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NOTICE: The project that is the subject of this report was approved by the Governing 
Board of the National Research Council, whose members are drawn from the councils of 
the National Academy of Sciences, the National Academy of Engineering, and the Institute 
of Medicine. 

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

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

The National Academy of Engineering was established in 1964, under the chartec of 
the National Academy of Sciences, as a parallel organization of outstanding engineers. It is 
autonomous in its administration and in the selection of its members, sharing with the 
National Academy of Sciences the responsibility for advising the federal government. The 
National Academy of Engineering also sponsors engineering programs aimed at meeting 
national needs, encourages education and research, and recognizes the superior 
achievements of engineers. Dr. Robert M. White is president of the National Academy of 
Engineering. 
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The Institute of Medicine was established in 1970 by the National Academy of 
Sciences to secure the services of eminent members of appropriate professions in the 
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be an adviser to the federal government and, upon its own initiative, to identify issues of 
medical care, research, and education. Dr. Samuel 0. Thier is president of the Institute of 
Medicine. 

The National Research Council was organized by the National Academy of Sciences 
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purposes of furthering knowledge and advising the federal government. Functioning in 
accordance with general policies detennined by the Academy, the Council has become the 
principal operating agency of both the National Academy of Sciences and the National 
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Academies and the Institute of Medicine. Dr. Frank Press and Dr. Robert M. White are 
chairman and vice chairman, respectively, of the National Research Council. 
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FOREWORD 

The topic "Data Needs in the 1990s for Monitoring Labor-Market Conditions for 
Engineers" is 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 basis of which policy 
decisions can be made--particularly 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 decade. 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, technical obsolescence is a continuing problem. Although 
many large corporations have excellent career-long education programs and professional 
engineering 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. 

v 
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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 true of minorities. It seems strange to have forecasts of a shortage 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. 

Oearly, we neal 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 manpower policies. This report 
provides guidance to the National Science Foundation and other agencies for the collection 
of data to serve the needs of the country. 

RobenM . White 
President 
National Academy of Engineering 

VI 
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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 the 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. Responding 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 effon 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 undenaken 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 defmitions 
of "engineer" used within them. Chapter 2 briefly cites the definitions 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 aniculate 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 information 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 for 
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 from a 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 NSFs 
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 of this 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 National 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. En gin I. 
Holmstrom, consultant to the study, wrote the background paper and drafted this report 
Finally, Constance F. Otro, 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 enhanced that 
section within the report; William K. LeBold, 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 bas 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--collection 
agencies, professional engineering societies, industrial and university employers of 
engineers, and researchers interested 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 I. 
Mosborg, assistant dean/director of the Engineering Placement Office, University of 
Dlinois, Urbana-Champaign; David R. Reyes-Guerra, executive director, Accreditation 
Board for Engineering and Technology, Inc.; and Robert K. 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 sunounding data 
needed to understand the engineering labor market and assist you in your research on 
engineering employment, particularly in the coming decade. 

I X  

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 anive at wise policy 
decisions, policymak:ers 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 
training 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 currently unpublished but available from 
existi.Dg sunceys, 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. 

1 
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• The value of existing data bases can be enhanced by improving their 
longitudinal nature. Major reasons for collecting and, if czurently collected, 
using longitudinal 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. 

• Furthermore, in order to address the major issues--occupational mobility and 
flow dynamics, international flows, technical czurency, and underrepresented 
groups--the 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 
should be among those addressed at these meetings: 

• 1nformation on engineers generated from all czurent 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 descriptions 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 disagg regations. 

2 

Copyright © National Academy of Sciences. All rights reserved.

Engineering Personnel Data Needs for the 1990s
http://www.nap.edu/catalog.php?record_id=19112

http://www.nap.edu/catalog.php?record_id=19112


(4) Taxonomies of employment settings should be expanded to inclllM 
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 comptlllies.  

(5) Efforts should be exerted to maximize the degree of comparability in 
these til:Jconomies 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-co"eltJtion 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-co"elation 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 11-12 ) .  

• NSF should provide periodic cross-tabulations of occupational mobility, such 
as by field of highest degree and current occupational junctions, 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 junctions and competence (see 
pages 9-11) . 

• NSF Surveys of Natural and Social Scientists and Engineers should inclllM 
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 effons 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) . 

• NSF should also continue its effons 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 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 engin«ring should be released in a timely 
1IIIJ1JIIe1'. 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 success or 
failure of women and minorities both in engineering education and in the 
engineering labor force should be continued (see pages 17-19) . 

• A pilot study should be conducted to develop adeqUIJte measurement 
techniques/or 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 (see pages 12-13) . 

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

4 
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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 pmpose of 
the existing data bases and the 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 best to make data on the engineering community more complete, 
accurate, and compatible. I 

Within the federal government, the National Science Foundation (NSF) has the 
primary responsibility of collecting, analyzing, and reporting statistical infonnation 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 tum, asked 
the National Research Council'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 pan of an ongoing effort initiated by NSFs Division of Science 
Resources Studies to evaluate and redesign its Scientific and Technical Personnel Data 
System (STPDS). The effort entails a number of activities. A panel 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 infonnation 
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 

lcommittee on the Education and Utilization of the Engineer, National Research Co1DlCil, Engineering 
EdMcalion tl1ld Practice in tu United Stalu: Fowr.dalions of Ow Techno-Economic Fwwe, Wuhington, 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 inCIUSingly 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 occupational 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 believes 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 
demographic 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 (ABE11, 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 
defining "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 
Current 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 useful information, but neither secures all that is needed 
when the primary focus is on the structure and dynamics of a professional field--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 work 
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 qualifications: 

• 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 enJineering 
work at a professional level. 2 

2committee on the Education and Utilization of the Engineer, National Research Co\Ulcil, 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 currency, 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 fonnalization of educational programs. 
Thus, adjustments to new needs are normally first made by moving existing personnel 
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 work 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 

3Penel on Engineering Labor Markets, Office of Scientific and Engineering Personnel, National Reseuch 
Cowcil, TM Impact of Defense Spending on Nondefense Engineering lAbor MfUkets, 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 Malkets cited, as 
examples of the remarlcable 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 �elated 
areas, and (3) the willingness of employers to modify their hiring criteria (e.g., �egarding 
prior experience) and to lay out new capital investments to increase productivity .4 

Occupational mobility, �esiliency, 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 pictu�e of itself. 

In determining major policy issues in the next decade, one must IeCOgnize 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 intcmal 
adjustments and by importing talent from other fields or sources. However, questions 
about the quality of the work force and mobility are closely mated. 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 sttength 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 co�nents? 

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 tespond to changing demand? Is the 
IeSponse the same in all engineering areas? What is the cost-effectiveness of 
education,b1dning,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 tetum to engineering jobs from the "technical 
�eserve pool"? 

4Panel on Engineering Labor Markets, op. cit. 
5-rbe technical reserve pool is comprised of individuals who are qualified to function u engineering faculty, 
engineers, engineering technologists, engineering technicians, or engineering support staff but who are 
currently 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, Enginuring lnfreutrw:t��r� Diagramming flllll. 
Mod�ling, Washington, D.C.: National Academy Press, 1986. 
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6. How many engineering technologists and technicians are there? What are 
their 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 ttacing 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 CUJTent 
data bases 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 apparenl 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, without 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 cmrent 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 used as 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, characteristics, 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. FU'St, they are one of the major 
providers of such education programs. Second, infonnation about technical needs is 
crucial for maintaining the currency of educational cwricula 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 
contributing factor to their obsolescence. 6 W ark 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 fiC?lds? 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 i s  the scope, nature, and effectiveness of available educational programs 
in engineering? 

Current data bases collect little infonnation 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 fonnal 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 
anned forces. However, the usefulness of this longitudinal survey could be increased by 
the addition of questions concerning additional informal means of maintaining one's 

6Americm Association of Engineering Societies, Toward tM More Effective Utilization of AmerictJII 
Engineers: TM National Engineering Utilization Sllrvey, New York: Engineering Manpower Commission, 
1 98 6. 
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technical cmrency. 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. 9 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, the United 
States will fmd an inadequate supply of U.S . citizens for its national security missions.IO 

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. 

1 See. for instance. Robert C. Dauffenbach and Michael G. Finn. Employ�r Provuud Training flllll. the Issue of 
Qlllllily ira the Eragineuirag Work Fore�. paper prepared for the Joint National Meetings of the Operations 
Research Society md the Institute of Mmagement Science, November 1985. Dauffenbach md Finn examined 
the participation patterns of engineers in c:arccr-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. Su also Americm Association of Engineering Societies, Toward tM 
Mor� Elf�ctiv� Utilization of American Eragiraurs: The National Eragineuing Utilization SIU'vey, New York: 
Engineering Manpower Commission, 1986, for another discussion of the effects of continuing education on 
salaries. 
8committee on the International Exchange and Movement of Engineers, National Research Council, For�igra 
and For�igra-Borra Eragine�rs ira the Uraitu Stat�s: Infusing TaiD&t, Raising Issues, Washington, D.C.: National 
Academy Press, 1988. 
9Elinor G.  Barber and Robert P. Morgan, "'The impact of foreign students in engineering education in the 
United States," Sci�rac� 236 (April 3), pp. 33-37. 
1 0Glenn W. Kuswa, "Effects of foreign nationals on federally supported laboratories," in Committee on the 
International Exchange and Movement of Engineers, For�igra and For�igra-Borra Erag�rs in the Unil�d 
Stat�s: Infusing TaiD&t, 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 in coverage and in the level of 
detail essential for some decisions. Questions of particular concern include: 

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

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

3.  How many American engineers actually emigrate to foreign countries? How 
many make professionally related short-tenn 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. labor 
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 Survey 
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 permanent 
visas and 53. 1 ,  or 455, of the 878 holding temporary visas). l l  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 198 1 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. 
Postcensal surveys can be used to estimate stay rates; but because 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. 

1 1see. for example. Susan L. Coyle. SIUIIIItiUY Report 1986: Doctorate Recipienls from Uniled States 
Universities, Wuhington, D.C.: National Academy Press, 1987. 
12Michael G. Finn, Foreign National Scienlists and Engineers in th4 U.S. Labor Force, l972-1982, 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 1 981 .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. engineering 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 non-U.S. addresses, the conduct of follow-up surveys 
of foreign graduates who return to their home countries should be possible. Response 
rates of foreign engineers who have returned home will probably be lower than average; 
nevertheless, the feasibility of acquiring data in this manner 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 few 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. I4 Further, U.S. 
immigration policy and its subsequent changes also exert significant influence on 
immigration patterns of foreign professionals to the United States,l5 

1 3pmn, 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- 1 09. 
1 5vinod Agarwal and Donald Winkler, "Migration of professional manpower to the United States," Southern 
Economic Journal (January 1 984), 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 cmrently 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.l6 A special follow-up survey of this 
small group of engineering doctorates might shed much-needed infonnation on the reasons 
and actual benefits of postdoctoral study in foreign countries. 

Current data sources provide almost no infonnation 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. lnfonnation 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. lnfonnation 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 international movement of engineers contributes to the exchange of information 
and has important 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. l7 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.l8 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. 
11Jbid. 
18commiuee on the Education md Utilization of the Engineer, National Research Council, Eragin«erirag 
EmploJtMnl Clulracteristics, Washington, D.C.: National Academy Press, 1985. 

1 7  

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

E n g i n e e r i n g  P e r s o n n e l  D a t a  N e e d s  f o r  t h e  1 9 9 0 s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 1 2

http://www.nap.edu/catalog.php?record_id=19112


2.4 million.19 Blacks, Hispanics, and American JncUans 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, characteristics, and attitudes of women and 
minorities who drop out of engineering�ither befme 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 barriers 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 
(recendy retided, 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 infonnation 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 women and minorities in engineering and in deepening our understanding of their 
experience and treatment once they enter the engineering work force. For instance, the 

1 9National Science FoiDldation, U.S. Sc�nlists and Enginurs: 1986 (NSF 87-322), Wuhington, 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 govemment.20 Using NSFs 1972 and 1978 Surveys of Natural and Social 
Scientists and Engineers, Michael Fmn 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 detail-for 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 undcnepresented 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. 

