
ED 295 831

TITLE

INSTITUTION

SPONS AGENCY

REPORT NO
PUB DATE
NOTE

AVAILABLE FROM

PUB TYPE

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

DOCUMENT RESUME

SE 049 212

Support Organizations for the Engineering Community.
Engineering Education and Practice in the United
States.
National Academy of sciences - Nationpl Research
Council, WashingteL, DC. Commission on Engineering
and Technical Systems.
Department of the Air Force, Washington, D.C.;
National Science Foundation, Washington, D.C.
ISBN-0-309-03629-1
85
80p.; For other documents in this series, see SE 049
209-211.
National Academy Press, 2101 Constitution Ave., NW,
Washington, DC 20418 ($10.50).
Reports - Research/Technical (143)

MF01 Plus Postage. PC Not Available from EDRS.
Advisory Committees; *College Science; *Engineering
Education; Engineers; Government Role; Higher
Education; *National Surveys; *Needs Assessment;
*Professional Development; *Standards
*Engineering Education Research

ABSTRACT
This report summarizes the results of the work of the

Panel on Support Organizations for the Engineering Community, which
was one of the subcommittees of the National Research Council's
Committee on the Education and Utilization of the Engineer. The panel
found that many engineering support needs were common to all of the
sectors investigated and, in a number of instances, the support
mechanisms themselves were also common. The sectors studied included
academia, government, industry, private practice, and the society at
large. Some of the common needs and concerns addressed by this
document are: (1) technical competence; (2) information exchange; (3)
professional development; and (4) professional standards. The
appendices include a discussion of public information and media
outreach activities, and a survey of journalists' perceptions of
engineers, physicians, and scientists. (TW)

***********************************************************************
* Reproductions applied by EDRS are the best that can be made *

* from the original document. *

*******************************************************t***************



47. .!L-

ENGINEERING EDUCATION AND
PRACTICE IN THE UNITED STATES

Support
Organizations for
the Engineering
Community

Panel on Support Organizations
for the Engineering Community

Committee on the Education and
Utilization of the Engineer

Commission on Engineering and
Technical Systems

National Research Council

NATIONAL ACADEMY PRESS
Washington, 1) C 1985

A



NATIONAL ACADEMY PRESS 2101 ( onstitution A« , NW Washsngton, 1)C 20418

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 Engi -ering, and the Insti-
tute of Medicine The members of the committee responsible for tile report were chosen
for their special competence.. and with regard for appropriate balance

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

The National Research Council was estahhs'ied by the National Academy of Sciences
in 1916 to associate the broad community of s t 2nce and technology with the Academy's
purposes of furthering knowledge and advising the federal government The Council
operates in accordance with general policies determined by the Academy under the
authority of its congressional charter of 1863, which establishes the Academy as a private,
nonprofit, self-hoverning membership corporation The Council has become the princi-
pal operatingagency of both the National Academy of Sciences and the National Academy
of Engineering in the conduct of their services to the government, the public, and the
scientific and engineering communities It is administered jointly by both Academies and
the Institute of Medicine The National Academy of Engineering and the Institute of
Medicine were established in 1964 and 1970, respectively, under the charter of the
National Academy of Sciences

Sur port for this work has been provided by the National Science Foundation, the
Department of the Air Force, the Department of the Army, the Department of Energy, the
Department of the Navy, and the National Aeronautics and Space Administration Addi-
tionally, as.istance has been provided through wants from the Eastman Kodak Company,
Exxon Corporation, the General Electric Company, the IBM Corporation, the Lockheed
Corporation, the Monsanto Company, and the Sloan Foundation

Library of Congress Catalog Card NtimIxr SS-02632

ISBN 0- 109-03629-1

Printed in the United States of Arnerma

4



Preface

The Panel on ippon Organizations for the Engineering Commu-
nity was one of .ie subcommittees of the National Research Council's
Committee on the Education and Utilization of the Engineer. The
report of the parent committee has been published,* the work of this
panel is presented in this report and should be considered as part of the
larger committee effort. In many cases, the findings and work of other
subcommittees were used as the basis for the work of this panel

The panel's initial goal was to identify and examine the support
organizations that exist to meet the needs of both individual engineers
in performing their specific tasks and the community of engineers in
contributing to society as a whole. However, the panel perceived that
the identification of those cnrrent and projected needs of engineers that
affect their ability to perform was fundamental to any meaaingful eval-
uation of !,upnort organizations.

Recognizing that the nature of the study precluded an exhaustive
investigation, the panel nevertheless set forth to identify those needs
that appeared to he most significant to individual engineers and also
those that emerged as concerns expressed by the profession as a whole
The identification and evaluation of the snnport mechanisms existing

* I. nvnernng Fducat um and 'Inuit( r in the I /nut J States I unidalu.ns ni ( Iur
lechnn-I cononnt I inure IVV.v.hington, I) ( N.Ittonal Ac.i(lcim Pa so,, 19szd

III
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iv PREFACE

or required to address these needs then followed as a logical outgrowth
of this first effort. In this identification, the panel made no effort to be
exhaustive and precise in enumerating all specific organizations,
rather, references were to generic classes or illustrative examples of
organization types.

Where support organizations did not exist to meet expressed needs,
this lack was noted. On the other hand, it was considered beyond the
scope of this panel's work to propose new support organizations or to
provide extensive evaluations or critiques of existing groups

The panel was organized into five task force work groups, each deal-
ing with P different sector of the engineering profession: 11) academia,
(2) government, (3) industry, (4) private practice, and (5) society at
large. Each of the task forces considered factors that related both to the
sector and to individuals working within the sector.

