How many engineers annually leave their profession to enter the "technical reserve pool "? By
age? By discipline? By industry? Why? How many engineers return to the engineering pool
from the technical reserve pool? By age? By discipline? By industry?

9. How many engineering technicians are there? What are their demographic and employment
characteristics? How many techr.ologists are there? What proportion of the engineering labor
market do they represent?

10. What is the geographic mobility of engineers?

Most of these questions require longitudinal data, involving follow-up survey; (of graduates as well as those
already empE yed) and detailed educational and employment information to track career mobility and
changes. A ikely data source is NSFs Scientific and Technical Personnel Data System. The surveys of
recent science and engineering graduates and doctorate recipients provide information on employment plans
and opportunities of each new stock of engineer, the data base includes various demographic and educational
background questions that can be used as control variables. Further, NSFs experienced sample of scientists
and engineers, drawn from the 19C". postcensal survey and followed up in 1984 and 1986, provides a rich
source of information to track individual career changes, controlling for numerous demographic and
educational variables. Moreover, NSF data can also be used to describe the natureand, to some degree, the
scope--of inflows from science to engineering as well as outflows from engineering to other occupations.
Information on inflows into engineering of people with nonscience backgrounds and on upper mobility
within the technologist or technician pool can, to some deg* be obtained from BLS data bases.

In general, information is more readily available for recent graduates from any discipline or at any
degree level who enter the engineering pool than for persons who transfer into the engineering pool from a
different stock (such as nonengineering faculty, technician pool, staff support, or technical reserve).

Technical Currency

Concerns here include the resiliency and fungibility of engineering manpower to respond to
changing labor-market conditions and the scope and effectiveness of continuing education and in-service
programs to reduce technical obsolescence. The questions n. 'Jude:

34

43



1. What are the utilization patterns of engineers in different specialties? How is the utilization of
different engineers being affected by new technologies, such as computer-aided design?

2. What are the most important ways to ir..2rove resilience (ability to adapt to new
circumstances) in the engineering work force?

3. What is the scope, nature, and effectiveness of continuing education and in-service programs?
4. What is the degree of obsolescence throughout the engineering profession? What is being/can

be/should be done to minimize it?

Although it may be possible to enumerate changes in the utilization patterns of different types of engineers
(for example, by documenting changes in demand for engineering work entailed by a shift in emphasis from
the development of space systems to the revitalization of manufacturing faciliCes), it is more difficult to
measure and document resiliency, which may require more qualitative than quantitative data.

The questions regarding the nature, scope, and effectiveness of continuing education and in-service
programs require data from academe, industry, and individuals. NSFs data base on experienced scientists
and engineers includes questions regarding participation in employer-training facilities, adult education
centers, and courses presented by professional associations. Although information is available on the
number of engineers whc have taken such courses, the available Cab do not permit conclusions about the
amount of resources directed to Jr courses, the exact nature of the courses, and the 'mpact of such courses
on engineering employment.

International Flows

Because of the increasing preponderance of foreigners among engineering students, faculty, and
practitioners, the involvement of foreign nationals in U.S. engineering and technology has become an
increasingly important issue. The following questions are frequently asked:

1. How many and what types of foreign engineers enter, leave, and remain in the engineering
work force? How long et' they stay?

2. What are the major countries from which foreign engineers come? What factors promote the
flow of foreign engineers to fire United States?

3. How many American engineers actually emigrate to foreign countries? How many seek short-
term or long -arm employment abroad? In what disciplines? What are the major countries to
which American 3o for employment? In whet engineering discipline? What are the
determinants ot American engineers seeking employment abroad?

4. What are the net effects of employment of foreign engineers in the U.S. engineering work
force?

The following da urces, many of which remain relatively untapped, can provide information on foreign

Annual Census of Foreign Students (Institute of International Education)
Fall Enrollment and Compliance Report; Degrees and Other Formal Awards Conferred
(National Center for Educauon Statistics, U.S. Department of Education)
Engineering rid Technology Enrollments and Degrees (Engineering Manpower Commission)
National Survey of Natural and Social Scientists and Engineers (National Science Foundation;
Survey of Science, Social Science, and Engineering Graduates (National Science Foundation)
Survey of Emu: loctorate.s (National Science Foundation)
Scientists and Engineers Abroad (National Science Foundation), based on data of the
Immigration and Naturalization Service, U.S. Department of Justice
The Decennial Census (Census Bureau, U.S. Department of Commerce)
Current Population Surveys (Census Bureau, U.S. Department of Commerce)
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Women an,: Minorities

The recent declines in the number of U.S. males interested in the sciences and engineering have
intensified interest in increasing participation of women and underrepresented minorities--that is, blxks,
Hispanics, and American Indians. Questions raised include the following:

1. What are the numbers and characteristics of women and minorities who enter engineering?
2. What percentage of women and minorities holding engineering baccalaureates pursue graduate

education in engineering? What factors influence this decision? What are the structural
barrios to their pursuit of graduate education in engineering?

3. What are the utilization patterns of women and minority engineers by field, industry, and type
of activity? What factors determine the career patterns of women and minority engineers?

4. How differau are the career aspirations of male and female engineers and minority and
nonminority engineers? What is the relai'mship between their career aspirations andcareer
attainment? What factors lead to the lower participation rates of women and minorities in
engineering, as compared to the participation rates of men and whites? What are the barriers
to the pursuit of engineering careers by women and minorities? What steps can/should be
taken to increase wnmP:i and minority faculty recruitment and retention in engineering?

For descriptive purposes, most of the data bases discussed here include information by sex aid by ethnicity --
for example, the Doctorate Records File, NSFs Scientific and Technical Personnel Data System, and the
Decennial Census. The Current Population Surveys also provide information on the sex of the respondent,
although the sample size is too small for detailed analysis. However, most of these data basescan be
manipulated to provide any cross-tabulations by sex.
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Appendix A-1
Comprehensive Flow Diagram

of the U.S. Engineering Community
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Appendix A-2
Major Engineering Data Bases

Accreditation Board for Engineering
and Tthnology (ABET)

ABET, a federation of 26 engineering societies representing more than 1.300,000 engineers, deals
with matters pertaining to education in engineering, engineering technology, and related areas. It sets the
policies and standards for accrediting engineering and engineering technology departments in U.S.
institutions of higher education and evaluates the programs offered in those departments. It maintains data
on all such programs, beginning in 1936, when accreditation in engineering began. The data represent
those included in the evaluation of both each recognized institution and each individual program. ABET
data are generated each year by those institutions and programs being accredited and then verified during the
accreditation process by an evaluating team. In addition, ABET responds to the needs of the engineering
profession by conducting periodic studies.

Data Bases
Engineering Accreditation Commission
Technology Accredits 'n
Related Accreditation Commission
Quality of Engineering Education

Data collection method:

Frequency:

Availability:

Personal data elements:

Education data elements:

Employment data elements:

Respondent
Educational institution
Educational institution
Educational institution
Accreditation commission

Campus surveys, visits, institutional reports

Annual

Reports, tables, graphs

None

Level, field, degree; faculty and student numbers; faculty-
student ratio; faculty profiles; equipment; courses offered;
cost of education; expenditures

Biographical elements; salaries; consultancies
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Engineering Manpower Commission (EMC)

The EMC is a major source of engineering educational information. Through mail surveys sent to
educational institutions, EMC collects and reports data on engineering and technology enrollments and
degrees annually. EMC also conducts annual surveys of engineering compensation and biennial Surveys of
Salaries of Engineers in Education. Since 1986 all EMC enrollment and degrm surveys are being processed
on PC-compatible equipment and are available in machine-readable format.

Engineering and Technology Enrollments Surveys

The annual engineering enrollments survey includes all higher education institutions in the United
States and its territories that have at least one engineering curriculum approvedby the Accreditation Board
of Engineering and Technology (ABET) and all other schools that awarddegrees in engineering at the
bachelor's level or higher. The 1986 survey included 311 institutions, of which 270were ABET-approved.
The technology survey included 257 schools, of which 185 were ABET-approved. Enrollment data are
collected for all students and are also broken down for women, blacks, Hispuics, American Indians,
Asians/Pacific Islanders, and foreign nationals. Program variables include year-in-school status for full-time
undergraduates and type of degree sought (master's, professional engineering,or doctorate) for those in full-
time graduate study. Part-time students are tabulated separately at the undergraduate and graduate levels,
irrespective of their year in school or of the type of degree sought Tables are presented separately by
school (listed alphabetically by state) and by major discipline (approximateiy 20 engineering and 20
technology groups).

Engineering and Technology Degrees Granted Survey

The annual degrees survey includes all higher education institutions that award engineering or
engineering technology degrees. The 1986 survey included 303 institutions awarding engineering degrees
and 282 schools with engineering technology programs. Degree information is reported in three volumes.
Part I presents descriptive data by school, in alphabetical order by state, and for each major type of
curriculum, including control (public, private) and accreditation status. Cross-tabulations are by degree
(bachelor's, master's, professional, and dc =ate) in engineering and certificates (associate's, bachelors, and
master's) in engineering technology. Summary tables provide both overall numbers of degrees across all
schools and states and those for women, blacks, Hispanics, American Indians, Asian Americans, and foreign
nationals. Part II presents detailed information for mina:ides, and Part III provides tabulations of the degree
data by curriculum.

EMC degree information is not completely compatible with NCES degree information. NCES
obtains data on all postsecondary programs and places computer science in its own category outside
engineering, whether the degrees come from an engineering school or not EMC reports all enrollment and
degrees issued by engineering schools to the extent that these schools choose to report computer science.

Professional income of Engineers Survey

Ant dial base-salary information on engineers employed in industry is obtained from approximately
260 industr3, participants. Forms are sent to all of the engineering employers identified in the Peterson
Guide to Scientific, Engineering and Computer Jobs plus added employers known to be missing from the
Peterson list and others that have participated in prior surveys. Return.; are weighted to bring the
distribution of engineers in line with the BLS Occupation/Industry Matrix. In 1987 this survey reported on
the compensation of over 113,000 engineers.