20commiuee on the Education and Employment of Women in Science and Engineering, National Research 
Council. Climbillg the Academic LtultUr: Doctoral Women Scienlists ill Academe, Wuhington, D.C.: National 
Academy of Sciences, 1979; Ct1Teu OMicomu ill a Matched Sample of Mm and Women Ph.D.s: An Analytic 
Report, Wuhington, D.C.: National Academy Press, 1981 ;  Climbillg the Ltul�Ur: An Update 011 the Statu of 
Doctoral Women Sc�ntists and Enginurs, Wuhington, D.C.: National Academy Press, 1983. 
21Michael G. Finn, Traillillg, Work Experience, and the Eamings of Men and Women Sc�ntists, Oak Ridge, 
1N: Oak Ridge Associated Universities. 1981. See a1Jo Aline Quester, Men and Women ill Science and 
E"'inuring Occ��patioM, 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 engineering labor force. In particular, NSFs data system is very 
valuable in providing desaiptive information about the characteristics of the engineering 
work force. Although it is important for supply and demand projections to have accurate 
information about the 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 immMiate 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 -researchen, 
educators, employers, policy makers --to discuss data needs arising 
from the changing mix of policy issues. 

The committee :recognizes that its :n:commendations 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 .  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 responsibilites of individual engineers: 

• Engineers who have entered supervisory/manageriaVadministrative 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 engineezs 
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- 13).  
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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 1 1- 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 personnel patterns used by multinational 
corporations should also be examined (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 9-1 1). 

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 1 1-12). 

Very Important 

10. NSF should continue its cmrent 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). 

1 1 . 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). 

1 3. 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 

1 4. Data about minorities in engineering should be collected and IqJOrted by sex 
(see pages 17- 19). 

1 S .  Data on women and minorities in engineering should be released in a timely 
manner. Such data are imperative now that tht= 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 resean:hers intt=sted 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 major study on engineering education and practice was conducted by the 
National Research Council's Committee on the Education and Utilization of the Engineer (CEUE). That 
study. partially supp<X1Cd by funds from the National Science Foundation (NSF), concluded that CUJ'l'ently 
available data bases are inadequate for making historical comparisons or constructing consistent portraits of 
the engineering community and recommended a mme comprehensive and consistent set of dala. 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 difftzent 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 more compalible.l 

Responding to the CEUE recommendation, NSF funded a w<Xkshop on data needs fCX' monitoring 
engineering labor-nwket conditions. convened by a Sbldy committee of the Reseach Council's Office of 
Scientific and Engineering Ptzsonnel (OSEP). Issues to be addressed by the Committee on Dara Needs fCX" 
Monitoring Labor-Market Conditions for Engineezs 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 effCX'ts in the 1990s. 

This background J)IIIX7 has been prepared to assist workshop participants in their deliberations on 
engineering data needs. Fust. 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 soun:es. including the ones 
used by the CEUE, are p-esented (detailed descriptions of each dala base are repCX'ted in Appendix A-2), and 
methodological diffezences resulting in definitional and classification problems are discussed. Finally. the 
J)IIIX7 presents a number of issues designated by the Committee on Data Needs for Monitoring Labor
Market Conditions fCX' 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 beuez 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 
considezed 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 Olaracteristics was charged with (1) developing an understanding of the employment pattems 
and demographic and educational characteristics of engineers, technologists, and technicians and 
(2) determining how these patterns have changed or weze likely to change with time. Using Bureau of 
Labor Statistics (BLS) data, that panel found that the engineering w<Xk fm:e had grown steadily, doubling 
its numbers to more than 1.5 million between 1960 and 1982. In addition, theze weze 750,000 computer 
specialists and 1.1 million engineering technicians in 1982. The panel was disturbed by the fact that 
estimates of the number of engineers ranged from 1.2 million (BLS) to mme than 1.9 million (NSF). 

I Committee on the Education and Utilization of the Engineer, Engwer Education and Practice in the 
United States: Foundations/or ow Techno-Economic Futwe, Washington, D.C.: National Academy 
Press. 1985 
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There were also numerous inconsistencies in the numbers of different segments of the engineering 
community. The panel coocluded that these inconsistencies made it difficult to develop either quantitative 
or qualitative descriptions of the engineering community and that without standard measurement aiteria, 
these differences would be impossible to reconcile.2 

The CEUE Panel on Infrastructure Diagramming and Modeling discussed mcxe fully the srrengths 
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 facun 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 diffezent 
components of the system for which separate infoonation is needed (Appendix A-1). The following stocks 
and flows were identified: 

• Entry pool, consisting of students in secoodary 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; ttansfers 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, and/or services of a technical nature and content intended 
for use. 

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

• Actively engaged in engineering, as defmed 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; 

2commiuee on the Education and Utilization of the Engineer, Engineer Employment Characteristics, 
Washington, D.C.: National Academy Press, 1985. 
3eommittee on the Education and Utilization of the Engineer, Engineering Infrastructure Diagramming and 
Modeling, Washington, D.C.: National Academy Press, 1986. 
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• Membetsbip in a recognized engineering society at a pofessional level; 
• Registered CX' licensed as an engineer by a governmental agency; 
• Cmrent or recent employment in a job classification requiring engineering wmk at a 

professional level. 

Engi�ering Technologist A person having at least one of the following qualifications: 

• A bachelor's degree from an accredited JXOii8ID in engineering technology; 
• Current or recent employment in engineering work, but lacking the qualifiCations of an 

engineer as defined above. 

Engineering Technician A pc'ZSOn having at least one of the following qualifications: 

• A degree or cmificate from a one- to three-year accredited technical pogram; 
• 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�llection agencies. However, the defmition of the overall engineering community 
clearly points out inadequacies in the existing data�llection 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 effMS focus on scientific and technical human resources. 

TM 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. 

TM 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 

TM American Society for Engi�ering EducaJion (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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issue of Engineering Education. Entries from over 200 schools provide information for prospective 
students • well as data on faculty and studaU numbezs, degrees. research expenditures, and sepamtely funded 
laboratories. Detailed indexes list fields of study and areas of research. ASEE also conducts annual CX' 
biennial surveys of engineering and engineering technology faculty and graduate studenu. The smvey 
population is comprehensive and includes most engineering schools. 

TM National Sockty of Professional Engineers (NSPE) cooducts annual engineering salary surveys of its 
membership. Since NSPE membership tends to be older than engineers in general, the slDVey results are 
not readily generalizable to the engineering population, unless aoss-tabulations are nm by age. 

TM National Scknce Foundation's Division of Science Resources Studies designs, cooducts, and supports 
surveys collecting information on scientific and technical personnel, funding, and inputs/outpub to the 
science and technology enterprise. NSF maintains the ScientifiC and Technical Personnel Data System, 
which comprises three surveys and a computer-based model: the Natimal SlDVey of Natural and Social 
Scientists and Engineezs (often referred to a lhe  "Experienced Samplej; the SlDVey of Doctorate 
Recipients; and the SlDVey of Science, Social Science and Engineezing Graduates (also called the "Survey of 
New Graduates"). While each smvey provides information on a select portion of the total S/E population, 
the model-the Science and Engineering Tabulating Model�bines the results of the Experienced Sample 
with that of the SlDVey of New Graduates to produce natimal estimates of the 1QW stock of engineers and 
scientists in the United States. 

NSFs very complex screening process defines and identifies engineers based on educatimal 
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 professimal 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. 

Other regular data-collection activities of NSF include the Survey of Earned Doctorates (results of 
which are incorp<nted into the Doctorate Recm:ls File maintained by the Natimal Research Council) and 
Survey of Graduate Science and Engineering Students and Postdoctorates. NSF also uses data from the 
Immigration and Naturalization Service to assess annual Oows of foreign scientists and engineers. 

TM National Celller for Education Stadstics (NCES), Department of Education, through (1) Fall 
Enrollment and Compliance RepCX't and (2) Degrees and Other Formal Awards Conft"Zred. 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 repCX'tS but can be obtained from the Center. NSF publishes field data on earned degrees from the 
NCES' "degree" series. 

NCES is CUJ'l'ently expanding its data base 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. 

TM Bweau of tM Census, Department of Commerce, conducts the Decennial Census of U.S. population. 
Dara files include detailed demographic, educational, and employment information. NSFs Experienced 
Sample is drawn from the Decennial Census. 

TM Bweau of Labor Statistics (BLS) conducts the Occupational Employment Survey (OES) involving all 
U.S. industries. NSF provides partial support to cover S&E fields. This survey 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 engineering teachers, but data are collected 
separately on these two occupations. Workers in all fields of ttaining (or work) whose duties are primarily 
managerial are counted as managers. A 3-year cycle is needed to cover the entire U.S. industtial sectCX'. 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 of Economic Growth and 
Employment Projections. Counts of engineering jobs provided by industry are integrated with counts of 
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self -employed mgineus ( obcaiDed fran the a»s) and form the basis of the Induslry..()ccupational Mattix, 
used in estimating �year numbers of mgineers and in projecting anploymmt 

Battelle conducts annual sala'y surveys of 1,254 R&D centen in finns having over 12,000 employees. The 
dala are reponed from employee payroll records. No demographic information is collected. 

The College Plac�lll CoiiiiCil (CPC) also conducts annual salary surveys, JXOviding infmnation on 
beginning salary offers to graduates at all degree levels from a 1epresm1atiw group of U.S. colleges and 
universities. CPC survey results are reported by gender, field, type of employer, and degree lewl 4 

Inconsistencies in the Dala Bases 

The available data sources on mginemng differ in scope and pUJpOSe as well as methodology. 
Although each dala base responds to the information needs of its data-collection agmcy, differences in target 
populations, sampling methods and size. response mtes. data elements, etc., produce information that is 
seldom compatible or consistmt. Of concern here are the methodological and definitional differences in 
BLS and NSF surveys, which are major sources of information on the mgineering 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 mginemng manpowrz counts, BLS relies on the Industry/OCCupational Mattix derived 
from two sources of information: the Occupational Employment Survey (OES), which is a comprehensiw, 
estabUshmmt-based mail survey, and the Cmrent Population Survey (CPS), which is a household survey of 
relatiwly small sample size. In the OES, the respondent is a representative of the surveyed industry who 
provides information on the number of pm'SOilS working as engineers. In the CPS , the interviewee is a 
member of the bousdlold, providing occupational information on himselfJherself as well as other members 
of the bousdlold 

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 Enginecn, the Survey of Doctorate 
Recipimts, and the Survey of Scimce, Social Science, and Engineering Graduates. NSF relies on a 
complex computer-based algorithm to saeen respondents as mgineers, using educational credentials, self
reported occupational description, and professional identification. 

BLS and NSF mginemng wert force estimates vary also because of differences in classification 
systems used to defme or code mgineers. 

There are seven divisions in the OES classification system: 

1 .  Managerial and administtative occupations 
2. Professional, parap:ofessional, and technical occupations 
3. Sales and related occupations 
4. Cbical and administrative suppM occupations 
S.  Service occupations 
6. Agriculture, forestry, fishing, and related occupations 
7. Production, construction, opezating, 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 
mgineering for the developmmt and utilization of machines, materials, insttummts, 

41beJe are a number of other national dala 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 ColDlcil 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 sezvices. Include engineas in research, development, production, technical 
services, and other positions that require knowledge normally obtained through 
completim of a 4-year engincmng college program. Exclude persons trained in 
engineering who may be currently working in positions not requiring engineering 
training. 

Engin=ing is included in the second category--that is, "professionals, paraprofessionals, and tecbnical 
occupatims" -and all engin=ing-trained pezsonnel waking in jobs that are included in the �g 
occupatimal categ<Xies are not identified as engineers. 

EngiMering Classification Systems 

Classification systems used by different data-collection agencies vary somewhaL For example, 
engin=ing taxonomies used in OES questionnaires are "custom-designed" to the industrial sector covtzed. 
For instance, the questionnaire sent to the mining and quarrying industry includes the following: 

• Metallurgists and metallurgical, cezamic, and materials engineers 
• Mining engineers, including mine safety (mine equipment, design engineers, etc.) 
• Civil engineers, including uaffiC (forest engineers, structural engineers, etc.) 
• Mechanical engineers (facilities or products mechanical design engineers, etc.) 
• All other engineers (industrial engineers, electrical and electronics engineers, etc.) 

The questionnaire to the oil and gas extraction industry, on the other hand, includes the following: 

• Mining engineers, including mine safety 
• Petroleum engineers (drilling engineers, mud analysis well-logging captains, etc.) 
• Chemical engineers (aboption and adsorption engineers, etc.) 
• Civil engineers, including traffiC (structural engineers, etc.) 
• Electrical and electtonics engineers (computer engineers, etc.) 
• Industrial engineers, except safety 
• Safety engineers, except mining (pollutim control engineers, fire proteCtion engineers, etc.) 
• Mechanical engineers (facilities or products mechanical design engineers, etc.) 
• All other engineers (marine engineers, biomedical engineers, etc.) 

In the CPS , the Standard Occupational Classification is used to code occupalimal information given by a 
respondent regarding his/her own job or that of other members of the household. Engineering codes include 
the 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 
• Petroleum engineers 
• Engineers, n.e.c . 