Once the study was under way, the panel decided to address the needs
and support mechanisms of the society-at-large sector in a different
fashion because it was characterized by unique and diversified issues.
Furthermore, limited time permitted addressing only the media-
related segment of this area. Time constraints also precluded an exten-
sive consideration of legislative/regulatory/societal organizations and
their impacts on the engineering community Thus, these issues are
clearly identified 'n the arious sector reports as being of critical impor-
tance and are str;gested as an area of further study

Thanks are extended to all those who contributed to the delibera-
tions of the panel. Particular appreciation is expressed for the leader-
ship of the chairmen of the individual task forces and to Paula B. Wells
for ha contribution in the preparation of the report The wisdom and
insIght of terrier A. Haddad and William H Michael, Jr., were of great
value in the integration of the panel's efforts into the work of the parent
committee

Francis E. Reese
Chairman

6



Panel on Support Organizations
for the Engineering Community

FRANCIS E REESE, Cha!:-man, Senior Vice-President, Monsanto
Company

DENNIS CHAMOT, Associate Director, Department for Professional
Employees, AFL /CIO

LLOYD A DUSCHA, Deputy Director of P.ngineering and
Construction, U.S Army Corps of Engineers

FRED JEROME, Director, Media Resource Service, Scient,ts' Institute
for Public Information

JOHN E. KING, Director, Engineering Business Operations and
Administration, Douglas Aircraft Company

CHARLES A SORBER, Associate Dean, College of Engineering, The
University of Texas at Austin

DONALD G WEINERT, Executive Director, Nati mai Society of
Professrmal Engineers

PAULA B WELLS, Executive Vice-President, Wens Engineers, Inc

v

7



I I PANT/. 7 ASK I (MCI S

Academic Sector Task force

CHARLES A CORBER, Chairman, Associate Dean for Academic Affairs,
College of Engin( ering, The University of Texas at Austin

LARRY KEELS, Manager of Engineering Sciences, Facilities
Engineering, General Motors Corporation

RICHARD W MORTIMER, Chairman, Department of Mechanical
Engineering, Drexel University

HOWARD F RASE, Professor, Department of Chemical Engineering,
The University of Texas at Austin

THOMAS W REEDER, Coordinator. Office of the Dean of Engineering,
The University of Texas at Austin

CHARLES C SPACE, Executive Director, Texas Society 01 Professional
Engineers

CARL ZOROW SKI, Associate Dean of Engineering, North Carolina
State University

Government Sector Task Force

LLOYD A 1)USCHA, Chairman, Deputy Director of Engineering and
Construction, U S Army Corps of Engineers

STANLEY 0 BEAN, IR , Assistant Director of Engincering, Forest
Service, U S. Department of Agriculture

WILLIAM A BROWN, SR , Directorate of Engineering and Services, U S
Department of the Air Force

MYRON I) CALKINS, Director of Public Works City of Kansas City,
Missouri

STANLEY DAVIS, Chief, Hydraulic Branch, Federal Highway
Administration, U S Department of Transportation

H A Fl ERTZHEIM, Public Works Director, Alameda County,
Floyward, California

HERBERT L KLOSSNER, Director, Departimm of Transportation,
Hennepin Cou ity, Minnesota

WILLIAM PI i-STICK, Exel_itive Director, Northern Texas Council of
Governments

THOMAS R PUTHLRFORD, Director, Engineering and Design Criteria
Management Division, Naval Facilities Engineering Command,
Department of the Navy

DARRELL WEBBLII, Assistant Commissioner for Engineering and
Research, Burial' of Reclamation, U S Department of the Interior

fi



PANEL TASK FORCES VII

DONALD G WEINER'T, Execum c Director, Nationil Society of
Professioral Engineers

MAX WHITMAN, Director of Public Works and Ci,y Engineer Viliagc
of Winnetka, Illinois

Industrial Sector Task Force

JOHN E KING, Chairman, Director, Engineering Business Operations
and Administration, Douglas Aircraft Company

JEFFREY B ERICKSON, Unit Chief, Hunan Factors Research, Douglas
Aircraft Company

PAMELA G HILTON, Engineer Scientist, Human Factors, Douglas
Aircraft Company

HOWARD JUREWITZ, Assistant to the Senior Vice-President, Electric
Power Research Institute

PAUL MARA, Vie.2-President, Technical, Aluminum Association
STANLEY PROCTOR, Director, Engineering Technology, Monsanto

Company

Private Sector Task Force

PAULA B. WELLS, Chairman, Executive Vice-President, Wells
Engineers, Inc.

FERD ANDERSON, JR , Executive Director, American Consulting
Engineers Council of Nebraska, Inc.

MICHAEL F DAVY, Vice-President, Davy Engineering Company
WILLIAM J McKEE, JR , Staff Director, National Society of Professional

Engineers
LARRY SPILLER, Executive Vice President, American Consulting

Enginecrc

Society-at-Large Task Force

FRED JEROME, Director, Media Resource Service, Scientists' Institut':
for Public Information

I 9



Committee on the Education and
Utilization of the Engineer

JERRIER A HADDAD, Chairman (IBM, Rct )
GEORGE S ANSELL, Dean of Enginee-Ing, Rensselaer Polytechnic

Institute now President, Colorado School of Mines)
JORDAN J BARUCH, President, Jordan J Baruch Associates
ERICH BLOCH, Vice-President, IBM Corporation (now Director,

N9 _ional Science Foundation)
DENNIS CHAMOT, Associate Director, Department for Professional

Employees, AFL/CIO
EDMUND T. CRANCH, President, Worcester Polytechnic Institute
DANIEL C DRUCKER, Dean of Engineering, University of Illinois at

Urbana now Graduate Research Professor of Engineering Sciences,
University of Florida at Gainesville)

FREI) W GARRY, Vice-President, C, rporate Engineering and
Manufacturing, General Electric Company

JOHN W GEILS, Director of Ai tES /ASEE Faculty Shortage Piolect
(AT&T, Rct.)

AARON J GELLMAN, President, Gellman Research Associates, Inc
HELEN GOULDNER, Dean, College of Arts and Sciences, Professor of

Sociology, University of Delaware
JOHN I) KEMPER, Professor, Department of Mechanical Engineering,

University of California at Davis
EDWARD T KIRKPATRICK, President, Wentworth Institute of

Technology

VIII

10



COMMITTEE MEMBERS ix

ERNEST S KUH, Professor of Electrical Engineering and Computer
Science, University of California at Berkeley

W EDWARD LEAR, Executive Director, American Society for
Engineering Education

LAWRENCE M MEAD, JR , Senior Management Consultant (Senior
Vice-President, Ret.), Grumman Aerospace Corporation

M EUGENE MERCHANT, Principal Scientist, Manufacturing Research,
Cincinnati Milacron, Inc. (now Director, Advanced Manufacturing
Research, Metcut Research Associates, Inc.)