Data are presented by industry sector, level of highest engineering degree, supervisory-
nonsupervisory status, and experience (years since receiving the bachelor's degree in engineering). Thus, the
data can be used to measure the relative propensity of different industry sectors to employ people with
advanced degrees, as well as to gauge salaries; data also yield distributions of engineers by levels of
experience. Tabulations are also provided for differences by size ofemployer and region. EMC salary data
are not presented by types of engineering specialty; however, EMC reports industry averages.

Two reports are issued: the Special Industry Report includes all possible details except data on
engineers employed by government agencies; Professional Income ofEngineers is an abridgement, leaving
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out detailed tabulations by level of earned engineering degrees and adding in the data for engine .= in
government. EMC has time-series data from these surveys dating back to 1953.

Survey of Salaries of Engineers in Education

EMC also does a similar biennial Survey of Salaries of Engineers in Education. The last one was
in 1986; the 1988 version is currently under way. Coverage is goodaround three-quarters of all
engineering faculty were included is he last one. Data are presented by type of school (Ph.D.-granting,
non-Ph.D.-granting, and engineering technology) and by academic rank (full, associate, assistant professors
plus instructors, researchers, other nonteaching faculty, and administrators).

DataBases
Engineering and Technology Degrees Granted
Engineering and Technology Enrollments
I rofessional Income of Engineers
Salaries of Engineers in Education

Dc:a collection nethod:

Size of sample:

Frequency:

Availability:

Personal data elements:

Education data elements:

Employment data elements:

41

Respondent
Educational institution
Educational institution
Employment institution
Educational institution

Mail survey

Educational surveys: over 300 institutions; PIE:
about 260 industries

Annual except SEE is biennial

Enrollment and degree surveys: CP machine-readable;
salary surveys: tabulations

Sex, ethnicity, nationality reported but cannot be
cross -tabuk led

Level, type, and field of degree

Salary surveys: salary and industry sector
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American Society for Engineering Education (ASEE)

ASEE conducts an annual survey of engineering school research and graduate study, as well as
annual or biannual surveys of engineering and engineering technology faculty and graduate students, at all
engineering schools. The mail surveys are completed by educational institutions; information is reported in
Engineering Education (a special issue is devoted to the research survey) and is also available for researchers.

The annual research and graduate study questionnaire has been consistent for 20 years, with only
minor changes. It covers names of administrators, admission requirments, number of faculty, number of
undergraduates, gradtiatr. degree requirements, extension centers for off-campus study, faculty and g-aduate
enrollment and degrees granted by department, appointments made to graduate students, research areas of
doctoral theses, numbers of personnel engaged in separately budgeted research, research expenditures by
source of support, separately budgeted research expenditures, engineering-related research outside the
engineering college, and separately funded laboratories.

Questionnaire design of the faculty survey has varied somewhat; for instance, demographic
questions are not worded consistently from one survey to the next, as evidenced in the 1985-86 and 1987-88
questionnaires. The 1987-88 survey included faculty shortage information by engineering fields and
academic rank for number of authorized and funded positions, positions unfilled since 1987 fall term, and
unfilled since 1986 as well as questions relating to recruitment problems. Information was also coll=wd
on new appointments to full-time tenure and nontenure tracks by academic rank and departures from full-
time faculty. Attitudinal questions relating to "problems in engineering education" were also asked.

The faculty surveys usually provide information about characteristics (4.g., tenured, have doctorate,
ethnic minority, women, age, academic rank, and engineering specialty) of U.S. engineering and technology
faculty.

Data Bases
Engineering College Research

and Graduate Study
Engineering Faculty and Graduate

Students

Data collection method:

Size of sample:

Frequency:

Availability:

Personal data elements:

Education data elements

Employment data elements:

Respondent

Educational institution

Educational institution

Mail survey

All schools of engineering

Research: annual; Faculty: annual or biennial

Engineering Education; tabulations

Faculty survey: national origin of graduate students

Level; field; type of degree; number of students, degrees
granted, by department; appointments made to graduate
students; research areas; number of personnel in separately
budgeted research; research expenditures by source of support;
separately budgeted research expenditures

Number of faculty; faculty positions authorized; faculty
mobility; recruitment of faculty
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National Society of Professional Engineers (NSPE)

NSPE conducts annual salary surveys of its membership, which includes individuals without
professional engineering deg .a. Detailed information is collected on ..mployment (e.g., type of employer,
length of experience, industry or service employer, awe of supervisory responsibility, size of organization,
number of engineers employed, geographic area, salary), ethnic background of respondents, and highest
degree earned. The data are only available in tabular form. In addition, because the survey population is
limited to NSPE membership, the data are of limited use. NSPE members differ from engineers in general:
they tend to be older and more experienced. Therefore, the survey results are not readily generalizable to the
total engineering population, even if age differences are controlled for.

Data Base Respondent
Professional Engineer Income

and Salary Survey Individual members

Data collection method: Mail survey

Size of sample: Approximately 63,000 (excludes students and retired persons)

Frequency: Annual

Availability: Tabulations

Personal data elements: Ethnicity

Education data elements: Level, engineering discipline(s)

Employment data elements: Current occupation, type of employer, work activities, level of
professional responsibility, years of experience, salary,
geographic region, metropolitan area
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National Science Foundation (NSF)

NSFs Division of Science Resources Studies designs, conducts, and supports surveys collecting
information on scientific and engineering personnel, funding, and inputs/outputs to the science and
technology enterprise. The definitions used in estimating the numbers of engineers are based on educational
credentials (at least 2 years of college), self-reported occupations (is or has been employed in an engineering
occupation), and/or professional identification as an engineer on the basis of total education and work
experience. NSF collects data on computer specialists separately from data collected on engineers.

NSF maintains the Scientific and Technical Personnel Data System, which comprises three surveys
and a computer-based model: the National Survey of Natural and Social Scientists and 'Engineers
(NSNSSE); the Survey of Doctorate Recipients; and the Survey of Science, Social Science, and
Engineering Graduates (SSSSEG). While each survey provides information on a select portion of the total
S/E population, the modelthe Science and Engineering Tabulating Model--combines the results of the
NSNSSE with that of the SSSSEG to produce national estimates of the Iola' stock of engineers and
scientists in the United States.

National Survey of Natural and Social Scientists and Engineers

Starting with the 1970 Census of Population, this survey provides data on the number and
characteristics of individuals who were identified among the science and engineering population. The initial
survey in this series, based on the 1980 Census of Population, was conducted in 1982 for NSF by the
Bureau of the Census. Since then, follow-up surveys have been conducted in 1984 and 1986, providing a
longitudinal profile of scientists and engineers. This extremely valuable source of information provides
descriptive and analytic data, including education and training (e.g., level and field of degree), demographic
characteristics (e.g., sex, age, race, Hispanic origin, handicapped status, marital status), citizenship,
employment status (e.g., full/part-time, reasons for non-S/E employment), and detailed employment profile
(e.g., occupation, type of employer, primary work activity, salary, work experience). The questionnaire
also provides information on continuing education, in-service training, and other related program
participation.

Survey of Science, Social Science, and Engineering Graduates

The objective of this biennial survey, conducted for NSF by the Institute for Survey Research,
Temple University,is to provide data on the demographic (e.g., sex, race, Hispanic heritage, citizenship,
marital status, and age), education (e.g., date and year of degrees, major field of degrees), and employment
[e.g., early career experiences, labor force status, sector of employment, primary work activity, salary, and
reasons for employment in a non-S/E job (if applicable)] characteristics of individuals who received
bachelor's or master's degrees in science and engineering fields from U.S. institutions. The most recently
completed survey was conducted in 1986, covering the graduating classes of 1982,1984 and 1985.

Survey of Doctorate Recipients

Conducted biennially by the National Research Council for NSF, this survey provides national
estimates of the population of science and engineering doctorates. The survey is based on a sample of
individuals drawn from the Doctorate Records File (see "Survey of Earned Doctorates" below) and includes
individuals who received doctorates during the preceding 42-yearperiod in the natural and social sciences,
mathematics, and engineering from U.S. institutions, as well as individuals who received research doctorates
in non-S/E fields but here known to be employed as scientists and engineers. Data are collected on major
demographic character Ales (e.g., age, citizenship, marital status, sex, race, and Hispanic heritage) and
employment (e.g., employment status, sector of employment, primary work activity, salary, and, if
applicable, reasons for working in a non-S/E job). The most recent survey was conducted M 1987.
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Other NSF Surveys and Data Bases

Survey of Graduate Science and Engineering Students
and Postdoctorates

This is the only national survey that collects information on the characteristics of graduate science
and engineering emollmem at the departmental level. It is conducted by Quantum Research Inc. for NSF.
The survey population includes both doctorate- and master's-granting institutions,as well as medical
schools and other specialized institutions offering first-professional doctorates in health-related fields. It
provides information on the head counts of full-time greuste students, with information on sources and
mechanisms of their major support, sex, race, ethnic background, level of study, and citizenship. For
graduate students enrolled part-time, summary data on sex and racialiedirdc backgroundare available.
Summary information on postdoctorates and nonfaculty research staff alsocover source and mechanisms of
support, sex, and citizenship.

Survey of Earned Doctorates

This survey, conducted for NSF by the National Ressarch Council, collects inf. rmation annually on
the number and characteristics of recipients of doctorates awarded by U.S. institutions. The survey
questionnaire is distributed, with the cooperation of deans of graduate schools, to all new recipients of
PhDs or the equivalent (e.g., E.D.) and requests information in three major categories: socioeconomic
characteristics (e.g., date and place of birth, sex, r.. zital status, number of dependents, citizenship, race,
Hispanic heritage, presence of ph"cical handicap, and educational attainment of parents), education(e.g.,
state and year of high whool gradu-don, dates and names of colleges attended, fields of study and degrees,
title of dissertation and field, and kind ant. sources of financial support during graduate study), and
postgraduation plans (e.g., plans for further education or employment, including the type of employer, work
activity, field, and organization).