Computer system analysts 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 snmnwy, BLS's tWjnjrims 11e ocaJpMion-sptrific, aod •oocup81ioa• is defiDed as the oae in 
wbicb an � or  JeSpODdenl is WOitiDg ralber tbaD tbe oc:cupalion for which be/she may have been 
traiDed. As a �  an employee ttaiDed IS • � but  worting IS a drafter is rep<X1M (or coded) IS a 
drafta', and vice versa. 

The eDgiDeeriDg fields used in tbe NSF 3-le\'d algailhm arc: 

• AerQew4jc2) 1Dd ISbCMWitjc'aJ mgineen 
• Chemical mginrft's 
• Civil mgirwn 
• Elecuical aod dtc:aoob mgiiM'ft'S 
• IDduslrial mgiiM'ft'S 
• MalrJia1s mgineeg 
• �· al mginem 
• Mining mgineen 
• NucJe. mginem 
• Petroleum eDgineen 
• Olber eapw:n (mclracfin& syslaDS mgPwrs. sales engirwn. marineengineas or naval 

.cbilleaJ, en._i,. •ui!M".Dbll or Sllliaay mgintws. agricullmal engineers. etc.) 

Appendix A-3 prescuts dassificatim sysaems used by NSF IDd NCES. An impoilaot topic for tbe 
WC�bbop .IB"icii*'" is 10 cliJc:ma 10 wbll degree lbc:se ctassifation and definitional sysaems can be 
improved 10 make them mcxe respcmive 10 cmeagiog fields in engineering education and occupations in die 
1990s. 

EapaeeriJa& Mupower laan 
ud Data Needs ror t1ae 1990s 

The CommitW: CD Dala Needs for Molliloring Labor-Martel Conditions for Enginea's discussed 
several enginec:rma WlllpOM:l quea0ons IDd decided lbat tbe major manpower issues for tbe 1990s c:auml 
around die foUowiDg IOpics: 

1 .  NaDe IDd scope of OcatptllioMJ MobiliJy. flow dynamics; aweer pdlemS of engineers widl 
differelll em. lhnl leYds IDd mining; fungibility of the engineering WOit force; � 

2. Tee� CIITTOICJ:. �ecuof � ���U.S. engineen; nablre, ICOpe, aod 
dfeclivc:oeas of C:OC!ftUO" ediJCabOD IDd m-se:mce tmmmg 

3 .  lttlematioltlll Flows: aet effects CD U.S. engineaing WOit force; number and types of foreign 
engintas wbo ea�er, Jeave. or raDiiD in die U.S. eagiueering community 

4. WDW��e�� llllll Miltorilies: D111R IDd efft.c:tivmea of increaling the participation of 
audcuqac::aaut poops; IUIIbas IDd adlivMion pdlemS of women IDd miuoriliel; uactiug 
wbclbec J*ticipllicMl is iuaasiug 

In aclctjrioo 10 dirnssiug die � problaDJ of exillioa dala �CUR:a, worbbop participants are 
expt:ded 10 cvaluMe erisrina cilia IOIIIta IDd desamiuc tbe followiug: 

• How adeqUIIe is tbe CUI'Jall iiXonomy of engiueering fldds IDd functionl? 
• How caa tbe \W'ioas dala bales be ased iu conjunction wilh one anodler7 How can 

cJassifirarim syslabl llld defiuitions be saauc:t.dized? How can the major IOUR:el of 
c::ngineeriu& iuC,.,......, be �  iulo oae dala bale? 

• C.. these WillpOwer queaDons be auswered wilh available dala7 If not. how can tbe exiltioa 
dala bases be impoved or expded 10 povide answm 10 thete queations? What kinds of new 
dala sbouJd be collectt.d 10 mswa' thete queltions7 

This section briefly disc ussc s tbe types of iuf'ormadon needed 10 answer each manpower question and the 
availability of such iuformalioo from existing da&a bales. 
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NalJITe and Scope of Occupational MobUily 

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

1 .  What are the typical careez paUmiS of engineers in diffC2'ellt 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, pivate pmctice, or 
�? 

3. What pezcentage of engineers wale in engineering management, manufactming, research, 8lld 
development? What are the rates of upward mobility? What factors contribute to or are 
� with such careez changes? 

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

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

6. What proportion of people with a bachelor's, master's, and Ph.D. in engineering are currendy 
not employed in engineering work or in the management of enginec'Zing work? Of lbe 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 tide)? 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 industty? 

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

10. What is the geographic mobility of engin='S? 

Most of these questions require longitudinal data, involving follow-up surveys (of graduates as well as those 
already employed) and derailed educational and employment infmnation to track careez mobility and 
changes. A likely data source is NSFs ScientifiC and Technical Personnel Data System. The surveys of 
recent science and engineering graduates and doctorate recipients JXOvide infonnalion on employment plans 
and oppmunities of each new stock of engineer: the data base includes various demographic and educational 
backgrolDld questions that can be used as control variables. Further, NSFs experienced sample of scientists 
and engineers, drawn fran the 1982 postcensal survey and followed up in 1984 and 1986, provides a rich 
source of infonnation to track individual careez changes, controlling for numerous demographic and 
educatimal variables. Moreovt"Z, NSF data can also be used to describe the nature-and, to some degree, the 
scope--of inflows from science to engineering as well as outflows from engineaing to othez occupations. 
lnfcxmation on inflows into engineering of people with nonscience backgrounds and m upper mobility 
within the technologist or technician pool can, to some degree, be obtained from BLS data bases. 

In general, infonnation 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 
diffezent stock (such as nonengineering faculty, technician pool, staff suppat, 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 include: 
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1 .  What are the utilization patterns of engineers in different specialties? How is the utilization of 
different engineas being affected by new technologies, such as computer-aided design? 

2. What are the most important ways to improve resilience (ability to adapt to new 
circumstances) in the mgineering 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 enginemng 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 mgineering wort mtailed by a shift in emphasis from 
the development of space systems to the revitalization of manufacturing facilities), it is more difficult to 
measure 8Dd documt"nt resiliency, which may require more qualitative than quantitative data. 

The questions regarding the namre, scope, and effectiveness of continuing education 8Dd in-sezvice 
programs require dala from a:ademe, industry, and individuals. NSFs dala base on expmenced scientists 
and C'Jlginem includes quesdons regarding participation in employer-uaining facilities. adult education 
centers, and courses presented by professional associations. Although information is available on the 
number of mginea's who have taken such courses, the available data do not permit conclusions about the 
amount of resources directed to such courses, the exact nabD'e of the courses, and the impact of such courses 
on mgineering employmenL 

Because of the increasing prepondezance of foreigners among mgineering 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 8Dd what types of foreign engineers enter, leave, 8Dd remain in the engineering 
work force? How long do they stay? 

2. What are the major eow1bies from which foreign engineers come? What factors promote the 
flow of foreign mginea's to the United States? 

3. How many American engineers actually emigrate to foreign countries? How many seek short
tenD or long-term employment ab'oad? In what disciplines? What are the major counbies to 
which American mgineers go for employment? In what mgineering discipline? What are the 
determinants of American engineas seeking employment abroad? 

4. What are the net effects of employment of foreign engineers in the U.S. engineering wale 
fm:e? 

1be following data sources, many of which remain relatively untapped, can provide information on foreign 
citizens: 

• Annual Census of Foreign Students (lnstiwte of Intemational Education) 
• Fall Enrollment and Compliance Report; Degrees and Other Formal Awards Conferred 

(National Center for Education Statistics, U.S. Department of Education) 
• Engineering and Technology Emollments 8Dd 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 Earned Doctaates (National Science Foundation) 
• Scit"ntists and Engineers Abroad (National Science Foundation), based on data of the 

Immigration and Natmalization 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 and Minorities 

The n:cent declines in lbe numb« of U.S. males interested in the sciences and engineering have 
intensified interest in increasing participatim of women and underrepresented minorities--� is, blacks, 
Hispanics, and American Indians. Questions raised include the following: 

1 .  What me the numbers and characteristics of women and minorities who enter engineering? 
2. What pm:eruage of women and minorities holding engineering baccalaureates pursue graduate 

education in engineering? What facta's influence this decisim? What me the structural 
barriers to their pursuit of graduate education in engineering? 

3. What are the utilizatim pattems 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 different me the career aspirations of male and female engineers and minority and 
nonminority engineers? What is the relationship between their career aspirations and career 
attainment? What factors lead to the lower participation rates of women and min<Xities 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 women and minority faculty recruitment and retention in engineering? 

For descriptive purposes, most of the da1a bases discussed here include information by sex and 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 da1a bases can 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 

AccredltatioD Board for EDgiDeeriDI 
aDd TechDolOIY (ABET) 

ABET, a federation of 26 engineering societies representing more than 1 ,300,fXYJ mgine«s, deals 
with matters pmaining to education in mgineering, engineering technology, and related areas. It sets the 
policies and Slandards for accrediting engineering and engineering technology departments in U.S. 
institutions of higher education and evalualt.s the programs offered in those departments. It maintains data 
on all such pognuns, beginning in 1936, when accreditation in engineering began. The data represent 
lbose included in the evaluation of bodl each recognized institution and each individual pogram. ABET 
data are generated each year by lbose institutions and programs being accredited and then verified dming the 
acaediJatim process by an evaluating team. In addition, ABET responds to the needs of the engineering 
profession by conducting periodic studies. 

Data /JQSU 
Engineering .Acaeditalion Commission 
Teclmology Acaeditatioo Commission 
Related Accreditation Commissioo 
Quality of Engineering Education 

Data coUectilm method: 

Fmp�D�Cy: 

AvailabiUty: 

Employme111 data ekmellls: 

Responde Ill 
Educational institution 
Educational institution 
Educational institution 
Accreditation commissim 

Campus surveys, visits, institutional reports 

Annual 

ReportS, tables, graphs 

None 

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

Biographical elements; salaries; consultancies 

3 9  

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

E n g i n e e r i n g  P e r s o n n e l  D a t a  N e e d s  f o r  t h e  1 9 9 0 s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 1 2

http://www.nap.edu/catalog.php?record_id=19112


En&ineerinl Manpower Commission (EMC) 

The EMC is a major source of engineering educational information. Through mail surveys sent to 
educatiooal 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 Engineezs in Education. Since 1986 all EMC enrollment and degree surveys are being processed 
on PC -compatible equipment and ue available in machine-readable foonat. 

Engineering and Technology Enrollnunu SJUVeys 

The annual engineering emollments survey includes all higher education instibltions in the United 
States and its territories that have at least one engineering curriculum appoved by the Acaeditation Board 
of Engin=ing and Technology (ABEl) and all other schools that award degrees in engineering at the 
bachelor's level or higher. The 1986 survey included 311  instibltions, of which 270 were ABET -BPJXOVed. 
The technology survey included 257 schools, of which 185 were ABET-approved. Emollmentdata are 
collected f<r all students and are also broken down for women, blacks, Hispanics, American Indians, 
.Asians/PaCific Islanders, and foreign nationals. Program variables include year-in-school stablS for full-time 
undergraduates and type of degree sought (master's, professiooal engineering, or doctorate) for those in full
time graduate study. Part-time sbldents are tabulated separately at the undergraduate and graduate levels, 
irrespective of their year in school or of the type of degree soughL Tables are presented separately by 
school (listed alphabetically by state) and by major discipline (appoximately 20 engineering and 20 
technology groups). 

Engineering Olld Technology Degrees Granled SIII"Vey 

The annual degrees survey includes all higher education instibltions that award engineering <r 
enginemng technology degrees. The 1986 survey included 303 instibltions awarding engineering degrees 
and 282 schools with engineering techoology 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 stablS. Cross-tabulations are by degree 
(bachelor's, master's, professiooal, and doctorate) in engineering and certificates (associate's, bachelor's, and 
master's) in engineering technology. Summary tables provide both overall numbers of degrees across all 
schools and states and those f<r women, blacks, Hispanics, American Indians, Asian Americans, and foreign 
nationals. Part n presents detailed information f<r minorities, and Part III provides tabulations of the degree 
data by curriculum. 

EMC degree information is not completely compauble with NCES degree information. NCES 
obtains data on all postsecondary programs and places computer science in its own categ<ry outside 
engineering, whether the degrees come from an engineering school or noL EMC reports all emollment and 
degrees issued by engineering schools to the extent that these schools choose to repcn computer science. 

Professional Income of Engineers Survey 

Annual base-salary information on engineers employed in industry is obtained from approximately 
260 industry participants. Forms are sent to all of the engineering employers identified in the Peterson 
Guide to Scientific, Engineering Olld Computer Jobs plus added employers known to be missing from the 
Peterson list and others that have participated in pri<r surveys. Reb1ms 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 1 13,000 engineers. 