RICHARD j. REDPATH, Vice-President, Ralston ", ulna Company
FPANCIS E. REESE, Senior Vice-President, Monsanto (now retired)
ROBERT M SAUNDERS, Professor, School of Engineering, University

of California at Irvine (Chairman, Board of Governors, AAES, 1983)
CHARLES E SCHAFFNER, Executive Vice-President, Syska &

Hennessy
;UDITH A. SCHWAN, Assistant Director, Research Labs, Eastman

Kodak Company
HAROLD T SHAPIRO, President, University of Michigan
MORRIS A STEINBERG, Vice-President, Science, Lockheed

Corporation
DONALD G WEINERT, Executive Director, National Society of

Professional Engineers
SHEILA E WIDNALL, Professor of Aeronatics and Astronautics,

Massachusetts Tm tame of Technology

Staff

WILLIAM H MICHAEL, JR , Executive Director
VERNON H MILES, Staff Officer
AMY jANIK, Administrative Assistant
COURTLAND S LEWIS, Consultant

('overnn znt Liaison

LEWIS G MAYFIELI), Hcad, Office of Interdisciplinary Rt., ear( Li,
National Science Foundatin

11



Contents

Executive Summary . 1

1. The Academic Sector . . . . . 16
The Need to Inform Precollege Students About

Engineering, 16
Establishment of Pre-engtneering Program Structure and

Standards, 18
Financial Resources for Engm0cring Students, 19
improved Engineering Curricula, 20
Improved Financial Compensation PackagLs for

Engn..2ering Faculty, 22
Provis.on of Adequate Support Resources for Faculty, 23
Research Support for Faculty, )4
Faculty Development and Recognition,
Administrative Support for Engineering Institutions, 2-)
Long-Range Planning for Engmeenng Institutions, 26

The Government Sector . . . . . . . . . .

Acquisition 0; Requisite Management Skills, 28
Development of Communication Skills, 29
Maintenance and Enhancement of TechmLal Engineering

Skills, 30
Increased Emphasis on Professional Development, .31
Recognition of Engineering Contributions, 32

X1

12

28



XII CONTENTS

In-House Technical Engineering Opportunities, .33
Improved Working Climate, 34
Development of Skills for Serving the Public Interest, 35
1'..velopment and Maintenance of Professional

Standards, 36
Industry-Competitive Compensation Base, 36
Expanded Private /Govei:iment Sector Contact, 37

3. The Industrial Sector
. . . . . 38

Career Assessment/Development, 39
Communicatian and Data Exchange Between

Compani s, 39
Research anu Development Project Capital, 40
Opportunities for Positive Visibility and Appreciatiou, 1.1
Recruitment Opportunities, 41

4. The Private Sector 43
Development of Management Skills for Profitable

Operations, 43
Education and Training in Competitive Techniques

and Strategies, 45
Development of Adequate Risk Management Tools, 46
Achieving Versatility and Profitability While Maintaining

Professional Integrity and Objectivity, 47

5 Society at Large . .

Overview, 49
What Engineeis Need, 51
What the Media Need, 52
What the Pu'llic Needs, 53
Breaking the Silence, 54
Opportunities for Expansion, 56
Conclusions, 57
Recommendations, 58

. . . . 49

Appendix A Public Information and Media
Outreach Activities 61

Appendix B Survey of Journalists' Perceptions of
Engineers, Physicians, and ScicntisLs 65

1 3



Executive Summary

Needs of the Engineering Profession

Common Sector Needs

Many engineering support needs were found to be common to all
the sectorsacademia, government, industry, pr. late practice, and
society at largestudied by the Panel on Support Organizations for
the Engineering Community In a number of instances, the support
mechanisms themselves were also common Because of their shared
nature, a brief discussion of these common needs and concerns seems
appropriate

Technical Competence. Maintaining technical competence has a
high priority for practicing members of the engineer.ng community
This issue has become increasingly critical because of the ever-acceler-
ating expansion of scientific and technical knowledge. This need not
only manifests itself in the effective execution of state-of-the-art engi-
neering work, but it, the informed review and quality control of such
work. Interestingly enough, practicing engineers express little need for
continuing education resuiiing in academic credit Short courses, sem-
inars, and workshops appear to be regarded as the most effective mech-
anisms fa providing continuing technical education opportunities It
must be recognized, however, that 1- or 2-day seminars merely skim
the surface of a new technology To be successful, they must leave the

I
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2 SUPPORT ORGANIZATIONS

engineer motivated toward further study and well informed concerning
additional technical or instructional resources

A number of support organizations address this need Their effective-
ness depends upon the investment of time, effort Ind money that
individual engineers or the employer are willing to dedicate Typical
support organizations include professional societies, technical soci-
eties, educational institutions, trade associations, and government
agencies

Information Exchange. The rapid, NIMultancous, and multifaceted
advances occurring in scientific and technological knowledge have
resulted in a formidable information overload for practicing engineers.
The wealth of technical literature is overwhelming and increasingly
unmanageable due to volume and diversity Yet engineers ai e expected,
practically instantaneously, to know of, understand, and use new con-
cepts, new material, and new constraints

Fortunately, as the volume of rapidly changing technologies grows,
communication means are also improving rapidly Computer/word-
processing systems can now transfer vast amounts of information, and
access to such information is becoming more readily available

This rapid trend toward computeuzanot has resulted in a major
corollary need technical competence in the computerization process
itself This need is particularly ,ignilicant to practicing engineers who
were not exposed to computes skills as part of their academic back-
ground

1 ne support organizations that must meet this need are similar to
those related to maintaining technical competence, and include the
professional and technical societies, educational institutions, govern-
ment agencies, and the media