Survey results are used to construct the Doctorate Records File maintained by the National Research
Council. This virtually complete listing of the over 818,G00 recipients of doctorates awardedby U.S.
universities since 192G includes research doctorates in all fields, but excludes professional (clinical)degrees
such as the M.D. or the D.V.M.

Finally, NSF reports data from the U.S. Immigration and Naturalization Service on the annual
inflows of foreign scientists and engineers.

Data Bases
National Survey of Natural and Social

Scientists and Engineers (NSNSSE)
Survey of Science, Social Science, and

Engineering Graduates (SSSSEG)
Survey of Earned Doctorates (SED)
Survey of Doctorate Recipients (SDR)
Piney of Graduate Science and Engineering

Students and Postdoctorates (SGS ESP)

Data collection method:

Size of sample:
NSNSSE
SSSSEG
SDR
SGSESP

45

Respondent

Individual

individual
Individual
hidividual

Departments

Mail survey

138,000 (1982 survey)
35,900 (1986 survey)
60,000 (1987 survey)
619 departments (1986 survey)

Biennial, except SED and SGSESP are annual



Availability: Computer tapes (except SDR and SED); detailed
tabulations

Personal data elements: Age, sex, race, marital status, citizenship

Education data elements: Level, field, type of degree, sources of support

Employment data elements: Employment status, current occupation and type of
employer, work activities, salary
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National Center for Education Statistics (NCES)
U.S. Department of Education

The NCES has been a major source of tread data on enrollments and degrees in U.S. postsecondary
education since 1966. Information is completed by all educational institutions. Fall Enrollment and
Compliance Report of Institutions of Higher Education provides information on enrollments by control of
institutions (public, private), level of degrees granted, and disciplinary specialty, sex, race, and age of
students (some information is not collected annually). Degrees and Other Awards Conferred provides
similar information on types of degrees conferred by higher education institutions and fields of study. Data
are available on computer tapes.

NCES has begun to expand both its study population (from approximately 3,400 higher education
institutions to over 13,000 postsecondary institutions) and the scope of its surveys. NCES recently began
to conduct two new surveys, one on faculty and one on student finance. The National Survey of
Postsecondary Faculty will be available in fall 1988, after data are collected this spring. This survey will
be repeated every 3 years. Data from the National Postsecondary Student Aid Study, covering students
enrolled in the fall of 1986, will be available in 1988. This survey will also be repeated every 3 years. In
addition, the Postsecondary Longitudinal Study will involve a sample of first -time students across different
types of institutions, to be followed for 6 years, will be initiated in 1990, and will be repeated every 3
years. The Recent College Graduates Survey will also track students for 6 years, beginning in their senior
year of college. This study will be initiated in 1990, and a new cohort will be added every 3 years.

Data Bases Respondent
Fall Enrollment and Compliance Report Educational institution
Degrees and Other Formal Awards Conferred Educational institution

Data collection method: Mail survey

,:::.se of sample: Over 3,400 higher education institutions, now
expanded to over 13,000 postsecondary institutions

Frequency. Annual

Availability: tAinputer tapes

Personal data elements: Fall Enrollment Sex, race (biennially), age (every 4
years); Degrees Conferred: sex, race (biennially)

Education data elements: Fall Enrollment I awl, major program area,
institution, control of institution (private/public);
Degrees Conferred: level, field of study

Employment data elements: None
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Bureau of the Census
U.S. Department of Commerce

Decennial Census

The Decennial Census, a mail survey of households, prov'_des both the basic sampling frame from
which NSFs postoensal surveys of scientists and engineersare drawn and much-needed, though largely
untapped, information on foreign nationals. The Bureau of Census' 1;430 occupational codes for engineers
include agricultural, aerospace, chemical, civil, clectrical/electronics, industrial, marine/naval, mechanical,
metallurgical/materials, mining, nuclear, petrole' 71, and others. Separate codes .xe provided for engineering
faculty, those employed in managerial position.;, and engineers employed in nonengineering occupations.
Computer scientists and analysts are coded separately. Codes are also provided for engineering and related
technologists and technicians in electrical/electronics, industrial, mechanical, and other engineering.

Data Base
Decennial Census

Data collection method:

Frequi Icy:

Availability:

Personal data elements:

Education data elements:

Employment data elements:

Respondent
Household

Initial mail survey; personal interview follow-up with
nonrespondents to mail survey

Every 10 years

Special computer tapes

Age, sex, race, marital status, citizenship, income

Level and field

Employment status; occupation, type of employer, industry,
work activities, and salary ofcurrent job

5 8
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Bureau of Labor Statistics (BLS)

BLS conducts the Occupational Employment Survey and integrates results with dataon self-
employed engineers from the Current Population Surveys to construct the Industry/Occupational Matrix,
used in estimating base-year numbers of engineers and in making employment projections. BLS counts of
engineers differ from those of NSF, due to differences in survey methodologies and definitions. Flat of all,
BLS surveys employers, not the engineers themselves. In addition, BLS excludes military personnel,
managers, and engineering faculty in its estimates. Its counts are based on occupational classifications and
self-identifications, it on educational credentials: engineering-educated personnel employed in
nonengineering jobs are usually excluded.

Occupational Employment Survey (OES)

The OES is a cooperative, federal-state, data-collection program administered through state
employment-security agencies in the 50 states and the District of Columbia; a 3-year survey cycle is needed
to cover the entire industrial sector. This mail survey collects information on employment in over 650
occupations that are based on two classification systems: the Dictionary of Occupational Titles (DOT) and
the Standard Occupational Classification System (SOC). Included among these occupations are 60 science,
engineering, and related S/E support technician occupations. The survey provides position counts by
industry. "Engineers" are defined as

persons engaged in the practical application of physical laws and principles of engineering
for the development and utilization of machines, materials, instruments, processes, and
services, including those engaged in research, development, production, technical services,
and other positions which require knowledge normally obtained through completion ofa
4-year engineering college program.

Employment data are collected on the number of persons working as engineers. Therefore,persons trained
in engineering but currently working in other occupations are not identified as engineers. Sales engineers
and college engineering teachers can be identified, although they are not included with counts of engineers.

Current Population Survey (CPS)

The CPS, based on monthly household structured interviews, is designed to provide employment
and demographic statistics. The survey results are used by BLS to estimate numbers of employed
engineers. The survey questionnaire includes detailed employment and labor-market participation questions
as well as limited information on demographic (e.g., age, sex, race) and educational variables. Sometimes
information on citizenship is also provided. Starting in 1983, the occupational taxonomy in the CPSis the
same as that in the 1980 Decennial Census. However, the sample size is not sufficient to provide detailed
estimates for industry and education.

Data Collection
Data Bases Respondent Method
Occupational Employment

Survey (OES) Employment institution Mail survey
Current Population

Spriey (CPS) Household Structured interview

Size of sample:
OES 160,000

240,000
CPS 322,000

68,500
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Frequency:

Availability:

Personal data elements:

Education data elemen:s:

Employment data elements

OES: periodic 3-year cycle for different groups c' industries; CPS:
monthly

Special tapes; limited tabulations

OES: none; CPS: age, sex, me, marital status, income

OES: none; CPS: level

Occupation, type of employer, and industry of current job; CPS
also provides employment status and current salary
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Battelle

Data Base Respondent
National Survey or Compensation Employment establishment

Data collection method: Mail survey

Size of Sample: 1,254 R&D centers

Frequency: Annual

Availability: Tabulations

Personal data elements: None

Education data elements: Level and field

Employment data elements: Occupation, type of employer, industry, level, work
activities, years since bachelor's degrte, and salary of
current job
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College Placement Council

Data Base
College Placement Council Salary Survey

Data collection method:

Size of sample:

Frequency:

Availability:

Personal data . menu:

Education data elements-.

Employment data elements:

6252

Respondent
College placement offices collect
information from individuals and employers

Mail survey

186 placement officers in 1988

4 times per year (January, March, July, September)

Quarterly report, CPC Salary Survey

Sex

Level and curriculum

Type of job function, industry sector, average starting
salary offers made to college graduates



Appendix A-3
Engineering Taxonomies

I

I. Study Field and Occupational Taxonomies Used by NSF

1986 National Survey of Natural and Social Scientists and Engineers
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1986 National Survey of Natural and Social Scientists and Engineers
Major Fields of Study
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122 Genetics
123 Horticultu

M
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124 Inenuhobtagy
125 oine
126 Microblo109Y
127 Molecular biology
126 truer resources management
129 Neuromsences
130 Nutrition
131 Pathology, human owl animal
132 Pathology, plant
133 Physiology, human and animal
134 PhYsiolollY, Olant

' 135 Poultry sciences
136 Radiology
137 Sol sciences (soil management, soil

conservation)
138 Toxicology
139 Zooloph general
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Idesedee
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1U Wing, minted.
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164 Nuclear
671 Orem engineer

168 Petroleum
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In Textile engineering
170 Engineering. other fields

theta Fields
171 Medicine or premcdlcine, and clinical

medical sciences
172 Nursing (4 years or longer program)
173 Pathology
174 Pharmacology
175 Pharmacy
176 Health professions, other fields (4 years or

longer)

Meg enraged Seleneee
177 Actuarial sciences
178 Avplied mathematics
179 Computer science
1'0 Mathematics

182 Statistics
Operations researdUrnenagement scion we

PbyeMd Ukases
183 Andydcal chemistry

111488 =Ls
1 Annosphedo soleness and nootearatogy

104
187 AIltomisinelsoulsr Pfrolim
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1U Chemiser. 11111m11
189 Earth sciences, gourd

1111.°1 Geole1O11111"4" Wild" and ibid.
102 Geochemlary
193 Geophysics and seismology
194 inorgsnic chemistry
195 MetiroblY
194 Nyder physics
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geoid Soleness
218 Anthropology
219 Criminology
220 Economics, agricultural
221 Economics, except agricultural
222 Geography
223 Political science and government
224 Sociology
225 Social sciences, other fields

Ans, liummoNies, sod Oros. Oprelefres
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1986 National Survey of Natural and Social Scientists and Engineers
Occupations
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eppleable Nem en queetionnalre.)