Data are presented by industry sector, level of highest engineering degree, supervisory
nonsupervisory stablS, and experience (years since receiving the bachel<r'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 of employer 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 
engineezs employed by government agencies; Professional Income of Engineers is an abridgement, leaving 
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out detailed tabulatioos by level of earned engineaing degrees and adding in the data fc. engin='s in 
govemmenL EMC has time-series data from these surveys dating back to 1953. 

Survey of Salaries of Engilfeers ill Education 

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

DaJa/Jases 
Engineering and Technology Degrees Granted 
Engineering and Technology Enrollments 
Professional Income of Engineers 
Salaries of Engineers in Education 

DaJa collection method: 

Size of sample: 

Frequency: 

Availability: 

Personal dol4 elemenJs: 

Employmelll data elemellls: 
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Rupoll«lll 
Educational instiwtion 
Educational instiwtion 
Employment institution 
Educational instiwtion 

Mail survey 

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

Annual except SEE is biennial 

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

Sex, ethnicity, nationality reported but cannot be 
aoss-tabulated 

Level, type, and field of degree 

Salary surveys: salary and industry sector 
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American Society for EapaeeriDJ Eclacatioa (ASEE) 

ASEE conducts an annual survey of engineering scbool restareh and graduate study, as well as 
annual or biannual surveys of engineering and engineering teclmology faculty and graduate sbldents, at an 
engineering schools. The mail surveys are completed by educational institutions; information is reported in 
EngiMering Education (a special issue is devoted to abe research survey) and is also available for researcbers. 

The annual restareh and graduate study questionnaire bas been consistent for 20 years, witb ooly 
minor changes. It coven names of administtators, admission requirements, number of faculty, number of 
lDlcbgraduales, graduate degree� eDmim centm for off-campus Sbldy, faculty and graduale 
enrollment and degrees granted by department. appoinbnents made to graduale students, restareh areas of 
doctoral theses, numbezs of pei'SODDd engaged in separately budgeted restareh, restareh expenditures by 
source of support. separately budgeted research expenditures, engineering-related restareh outside abe 
engineering college, and separately funded laborarories. 

Questionnaire design of abe faculty survey bas varied SOOlewhat; for instance, demographic 
questions are not worded consistendy from one survey to abe next, as evidenced in tbe 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 unfilJed since 1987 fall term, and 
unfilled since 1986 as well as questions relating to recruibnent problems. Information was also collected 
on new appoinbnents 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 smveys usually JI'Ovide information about chamcteristk:s (e.g., tenured, have doctorare, 
ethnic minority, women, age, academic rank, and engineering specialty) of U.S. engineering and technology 
faculty. 

DalaBasu 
Enginemng College Resem:h 

and Graduate Study 
Engiileaing Faculty and Graduare 

Students 

Data collection method: 

Size of sample: 

Frequency: 

Availability: 

Personal dala elements: 

Employment data elements: 

Educational institution 

Educational institution 

Mail survey 

All schools of engineering 

Research: annual; Faculty: annual or biennial 

Engineering Education; tabulations 

Faculty smvey: national origin of graduate students 

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

Number of faculty; faculty positions authorized; faculty 
mobility; recruiunent of faculty 
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National Soeiety of Professional En11Deers (NSPE) 

NSPE conducts annual sa1aiy surveys of its membm'ship, which includes individuals without 
professioDal engineering degrees. Detailed information is coUected on employment (e.g., type of employer, 
length m experieDce. industry or savice employ«, type of sopetvisory responsibility, size of organization, 
nmnbC'Z of engitw.rs employed, geogmpbic ama, salary), ethnic bactground of respondents, and highest 
degree eamed. The data are only available in tabular form. In addition, because the swvey population is 
limited to NSPE membership, the data are of limited use. NSPE members differ from engineers in geneml: 
1hey tend to be oldC'Z and mcxe expaienced. 'lbelefore, the survey RSUlts are not mldily gencnlizable to the 
tocal engineaing populatioD, even if age diff=nces are coottoUed for. 

DaltJ IJa.Je 
ProfessioDal Engineer Income 

and Salary Survey 

Data coUection method: 

Size of sample: 

Frequency: 

Availability: 

PenoNil data elements: 

Edllcalion data ekments: 

E:mploym4nt data elements: 

Rupo,.nt 

Individual members 

Mail survey 

Approximarcly 63,(XX) (excludes SIUdenll and retired persons) 

Annual 

Tabulations 

Bdmicity 

Level, engineering discipline(s) 

Current occupation, type of employ«, wort activities, level of 
po(essional responsibility, years of experience, salary, 
geographic region. mettopolilan ama 
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National Science Foundation (NSF) 

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

NSF maintains the Scientific and Technical Personnel Dara System, which comprises three surveys 
and a computer-based model: the National Survey of Natmal and Social Scientisls and Engineers 
(NSNSSE); the Survey of Doc101'8le Recipients; and the Survey of Science, Social Science. and 
Engineering Graduates (SSSSEG). While each survey provides information on a select portion of the toral 
S/E population, the model-the Science and Engineering Tabulating Model--combines the results of the 
NSNSSE with that of the SSSSEG to )X'Oduce national estimares of the .taW stock of engineers and 
scientists in the United States. 

NaJioMl Survey of Na1ural and Social Sdenlists and Engineers 

Starting with the 1970 Census of Population, this survey provides data on the number and 
characteristics of individuals who weze identified among the science and engineezing 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 proflle of scientists and engineers. This extremely valuable source of infonnation 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 fm" non-S/E employment), and detailed employment profile 
(e.g., occupation, type of employer, primary work activity, salary, work experience). The questionnaire 
also provides infonnation on cootinuing education, in-service training, and other related program 
participation. 

Survey of Science, Social Science, and Engineering Gradwues 

The objective of this biennial survey, condJJCted 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., dale and year of degrees, major field of degrees), and employment 
[e.g., early career experiences, Iaber force status, secl(X' of employment, primary wort activity, salary, and 
reasons fm" employment in a non-S/E job (lf applicable)] characteristics of individuals who received 
bachelor's or master's degrees in science and engineering fields from U.S. institutions. The most recendy 
completed survey was cooducted in 1986, covering the graduating classes of 1982, 1984 and 1985. 

Survey Q/ Doctorale Recipiellls 

Conducted biennially by the National Research Coruu:il 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 dming the peceding 42-year period in the natural and social sciences, 
mathematics, and engineering from U.S. institutions, as well as individuals who received researcll docuntes 
in non-S/E fields but were known to be employed as scientists and engineers. Data are collected on major 
demographic characteristics (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 fm" working in a non-S/E job). The most recent survey was conducted in 1987. 
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Other NSF SIITVeys Olld Data Bases 

Survey qf GradlllW Science Olld Engineering Studen.ts 
and Postdoctoraii!S 

This is the only national survey that collects information on the characuristics of graduate science 
and engineering emollment at the departmental level It is conducted by QIUUitlllrl Research Inc. for NSF. 
The survey population includes both doctorate- and master's-granting institutions, as well as medical 
schools and other specialized institutions offezing fii'St-professional doctorates in health-related fields. It 
provides infomwion on the head counts of full-time graduate students, with information on sources and 
mechanisms of their major support, sex. race, ethnic background, level of study, and citizenship. For 
graduate students enrolled pan-time, summary data on sex and racial/ethnic backgrolDld are available. 
Summary infomwion on postdoctorates and nonfaculty research staff also cover source and mechanisms of 
support. sex, and citizenship. 

Survey of Earned Doctorcues 

This survey. conducted for NSF by the National Restarch Council, collects information annually on 
the number and characteristics of recipients of doctooues awarded by U.S. institutions. The survey 
questionnaire is distributed. with the cooperation of deans of graduate schools, to all new recipients of 
Ph.D.s or the equivalent (e.g .• E.D.) and requests infonnation in three major categories: socioeconomic 
charactezistics (e.g .• date and place of birth, sex. marital status, number of dependents, citizenship, race, 
Hispanic heritage, presence of physical handicap, and educational auainment of parents), education (e.g .• 
state and year of high school graduation, dates and names of colleges attended, fields of study and degrees. 
title of dissertation and field, and kind and soun:es of fmancial support during graduare study). and 
postgraduation plans (e.g . •  plans for further education or employment, including the type of employer. wort 
activity, field. and organization). 

Survey results are used to construct the Doctooue Records File maintained by the National Research 
Council. This virtually complete listing of the over 818,000 recipients of doctorates awarded by U.S. 
universities since 1920 includes research doctorates in all fields, but excludes IXOfessional (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 faeign scientists and engineers. 

DataBasu 
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) 
Survey of Graduate Science and Engineering 

Students and Postdoctorates (SGSESP) 

Data collection method: 

Size of sample: 
NSNSSE 
SSSSEG 
SDR 
SGSESP 

Frequorey: 
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Respol�Mnt 

Individual 

Individual 
Individual 
Individual 

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 
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AWJilabUity. 

Penolllll doiiJ elemau: 

Edll&tltitNa doiiJ elematl: 

Employrtre111 dtllll elemDIIS: 

4 6  

Compua llpe8 (except SDR and SBD); dmiled 
tabulalioas 

Ap, sa, race. marital Sl8tUs, citiraaship 

Le� field. type of degree. sources of support 

Employment llaiUS, cunent oceupalion and type of 
employer, wort activities, saJaJy 
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National Center for Education Statistics (NCES) 
U.S. Department of Education 

. The NCES bas been a �NUor  80Uite of trend data on enrollments and degrees in U.S. postsec:ondary 
education since 1966. Information is comple&ed by all educaDonal institutions. Fall Enrollment and 
Compliance Repat of Institutions of Higher Education }X'Ovides 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 }X'Ovides 
similar information on types of degrees conferred by highez education institutions and fields of study. Data 
are available on computet tapes. 

NCES has begun 10 expand both its study population (from approximately 3,400 higher education 
institutions 10 ovtz 13,000 postsecondary institutions) and the scope of its surveys. NCES recently began 
10 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 colJected this spring. This survey will 
be repeated ev«y 3 years. Data from the Natiooal Postsecaldary Student Aid Study, covering students 
enrolled in the fall of 1986, will be available in 1988. This survey will also be repeated ev«y 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. 1be Recent College Graduales 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. 

Da/QiJafD 
Fall Enrollment and Compliance Report 
Degrees and Olhtz Formal Awards Confmed 

Data collection �thod: 

Siu of sample: 

Frequency. 

Availability. 

Personol daJa elemenu: 

Respondelll 
Educatiooal institution 
Educatiooal institution 

Mail survey 

Over 3,400 higher education institutions, now 
expanded 10 ov« 13,(XX) postsecondary institutions 

Annual 

Computer tapes 

Fall Enrollment Sex, race (biennially), age (ev«y 4 
years); Degrees Conferred: sex, race (biennially) 

Fall Enrollment: Level, major program area, 
institution, control of institution (private/public); 
Degrees Conferred: level. field of study 

None 

4 7  
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Bureau of tbe Census 
U.S. Department of Commerce 

Decennial Census 

The Decennial Census, a mail survey of households, provides both the basic sampling frame from 
which NSFs postcensal surveys of scientisls and engiDeezs are drawn and much-needed, though largely 
untapped. information on fcxeign nationals. The Bureau of Cenms' 1980 occupational codes for enginea's 
include agricultural. aerospace, chemical, civil, electrical/electronics, industrial, marine/naval, mechanical. 
metallurgicaJ/mafezials, mining, nuclear, peUOleum, and others. Separate codes are provided ec. engineering 
faculty, those rmployed in managerial positions, and engineas rmployed in nonengineering occupations. 
Computer scientisls and analysts are coded separately. Codes are also povided for engin=ing and re1ared 
technologists and Ulclmicians in electrical/electronics, industrial, mechanical. and other engineering. 

DataBase 
Decennial Census 

Data collection method: 

Availability: 

Personal data elements: 

Employmenl data elemellls: 

R�lll 
Household 

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

Every 10 years 

Special computer tapes 

Age, sex, race, marital swus, citizenship, income 

Level and field 

Employment status; occupation, type of employer, industry, 
wort activities, and salary of current job 

4 8  
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Bureau of Labor Statistics (BLS) 

BLS conducts the Occupational Employment Survey and integrates results with data on self
employed engineas from the Current Popu1alion Surveys to construct the Industry,()ccupational Matrix, 
used in estimating base-year numbers of engineas and in making employment projections. BLS counts of 
engineers differ from those of NSF, due to differences in survey methodologies and definitiou. FJI'St of all, 
BLS smveys employezs, not the engineas themselves. In addition, BLS excludes military personnel, 
II18D8gm. and engineering faculty in its estimates. Its counts are based on occupa1ional classifications and 
self-identifications. not oo educational credentials· engineering-educated personnel employed in 
nooengineering jobs are usually excluded. 