Professional Development. Engineers regard themselves as profes-
sionals and as si tell feel a need to associate with their colleagues for the
purpose of strengthening their profession as a whole, identifying and
resolving common problems, presenting a positive image of engineer-
ing to the general public, examining opportunities for career develop-
ment, developing policy statement, related to their profession, and
sharpening their professional skills

Engineers also have an ongoing need to it aintain a strong sense of
pride and continue the contributions to society that are hallmarks of
the engineering profession This atmosphere requires interaction
among the ./anous engineering disciplines employed in the various
sectors of the engineering community,

Frequently, the urgency of maintaining technical competence over-



EXECUT'VE SUMMARY 3

shadov,s the need to enhance the stature and contribution of the profes-
sion as a whole The nrofessional and technical organizations must
take tire lead in mectiug this nccd, although engineering educational
institutions also should seek to establish the concept of professional-
ism as part of the educational process.

Professional Standards. Professional standards and ethics are sub-
jects of major concern to all engineers, in regard to both intraprofes-
sional cc 'duct and responsibility to the public Differing from the
question c` general ethics, which involves basic philosophical ques-
tions about human existence, professional ethics involve guidelines for
the solution of ethical problems related to the practice of a profession,
problems that arise from day to day for its members Codes of ethics
have been developed by the various technical arid professional engi-
neering orgc.nizary- -is, but a strong need for review, interpretation, and
discussion of ..he _ z,tandards appears to exist within all engineering
sectors, either in ,lie sector as a whole or in its individual engineers
This need has been accentuated by isolated but widely publicized
instances of unethical conduct on the part of prominent engineer!

There also appears to be an acknowledged need for greater emphasis
on ethics within the engineering college curriculum Engineering stu-
dentsgenerally demonstrate a high degree of interest and concern when
given the opportunity to discuss ethics within the profession

The professional and technical societies are the basic resources for
promulgation and monitoring of codes of practice and ethical conduct.
State registration laws provide the legal framework for enforcement of
those standards affecting public welfare and safety, but the question of
intraprofessional ethics and conduct is frequently outside that domain

Existing support organizations include professional and technical
societies, engineering educational institutions, state legislatures, and
state boards of registration

Specific Sector Needs

Although sharing these common concerns, each sector of the engi-
neering profession is also characterized by a unique set of needs For
example, marketing development skills are vital to the engineer in
private practice and in some types of industry but of lesser concern to
engineering college faculty or government :mployces On the other
hand, opportunities for attending professional meetings and seminars
may be much more limited for faculty and government engineers
because of legislative, funding, and/or administrative regulations

Financial compensation is another example of varying needs The

16



4 SUPPORT ORGANIZATIONS

marketplace generally determines pay scales in the private sector,
while compensation iri the public sector (government or academia) is
usually determined by legislation.

Some needs, while common in a general sense, are sector-specific
with regard to priority and significance Management capability, for
example, is noted as an essential skill by all sectors, particularly as
related to ongoing career development. The private practice group,
however, viewed this need as absolutely critical to the continued via-
bility of the sector itself. Because of this intense concern, it is included
as a specific concern of private practice engineering

It is interesting to note that the needs of one sector of the engineering
profession may potentially conflict with the needs of another sector
Although government-employed engineers express a desire to increase
their state-of-the-art technical competence by performing hands-on
technical work, negative pressures are exerted by engineers in private
practice who regard this type of technical involvement aF competition
and therefore threatening.

The following summary presents those specific needs identified as
significant to r particular sector of the engineering community (These
needs are in addition to the common needs and concerns previously
described. Detailed discussion of the rationale supporting each sector-
specific need, as well as the may support organizations and mecha-
nisms required to meet those need s included in later chapters of this
report

Academic Sector. The Academic Sector Task Force, comprising
representative., of both academia and other areas, identified the needs
and support organizations and mechanisms felt to be most important
for both the individuals within the academic community and/or the
acau mic community as a whole. These were as follows

I Improved identification and description of engineering as a pro-
fession and preparation for success with engineering curricula for pri-
mary and secondary school students

2. Establishment of pre-engineering program structure and stan-
dards for junior, community, and other colleges

3. Meeting the financial needs of undergraduate and graduate engi-
neering students, which are intensified by the rigor and duration of
engineering degree programs

4 Availability of high-quality, effective, up-to-date curricula for
undergraduate and graduate students

S Improved financial compensation packages for engineering
faculty

17



EXECUTIVE SUMMARY 5

6. Provision of adequate instructional support resources for engi
neering faculty, including physical facilities, support staffs, and equip-
ment.

7 Support to main: sin continued technical competence, profes-
sional recognition, opportunities for advancement, and assurance of
stability.

`), Administrative and operational support for engineering educa-
tio:ial institutions

9. Long-range planning for engineering education institutions

Government Sector. The Government Sector Task Force com-
prised federal, state, and local government engineers who have been
addressing similar issues on a continuing basis. Th, gr,up identified a
ourrber of primary needs and the support mechanisms to fulfill such
needs bcth for the individual engineer and for the entire engineering
profession within the government sector In establishing these primary
needs, the various levels of governmentfederal, state, and local
were recognized, and those needs pertinent and common to all levels
were given priority. A list of those needs follows

1. Attainment of requisite management skills to enable discharging
the supervisory and administrative responsibilities inherent in public
administration.

2 Attainment of communication skills to enable effective inter-
change with the public

3 Maintenance and enhancement of technical engine ' -ring skills in
the face of a lack of incentives and indifference by nontechnical man-
agement.

4 Enhancement of professional development to permit generating
and maintaining an atmosphere of trust and confidence with the
public

5 Recognition of the contribution of government engineers in pro-
tecting the hearth and welfare of the citizenry through public works

6 Opportunities to perform sufficient in-house technical engineer-
ing tasks to perm:t maintenance of technical capability, while contmu-
mg to utilize an appropi late level of engineering resources from the
private sector.