Commuter Opeelelleas, lesbian@ 'siege
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TIE *manor programmer
719 Corneas science
720 Computer systems analyst
721 Other computer speciellets (Describe

briefly in the applicable item on
questionnaire.)

Mathessedelens, Illtatletklans awl other
Mathematical lielendate, Including
adage prefeelleff and Ineagetore

.22 Actuary. including actuarial mathematician
723 Mathematician
724 Operations research analyst
725 Statistician
726 Systems analyst. except computer systems

or data processing Mee code 720)
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briefly in the applicable item on
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scientist
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Health Ocompatiogoe. Including persons
who ars primarily practftleners. Persons
engaged primarily In medical research.
teaching, and similar activities use code
735. Medical scientist.

746 Dental hygienist
747 Medical technician
748 Physician or surgeon
749 Other health oce...0.ions, a g., dentist,

pharmacist, creche& and registered nurse,
etc. mese me briefly in the applicable nem
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mediae, end health

750 Designer. electronic parts
751 Designer. industrial
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/53 Dealings, other
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756 Technic's'. biological end agricultural
757 Tot:lack a. construction and highway
7511 Technician. electrical end electronic
755 Technician, Industrial
7110 Technicien, mecherdosien==ng
761 Technician, other engineering
762 Technician. surveying and owl111111
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764 Technician. other fields (Describe briefly in

the applicable item in cuseemnae.)
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Code Descripdon

Tensaw
711 Tomes, eirmsnary school
761 Teaser. ilecondory school
717 Tucker. eagle and university sails of

nononginesing and neeocienee
(Engineering and edam* teethes, see
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codes 701 -745.)
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778 Farmer (owner. manager, tenant or gum
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784 Librarian
785 Merchant or shopkeeper. set 4moloyed
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welder. buck driver, etc.)
787 Postai weeks
7116 Preobien production. ixaft, and repair

ocoupedens Isiah es carpenter. electrician.
mechanic, rep* walker, etc.)

789 Sales
790 Social

= dons. excluding sees engineer

791 Surveyor
792 Other occupedene, not specified Morro

(Describe briefly in Me applicable stem on
queetionnaire.)



1986 Surm of Science, Social Science, and Engineering Graduates
Degree and Employment Specialty List

Matlalln

hatteulteral sesmeetee
WM MEMO. fineEMONI
Warm
Mama. deify. psultiy. mimeos
hem and rumps memegment
Ptah. gems am' wildlife mmegommt
Mod estamee
Meaty aB6 mistime ostameme
Ilertioultem
Mental reseurem omegemme
Mil esteem
hpleeltural mimeses, ether

IMINSissiistma
711 Memel.). .mesa
112 Applied
113 Computer Mimeos
136 Retammellee
151 Opmettame tomerulthmkeemert salmon
713 Matiellse
716 Manr.riee it Meetntiattee
123 Computer it tatoemeties esteems
716 Nethmetim, MM.

fAstraustion
720
721
213

esteems*
Mmosphseie esteems AM meteorology
Methemisery

211 Areas*. histology 723 Chemists,'
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230 Testealegy 610 Other social OCUMSOO
223 Seeley
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NCES Classification System

14. ENGINEERING

14.01 ingieseritt$ General
14.0101 Ifilineenng. General

14.01 AssoMllemulliteneutiest. and Astronautical
Engine/Mg

14 0201 AVOISara. Aeronautical. and Astronautical
&Veering

14.03 Agricultural Ingi °ming
14 0301 Agricultural Engineenng

14.04 t Chhettiorel Engineering
14 0401 Architectural Engineering

14.06 Bioengineering and Biomedical Engineering
140501 Bftengineenng end Biomedical Engineering

14.06 Ceramic Engineering
14 0601 Ceramic eigineenng

14.07 Chemical Engineering
14 0701 Chemical Engineering

14.06 Civil Engineering
14 0001 Civil Engineering

14.09 Computer Engineering
14 0901 Computer Engineering

14 10 Electrical. Electronics. and Communications
Engineering

14 1001 Electrical. Electronics. and Communications
Engineering

14 1002 Microelectronic Engineering
14 11 Engineering Mechanics

14 1101 Engineering Mechanics
14.12 Engineering Physics

14 1201 Engineering Physics
14 13 Engineer .;* Science

14 1301 Engineering Science

14.14 Environmental Health Engineering
la 1401 Environme tat Health Engineering

14 15 Geological Engineering
14 1501 Geological Engineering

14 16 Geophysical Env fling
14 i 601 Geopli; Ace' Engineering

14.17 Lick.atriatEngineeriny
14 1701 InCluatrist Engineering

14 16 Materials Engineering
141801 Materials Engineenr

14.19 Mechanical Engineering
14 1901 Mechanical Engineering

14.20 Metellurgia Engineering
14 2001 Metallurgical Engineering

14.21 Mining ar: Mineral Engineering
142101_ Mining and Mineral Engineering

14.22 Naval Architecture and Marine Engineering
142201 Naval Architecture and Marine Engineering

14.23 Nuclear Engineering
14 2301 Nuclear Engineering

14.24 Ocean Engineering
14 2401 Ocean Engineering

14.25 Petroleum Engineering
14 2501 Petroleum Eng ..wennr

14.2$ Surveying and Marano, Sc.... AS
14 2601 Surveying and Mapping Sciences
14 2602 Certography

14.27 Systems Engineering
14 2701 Systems Engineering

14.26 Textile Engineering
14 2601 Textile Engineering

14.90 Engineering, Other
14.9999 Engmeenng. Other

15. ENGINEERING AND ENGINEERING
RELATED TECHNOLOGIES

15.01 Architectural TechnOlogies
150101 Architectural Dann end Construction

Technology
15 0102 Architectural Interior Design Technology
15 0199 Arcriebrtural Technolcirse. Other

15.02 Civil Technologies
15 0201 Civil Technology
150202 Dialling and Clew Technology
15 0203 Surveying and Mapping Technology
15 0204 Urban Awning Technology
15 0299 Civil Technologies. Other

15.03 Electrical t..4 Electronic Tt 4 inologies
15 0301 Computer Technology
15 0302 Electrical Technology
15 0303 Electronic Technology
15 0304 Laser ElectroOplic Technology
15 0399 Electrical and Electronic Technologies Other

15 04 Electromechanical Instrumentation and Mainte-
nance Technologies

15 0401 Biomedical Equipment Technology
15 0402 Computer Servicing Technology
15,0403 Electromeaanical Technology
15 0404 Instrumentation Technology
15 0405 Robotics 7schnology
15 0499 Electromechanical Instrumentation and

Maintenance Technologies Other
15 OS Environmental Control Technologies

15 0501 Air Conditioning. Heating, and Refrigeration
Technology

15 0502 Air Pollution Control Technology
15 0503 r-4rgy Conservation and Use Technology
15 0504 So' .station Technology
15 0505 Solar Heating and Cooling Technology
15 0506 Water and Wastewater Technology
15 0599 Environmental Control Technologies. Other

15 06 Industrial Production TechnOlogies
15 0802 Food Processing Technology
5 0603 Industrial TeChnOlOgy

15 0606 Optical Technology
15 0607 Plastic Technology
15 0609 Textile Technotogy
15 0610 Welding Technology
15 0699 Industrial Production Technologies.

Other

59 h9
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15.07 Quality Cereal and Seely Technologies
15.0701 Wows None' Safety and Health

Technology
15.01 01. tills Corea" TedmologY
15.071111 III** Camel and Safety Toon.lopes.

:. 4WIN
1101 Meehan end As Med Technologies

15.0101 Aeronaut.* Technology
15.0103 Ausonxitive Technology
15.01104 Marine Propulsion Technology
15.01105 Mechem.' Design Technology
15.0191 Minhenipel and Related Technolrgie. Other

15.011 Mining and Petroleum Technoiogiee
15.0901 Coal Mining Technoiciy
15.0903 Mining (Excluding Coa I Technoiogy
15.0903 Petroleum Technology
15.0999 Mining and Petroleum Tr `neaten, Other

15.10 Construction Technology
15 1001 Construction Technology

15.99 Engineering and Engineering4teisted Technologies.
Other

. 5 9999 Engineering and Engneering-Related
Technologies. Other

7
0
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APPENDIX B

AGENDA

Workshop on Data Needs for the 1990s
National Academy of Sciences

2001 Wisconsin Avenue, NW--Room 130
Monday, March 28, 1988

8:00 Continental Breakfast

8:30 Welcome

Introductory Remarts

Overview
r nmittee's Task

'arkshop Objectives

Engineering Data Bases:
Strengths and Weaknesses

Robert M. White, president
National Academy of Engineering

Richard J. Green, assistant director
Directorate for Scientific, Technological, and
International Affairs, National Science Foundation

John P. McTague, chairman
Committee on Data Needs for Monitoring
Labor-Market Conditions for Engineers

Engin I. Holmstrom, consultant

American Society for Engineering Education
Bureau of the Census
Bureau of Labor Statistics
Engineering Manpower Commission
National Center for Education Statistics
National .-cience Foundation
National Society of Professional Engineers

9:30 Major Issues John P. McTague

1. Nature and scope of Occupational Mobility: flow dynamics; career patterns of engineers with
different educational levels and training; tangibility of the engineering work force; resiliency

2. Technical Currency: effects of new technologies/fields on U.S. engineers; nature, scope, and
effectiveness of continuing education and in-service training