Occupational Emp/oymenl Survey (OES) 

The OES is a �ative. federal-state, dara-collectioo pograrn administt:led through state 
employment-security agencies in the SO states and the Dislrict 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 
occupatioos that are based on two clasifu:atioo systems: the Dictionary of Occupational Titles (001) and 
the Standard Occupatiooal Classification System (SOC). Included amoog these occupations are 60 science, 
engineering, and related S/E support technician occupations. The survey provides position counts by 
industry. "Engineers" are defined as 

pezsons engaged in the practical applicatioo of physical laws and principles of engineering 
for the development and utilization of machines, materials, instturnents, processes, and 
smrices. including those engaged in research, development. production. technical services, 
and other positions which require knowledge normally obtained through completion of a 
4-year engineering college pogram. 

Employment data are collected on the number of persons waking as engineers. Therefore, pezsons trained 
in engineering but cwrently 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. 

Curre111 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 
engineets. 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 oo citizenship is also provided. Sraning in 1983, the occupational taxonomy in the CPS is the 
same as that in the 1980 Decennial Census. However, the sample size is not sufficient to provide detailed 
estimates for indusUy and educatioo. 

DataBases 
Occupatiooal Employment 

Survey (OES) 
Current Population 

Survey (CPS) 

Size of sample: 
OES 

CPS 

Respo11M111 

Employment institution 

Household 

160.000 
240,000 
322,000 
68,500 
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Data Collection 
Method 

Mail survey 

Structured interview 
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Frequmt:y: 

EtblctJtion doltl e1envnls! 

Emp/oyiMIII doltl ekmat.r. 

OES: periodic 3-year c)'Cie for different groups of industries; CPS: 
monthly 

Special tapeS; limir.ed tabu1a1ioas 

OES: none; CPS: ap. sex., race, marital Slalus, income 

OES: noae; CPS: level 

Occupalion, type of employer, and indusll'y m cunent job; CPS 
also ptMdes employmeat stilus and current saJary 

5 0  
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DDID/Jaw 
National Survey of Compensation 

Data collection nvthod: 

Siu of Sample: 

Frtl[ll!e1fCY. 

Availability: 

Pmolflll diiiD elemeiiiS: 

Edllcation data ele�Mitls: 

Emp/o'y�Mnt data elemelllr. 

Battelle 

RupoiiMnt 
Employment eslablisbment 

Mail survey 

1,2S4 R&D centers 

Annual 

Tabulations 

None 

Level and field 

Occupation, type of employer, industty , level, work 
activities, years since bachekrs degree, and salary of 
cumntjob 
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Colleae Placeaaeat Coaacll 

Dtlla/JQ.w 
College Placement Council Salary Survey 

Dflla colkclion mt!thod: 

Frequency: 

Availability: 

PerSONJJ dtlltl ekmellls: 

5 2  

R�lll 
College placement offices colJect 
infcnlalion from individuals and emp� 

Mail survey 

186 placement officers in 1988 

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

Quarterly report, CPC Salary Survey 

Sex 

Level and cmriculum 

Type of job function. induslry sector, average starting 
salary offers made to college graduala 
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Appendix A-3 
Engineering Taxonomies 

I. Study F"Jeld and Occupational Taxonomies Used by NSF 

1986 National Survey of Natural and Social Scientists and Engineezs 
Maj<r F"�elds of Study 54 
Occupalions 55 

1986 Survey of Science, Social Science, and Engineering Graduates 
Degree and Employment Specialty List 56 

Survey of Earned Doctorates (1985-86) 
Specialties Ust 57 

1985 Survey of Doctorate Recipients 
Employment Specialties Ust 58 

II. NCES Classification System 59 

5 3  
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1986 National Survey of Natural and Social Scientists and Engineers 
Major Fields of Study 

o ...... . 

:J=:. ... ..::r 7 II I IJ Ill 

101 � ... ........ 
102 AjriiUII ... ...... 
101 A;a........, . .... .... 
UM AI.-... '*' I 8 
101 Animal ...... ,. .. 
101 Animal ...... 
101 luntahau. viNIDIY• "'"aataau. 

101 &:::".:tt 
101 .._ . .... 
1 10 .. c ... laa Md iiiO l8dilliOI 
1 1 1  •• ,hy .. 
112 IIMIII¥· ..... 
1 13 Cll llloiDIY 
1 ,. DillY ..... . dairy ..... ......,. 
1 11 lcoiOIY 
f 11 Enlbrrolotw 
1 1 7  Ent1111Mia1W 
1 11 flllll IIWIIII?llnt 
1 11 Fllll lftd pma or ...,. man•a•ment 
120 Food ldencl lfood --IOiogy lftd proceu�na. dairy manufacturing lftd 

technology, food lnduatryt 
121 Fonnnrv · 

1 22 Gineticl 
1 23 Horticulture 
1 2' lmmunolol't 
1 25 Mlrini biology 
1 28 Microbiology 
1 27 MoliCuler biology 
1 28 Neturil resource� maMgement 
1 29 NturOICiencn 
1 30 Nutrition 
1 31 PathOlogy, human and animil 
1 32 Pathology. plant 
1 33 flhvliology, human and animil 
1 34 Phyliology. plent 
1 35 Poultry ICiencea 
1 38 Aldlology 
1 37 Soii iClinces IIOil menagement, 1011 

Contlrlation) 
1 31 Toxicology 
1 39 Zoology, gillirll 
1 40 Biological end agriculturll ldencft. ouw 

fiildl 

...... ... 
1'7 !:.:�···· ......... ......... ... 
1 41  ....... 
141 � . I SO � 1 1 t r::::.., �·-lllrinl 

Code Daw ., .... , 

" ...... ..... 
1 71 Medlc:lne or Plimecllclne, lftd clinic-' 

madlcil � 
1 72 Nuraing 14 ,..,. or longer progremt 
1 7 3 Pathology 
1 7' Pharmacology 
1 75 Pharmacy 
1 78 Health profnaionl, oUW fletdl 14 yeera or 

longer I 

............. ....... 
1 77 Ac:tuMII ICiencft 
1 71 Applied INdlemldcl 
1 71 Cornputw lclince 
1 10 MatNmetlcs 
1 1 1  Oper8Ciol• .....n:hltnanlllment ICiencft 
1 12 Statl8tlcl 

.... ' ll lt!IRIK 
1 13 Analytical ot ....... 
�= ==:.. 
1 11 A� ..... - ---· 
1 17 AUimlc-malaaullr ptcyalaa 
1 01 lioctllmiMry 
1 11  Ctlem!Ry, ..... 
1 11 Earth ulr -· ...-
1 10  s.ma ... , ,..... ... ..... 
1 11 Giology 
1 12 GeochaNa1ry 
1 13 Geophyaica lftd lllam Gllll 
1 14 lncqenlc chlmilllt 
1 11 Met ... IW 
1 11 NuciMr ptcyalaa 

5 4  

fl I I ll lth Ill fCor'* .. 

�1: o-:;...."'11., . .  
= E::�: ......... . 
201 ....... ....... . . ...... .... Ill ..... 
201 PIMial.  ..... 
204 .... .... ....... 
201 0.. . .... ..... 
201 a... ,..,... ..... 

,., Jt ., • ., 
207 Clinical 
201 Col ..... 
201 De��riDJII*tlill 
210 lducMIOI'III 
21 1 Exoatmenlill 
2 1 2  lnciuetrtell'0110fV11mMII*-rMJioi ......... 
2 1 3  ..,...glcll 
2 1 4  P8ychology, genall 
2 1 1  P8yctlometrica 
2 1 1  Soclll 
2 1 7  P8ychalaav. ott. fleld8 

...... . allniM 
2 1 1  Anthropology 
2 1  9 Criminology 
220 Economicl, agricutluril 
221 Economica, except agricultural 
222 Geography 
223 Politicai iCiinci lftd government 
224 Sociology 
225 Sociai iCilncil, ouw fleld8 
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1986 National Survey of Natural and Social Scientists and Engineezs 
Occupations 

Du lplltn 

:t , .. I 5 . ..... .. r Il l .  
tl I Il l  

701 -·-· lzi'IP ... 11.111 • -·LJIPIII 
701 ......... ......... 
. ......... .......... 70t ......... ... . ... 1 atli'll 
. ...... ...... 
701 ...... ... ..... . ...... .. 
707 ......... ... , ....... . ...-..y 
701 ........ ...... • ... 
701 ......... ........ ...... . .... .....,.. 
710 ...... ....... .... 
711 ...,._, ,.. ' Jlnl • n�A�Iala  
712 ....,_,, ""'*'* • au?aglnl 
711 ...,..· � 
71 . ......... . . .. 
71 . ...... .... 
71 . ......... � 
717 .......,, ott. tlalda lOa a a ... ..,..... In 

a;; 'catll ,_,. Oft .- •••• ... ,J 

Daa lpllcst 

WJIIaln' 8111 d I ulu' J1 I ...... 
pal IIFI � Inl .. II a 

734 � ........ food ........ flalwy 
bloloaPat 

. 
731 lla chamlal 
731 l?c'ag?a• eo��n��at. .,. ........... lloUnlll. 

IDDIDglat 
737 .D.hyJIDIU 
731 '--Y • OOI .. W ..... t iCII IIIII. lnaluclnt 

f ...... and ........ .. 
731 Meclcal eollnlllt. excklll .. .... ... 

.. � ......... .......... .. 
.,..... Oocuullallll 

7.0 Odtar lllalag?aal nll IIIIIS IOua ... ..,..... 
ln tfla  •u•ua'• -.. Cift .- uiNni...,J 

...... .... d I u lnl' J1 . ...... 
..... ..... � In  .. ... . 

:=eu ... "'*'* Nlllrdt 
� 

,.3 

cc:•::•:�:·�� .. �·:•t• :•=·�-:��::,•• ... , ...... �:; palnum � lnl .. II a 
Paychologilt Sociologist 
Other locial KlentlaU, e.g., demogr..,._, 
political ICiemist, etc. I OeiCtilll bridy In 
me �.,. �twn 011 queationneira.J 711 c:om.uw .... ..,.., 

711 c:om.uw ICilndlt 
720 c:om.uw ..,..,.,.. enelye1 
721 � COiiiiiUW epeciellata IOelctilll 

brldy in me �lble �twn  011 
�.J 

.................. .............. end ....., 
................ lalaRdeta, lftaluJJ ... 
...... ........... ..... ........... 

722 Acturf, including ac:tulrill mathematiCian 
723 MethiiMticlan 
72' Operltionl reMIICh analylt 
721 Stetiltic:iln 
721 Systems enelye1, except CQmSIUtiU ..,._,.. 

or diUI proc:eulng c ... code 7201 
727 � metl'temltlcii iCilntllt8 1Deecnbe 

� 1n me ..,.... �twn Oft 
queedafw..,.,J 

...,..... 8111 II I • ln•lu•a ...... 
plf I a ldldl lnl .. lll a 

721 Atrnn•ha:lc 11! lll1o -IIDJI• apace 
....... 

721 a.Nat. eiiiOIPt lllu._, .. 
110 Eatlt aalandllt. lnaluclnt petltJin. 731 == .. , .. , ... ... 

732 =; .,  __ _ 7U � 11!1 111M, ..... auc••· ............ II! lll1o niAilala iOIIntllt. 
-. ,.,._,.......,ln .,.  *''a•a·. ,..... 
• •  rllla a...,J 

HMIIIII Oaeuped••· ••uluJJ ... ...,..... 
who .,.  prtUMflly qweoddollaere, Penon• 
........ prt ........ ,.. ........ ...... h. 
,....,.... encl ......., Mdwldea UM code 
738, ...... eclentlet. 