7 Improved wot king climate, Including job stability, opportunities
for advancement, salaries, and personnel operating regulations

8 Development of necessary skills in establishing and administer-
ing policy to serve the public interest more effectively in a regulatory
role.

lb



6 SUPPORT ORGANIZATIONS

9 Additional interface between engineers in the private sector and
those in government to facilitate better understanding

Industry Sector. Because of the diversity and magnitude of the
industry segment of the engineering community, this task force uti-
lized questionnaires as a moans of obtining a consensus regarding the
needs of the engineer in industry Five specific industry groups were
included in the survey- aerospace, aluminum (metal processing),
chemical/petroleum, eleztri: power generation, and electronics/com-
puting.

An attempt also was made to include the automotive and steel indus-
tries, but their particular circumstances during the time frame in
which the survey was conducted precluded their participation In addi-
tion, representatives of the construction industry were provided with
the results of the survey and subsequently expressed concurrence with
the conclusions.

A basic study questionnaire was developed by th:: tasl. force and
distributed through key individuals to the various industry groups.
These individuals, in turn, probed the viewpoints of both management
and practicing engineers with regard to needs and available support
organizations. Seventy-five companies responded to the questionnaire.
The results were analyzed to determine which needs were perceived as
most important, as well as to identify the key support organizations.
Several of the needs expressed in the questionnaires were also identi-
fied by other sectors, including technical training, increased emphasis
on professional standards, and professional development. The addi-
tional needs stressed by the industry sector are as follows-

I Opportunities and techniques for open communication and data
exchange between companies to encourage advancement of technol-
ogy while maintaining competitive and proprietary positions

2. Research and development capital for high-risk but potentially
high-benefit engineering projects

3 Opportunities to obtain positive visibility and appreciation from
other professionals and the public for engineering achievement

4. Recruitment opportunities to identify and acquire qualified per-
sonnel to fill engineering pc) -,it ions

Private Sector. The Private Sector Task Force comprised both con-
sulting engineers and key staff representatives of two professional orga-
nizations Together they .cached a consensus regarding the primary
needs of engineers in private practice, resulting both from car _....,
common to all sectors and from issues unique to this group

19
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This sector is somewhat unusual .n that the ongirecri rig component
of each firm is the complete organizational entity; it is not a segment of
a larger organization, as in the case of the government, industrial, and
academic sectors The constraints on engineers in this sector are gener-
ally external, and resolving those constraints involves the organization
as a whole.

In addition, most private practice engineering firms are small bum-
nes,,e; 80 to 85 percent have fewer than 26 employees. In such firms,
the principals/owners are both the technical experts and the business
managers. The following list of specific needs reflects these special
characteristics of the private sector

1 Development of management skills essential to maintaining a
profitable operation.

2. Education and training of consulting engineering firms in tech-
niques and strategies that will permit them to successfully compete
both with their peers and with the growing number of private conTa-
rnes and public agencies currently offering to provide ,ery ices that were
once the exclusive province of the consulting profc-,sion.

3 Development of adequate risk management tools to enable engi-
neers in private practice to minimize exposure to risk, to avoid claims
for damages, and to defend themselves in the event of litigation.

4. Guidance and assistance in achieving versatilit) and profitability
while maintaining integrity and objectivity in the face of significant
change related to nontraditional interpretation of the roles of the pri-
vate practice engineer

Support Organizations fer the Engineering Profession

Common Sector Support Organizations

Since then: a strong thread of commonality of needs in the various
sectors, the at.....ompanying commonal.. of sui port organizations is
not surprising. Furthermore, these same support organizations play a
major role in addressing the needs specific to each particular sector

One of the most interesting and perhaps most important findings
of this study is the degree to which the engineering community is
dependent upon various components of society at large for responses
to its needs

Government, both legislative and administrative at all levels, broad-
spectrum educational instil mons, financli.1 and legal entities, the
media, written and elcLtronicall of these entities play a significant
role in the support jor lack of support) of the engineering community
Through all sectors, the dependence on support from organizations in

2
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the society at large is apparent The broad development of concepts and
approaches by which this support can be generated or increased is
beyond the scope of this study However, the general lack of public
understanding and appreciation of engineers and engineering is dis-
cussed in the chapter on society at large Furthermore, the report of that
task force concludes that there is a major information gap with regard to
engineering and technology, the media often have trouble producing
accurate information related to -,Lientifie or technological data The
single biggest problem in overcoming this information gap is perceived
to be the media's lack of easily accessible sourcesresponsible experts
able and willing to answer questions, articulately and factually, on the
fast-breaking developments in our increasingly technological society

The panel took special note of the role played by voluntary engineer-
ing associations and societies in support of hot', the individual engineer
and the engineering profession There are over 50 individual societies
and associations at the national/international level representing the
interests of and providing support to engineers and engineering Typi-
cal of the support provided are development and dissemination of tech-
nical infornation; continuing education seminars, symposia, and
home study; salary surveys and employment guidelines, general news
and information about the profession, a specific technology, or area of
practice, college scholarships in engineering; precollege guidance, rep-
resentation of engineering interests in p LAHR: policy before legislatures
and government agencies, public infoi matron about engineers and
engineering achievements, honors and awards for engineers and engi-
neering; employment referral services, setting of technical standards
I 'r engineering practice; assistance on matters relating to engineering
practice, personal and business services (insurance, car rental, etc.I,
developing and enforcing standards for engineering education, and
many more, depending on the interests of members

The engineering societies and associations fall into four major group-
ings First, there are those focused primarily on an established or
emerging engineering discipline. The American Society of Civil Engi-
neers, American Society of Mechanical Engineers, Institute of Electri-
cal and Electronics Engineers, and the American Institute of Chemical
Engineers are commonly referred to as the "founder societies", they are
the foremost examples of thi, first group. Such societies traditionally
have been mo.it concerned about promoting the exchange of technical
information in the discipline concerned Concurrently, they have
engaged in technical and professional activities of interest to their
members, including establishing technical standards, setting stan-
dards of professional conduct, promoting the public image of engineers

21



EXECUTIVE SUMMARY 9

and engineering, ensuring the quality of engineering education pertain-
ing to their discipline, and many other matters, depending un the inter-
est of their members at any given point

The second group of engineering societies and associations are those
focused on practice in a broad occupational field Examples in this
category are the Society of Automotive Engineers, American Institute
of Aeronautics and Astronautics, American Society for Agricultural
Engineering, American Society of Naval Engineers, American Institute
of Plant Engineers, American Railway Engineering Association, and
American Society for Engineering Education, among others. This
group develops and promulgates technical and nontechnical informa-
tion about engineering practice within the occupational area con-
cerned, but also engages in other technical and professional activities
based on the interests of its members.