3. International Flows: net effects on U.S. engineering work force; number and types of foreign
engineers who enter, leave, or remain in the U.S. engineering community

4. Women and Mir9rities: nature and effectiveness of increasing the participation t
underrepresented groups; numbers and utilization patterns of women and minorities; tracking
whether participation is increasing

10:00 Break
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10:15 Small Group Discussions

1. Occupational Mobility
Pam Atkinson
Jerrie: Haddad
Eric Herz

2. Technical Currency
William LeBold
Karl Willenbrock

3. International Flows
Michael Finn
Charles Falk
Dael Wolfle

4. Underrepresented Groups
Betty Vetter
Alvin Bernstein
Donald Weinert

12:15 Lunch in Refectory

1:15 Panel Presentation: Reconciling the Data Bases to Respond to the Major Issues
Pam Atkinson, Michael Finn, William LeBold,
Betty Vetter

2:00 Open Discussion

3:00 Break

3:15 Open Discussion

4:30 Summary
Concluding Remarks

John P. McTague
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APPENDIX C

PARTICIPANTS

Workshop on Data Needs fc the 1990s
National Academy of Sciences

2001 Wisconsin Avenue, NW--Room 130
Monday, March 28, 1988

Howard G. Adams
Executive Director
National Consortium for Grrduate Degrees

for Minorities in Engineering, Inc.
P. 0. Box 537
Notre Dame, IN 46556

Pamela Atkinson
College of Engineering
University of California
205 McLaughlin Hall
Berkeley, CA 94720

Eleanor Babco
Commission on Professionals

in Science and Technology
1500 Massachusetts Avenue, NW
Washington, D.C. 20005

Alvin J. Bernstein
Consultant, R&D Productivity
Research and Development Center
General Electric Company
bidg. IC-1, Room 2A70
Schenectady, NY 12301

Jennifer Bond
Director, International Studies
ST1A
National Science Foundation
1800 0 Street, N.W.
Washington, D.C. 20550

Mitchell Bradley
Managing Director, Public Affairs
American Society of Mechanical Engineers
1825 K Street, N.W.--Suite 216
Washington, D.C. 20006
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Suzanne Brainard
Assistant to the Dean
College of Engineering
University of Washinon
Seattle, Washington 91s195

Tonia Butler
Personnel Research Psychologist
U.S. Employment Service
Department of Labor
Room 4456
290 Constitution Avenue, N.W.
Washington, D.C. 20210

Peter Cannon
Vice President for Research/

Chief Scientist
Rockwell Science Center
P. 0. Box 1085
Thousand Oaks, CA 91360

June Chewning
Senior Manpower Analyst
Office of Energy Research
Department of Energy
Room 3F061
1000 Independence Avenue, S.W.
Washington, D.C. 20585

Constance F. Citro
Study Director
Committee on National Statistics
National Research Council
Room MH192
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Eileen Collins
Senior Science Resources Analyst
Employment Studies Group
Division of Science Resources Studies
National Science Foundation
1800 G Strut, N.W.--L-611
Washington, D.C. 20550

Nancy M. Conlon
Senior Science Resources Analyst
Scientific and Technical Personnel

Characteristics Studies Group
Division of Science Resources Studies
National Science Foundation
1800 G Street, NW--Rm L-611
Washington, DC 20550

Michael F. Crowley
Study Director
Scientific and Technical Personnel

Characteristics Studies Group
Division of Science Resources Studies
National Science Foundation
1800 G Street, N.W.--Room L-611
Washington, D.C. 20550

Billy L Crynes
Dean
College of Engineering
The University of Oklahoma
202 West Boyd, CEC, Room 107
Norman, Oklahoma 73019

Robert DauffenBach
Office of Business and Economic Research
Oklahoma State University
Stillwater, OK 74078

Charles H. Dickens
Head
Surveys and Analysis Section
National Science Foundation
1800 G Street, N.W.--Room L-611
Washington, D.C. 20550

Linda S. Dix
Staff Officer
Committee on Data Needs for Monitoring

Labor-Market Conditions for Engineers
Office of Scientific and Engineering

Personnel
National Research Council
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Richard Ellis
Engineering Manpower Commission
415 2nd Street, NE--Room 200
Washington, D.C. 20002

Charles E. Falk
8116 Lilly Stone Drive
Bethesda, MD 20817

Alan Fechter
Executive Director
Office of Scientific and Engineering

Personnel
National Research Council

Michael Finn
Director of Studies and Surveys
Office of Scientific and Engineering
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APPENDIX D

SUMMARY OF DISCUSSION

Workshop on Data Needs for the 1990s
National Academy of Sciences

2001 Wisconsin -fenue, NWRoeln 130
Monday, March 28, 1988

John P. McTague, chair of the committee, welcomed workshop participants and introduced
Robert M. White, president of the National Academy of Engineering, who spoke about the importance of
the committee's task. Next, Richard Green, assistsnt director of NSF's Directorate for Scientific,
Technological, and International Affairs stressed the importance of the workshop to the Foundation in
planning its statistk.al activities for the 1990s.

Introduction

Dr. McTague stated that both the committee and NSF are interested in the information that
properly collected data can give in order to enable one to formulate policy. Of particular interest are data
fiom which one can analyze trends and flow patternsnot static data, which present a snapshot of a given
field at a given time. He said that although several of the data bases use different definitions of "engineers,"
resulting in apparent discrepancies (some of that has to do with who defines the engineerwhether 'he
engineers is defined by his/her education or licencinr, whether defined by the individual in terms of
functionality, or whether defined by the er.lpfoying company or enterprise in terms of functionality), that is
the small part of the issue. The larger part of the issue is how to collect data that are useful for
government, industry, and academe to utilize for determining policy, in order to respond effect/ ely in these
areas and to compete in a global environment that involves rapid technological change. That depends upon
what the facts are, and in many cases, to extract the facts that one is interested in from current data bases is
very difficult.

As an example, Dr. McTague noted that many of the functional research engineers in the United
States actually have advanced degrees in the physical sciences. What are the implications of this for the
support of science education, as well as for the support of engineering education? What might we expect
for future supply and demand trends in subfields of engineering, such as computer science, electrical
engineering, and mechanical engineering? What are the implications of the changing technological
environment as far as continuing education and retrai- ing of workers? What data indicate the amount and
the effectiveness of such continuing education?

He also asked, "How can one predict the demand for various fields of engineering as one allocates
resources that will have impact on universities for decades to come? How can we utilize all of the human
resources of our country moot effectivelynamely, increasing the involvement of minorities and women?"
He noted that these are some of the questions that the study committee decided to focus on: :tither than
either to look at the data bases themselves individually or to correlate them into a more useful pattern, the
counittee. determined that to discuss what data would be useful and important for policy makers in
government, industry, and academe and (by interacting with those who are 'vats on the data bases) to
figure out what can be extracted from present data bases, how the data bases should evolver in order to
become more useful, and how they can be correlated.
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Overview of the Data Bases

Dr. Engin Holmstrom, consultant to the study committee, gave an overview of her examination of
the engineering data bases. In talking about the strengths and weaknesses of the different data bases, she
stated that each data base is strong in the sense that it meets the purpose for widch it ,a as designed. She
believes tb:t integration cf these data bases into a single comprehensive data base is an ideal notion
impossibl z. to implement. One can use different data bases and analyze the data in such a way as to answer
questions for which they perhaps had not been designed.

She explained that one reason for the different :a in estimates of engineers in the various data bases
comes from how "the engineer" is defined in each. : .- instance, the Bureau of Labor Statistics (BLS)
definition is more occupation-specific, since most BLS data is obtained from industry. For example, BLS
asks employers to give the numbers of people in certain job positions, and whoever is in that particular job
is counted as an engineer. Whether that person has been trainedas an engineer or meets the academic
credentials required y a licensing or credentialing organization doesn't affect his/her being considered an
engineer. If an individual does an engineering job, then he/she is classifiedas an engineer. On the other
hand, the National Science Foundation (NSF) has a very complex way of defining engineers that diffms
greatly from the way that BLS defines them; methodological differences in the BLS and NSF surveys also
lead to inconsistent counts of the number of engineers. Most BLS surveys are establishment surveys,
while NSF surveys individuals. The difference becomes very important when one asks certain questions and
analyzes them. Some cross-tabulations of data are impossible, particularly in employer surveys, because
the same questions are not asked in all surveys.

Furthermore, not every data base is designed to provide different levels of information. Surveys of
both individuals and employing establishments pi ride enumerative information. However, descriptive
information can be obtained only from surveys of individuals. Similarly, much of the analytic information
of interest to policymakers is derived from surveys of individuals, The usefulness of the enumerative
information depends on how representative the studiesare.

Descriptive and analytic infoncation, on the other hand, can be obtained from smaller studies, but
the sample of respondents should be representative of the whole group. For instance, the National Society
of Professional Engineers (NSPE) conducts an annual survey of income of its 6C,000 members, but that is
neither representative of the entire engineering communitynor generalizable to the NSPE embership
because the response rate is only 24 percent.

The Engineering Manpower Commission (EMC) has a series of very strong data bases that provide
annually the number of students enrolled in engineering and technology programs, information on
engineering and technology degrees, information about salaries of practicing engineers and academic
engineers. Their establishment-based surveys provide tabulations but do not allow for cross-tabulations.

The American Society for Engineering Education obtains rather comprehensive information gout
engineering students and faculty from all of the engineering schools.

The National Center for Education Statistics (NCES) has been collecting data on enrollment and
degrees for over 20 years, but as data L..ses are not 100 percent comparable to what EMC, for instance, has.
Because NCES is expending its data base in the 1990s from 3,000 to 13,000 higher education institutions.
Dr. Holmstrom expects some delays in making the data available but reserves judgment on the data's
usefulness. The largest change will be in data on training awards below the baccalaureate.