7'8 Dental hygienilt 
7 • 7 Medical technician 
7 48 Ptlyaician or aurgeon 
"9 Other health occupation•. e.g .• dentilt, 

pharmec:iat, practical and regiltared nurH, 
etc. IDeec:tibe briefly in the eppliceble item 
on queationnen.J 

5 5  

Code 

T ....... 
711 T ...... ... , • ...,, ..... 
711 T.....,, Ina -.y iCIItOIII 
717 T..._, oollaa atd ...... ally ..._ of 

nOIHUig!i .. \1. and UiOi'l I CllllGI IUIIiletl 
, ..... _... - ............. .. cotlla 70t -741.1 

AI odter II DUll ....... 
77' Accountant, except flnanctat anatv s t  

775 Adminiltrative auppon occupatoons 

including clerical wOik taucll as oooak aeper 

HCtltary, ltc.) 
778 Architect 
777 Clergy 
778 Farme: lowner, manager. tenant. or farm 

labore:l 
771 Financl&l enelye1 
780 Firefighter or pollc:e 
711 Hlltorlen 
782 Uborw, except fsmt 
713 �wyer • JudiJI 
7U UbriNn 
711 MercNnt . .......... Mit-employed 
711 ()peretor . fallrlcMDr (auc:h M IHimbler, 

welder, t:udl drtwar, 110:1 
717 Poltal worUr 
711 .......... procluadan. craft. and ,...., 

OCQ ..... lauch - cerpenter. ellc:t:icien, 
mechlnlo. ,...., worttar. etc.) 

711 SeiM OCCI .......... excklllne ..... ....... 
710 Social worUr 
711 Surveyor 
712 Odtar OCQ ....... ... __.,led above 

IDeat:tl».....,.. In tfla •'c_.. �twn 011 
qwe ........ J 
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1986 Survey of Science, Social Science, and Engineering Graduates 
Degree and Employment Specialty List 

w --.. � au ••• 'n''"7 
716 .._.... _. .._ucuu. au ...,..,.._ w ...., m c:au _. ..s-�a Me1eiJ au ... _,..., 
211 ....,.leD 
117 '-' ... 
211 '-leD 
Ut *riM Me1eiJ uo ....... Selelr . ..... tewieleiJ 
227 ... ,.., 
W -ru ... 
Ul •••l&elelr JU PniiDlelro �. aiM!, pi•& 
u• """Uilelro �. •la&l, pia& 
221 IMI.elotJ 
no roslcelotJ 
u.s ZoalOIJ 210 lt.eloelcal ocl-u, other 

Ul llolotlcal ocl-u llducaUoo 
u• llnll ... rl.lla llducacl"" 
U7 llat-Uco llducacloo 
Ul Phyolcal ocl-•• llducotlllll 
US Social ocl-• llducoclon 
•to Uucacloo, other 

w '"' w 
7U .....w --. 
7U ..,U.. -· •-
7U � --
751 .. , ·-
751 � ._...,....... ..._ 
71J IUCUI ... 
7U .._ .... _. ._  __ ,..,_ 
7U � _. ..,_... ..._ 
,. _, ... .... 

!!nleelle' 
7. � 
711 ' I' Ilk ..._ ... IIIIIR1.., 
JU It•' S"P/ 
7U a..a.c., 
761 .... ..._ ... � 
7U ....U.. 
742 0c a...., 
731 ...,. ... 
710 ...,.._ ..._, ..... 
In''' h' 
Ill _._,.leD 
IU Cr-lelr 
IU ._.. <....- ,.n.IIW'Il) 
IU Geep...., 
111 LlesiiiJC ... 
117 hUtl&al eta- ... 111•onw __ ,. Ill r.,cMI.., (-.,c &lJal&al) 
121 llcS.lotJ 
IZZ Urlla et .. l. 
Ito Ocher -w .. ._ 
loaltll Ss!ec!! 
611 CUalcal piJCIIDIOIJ UJ Dntlat..,. 
6U -pUal - .,..ltll can -.aiatraca.. 
US -lclao or prD111dlclao 
U6 luroiDI 
617 Pha....:olo., 
611 Pho....:y 
6to Other .,..lth onu 

Art•, Jl-..ltlel ... Other St!claltlet 

Sll Mroapace, urouutlcal, aatrOftawtlcal tlO Arll - athelc ..... 1 .. 
ArchltactYra - ..,,,_tal •ulp 
Arta ... latt•�"•• a-ral 

SU Aarlcultural 911 
SU Architectural 110 
S U  ll_l ... riDI oDd bl ... .acal •nllDIIrlDI ]10 
SU �leal, IIICI.,.lq pocrolo• roflolDI U S  
S16 Clvt l ,  COttll: rucc to•. and truaportatlft u• 
7U Cooputor 116 
SU lloctrlcol, o l oc tr.,.lc, - c-lcaUoo 
SZI Eftalnoo rlftl oc ionc•, aochaalca, phyolcl IU 
Slt llnvlr-ntol erwt -ua..,. tU 
SZO Cooloclcol tU 
SZI !rwluotrl&l tl6 
no llacorlala tn 
5U .__leal 
S2J llocallualcal 116 
u• IUJdlle - aU..&l lit 
UJ _ l•al udaJ.tMtun - _... 120 
u• .._.._ '" 
5:U -
527 Patnl-
521 ToaUle 
7Jl ••••'- -rdlhn 1 I eta-
HI �rl.q, ••-
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APPENDIX B 

AGENDA 

Workshop on Data Needs f<r the 1990s 
Nadooal Academy of Sciences 

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

8:00 Continental Breakfast 

8:30 

9:30 

Welcome 

OvaYicw 

Robert M. White, presidenl 
NatioiiDl Academy of Engineering 

Richmd J. Green, assistanl dinctor 
Directorale for Scientific, Technological, and 
In.ternatioiiDl Affairs, NatioiiDl Science Foundation 

John P. McTague, chairman 
Committee's Task 
Workshop Objectives 

Committee on DaltJ Needs for Moniloring 
Labor-Market CoNiitioM for Engineers 

Engineering Data Bases: Engin I. Holmstrom, conndtant 
Strengths and Weaknesses 

Ammcan Society for Engineering Education 
Bureau of the Census 
Bureau of Labor Statistics 
Engineering Manpower Commission 
Natiooal Center f<r Education Statistics 
National Science Fo1D1dation 
National Society of Professional Engineers 

Major Issues John P. McTague 

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

2. Teclulkal CIITTency: effects of new technologies/f�elds on U.S. engineers; natme, scope, and 
effectiveness of continuing education and in-service training 

3.  In.tematioiiDl Flows: net effects on U.S. engineering wen force; nwnber and types of foreign 
engineers who enter, leave, <r remain in the U.S. engineering community 

4. Women and Minorilies: nature and effectiveness of inaeasing the participation of 
1D1denep1esented groups; numbers and utilinuion patterns of women and minooties; tracking 
whetlwz participation is increasing 

10:00 Brtak 
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10:15 Small Group Discussions 

1 .  OccupatioMl MobUity 
Pam Atkinson 
Jerrler Haddad 
Eric laz  

2. Technicol CIITTeney 
William LeBold 
Karl Willenmx:k 

3. llllemalioMI Flows 
Michaei Fmn 
Owles Falt 
Dael Wolfle 

4. U�Groups 
Betty Vetter 
Alvin Bernstein 
Donald Weintrt 

12:15 Lwu:h in Refectory 

1 :15 Panel Presentation: Reconciling the Data Bases 10 Respond 10 the Major Issues 

2:00 Ope11 Discussio11 

3:00 Brd 

3:15 Ope11 Discussio11 

4:30 Summary 
Concluding Remarks 

Pam Atkinso11, Micluul FiM, William LeBold, 
Betty Vetter 

Johll P. McTague 
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APPENDIX C 

PARTICIPANTS 

WOibbop on Data Needs fcx- the 1990s 
Nalimal Academy of Sciences 

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

Howard G. Adams 
Executive Director 
Natiooal COOSCX'tiwn fcx-Graduare Degrees 

for Minorities in Engineering, Inc. 
P. 0. Box 537 
Notre Dame, IN 46SS6 

Pamela Atkinson 
College of Engineering 
University of California 
20S McLaughlin Hall 
Bctteley, CA 94720 

E1earu Babco 
Commission on Professionals 

in Science and Technology 
lSOO Massachusetts Avenue, NW 
Washington, D.C. 2000S 

Alvin J. Bernstein 
Consultant, R&D Productivity 
Research and Development Centez 
General Elecuic Company 
Bldg. K-1, Room 2A70 
Schenectady, NY 12301 

Jennifez Bond 
Director, International Studies 
STIA 
National Science Foundation 
1800 G Street, N.W. 
Washington, D.C. 20SSO 

Mitchell Bradley 
Managing Director, Public Affairs 
Amezican 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 Washington 
Seattle, Washington 98195 

Tonia Butler 
Personnel Research Psychologist 
U.S. Employment Service 
Department of Labor 
Room 44S6 
200 Constitution Avenue, N.W. 
Washington, D.C. 20210 

Peter Cannon 
Vice Piesident fcx- � 

Chief Scientist 
Rockwell Science CenlC'Z 
P. 0. Box lOSS 
Thousand Oaks, CA 91360 

June Chewning 
Senicx- Manpower Analyst 
Oflice of Energy Research 
Department of Enezgy 
Room 3F061 
1000 Independence Avenue, S.W. 
Washington, D.C. 20S8S 

Constance F. Citro 
Study Director 
Committee on National Statistics 
National Researeh Council 
Room MH192 
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Eileen Collins 
SeniCX' Science Resources Analyst 
Employment Studies Group 
Division of Science Resources Studies 
National Science Foundation 
1800 G Street. N.W.--L-61 1  
Washington, D.C. 20550 

Nancy M. Conlon 
SeniCX' Science Resources Analyst 
ScientifiC and Technical Personnel 

Characteristics Studies Group 
Division of Science Resources Studies 
National Science Foundation 
1800 G Street, NW-Rm L-61 1  
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 Sueet, N.W.-Room L-61 1 
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 DautrenBach . 
OffiCe of Business and Economic Research 
Oklahoma State University 
Stillwatel', OK 74078 

Charles H. Dickens 
Heal 
Surveys and Analysis Section 
National Science Foundation 
1800 G Street, N.W.--Room L-61 1 
Washington, D.C. 20550 

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

Labor-Market Conditions for Engineezs 
Office of Scientific and Engineering 

Pelsonnel 
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 
8 1 16 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 

Personnel 
National Research Council 

Jenier A Haddad 
162 Macy Road 
Briarcliff Manor, NY 10510 

Carl w. Hall 
Acting Director 
Directorate for Engineering 
National Science Foundation 
1800 G Street. N.W.-Room 1 1 15 
Washington, D.C. 20550 

Eric Helz  
Executive Director 
Institute of Electrical 

and Electronics Engineezs 
345 East 47th Street 
New York, NY 10017 

Engin I. Holmstrom 
138 Grafton Street 
Chevy Chase, MD 20815 

Joseph S. Johnston, Jr. 
Director of Programs 
Association of American Colleges 
1818 R Street, N.W. 
Washington, D.C. 20009 
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Melissa J. Lane 
Economist 
Scientific and Technical Personnel 

Chatacteristics Studies Group 
Division of Science Resources Studies 
National Science Foundation • 
1800 G Street. N.W.--Room lAm 
Washington, D.C. 20550 

William K. LeBold 
Director of Enginet-zing Education Research 

Studies and Information Systems 
Freshman Engineering-ENAD 
Purdue University 
West Lafayette, IN 47907 

John P. McTague 
Vice President for Research 
Ford Motor Company 
20,000 Rotunda Drive 
Room 2106 SRL 
Dearborn, MI 48121 

Robert Mosborg 
Assistant Dean 
College of Engineering 
Univezsity of lliinois 
1308 West Greeen Street 
Urbana, IL 61801 

David Reyrs-Guelra 
Executive Director 
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APPENDIX D 

SUMMARY OF DISCUSSION 

Workshop on Dala Needs f<r the 1990s 
Nabonal Academy of Scimces 

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

Jobn P. McTague, chair of the committee, welcomed workshop panicipams and introduced 
Robert M. White, president of the National Academy of Engineering, who spoke about the impcxtance of 
the collllllittee's task. Next, Richard Green, assistant director of NSFs Directorate f<r Scientific, 
Technological, and Inttmational Affairs, stressed the importance of the workshop to the Foundation in 
planning its statistical activities f<r the 1990s. 

Introduction 

Dr. McTague stated tha1 both the committee and NSF are inlel'ested in the information that 
properly collected data can give in order to enable one to fonnulale policy. Of particular inlaest are dala 
fran which one can analyze trends and flow paUtms-not swic dala, which present a snapshot of a given 
field at a given time. He said tha1 although several of the dala bases use diffetent definitions of "engineers," 
resulting in apparent discrepancies (some of tha1 has to do with who defmes the enginee'l'-whetber the 
engineers is defined by his/her education <r licensing, whether defined by the individual in tenns of 
functionality, <r whether defmed by the employing company <r entelprise in tenns of functionality), that is 
the small part of the issue. The larger part of the issue is bow to collect data that are useful f<r 
government, industry, and academe to utilize for determining policy, in order to respond effectively in these 
areas and to compete in a global environment tha1 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 weD 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 retraining of wakers? What data indicate the amount and 
the effectiveness of such continuing education? 