The third and fastest-growing group includes those organizations
focused on a specific technology or group of technologies or upon one of
the specific materials or forces of nature referred to in classical defini-
tions of engineering Examples of this group are the American Society
of Metals; American Society for Heating, Refrigerating, and Air-Condi-
tioning Engineers; Society for Plastics Engineers, American Nuclear
Society; American Welding Society; American Society of Safety Engi-
neers, Society of Manufacturing Engineers; Association of Energy Engi-
neers, and many others. They engage in activities to promote the
development and sharing of the body of engineering and scientific
knowledge necessary to their specific technologies and, as do the oth-
ers, pursue other technical and nontechnical goals in accordance with
the interests of their members.

The final group is composed of those associations and societies
formed either by individual engineers or by groups of societies to
accomplish a specific purpose. The National Society of Professional
Engineers was formed to promote the professional and nontechnical
interests of engineers and the profession with emphases on professional
standards (registration and ethics), the image of engineering, the qual-
ity of engineering, and involvement in public policy The Accreditation
Board for Engineering and Technology (ABET) was formed to accredit
engineering education programs and to serve as the quality control
mechanism for engineering education. The National Council of Engi-
neering Examiners (NCEE) was formed to coordinate the state licens-
ing process

From time to time, attempts have been made to form an umbrella
organization to represent the entire profession, much as the American
Medical Association is seen by some as representing the entire medical
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profession However, given the diversity of interests and purposes of
the individual engineering societies and assoc moons noted above,
umbrella or unity engineering organizations have achieved mixed
results The major difficulty appears to be in deciding on whidi issues
and by which methods the umbrella should represent the profession.
The recent restructuring of the American Associ ition of Engineering
Societies (AAES) appears to he merely an extension of past experiences

Both on purely technical issues and on mrteel .cal public policy
issues, there are almost always a variety of possible options that respec-
tive elements of the profession may consider acceptable and even pref-
erable it is difficult to distill all options to produce a single solution for
which an umbrella group can represent the entire profession The
diversity of views expressed by individual engineering societies :s most
often complementary or equally acceptable Seldom is there outright
contradiction Furthermore, it is doubtful whether distillation of
options to produce a single solution is even possible, given the nature of
engineering And, if it were possible, it is uncertain whether ii is desir-
able The panel has therefore concluded that an umbrella engineering
society is nct likely to be a major support mechanism in the near future

It is estimated that approximately i0 national/international engi-
neering societies and associations rep- sent approximately 1 million of
the 1 4 million practicing enginecis in the United States (see the report
of the Panel on Infrastructure Diagramming and Modeling) That esti-
mate, however, results from an aggregation of the individual member-
ships of the societies and does not take into account overlapping
memberships For example, it is not uncommon tor an engineer to hold
memberships in as many as nye separate engineering societies or asso-
ciations, depending on his or her individu_al interests or needs No
known purging of overlapping memberships among the engineering
societies has been accomplished, however, a reasonable e.',t 'mate of the
actual number of engineers represented i y professienal /technical engi-
neering societies is 400,000 to 600,000 If this estimate is accurate, it
means that only about one-third of the practicing engineers in the
United States have direct access to the support offered by those soci-
eties

Because the activities of professional /technical engineering soci-
eties reflect the interests of their member! it is not surprising that the
panel discovered no overriding discontent as to their support for indi-
vidual engineers or for the profession

The significant conclusionof the panel is that professional/technical
engineering societies, eoluntary associations oi their members, have
reflected and will continue to reflect the interests of those members As
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such, they are dynamic organizations whose activities vary as their
member imerests vary. Then form, composition, and act ii, ties are
appropriately determined from within and arc not readily subject to
prescription by outside groups, unless that prescription reflects on
active or latent interest of the members

Specific Sector Support Organizations

Review of the sector-specific support organizations identified veri-
fies thc strong role played by the professional and technical societies

heir functions are not only related to thosc technical needs unique
within the sector but to thc relationship of thc sector to the society at
large An additional c'mmonality is evident in those noncngineering
support organizations identified by each scctor task forcc

Academic Sector. A number of support organizations have been
identified that attempt to respond to the needs of thc academic sector

Organizations
Professional/technical societies
Legislative bodies 'lay boards
Government agencies
Private foundations
Media

Model curricula
Industrial interaction
Grants and scholarships for

tuition
Accreditation standards
Grants and subsidies for

programs
Publications

Engineering institutions
University/college

administrations
Industry
ABET

Mechanisms
Program standards
Co-op internship programs
Program funding
Sponsored research
Professional/ technical

meetings
TV and radio

Here, as in thc case of the government sector, many of the needs of
engineers in academia ni ist he met by organizations external to the
engineering community Of particular importance is the support pro-
vided through the allocation of adequate resources for sound engineer-
ing programs Also important is the correct interpretation of
engineering and the engineering curriculum to potential students and
their advisors and counselors
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Government Sector. The support organizations and mecharisms
that exist for meeting the various special needs of the engineer in gov-
ernment include the following

Organizations
Employing organizations Professional/technical societies
Educdtional institutions Media
Trade associations Legislative bodies

Mechanisms
Academic curricula
Continuing education courses
Professional meetings
Improved compensation

packages
Interactions with nonengineers
Work standards

Conferences and seminars
Hands-on training
Public acknowledgment and

support
Streamlined regulations
Codes of ethics

The number of support organizations outside the engineering ccm-
munity is significant The government engineer is particularly depen-
&int upon positive attitudes in society at large for a good working
climate and for recognition of work well done