The Bureau of the Census and Bureau of Labor Statistics (BLS) are two other major data sources.
The Bureau of the Census conduct^ the decennial census, which NSF uses to draw its sample for the
postnasal survey and the subseq,.. surveys of experienced scientists and engineers. The Census provides
the National Science Foundation ( F) the number of who say they are engineers and scientists in that
particular decennial year. NSF then checks for degree,augments the sample with others who have college
degrees, and ultimately arrives at a sample of scientists and engineers that is the base for the next four
biennial surveys. BLS uses the Occupational Employment Survey(establishment/industry-based) and
Current Population Survey (ir...ahly household interview) to obtain information on engineers. The CPS
includes questions that one can tease--for instance, to fmd out if an engineer has gone tc he technical
reserve or to answer some of the mobility questions.

The data bases of NSF are the most valuable for analytic information because follow-up surveys
are conducted. However, in some surveys the sample sizes are too small for one to look at what a certain
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subcategory or subspecialty of engineer is doing. NSF surveys, however, provide mitch intimation that is
not usually reported from the data bases of other collection agencies. In fact, NSF is interested in learning
what kinds of collected Ini unreported information would be most useful to the engineering community.
Also, the NSF data could be analyzed differently to provide answers to different questions.

Discussions

Before the participants met in small groups, Dr. McTague noted that the individual discussion
groups should for nulate for themselves the character of the issues believed to be the most important ones
for the coming decades. Each group was asked not to define its activities narrowly but, rather, in terms of
the priority questions that could be answerable either from existing data bases or from appropriately
designed or expanded data activities. The study committee was particularly interested in data that can be
used to determine trends. What kind of data should we have to de,ternine, for example, typical undergraduate
education it engineering? This, each growl should determine a small number of questions having very
high priority that are related to data about the specific issue examined by that one group and then discuss
how each question relates to existing data bases, how it might relate to expansion or correlation of existing
date bases, or how it might require some special study. The fust thing is to discuss, within the broadarea
given to each particular discussion group, the small number of the most important areas for the next decade
or two, those on which factual information is needed in order for policymakers to act rationally.

Dr. Charles Falk, a member of the study committee, noted that neither the committee nor the
workshop was created to make projections about engineering supply and demand; instead, the emphasis is
on determining what kind of data are needed to answer questions related to these subjects.

Mr. Alan Feebler, executive director of the Office of Scientific and Engineering Personnel,
reviewed guidelines for the small-group discussions:

(1) The more general the information that is being required, the more important it is (if, for
instance, we ate asking for information that cuts across all fields, cuts across all industries,
cuts across a% regions of the country, that seems to be the highest level of information);

(2) Consideration should be given to the difficulty of the resource requirements that would
underlie acquisition of the requested information (trying to create a massive data base that
would allow us to describe the engineering community as a totality could be a massive
unitrtalcing requiring large amounts of resources);

(3) Fiitally, each group should bear in mi-, I 4. importance of the issues , zing addressed by
their questions.

Following the small-group sessions, the leaders of the small groups shared with the other
workshop participants the character of the discussions and the particular priorities and action items that they
had delineated. The following paragraphs summarize the reports of the individual discussion groups, as well
as open discussions on each topic deemed to be a major issue: occupational mobility and flow dynamics,
international flows, maintaining technical currency, and underrepresented groups in engineering.

Occupational Mobility

Ms. Pamela Atkinson, former NAE fellow now at the University of California-Berkeley, said that
the group on occupational mobility delineated three specific areas of emerging concern:

(1) The need to refine and redefine very carefully the survey questionnaires because the data
necessary now to determine future requirements do not really address specifically enough the
needs of the researaers, who are concerned abcut (a) the educational path of the young
engineer, (b) the subjective and economic concerns of that engineer, (c) the potential cc.-eer
flexibility that might be possible for that engineer, and (d) the time lapse between when a
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problem is identified and when intervention can take place, in terms of either education or
career mobility.

(2) The need to define "engineer" less in terns of disCipline and more in terms of function.
(3) The need for data-collection agencies to gather information in more detail, to develop

mechanisms to link the various components of that information to data bases elsewhere, and
to disseminate the information better.

The discussion group noted that data are needed on the rates of movement of engineers with various
degree levels. For instance, those enrolled in graduate school should be defined more specifically: who are
enrolled in M.S. programs, who are enrolled i1 Ph.D. programs, how many years out they ',eight have been
before they reentered the school system, are they continuing with the master's degree right after the
bachelor's, are they resident or nonresident students, how is their education financed?

Mr. ;errier Haddad, a member of the study committee and chair of the earlier Committee on the
Education and Utilization of the Engineer (CEUE), added that participants felt that NSF data should be more
career-oriented and that the BLS data would be substantially more useful if it contained elements implicit in
the NSF datanamely, education specialty. Dr. Michael Finn, of Oak Ridge Associated Universities at the
time of the workshop and now director of studies and surveys in the National Research Council's Office of
Scientific and Engineering Personnel, agreed that the study committee's report should deal with the
importance of forcing more consistency in occupational classification within the data bases. Dr. William
K. Le Bold, director of engineering education research studies and information systems at Purdue University,
suggested improving the current taxonomy of engineering by adding functions in which engineers are
employed -- including design, operations, and consulting - -as well as level of responsibility, technical or
supervisory. In response, Dr. Charles Dickens, head of the Surveys and Analysis Section of the Division
of Science Resources Studies in NSFs Directorate for Scientific, Technological, and International Affairs,
noted that in some surveys, NSF has experimented with getting more information on the type of employer
but tut it is very difficult for individuals to assign the same employer categorization as would be assigned
by BLS. He added that more information on career changes can be obtained from NSFs longitudinal
surveys through repeatedly surveying the same individuals about their change in status. He said that
because both engineers and scientists are surveyed by NSF in a single questionnaire, the Foundation would
also need to discuss with representatives of the scientific community how questionnaires might be designed
to provide more of this information.

Dr. Robert Weatherall, director of career services at Massachusetts Institute of Technology, said
that it was a question not only of gathering data for policy purposes, but also of helping the engineering
community to know itself better.

International Flows of Engineers

Dr. McTague noted that becoming more and more important is how the federal government will
approach the issue of foreign engineering students. Is it good to have more than 50 percer.t of the students
in some graduate engineering departments from other countries? Is having a high proportion of foreign
students intimidating to American students? What are the implications of this for our immigration policy;
should we encourage these students to stay after receiving their education? What are the implications of
global technological alliances? In fact, the engineering work force that is being used by corporations in the
United States does not rest just in this country at all; what are the implications of that?

He noted that the area of international flows is quite important, but data are very difficult to
acquire. The question of comparability is compounded, and the data are very highly aggregated. Foreign
personnel data collected by OECD are very highly aggregated and are limited in scope, reporting only
scientists and engineers engaged in R&D. NSF has made strides to provide information disaggregated by
occupation and activity, but these data are not readily available in the countries themselves. Thus, getting
the information out that one wishes is almost impossible at present. He noted that the CEUE addresr-d the
importance of flow data by devising a fairly complete model of the major inflows and outflows of
engineering talent. Unfortunately, no single data base provides all of these pieces of Laformation. He
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suggested that the workshop participants could help by pointing out certain areas where the flow
information is obtainable or would be obtainable with a finite degree of effort.

Mr. Haddad toted that international flows are inextricabiy linked with alliances and gave examples
from the automotive industry.

Dr. Finn stated that the group on international flows of engineers examined policy issues. Data
from the Survey of Earned Doctorates dealing with current measures of the inflow of foreign engineers
earning degrees from U.S. institutions are reasonably good; and beginning with the 1987 Survey of
Doctorate Recipients, NSF is improving the follow-up procedures for persons with foreign addresses.
But, Dr. Finn noted, Ph.D.s comprise a tiny fraction of the engineering labor pool. For people below the
PhD. level, not until the 1986 Survey of Recent Graduates were persons with foreign addresses included.
The group did endorse NSFs conducting of an immigrant survey and suggested that NSF keep the foreign
B.S. and M.S. graduates in the Recent Graduate Survey in spite of nonresponse bias for people with foreign
addresses at the time of their graduation.

A related question to this inflow was that firms, because they have been having greater difficulty
certifying foreign engineers to work in the United States recently, may be sending more work ioroad. We
don't know to what extent we can measure the import and export of engineering services. Special surveys
of employers by NSF in the recent past dealt with questions relating to foreign nationals. The discussion
group endorsed the idea of another survey that asked employers specifically about foreign-born engineers
employed in the United States and abroad and about the import and export of engineering services, for
measuring not only these flows, but also the impact of flows within corporations.

The question of how long foreign engineers stay when they con-e to the United States has been
examinee', but little published information is available. As to the question about where the engineers come
from, the basic data elements are there, but generating the data is complicated and difficult because concerns
thout confidentiality usually preclude their release by NSF and the Bureau of the Census. Soule country-of-
origin data are available from the Survey of Doctorate Recipients, but sue- data are not always tabulated on
a regular basis.

What factors promote the flow of foreign engineers to the United States? Research evidence
indicates that economic, social, and political factors are quite important. The findings of social scientists
that political freedom, for example, is an important determinant. as well as economic factors certainly should
not be overlookld; evidence shows that those who are supported by their own governments are more likely
to return than those who are not supported by their governments.

The existing data on the flow or interaction of American engineers with foreign engineering
enterprises are inadequate and anecdotal. However, the 1987 Survey of Doctorate Recipients has a series of
questions asking Ph.D.s to indicate whether they have made trips abroad for 3 o: more months in some
recent lAziod of time and to describe somewhat their involvement with foreign work. If the results appear
to be useful, the discussion it, 'up felt that it may be quite worthwhile to do something similar for the B.S.
and M.S. graduates in save vs that NSF conducts, noting that B.S. and M.S. graduates comprise the vast
majority of engineer 'There may also be some possibilities for errstoring existing data sources: DoD and
DoE laboratories and contractors have security requirements that cause them to keep track of who goes
abroad; some foreign consult tes award visas to U.S. citizens; the IRS might have useful data if people take
tax deductions for expenses associated with working away from home; J.S. companie- might be queried on
data for these visits. In addition, we can and should continue to look at foreign immigration statistics
(other countries keep track of who comes into their country as immigrants, even for short-term visits).