He also asked, "How can one predict the demand f<r various fields of engineering as one allocates 
resoW"Ces tha1 will have impact on universities for decades to come? How can we utilize all of the human 
resources of our country most effectively-namely, increasing the involvement of minorities and women?" 
He noted that these are some of the questions tha1 the study committee decided to focus on: rather than 
either to look at the data bases themselves individually or to cooelate them into a more useful pattern, the 
committee detennined that to discuss what dala would be useful and important f<r policy makers in 
government, industry, and academe and (by interacting with those who are experts on the data bases) to 
figure out what can be extracted from present dala bases, how the data bases should evolve 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 engineezing 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 which it was designed. She 
believes that integration of these data bases into a single comprehensive data base is an ideal notion 
impossible to implemenL One can use different data bases and analyze the data in such a way as to answer 
questions f<r which they perhaps had not been designed. 

She explained that one reason f<r the differences in estimates of engineers in the various data bases 
comes from how "the engineer" is defmed in each. For instance, the Bureau of Labor Statistics (BLS) 
defmition is more occupation-specific, since most BLS data is obtained from industty. For example, BLS 
asks employers to give the numbezs of people in certain job positions, and whoever is in that particular job 
is counted as an engineer. Whether that person has been trained as an engineer or meets the academic 
credentials required by a licensing <r credentialing organization doesn't affect hislher being considered an 
engineer. H an individual does an engineering job, then he/she is classified as an engineer. On the other 
hand, the National Science Foundation (NSF) has a very complex way of defming engineers that differs 
greatly from the way that BLS defines them; methodological differences in the BLS and NSF smveys also 
lead to inconsistent counts of the number of engineers. Most BLS smveys are establishment swveys, 
while NSF smveys individuals. The difference becomes very important when one asks certain questions and 
analyzes them. Some cross-tabulations of data are impossible, particularly in employer swveys, because 
the same questions are not asked in all swveys. 

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

Descriptive and analytic information, 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 swvey of income of its 60,000 members, but that is 
neither representative of the entire engineering community n<r generalizable to the NSPE membership 
because the response rate is only 24 percenL 

The Engineering Manpower Commission (EM C) 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 smveys provide tabulations but do not allow for cross-tabulations. 

The Ammcan Society for Engineering Education obtains rather comprehensive information about 
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 its data bases are not 100 percent comparable to what EMC, for instance, has. 
Because NCES is expanding 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 conducts the decennial census, which NSF uses to draw its sample for the 
postcensal swvey and the subsequent swveys of experienced scientists and engineers. The Census provides 
the National Science Foundation (NSF) 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 swveys. BLS uses the Occupational Employment Survey (establishment{mdustty-based) and 
Current Population Survey (monthly 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 to the 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 swveys 
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 en� is doing. NSF surveys, howevez, provide much information that is 
not usually reported from the data bases of other collection agencies. In fact, NSF is interested in learning 
what kinds of collected but unreported information would be most useful to the engineering community. 
Also, the NSF dara could be analyzed differently to JX"Ovide answezs to different questions. 

Discussions 

Before the participants met in small groups, Dr. McTague noted that the individual discussion 
groups should formulate for themselves the character of the issues believed to be the most important ones 
f<r the coming decades. Each group was asked not to defme its activities narrowly but, rathez, in tezms of 
the priority questions that could be answmtble either from existing data bases or from appropriately 
designed or expanded data activities. The study committee was particularly intrzested in data that can be 
used to determine trends. What kind of data should we have to determine, for example, typical iDldC'Zgraduate 
education in engineering? Thus, each group should determine a small numbez of questions having vezy 
high priority that are related to data about the specific issue examined by that one group and then discuss 
how each question relales to existing data bases, how it might relate to expansion or correlation of existing 
data bases, or how it might require some special study. The fust thing is to discuss, within the broad area 
given to each particular discussion group, the small numbez of the most important areas for the next decade 
or two, those on which factual information is needed in ordez for policymakezs to act rationally. 

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

Mr. Alan Fechter, executive director of the Office of Scientific and Engineering Pezsonnel, 
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 are asking for infmnation that cuts across all fields, cuts across all industries, 
cuts across all 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 
IDlderlie acquisition of the requested information (trying to create a massive data base that 
would allow us to describe the engineezing community as a totality could be a massive 
undertaking requiring large amounts of resources); 

(3) Fmally, each group should bear in mind the imponance of the issues being addressed by 
their questions. 

Following the small-group sessions, the leaders of the small groups shared with the othez 
workshop participants the character of the discussions and the particular priorities and action items that they 
bad delin� 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 unden'epresented groups in engineering. 

Occupational Mobility 

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

(1) The need to refine and redefme very carefully the survey questionnaires because the dara 
necessary now to determine future requirements do not really address specifically enough the 
needs of the researchers, who are concerned about (a) the educational path of the young 
engineer, (b) the subjective and economic concerns of that engineer, (c) the potential career 
flexibility that might be possible for that engineer, and (d) the time lapse between when a 
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poblem is identified and when intervention can take place, in tenns of either education <r 
career mobility. 

(2) The need to define "engineer" Jess in terms of discipline and mere in tams of function. 
(3) The need for data� agencies to gathez infoonation in more delail, to develop 

mechanisms to link the various components of that information to data bases elsewhere. and 
to disseminare 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 
emolled in M.S. programs, who are enrolled in Ph.D. programs, how many years out they might have been 
before they reentered the school system, are they continuing with the master's degree right aft« the 
bachelor's, are they resident or nonresident students, how is their education financed? 

Mr. Jenier Haddad, a member of the study commiuee and chair of the earlier Committee on the 
Education and Utilization of the Engineel' (CEUE), added that participants felt that NSF data should be more 
career-oriented and that the BLS data would be substantially mere useful if it contained elements implicit in 
the NSF data-namely, education specialty. Dr. Michael Fum, of Oak Ridge Associated Universities at the 
lime of the wOikshop and now director of studies and smveys in the National Research Council's Office of 
Scientific and Engineering Pt-zsonnel, agreed that the study committee's report should deal with the 
importance of forcing more consistency in occupational classifiCalion within the data bases. Dr. William 
K. LeBold, director of engineering education resean:h studies and information systems at Pwdue University, 
suggested improving the current taxonomy of engineering by adding functions in which engineers are 
employed--including design, openltions, 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 Direcunte for Scientific, Technological, and International Affairs, 
noted that in some surveys, NSF has experimented with getting more information on the type of employer 
but that it is very difficult for individuals to assign the same employer caregcxization as would be assigned 
by BLS. He added that more information on career changes can be obtained from NSFs longitudinal 
smveys through repeatedly surveying the same individuals about their change in status. He said that 
because both engineers and scientists are smveyed by NSF in a single questionnaire, the Foundation would 
also need to discuss with representatives of the scientific community bow questionnaires might be designed 
to povide 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. 

lnttrnational Flows of Enginetrs 

Dr. McTague noted that becoming mere and more important is how the federal government will 
approach the issue of foreign engineering students. Is it good to have more than SO percent 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 aft« 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 
persoonel 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 addressed 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 aU of these pieces of information. He 

7 0  

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

E n g i n e e r i n g  P e r s o n n e l  D a t a  N e e d s  f o r  t h e  1 9 9 0 s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 1 2

http://www.nap.edu/catalog.php?record_id=19112


suggested that the workshop participants could help by pointing out certain areas wbtze the flow 
information is obtainable or would be obtainable with a finite degree of effort. 

Mr. Haddad noted that intemational flows are inextricably linked with alliances and gave examples 
from the automotive industty. 

Dr. Fmn stated that the group on international flows of engineers examined policy issues. Data 
from the Swvey of Earned Doctorates dealing with current mtameS of the inflow of fm:ign engineers 
earning degrees from U.S. institutions are reasonably good; and beginning with the 1987 Swvey of 
Doctaate Recipients, NSF is improving the follow-up procedures for pcnons with foreign addresses. 
But, Dr. Finn noted, Ph.D.s comprise a tiny fraction of the engineering labor pool. For people below the 
Ph.D. level, not until the 1986 Swvey of Recent Graduates were pcnons with foreign addresses included. 
The group did mdorse 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 rums, because they have been having greater difficulty 
certifying foreign engineers to wen in the United States recently, may be sa1ding more wen aboad. We 
don't know to what extent we can measure the impcxt and expcxt 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 anothez survey that asked employers specifically about f<reign-bom engineezs 
employed in the United States and abroad and about the impcxt and export of engineering services, for 
measuring not only these flows, but also the impact of flows within corporatims. 

The question of how long foreign engineezs stay when they come to the United States has been 
examined, but little published information is available. As to the question about wheze the engineers come 
from, the basic dara elements are theze, but generating the data is complicated and difficult because concerns 
about confidentiality usually preclude their release by NSF and the Bureau of the Census. Some country-of
origin data are available from the Survey of Doctaate Recipients, but such 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 factas are quite important The findings of social scientists 
that political freedom, for example, is an important determinant as well as economic factors cenainly should 
not be overlooked; evidence shows that those who are supported by their own govC'ZDments are more likely 
to return than those who are not suppMed by their governments. 

The existing data on the flow or interaction of Amezican engineers with foreign engineezing 
entelprises are inadequate and anecdotal. Howevez, the 1987 Survey of Doctorate Recipients has a series of 
questims asking Ph.D.s to indicate whether they have made trips abroad for 3 or more months in some 
recent period of time and to describe somewhat their involvement with foreign wen. H the results appear 
to be useful, the discussion group felt that it may be quite worthwhile to do something similar for the B.S. 
and M.S. graduates in swveys that NSF conducts, noting that B.S. and M.S. graduates comprise the vast 
majmty of engineezs. Theze may also be some possibilities for exploring existing data sources: DoD and 
DoE laborat<Xies and conttactas have security requirements that cause them to keep track of who goes 
ab:oad; some foreign consulates award visas to U.S. citizens; the IRS might have useful data if people take 
tax deductims for expenses associated with working away from home; U.S. companies 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 heze is relevant, even if one focuses on 
the U.S. work force, because foreign nationals earning degrees in the United States seem to be important 
contacts for people who are here and such infonnation is relevant to technology transfez and intC'Znatiooal 
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competitiveness. However, the discussion group recognized that trying to keep fcnign studems who don't 
stay in the United States in the sample Ph.D., M.S., and B .S. populations would be costly. 1be Ph.D. 
survey doesn't include people who assm at the time of graduation that they have firm plans to wort abroad; 
although that is a small fraction of the Ph.D. population, the feasibility of keeping them in tbe 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 lhe world. 

1be discuaion group saw international comparisons as a valuable addition to ttend data. NSF has 
started an ambitious program, with the help of the U.S. Census Bureau, to get (from foreign ceusus 
bureaus) infonnation on the numbers, occupations, and characteristics of scientists 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. Dad Wome, liaison to the study committee from OSEP's Adviscry Committee on Studies and 
Analyses, agreed that we still have much better data on the engineers who are trained here and stay hele than 
on those elsewhele who are influential hele. One of the major dara gaps is the difficult one of keeping track 
of people who were here but have gone elsewhere; in multinational COipOI'Itions, information ttansfcr 
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 fcnign students who leave the United States wu 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. Furthennore, we don't know what happens 
to those who leave and go to other countries: do they esrablish or mainrain 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 dara on another very imporrant policy issue--namely, what is the dependency of the United Srates on 
foreign engineering ralent? 

By the same token, Dr. Falk noted that the third question was even more difficult What effect 
wiD the presence of foreign engineers or immigrant engineers have on the culture of the activities in various 
institutions? To what extent wiD they be a major presence in academic institutions and affect curricular 
development? To what extent are they present in industrial institutions and changing the mode of 
engineering that is done? Essentially, he said, the engineering community needs to know where fcnign and 
immigrant engineers are in the United States. Not all such questions are answerable stricdy 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 of foreign assisrant professors changes the 
culture of a schooL In response, Dr. Finn explained that an NSF-sponsored smvey of graduate faculty and 
graduate departments obrained actual numbers and their perceptions of the impact of large numbers of 
foreign graduates in engineering departments. It did ask, for example, the extent to which any of their work 
had been consuained by security considerations, but it did not attempt to determine the implications for later 
professional practice of large numbers of foreigners in graduate engineering deparUnents. Dr. McTague said 
that the group discussing international flows did take up the problem of foreign faculty and foreign teaching 
assisrants, 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 discuaion 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 limiration 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 smvey is almost perfecdy integrated with the 1980 census population. The area where lack of 
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imcgration is most commented on is between NSF and BLS, and the discussion group reached DO 
consensus. 