Industry Sector. Tip. industrial sector identified the following key
support organizations and mechanisr's

Organizations
Employing organizations Professional/technical societies
Government agencies In% estment groups

Mechanisms
Workshops/seminars Guidance programs
Technical publications Tax incentives
Grants Loans
Achievement awards Press releases/documentaries

An naportant function of external support organizations required by
the industrial sector 's the acknowledgment of the contributions of
industry to the quality ot life and growth ot the economy and the
corresponding recognition of what makes these contributions possible

Private Practice Sector. The kcy support organizations and mecha-
nisms identified by the private sector include the following
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Organizations
Professional/technical societies
Educational institutions
Investment bankers
Government agencies

Continuing education
Seminars/short courses
Academic curricula

Trade associations
Liability insurance carriers
Legislative bodies

Mechanisms

Technical literature
Model contract documents
Procurement procedures

The private sector is affected significantly by the public at large,
which in effect is its clientele. ,....onsequ .ntly, support organizations
play an important role in advising the public of the role of consulting
engineers and in documenting the positive contribution of this sector
of the engineering community

Conclusions

The detailed work of the Panel on Support Organizations for the
Engineering Community has been documented in a series of reports
that present the findings of each sector task force (Chapters 1 through
5). For an understanding of the needs and support organizations for each
sector, the reader is directed to these chapters. However, a number of
significant general conclusions can be drawn from these reports.

1. A wide variety of needs exist for each actor of the engineering
community, which must be met by specific types of support organiza-
tions

2. There is a significant degree of commonality in the statement of
needs of each sector, substantiating the concept of engineering as a
unified profession despite the wide diversity of engineering' skills and
knowledge.

3. Similarly, there are many support organizations that serve the
broad needs of the engineering community

4. Each sector of the engineering community must deal with a
unique set of constraints and influences; as such, each possesses special
needs that must be met through its own network of support organiza-
tions Many support organizations, however, are responsive to needs in
several sectors

5. The technical/professional organizations appear to be quite effec-
tive in meeting the needs of the engineering community To a fair
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extent, however, the effectiveness of their support is based upon the
participation of the organization's membership or Gn the ability of the
organization to communicate to nonmembers Ole availability of the
support mechanisms.

6. The nonengineering support organizations are felt to be much less
effective in meeting the needs of the engineering community, largely
due to a lack of comprehension of what constitutes engineering, an
adverse perception of how engineering has served or is serving the
public, or a failure to understand the needs that exist in the engineering
community.

7. Magnii-iing the problem of inadequate nontechnical support is
the fact that the engineering profession is highly influenced by the
public sector in the manner and f.xtent to which it contributes to soci-
ety. Legislative, financial, regulatory, and administrative constraints of
the society at large are present for every sector, and the degree to which
they affect the optimum use of engineering skills and knowledge is of
major concern to the profession.

8. Engineers and engineering have not received media coverage
reflecting the quantity and quality of their contributions to society,
principally because of the current lack of access by journalists to credi-
ble sources of information

9. Similarly, the educational institutions are playing an active and
effective role in meeting the needs of the engineering community.
However, individual organizations often have geographical or other
constraints on the breadth of the population they can serve Further-
more, in continuing education a dichotomy exists between academic
emphasis on degree programs and the practicing engineer's need for
training by means of short courses, seminars, etc , which are generally
nondegree programs.

10. Trade associations are particularly supportive in the industrial
sector and most frequently affect thL activities of the profession as
opposed to the individual engineer

Recommendations

1 Effective, long-range contributions to society by the individual
,'ngineer and the engineering protessio., are highly dependent upon
improved support from society at large New and innovatne
approaches must be developed for this long-recognized but inade-
quately addressed need The technical/professional societies, the
National Academy of Engineering, and other organizations in the clip-

27



EXECUTIVE SUMMARY 15

neering community should give particular emphasis to this area in
establishing their priorities and programs.

2 The engineering community should take immediate steps to
develop a national network that would provide journalists with access
to information about engineers and engineering The National Acad-
emy of Engineering appears to be a strong candidate for the leadership
role in establishing such a network

3. Although in most cases there does not appear to be a need to form
new types of support organizations, many of the existing organizations
and the accompanying mechanisms critically affect the ability of engi-
neers to contribute to society These organizations should continually
reexamine their programs for adequacy in terms of the changing needs
of the engineering profession They should also look beyond their cur-
rent constituencies, seeking ways tc broaden their availability and
service to the engineering community as a whole

4. The issue of the technology explosion as it affects the ability of the
engineering profession to optimize its contributions to society should
be considered an item of major concern. Existing organizations shoulJ
reevaluate methods for providing better access to their support for the
individual engineer, they should also provide for communication and
discussion of the implications of such an explosion to society at large
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The Academic Sector

The Academic Sector Task Force focused its efforts on two issues:
identifying those needs of engineers that relate to academia and identi-
fying and evaluating the support organizations/mechanisms it felt
were most important for individuals within the academic community
and the academic community as a whole. This chapter presents the
findings of the task force, which are summarized in the sections below.
Each section discusses a need (or needs) identified by the task force,
existing support organizations/mechanisms relating to that need, and
recommendations for improving the support currently being provided.

The Need to Inform Precollege Students About Engineering

Most precollege students have a limited understanding of engineer-
ing as a profession, in part because most precollege faculty and coun-
selors do not have enough information on the subject to advise their
students effectively. As a result, many students are ill-prepared to enter
engineering curricula. Both of these problems must he addressed if the
profession is to develop a solid reservoir of highly qualified students
who consider engineering to lw a desirable college curriculum choice.

A number of support organizations and mechanisms currently exist
for tackling these problems.