The impact of foreign engineers on salary levels is a difficult but important question that has not
really been adequately researched, although data exist.

What happens to foreign national students who don't stay here is relevant, even if one focuses on
the U.S. woet force, because foreign nationals earning degrees in the United States seem to be important
contacts for people who are here and such information is relevant to technology transfer and international
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competitiveness. However, the discussion group recognized that trying to keep foreign students who don't
stay in the Uaited States in the sample Ph.D., M.S., and B.S. populations would be costly. The Ph.D.
survey doesn't include people who assert at the time of graduation that they have firm plans to work abroad;
although that is a small fraction of the Ph.D. population, the feasibility of keeping them in the follow-up
surveys should be considered by NSF because of the cost of educating these people and the possible benefits
of interacting with them around the world.

The discussion group saw international comparisons as a valuable addition to trend data. NSF has
started an ambitious program, with the help of the U.S. Census Bureau, to get (from foreign census
bureaus) information on the numbers, occupations, and characteristics ofscientists and engineers for the
large industrialized countries. The group felt that this effort should continue. In addition, information on
the emigration of American engineers should be sought from foreign census bureaus.

Dr. Dael Wo Ifle, liaison to the study committee from OSEP's Advisory Committee on Studies and
Analyses, agreed that we still have much better data on the engineers whoare trained here and stay here than
on those elsewhere who are influential here. One of the major data gaps is the difficultone of keeping track
of people who were here but have gone elsewhere; in multinational corporations, :nformation transfer
combinations are still effectively part of our system, which must be brought up to date with the reality.
Dr. Falk added that the need for data on foreign students who leave the United States was given fairly high
priority from a policy point of view because the real issue, especially in state-operated universities, is
whether subsidies are provided to foreign engineering students. Furthermore, we don't know what happens
to those who leave and go to other countries: do they establishor maintain important U.S. contacts and
enhance cooperation, or do they foster competition?

Dr. Falk emphasized the high priority given by the group to learning to what extent Americans go
abroad: this seems relatively feasible because it involves extending an existing survey. It would provide
useful data on another very important policy issue--namely, what is the dependency of the United States on
foreign engineering talent?

By the same token, Dr. Falk noted that the third question was even more difficult: What effect
will the presence of foreign engineers or immigrant engineers have on the culture of the activities in various
institutions? To what extent will they be a major presence in academic institutions and affect curricular
development? To what extent are they present in industrial institutionsand changing the mode of
engine ing that is done? Essentially, he said, the engineeringcommunity needs to know ryhele foreign and
immigrant engineers are in the United States. Not all such questions are answerable strictly by the data,
however.

Dr. Howard Adams, executive director of the National Consortium for Graduate Degrees for
Minorities in Engineering, Inc., asked whether the increased level offoreign assistant professors changes the
culture of a school. In resp( nse, Dr. Finn explained that an NSF - sponsored survey of graduate faculty and
graduate departments obtained actual numbers and their perceptions of the impact of large numbers of
foreign graduates in engineering departments. It did ask, forexample, the extent to which any of their work
had been constrained by security considerations, but it did hot attempt to determine the implications for later
professional practice of large numbers of foreigners in graduate engineering departments. Dr. McTague said
that the group discussing international flows did take up the problem of foreign faculty and foreign teaching
assistants, particularly as they affect women and minorities, and in terms of their language capabilities. Dr.
Wolfle and Dr. Falk agreed that the issue of foreign engineering students and faculty must be pursued
further. Ms. Jennifer Bond, study director of the International Studies Group in NSFs Division of Science
Resources Studies, noted that this discussion group also considered the possibility of doing a special study
about these trends within multinational companies themselves, that this is a large part of the reality of
today's environment compared to traditional ways of measuring nation, state, and citizenship.

Dr. Falk added that another issue is to get more information on what limitation the defense
establishment's activities have experienced due to the fact that, generally, foreign engineers and, in many
cases, immigrant engineers cannot be employed or utilized on defense projects.

Finally, the group discussed the question of integration of the various data bases. The NSF
postcensal survey is almost perfectly integrated with the 1980 census population. The area where lack of

72

82

1



integration i most comme^-1 on is between NSF and BLS, and the discussion pitip reached no
consensus.

Technica' Currency

Dr. Le Bold explained that the group discu-_:ag technical currency addressed the general problem of
defining "technical obsolescence." The current surveys provide relatively L.tle information about it, but
correlates of technical Jrancy include level of responsibility (technical or supervise,, degree level,
activities engaged in (ranging from simple discussion to patents or publications), andsources of
information. He noted that informal acquisition of information is probably used much more extensively
than formal, continuing educatior and that we need to be able to address how engineers at different levels
and performing different functions acquire information informally. While currentsurveys can not
necessarily provide information about this informal education, probably some targete in-depth studies
could. Dr. Karl Willentrock, a member of the study committee, added that no data base provides
information about how well somebody really does a job. There was a feeling that if we had a good system
for career -long education, we could raise performance levels. The small-group participants also examined
technologies and the critical areas that should be addrease,.1

The current surveys would provide minimal information about funaibiliv if one looks at field of
major or highest degree. and relates that to current functions or current fields.

Resiliency itself can't be analyzed from current data, but correlates of various activities might be
conducted, particularly in pilot St 11(1'n. While some of the professional engineering societies do conduct
studies that provide data about the level of technical responsibility, their current surveys rwide very
limited information out technical obsolescence.

'ler summarized the group's discussion about four points:

(1) Utilization: Do we understand well what engineers do, and what does our information
system tell us about utilization of engineers (field in which they are working, activities in
which they are engaged, the le-el of responsibility within those activities)? Some useful

mation already is collected. We know the fields, although taxonomic problems of
respective fields shot.... A adAresseA, and questions have been raised about whether the
taxonomy of work activities is appropriate and adequate to fully understand what people are
doing. In addition, information is lacking on level of responsibility of engineers.

(2) Lack of data about technological change and emerging fields: Surveys of individualsare not
useful in identifying arras in which technology is changing rapidly or in which fields art
emerging dramatically. Delphi techniques, perhaps workshops of experts who would
provide expert opinion about what is happening, or case stuaies looking at these issues
might be better.

(3) Training or educational activities that enable engineers to deal with these changes: How co
engineers accommodate emerging technologies and developing fields? The general feeling
WM that the current survey instruments emphasize heavily the credit courses, both formal
and informal, but give insufficien weight and attention to the very elaborate se of informal
acti :ties of engineers--such as symposia, meetings, conferences; reading jourr Als; talking
to c .leagues --by which engineers keep themselves up to date. He felt that personal surveys
of engineers should ask oboe! he amount of time that they spend at these various activities.

(4) How to assess whether skills are deteriorating or improving: Possible indicators might be
papers given at international meetings, patent citations, and salary of an individual engineer
as u .11 as the profitability of the employing firm.

Dr. LeBold felt that skills could be assessed by relating salary, educational level, and function to other
measures such as activities and sources of information. Maybe some Iesorch should be conducted so that
more adequate measurement techniques are developed. Mr. Fechter stressed that enumerative data are
necessary before one can ask relevant questions about what they mean.
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Underrepresented Craps

Dr. McTague asked, "What are the numbers and characteristics of women alki minorities who enter
engineering? Does the word 'enter' refer to K-12, or to college freshmen, or to the labor force of
engineering graduates?" Information on the K-12 system is insufficient, and we know very little about
changes in course-taking over the past several years. The High School and Beyond study examined the class
that graduated from high school in 1980, but we don't know what has happened since. Engineering degrees
and enrollments are decreasing, in percentage terms, more sharply for women than for men. Therefore, the
15 percent of women now enrolled in engineering is not going to hold. We are very concerned with the
need for time, .:cut, particularly at this point.

Ms. Betty Vetter, executive director of the Commission on Professionals in Science and
Technology, felt that if women are going to drop out of engineering faster than men, we need to know their
reasons; age-group demographics are only one reason. Such information would not be obtainable from a
data base; individual studies of indivici "al people and a continuing !ongitudinal tracking of undergraduate
students, both those who succeed and those v-ho do not, seem imperative to her. She advocated more
internal studies by institutions of their retention patterns for minorities, women, and men--such as those
conducted by the Univr -city of Washington and Northwestern University, for example. Furthermore, she
said, if we find out cps minorities in the pipeline, we will also E id out what keeps white males,
who are increasingly dropping out. She mentioned several engineering tiata bases not listed in
Dr. Holmstrom's background paper that might be helpful in analyzing some of the questions: the
Association of American Colleges' data base, just beginning in 1986, will have information on
undergraduate coursework at 35 institutions, (2) the Boy Scouts of Americ.s. conduct an annual survey in
American high schools to find people, both boys and girls, interested in its Explorer program, (3) the
federal government collects data on employment of federal scientists and engineers, in particu' for the
Federal Task Force on Women, Minorities, and thu Handicapped. One, for example, surveyeC a matched
sample of Ph.D. scien is and engineers in federal employment in 1977 and still employed in 1988 to see
if they had improved salary relationships. She noted that they had not: women, on average, earn
consistently lower salaries than white or Asian men in 1988, as was also true of their starting salary levels
in 1977.