T tclrnicol C'UT7'e1JCY 

Dr. LeBold explained that the group discussing technical currency addressed the genmll }Xtlblem of 
defining "technical obsolescence." The cunent surveys provide relatively litde information about it, but 
COI1dares of technical cmrency include level of responsibility (technical or suptZVisay), degree level, 
activities engaged in (ranging from simple discussion to patents or publications), and sources of 
information. He noted that informal acquisition of information is probably used much more extensively 
than fc.xmal, continuing education and that we need to be able to address how engineels at different levels 
and performing diffm:nt functions acquire infcxmation infonnally. While current surveys can not 
necessarily povide information about this informal education, probably some targeted, in-depth Sb1dics 
could. Dr. Karl Willenlrock, a member of the Sbldy committee, added that DO data base provides 
information about how well somebody really does a job. There was a feeling that if we had a good system 
f<r careez-long education, we could raise pcrf<rmance levels. The small-group participants also examined 
technologies and the critical areas that should be addressed. 

The current surveys would provide minimal information about fungibility if one looks at field of 
major <r highest degree and relales 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 studies. While some of the professional engineering societies do conduct 
studies that provide data about the level of technical responsibility, their current surveys provide very 
limited infcrmation about technical obsolescence. 

Mr. Fechtcz summarized the group's discussion about four poin� 

(1) Utilization: Do we understand well what engineers do, and what does our inf<rmation 
system tell us about utilization of engineers (field in which they are working, activities in 
which they are engaged, the level of responsibility within those activities)? Some useful 
inf<rmation already is collected. We know the fields, although taxonomic problems of 
respective fields should be addressed, and questions have been raised about whether the 
taxonomy of w<Xk 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 individuals are not 
useful in identifying areas in which technology is changing rapidly <r in which fields are 
emerging dramatically. Delphi techniques, perhaps wO!ksbops of experts who would 
provide expert opinion about what is happening, or case Sbldies looking at these issues 
might be better. 

(3) Training or educational activities that enable engineers to �  with these changes: How do 
engineers accommodate emerging technologies and developing fields? The general feeling 
was that the current survey instrwnents emphasize heavily the credit courses, both formal 
and informal, but give insuffiCient weight and attention to the very elaborate set of informal 
activities of engineers--such as symposia, meetings, conferences; reading journals; talking 
to colleagues-by which engineers keep themselves up to date. He felt that personal surveys 
of engineers should ask about the amount of time that they spend at these various activities. 

(4) How to assess whether skills are deteriorating or improving: Possible indicatas might be 
papers given at international meetings, patent citations, and sa1aiy of an individual engineer 
as well as the profitability of the employing fmn. 

Dr. LeBold felt that skills could be assessed by relating saJaiy, educational level, and function to other 
measures such as activities and sources of information. Maybe some research 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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Underrepresenled Groii{IS 

Dr. McTague asked. "What are the numbers and c:haract«istics of women and miDcrities who enter 
engineering? Does the WOld 'enter' refer to K-12, or to college freshmen, or to the labor force of 
engineering graduates?" Infamation on the K-12 system is insufficient, and we know Vf!C'J liUle 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 timely data, 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 Castel' than men, we need to know their 
reasons; age-group demographics are only one reason. Such inf01'1118tion would not be oblainable from a 
dara base; individual studies of individual people and a continuing longitudinal ttacking of� 
students, both those who succeed and those who do not, seem imperative to her. She advocated more 
internal studies by institutions of their retention paUemS for minorities, women, and men-sucb as those 
conducted by the University of Washington and Northwestern University, for example. Furtbtnnore, she 
said, if we find out what keeps minorities in the pipeline, we will also find out what keeps white males, 
who are increasingly dropping out. She mentioned several engineering dara bases not listed in 
Dr. Holmstrom's background paper that might be hdpful in analyzing some of the questions: (1) 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 America 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 dara on employment of federal scientists and engineers, in particular for the 
Federal Task Force on Women, Minorities, and the Handicapped. One, for example, surveyed a matched 
sample of PhD. scientists and engineels in fedelal employment in 19n 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 ouly data on utilization paUemS for women and minorities are from 
BLS's occupational survey and the NSF estimates, but she cautioned that BLS inevitably shows a 
proportion of women and minorities in any engineezing 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. V ettet said that her discussion group felt that the question of barriezs for both women 
and minorities could not be answered by the current data bases. However, changing the taxonomy on which 
the data bases operate-using occupational classifu:ation of what the enginea' does rather than the ttaditional 
academic field-might provide useful information. What we need are many more individual studies in which 
a group d. targeted people are asked. "Why is this so? Why did you drop out of engineering?" She cited 
such a study d. 176 women engineels who have decided to leave engineering aftez working in the field for 
several years. In addition, we need studies to fmd 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 engineering felt that aft« some longitudinal, individual 
Sbldies, we need a clearinghouse where the information can be compiled and then disseminated. The 
discussion group's second biggest recommendation is to fund individual studies and then to dissemiMte the 
infonnation. It was recommended, for example, that the National Science Foundation fund data activities d. 
the National Society of Black Engineers. 

Mr. Donald Weinert, a member of the 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 decisionmalcers to get at the policy 
issues, 
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(2) Cooofinalion of effmu through a clearinghouse. and 
(3) Getting more minorities and women into faculty positions. 

He noted that most women and minorities in graduate enginemng aspire primarily to 1be master's level and 
not to 1be Ph.D., 1be prerequisite to altaining faculty tenure. Yet all of the systems 1bat we have are more 
aimed at getting people onto 1be Ph.D. track because that is the entry level for faculty. Thus, we might be 
ovatooldng a wbole group of people wbo are really just focused on 1be master's level 

Dr. Alvin J. Bernstein, a member of 1be study commiuee, added 1bat one data gap is that in 
mating 1be 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 degree studies, the data are not even collected except for head counts by sex and by 
minority group. 

Mr. Eric Hen, another member oldie study commiuee, asked, "If one of the subjects were bow to 
anract min<xities and women into enginetzing schools, would tbe data be useful to relate tbe qualities and 
the qualifications of the high scbool science and math tra:bezs and their role models? Would that be a 
useful way to find out which are 1be successful black students in a university and which are not?" 
Ms. Vetter responded that information on the qualifications of high scbool science and math � 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. Fecbtez asked, "What information do we have on the question of dual careers and their impact 
on enabling women, in particular, to successfully compete and move up the ladda' in careers in scieDce and 
engioeering?" Again, Dr. Bernstein pointed out 1bat understanding that phenomenon requires small, 
intensive studies of populations in the field rather than reliance on data bases. 

General Comments 

Dr. Richard Valentin, JI'OgrarD manager at Argonne National I...abomtory, questioned the validity of 
smveys and suggested that much more reliable data could be obtained from a sampling technique that 
followed up on it Several workshop participants agreed that continuity is a critical issue. In the same 
vein, Dr. McTague believed that the use of 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 creare different 
numbers in the various engine«ing data bases. Mr. Hen 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 liule 
analytical work is done on the Ph.D. data collected by the National ReseaiCh 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 Slalistics has followed up the high 
school class of 1972. 

Dr. McTague focused on the kinds of questions to which answezs are impMant and to which data 
are relevant When asked f<r other issues that the data bases should address, Dr. Peter Cannon, vice 
president for research and chief scientist at Rockwell Science Center, cited recognition of the present reality 
--one of comparative shortages in which employezs are seeking to increase JI'Oductivity of workezs by 
sharply increased capital invesunent per employee--as very important In virtually any study of any labor 
market, one would make an inquiry as to that invesunent because it is a significant variable impacting the 
labor market. Incorporating a sense of this reality in the context of tbe delivery of engine«ing services will 
elucidate a powerful external variable impacting all of these questions of what happens to people. 

7 5  

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

E n g i n e e r i n g  P e r s o n n e l  D a t a  N e e d s  f o r  t h e  1 9 9 0 s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 1 1 2

http://www.nap.edu/catalog.php?record_id=19112


Mr. Haddad added that citing examples of national issues on which data are lacking would aid the 
understanding of the issues by nonJI'Ofessionals in the field. Dr. Dickens suggested that the committee 
mention the usefulness and impcxtance 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 Sezvice to get much more infonnation about immigrant scientists and 
engineers. 

Dr. Weadlezall spoke of a need for more consciousness of the engineez In entreprenemial small 
companies and the use of engineers in roles that have not been thought of, historically, as sttictly 
enginemng roles--such as sales. He cited two diffezent interests: ( 1) the engineer in engineezing and (2) the 
engineer as a person. Ms. Vetter discussed the difference between WHAT an engineer is and WHO an 
eagineez is. She felt that the committee should determine whether it would recommend changing the way 
in which NSF identifies who belongs in the sample as the next generation of data comes out, starting with 
the 1990 census. Mr. Fechter expressed the participants' view that each data base should be maintained as 
flexible as possible so that one can look at whatever group of engineers is deemed appropiate to the 
problem examined. When preparing its postcensal s1D'Vey, for example, NSF must not exclude people that 
it will later regret excluding because they cannot be picked up once the sample has been established. 

Dr. Falk recalled steps taken by NSF to creale a mCX"e 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 classif1C8lion system of employment in computer 
fields was designed to p-eserve 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 taxonomy 
much 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 <X" sponsored by NSF, the Bureau ofl..ab(X' Statistics, 
or the National Center for Education Statistics to examine more comprehensive taxonomies in engineering. 

Dr. Fred Schulz, section bead for R&D recruiting at Procter &. Gamble, valued the longitudinal 
aspect maintained even when questions are added to existing S1D'Veys, but suggested that the study 
committee continue its wmk and design the ultimate survey that maybe a decade or two from now could 
replace half the surveys. Dr. McTague felt that by emphasizing the increased importance of longitudinal 
studies, we are starting to move in the direction of a fully useful, dynamic model. He hesitated to argue for 
something global. 

Dr. Dickens noted the imponance of keeping in mind that all of the data collection doesn't have to 
be on one questionnaire or in one survey. NSF has several surveys-institutional, individual, and quick
response-and also uses infonnation collected by other agencies. There is a wide range of approaches 
available for use in relating the collected data to the identified issues. 

Mr. Haddad suggested a fonnal mechanism to bring people 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 the Engineering 
Manpower Commission agreed that <X'Chestration is needed some place with an this effort; there are many 
separate pieces to be monitored and managed. Ms. Vetter agreed with that concept, adding that a central 
location for housing such collected data is essential. 

Dr. Weadlezall recalled Lee Hansen's suggestion dwing the earliu study of the impact of defense 
spending on engineering employment Dr. Hansen had suggested that individual universities be encouraged 
to conduct studies of their own alumni to assess such issues as the migration of alumni between defense and 
nondefense work. 
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In summary, Dr. McTague noted that tbe study committee's report will address the fact that this is 
a mther 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 f<X" important policy 
decisiorw and wbele tbe information will have lasting value to ave policy makers and tbe various 
engin=ing sectors in the United Swcs for se� decades. Discussion of tbe four groups at the wortsbop 
will serve as tbe basis for the report, with the COIIlllliuec's recommendations swed around tbe four broad 
issues: occupational mobility and flow dynamics, inttmational flows, technical currency, and 
UDderrqJresellted groups in engineering. Based on input at the w<rtsbop, the ccxnmittee will (1) point out 
lbat each data base serves separate sets of functions rather well, (2) piopose that modest changes in some of 
the data collection by addition, l&lber than by total revision of what already exists, will be valuable, 
(3) emphasize that, l8lber than trying to make their definitions similar, the data-collecting agmcies should 
obcain modest additional information that will increase the correlative value of the data bases. 

Dr. Fmn added that the c:ommiltee should also recommend the frequency at which tbe data should 
be collected, and boCb 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 altr:mately to divide costs--f<X" example, the question of mobility might be examined only 
every 4 years. Ms. Vett« suggested that no more than 2 years elapse in the cycles of questions in order to 
make the data most useful and to encourage respondents to retain and report in each survey cycle. 

Dr. Wolfle was impressed that all of the small groups emphasized a need for information rather 
than f<X" data, for undel'Standing the dynamics of the situation. That means more studies of a qualitative, 
accumulatively longitudinal nature. 

In conclusion, Dr. McTague summarized four aoss-cutting issues that emerged from the 
delibmuions of tbe workshop: 

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

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

accumulated information lbat exists in them (that implies additional questions that will have 
to be thought out more carefully to povide aoss-cutting data so that the rest of the factors 
can be cmelated}, and 

(4) The need for special studies that cootain information otbez than pure data. 
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