According to Ms. Vetter, the only data on utilization patterns for women and minorities are from
BLS's occupational survey and the NSF estimates, but she condoned that BLS inevitably shows a
proportion of women and minorities in any engineering population at approximately twice what the NSF
proportions are. The other source for utilization data is NSF, but because the sample cells are so small, we
know very little. Ms. Vetter said that her discussion group felt that the question of barriers for both women
and minorities could not be answered by the current data bases. However, changing the taxonomy or. which
the data bases operate--using occupational classification of what the engineer does rather than the traditional
academic fieldmight provide useful information. What we need Ire many more individual studies in which
a group of targeted people are asked, "Why is this so? Why did you drop out of engineering?" She cited
such a study of 176 women engineers who have decided to leave engineering aftei. working in the field for
several years. In addition, we xl studies to find out more about what happens to minorities who start but
don't finish--that is, do minority men and women differ in their persistence?

The session on underrepresented groups in engineerir g felt that after some longitudinal, individual
studies, we need a clearinghouse where It information can be compiled and then disseminated. The
discussion group's second biggest ret -mmendation is to fund individual studies and then to disseminate the
information. It was recommended, for example, that the National Science Foundation fund data activities of
the National Society of Black Engineers.

Mr. Donald Weinert, a member of tin study committee, focused on three areas:

(1) Doing more tracking via longitudinal work because current data bases and collection efforts
do not provide the kinds of answers that will allow decisionmakers to get at the policy
issues,
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(2) Coordination of efforts through a clearinghouse, and
(3) Getting more minorities and women into faculty positions.

He noted that most women and minorities in graduate engineering aspire primarily to the master's level and
not to the PhD., the prerequisite to attaining faculty tenure. Yet all of the systems that we have are more
aimed at getting people onto the Ph.D. track because that is the entry level for faculty. Thus, we might be
overlooking a whole group of people who are really just focused on the master's level.

Dr. Alvin J. Bernstein, a member of the study committee, added that one data gap is that in
making the counts of minorities and females, we are unable to identify in any of the existing surveys "black
females." The counts are usually either by sex or by race/ethnic group. Those data are clearly in some
individual data bases but are not reported with such fine breakdowns. In several important data bases, such
as EMC's enrollment and Cl ,gree studies, the data are not even collected except for head counts by sex and by
minority group.

--. Eric Herz, another member of the study committee, asked, "If one of the subjects were how to
attract minorities and wow- into engineed ag schools, would the data be useful to relate the qualities and
the qualifications the hip school science and math teachers and their role models? Would that be a
useful way to find out which are the successful black students in a university and which are not?"
Ms. Vetter responded that information on the qualifications of high school science and math teachers would
be useful for several reasons, but is not available. Dr. Bernstein felt that such issues would not be addressed
by a national data base.

Mr. Fechter asked, "What information do we have or the question of dual careers and their impact
on enabling women, in particular, to successfully compete and move up the ladder in careers in science and
engineering?" Again, Dr. Bernstein pointed out that understanding that phenomenon requires small.
intensive studies of populations in the field rather than relianrc on datP. bases.

General Comments

Dr. Richard Valentin, program manage: at Argonne National Laboratory, questioned the validity of
surveys and suggested that much more reliable data could be obtained from a sampling technique that
followed up on it. Several workshop parti-dpants agreed that continuity is a critical issue. In the same
vein, Dr. McTague believed that the use existing data bases by clever manipulation or minor extension is
clearly preferred to the creation of a whole new class of studies.

Mr. Haddad expressed concern about the lack of rationalization of what happened to create different
numbers in the various engineering data bases. Mr. Herz concurred that being able to relate differences in
the data bases is very important.

Ms. Vetter felt that some data don't get used as much as they could. For example, very little
analytical work is done on the PhD. data collected by the National Research Council for the National
Science Foundation. In response, Mr. Neal Rosenthal, chief in the Bureau of Labor Statistics' Division of
Occupational Outlook, said that the National Center for Education Statistics has followed up the high
school class of 1972.

Dr. McTague focused on the kinds of questions to which answers are important and to which data
are relevant. When asked for other issues that the data bases should address, Dr. Peter Cvnon, vice
presideat for research and chief scientist at Rockwell Science Centel, cited recognition o 'le present reality
--one of comparative shortages in which employers are seeking to increase productivity of workers by
sharply increased capital investment per employee--as very important. In virtually any study of any labor
market, one would make an inquiry as to that investment because it is a significant variable impacting the
labor market. Incorporating a sense of this reality in the context of the delivery of engineering services will
elucidate a powerful external variable impoctirg all of these questions of what happens to people.
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Mr. Haddad added that citing examples of national issues on which data are lacking woula aid the
understanding of the issues by nonprofessionals in the field. Dr. Dickens suggested that the committee
mention the usefulness and importance of continuing many of the data-collection efforts; he said that
focusing only on gaps might imply that some of these ongoing efforts could be sacrificed. He noted that
NSF has identified some major data gaps, which it is trying to address. For instance, NSF is working with
the Immigration and Naturalization Service to get much more information about immigrant scientists andengineers.

Dr. Weatherall spoke of a ne-4 for more consciousness of the engineer in entrepreneurial small
companies and the use of engineers in roles that have not been thought of, historically, :s strictly
engineering roles- -such as sales. He cited two different interests: (1) the engineer in engineering and (2) the
engineer as a person. Ms. Vetter discussed the difference between WHAT an engineer is and WHO an
engineer is. She felt that the committee should determine whether it would recommend changing the way
in which NSF 123ntifies who belongs in the sample as the next generation of data comes out, starting with
the 1990 census. Mr. Feehter expressed the participants' view that each data base should be maintained as
flexible as possible so that one cm look at whatever group of engineers is deemed appropriate to the
proble .1 examined. When preparing its postcensal survey, for example, NSF must not excluds people that
it will atter regret excluding because they cannot be picked up once the sample has been established.

Dr. Falk recalled stops taken by NSF to create t more detailed taxonomy for computer specialists;
a group representing industry and academe designed a more suitable taxonomy without seriously damaging
earlier ones. Dr. Dickens noted that this more detailed classification sy.hem of employment in computer
fields was designed to preserve the continuity of the data system. He added that the Department of Labor
and the Bureau of the Census participated in the development of the new taxonomy and are now conducting
studies to see if they can implement it in their own data-collection systems, thereby making the taxonomymuch more useful.

Dr Finn suggested that the current taxonomies could be supplemented by examining employment
ads to see what employers are asking for. The group concurred that the committee should recommend
something that tends to be supplemental to, rather than replacement of, current taxonomies. Dr. LeBold
suggested that small pilot studies could be conducted or sponsored by NSF, the Bureau of Labor Statistics,
or the National Center for Education Statistics to examine more comprehensive taxonomies in engineering.

Dr. Fred Schulz, section head for R&D recruitingat Procter & Gamble, valued thi! longitudinal
aspect maintained even when questions are added to existi surveys, but suggested that e study
committee continue its work and design the ultimate survey that maybe a decade or two hum now could
replace half the surveys. Dr. McTague felt that byemphasizing the increased importance of longitudinal
studies, we are starting to move in the direction of a fuily useful, dynamic model. He hesitated to argue forsomething global.

Dr. Dickens noted the importance 4 keeping in mind that all of the data collection doesn't have tobe on on questionnaire or in one survey. NSF has several surveys-- institutional, individual, and quick-
responseand also uses information collected by e,ner agencies. There is a wide range of approaches
available for use in -slating the collected data t identified issues.

Mr. Haddad suggested a formal mechanism to bring pe.sple together to discuss various issues
relating to the engineering labor market, perhaps a roundtable; he foresaw the need for one organization to
convene regular meetings, perhaps annually, of data collectors. Mr. Richard Ellis of he Engineering
Manpower Commission agreed that orchestration is needed some place with all this effort; there are many
separate pieces to be monitored and managed. Ms. Vetteragreed with that concept, adding that a central
location for housing such collected data is essential.

Dr. Weatherall recalled Lee Hansen's suggestion during the earlier study of the i.ropact of defense
spending on engineering employment: Dr. Hansen had suggested that individual universities be encouraged
to conduct studies of their own alumni toassess such issues as the migration of alumni between defense andnondefense work.



In summary, Dr. McTague noted that the study committee's report will address the fact that this is
a rather limited study that makes no attempt at being comprehensive, but in which the committee tries to
focus on some very important areas where dispassionate information is needed for important policy
decisions and where the information will have lasting value to serve policy makers and the various
engineering sectors in the United States for several decades. Discussion of the four groups at the workshop
will serve as *he basis for the report, with the committee's recommendations stated around the four broad
issues: occupational mobility and flow dynamics, international flows, technical currency, and
underrepresented groups in engineering. Based on input at the workshop, the committee will (1) point out
that erzh data base serves separate sets of functions rather well, (2) propose that modest changes in some of
the data collection tit addition, rather than by total revision of what already exists, will be valuable,
(3) emphasize that, rather than trying to make their definitions similar, the data-collecting agencies should
obtain modei additional information that will increase the correlative value of the data bases.

Dr. Finn added that the committee should also recommend the frequency at which the data should
be collected, and both Dr. McTague and Dr. Dickens agreed. Ms. June Chewning, senior manpower analyst
in the Department of Energy's Office of Energy Research, thought that some questions within the surveys
could be asked alternately to divide costs--for example, the question of mobility might be examined only
every 4 years. Ms. Vetter suggested that no more than 2 years elapse in the cycles of questions in order to
mika the data most useful and to encourage respondents to retain and report in esch survey cycle.

Dr. Wolfle was impressed that all of the small groups emphasized a need for information rather
than for data, for understanding the dynamics of the situation. That means more studies of a aualitative,
accumulatively longitudinal nature.

In conclusion, Dr. McTague summarized four cross-cutting issues that emerged from the
deliberations of the workshop:

(1) The need to evolve :II:. taxonomy in the various data bases so as to emphasize what people
actually do as opposed to their academic disciplines, making the data bases more functional,

(2) The value of longitudinal studies in every area,
(3) Making existing data bases more correlatable with each other without harming the

accum. lilted information that exists in them (that implies additional questions that will have
to be thought a:* more carefully to prwide cross-cutting data so that the rest of the factors
can be correlated), and

(4) The need for special studies that contain information other than pure data.
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