16
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Organizations

Administrators/teachers/
counselors

Engineering institutions
Professional societies
Media

Mechanisms
Television and radio
Motion pictures
Industrial interaction
Newspapers and periodicals
University interaction

From the studies of the task force, however, it appears that the sup-
port organizations do not use the available mechanisms to introduce
information on careers in engineering that is needed at the primary and
secondary school levels. At best, college/university catalogs gre sent to
counselors' offices and to local professional society members. Practic-
ing engineers or university faculty may make presentations to inter-
ested students in advanced mathematics or physics classes oi on such
occasions as National Engineers Week. But there is no structured pro-
gram to disseminate information about or promote interest in engi-
neering at earlier stages of schooling.

The task force recommends that a concerted effort be mounted to
inform precollege educators about engineering as a profession and to
stress the importance of developing a middle school/high school cur-
riculum that will prepare students for a college engineering curriculum
as well as stimulate their interest in engineering as a career choice To
achieve this objective, school districts may wish to designate an
administrator who could assume the responsibility for these curricu-
lum matters.

The task force further recommends that a leading role in these efforts
be taken by the professional societies Programs should be developed at
the national level for distribution through the media or for presentation
by local professional society members And the societies should
increase their preparation and distribution of engineering career guid-
ance brochures to describe the responsibilities and activities of engi-
neers who are members of that society

The American association of Engineering Societies (AAES) should
consider assuming a major role in the development of curricular infor-
mation f6t use in precollege schools If this intormat,on is presented
effectively in an engaging format, it may be sought by pre. c):' ge educa-
tors and counselors On a regional or local basis, engineering institu-
tions could 'so assist in the delivery and explanation of the material

Finally, practicing engineers should make an effort to describe and
define to local precollege educators the role of an e.Igineer in the "real
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world." Such information transfer might be carried out most effec-
tively during informal events like open houses Currently, these events
are usually held for students, but they are often less useful than they
might be because they do not focus on any specific profession.

Establishment of Pre-engineering Program Structure and Standards

Increasing numbers of engineering students are choosing to begin
their formal college education by spending the first two years of their
undergraduate program at a local junior, community, or other college
Students cite several reasons for this choice: insufficient funds to
attend an out-of-town engineering school for four years, lack of matu-
rity or self-confidence when faced with the demands of a university
environment, indecision about making the commitment to a career in
engineering, or inability to gain admission directly r an engineering
program because of deficient secondary school preparation or perfor-
mance Yet many students following this path ultimately wish to earn a
bachelor's degree in engineering. To achieve this objective, the pre-
engineering programs in which they are enrolled must prepare them in
such a way that they will be accepted for transfer and can continue with
the advanced phases of a full four-year engineering program

This need can be best served biig those organizations that are currently
responsible for and involved in engineering education on both local and
national levels, as well as by state bodies that exist or could he created
to coordinate and promote interinstitutional cooperation. Such organi-
zations and the mechanisms that might be employed for these activi-
ties include

Organizations
Legislatures/lay bodies
Professional societies
Engineering institution

administrations
Program standards
Industrial interaction

Mechanisms

University interaction
Uniform transfer policies
Model curi 'cilia
Professional society guidelines

If students choose to begin their educational career in a prc-engineer-
ing program, their success in transferring to and pursuing the advanced
portion of the curriculum at an engineering school will depend on how
well they have been prepared to make this transition by the mmor,
community, or other college first attended At present there appear to
he two major impediments to a successful transition First, existing
support organizations have paid little attention to this pool of students,
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obviously considering them unimportant As a result these organiza-
tions have been relatively uninvolved in programs for these students.
Second, those individuals responsible for structuring and offering pre-
engineering programs are frequently unaware of the range of instruc-
tion/curricula needed to prepare for more advanced studies

The task force believes that existing support organizations must take
the lead in solving these problems. They must assume the responsibil-
ity of generating and making available the information needed to
improve the quality of pre-engineering programs. (To accomplish this
task, a new sup art organization similar to ABET may he required.)
Also, the efforts of these organizations should include the development
of new programs and the provision of whatever educational assistance
may be necessary to improve the level of preparation of students trans-
ferring from such programs In addition, the development of guide-
lines, standards, and model curricula necessary to upgrade the quality
of pre-engineering programs should address such factors as library,
computational, and laboratory facilities; faculty qual fications, sup-
port staff needs, counseling requirements; and required evels of perfor-
mance.

Another important aspect of Guch work should he the development of
statewide college transfer committees or boards to establ,,h standards
that provide uniform transfer capabilities from pre-engineering pro-
grams to engineering schools. The task force does not suggest, how-
ever, that engineering institutions should abandon their responsibility
to evaluate the quality of transfer credit

Financial Resources for Engineering Students

The financial needs of engineering students are but one part of the
broader category of the financial needs of all college students. For engi-
neering students, however, these needs are perhaps exacerbated by the
rigor and duration of most engineering degree programs These charac-
teristics make "working one's way through college" while enrolled in
an engineering curriculum relatively more difficult than in other fields

In general, engineering students derive financial support from one or
more of the following

Organizations
Their families Their employers
Federal government State government
Private foundations Engineering institutions
Industry
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Mechanisms
Summer/part-time jobs
Programs
Grants/contracts
Fellowships and tuition loans

Co-op/internships
Teaching/research
Grants or scholarships
Sponsored research

As a goal, the task force suggests that candidates who are qualified to
pursue an engineering education and who demonstrate financial need
should not be denied that education because of such a need. This
concept is more widely accepted today at the graduate level than at the
undergraduate level ) And professional engineering societies should

'tively nromote the implementation of this concept among the appro-
priate support organizations, although major financial contributions
will be required also from government, industry, and private agencies.
Additions: support from the federa! government could come in the
form of tax relief to full-time engineering students for that share of their
income derived from co-op employment, internships, assistantships,
etc

ImproveC Engineering Curricula

At both the undergraduate ai'd graduate levels, the utility and value
01 engineering degree recipients, and their potential for successful prac-
tice and contribution to the profession, are strongly dependent on the
quality of their formal education Unfortunately, as engineering enroll-
ments have increased nationwide, excessive loads have been placed on
underfunded program efforts * As a result, the quality of engineering
education has deteriorated Because of the importance of engineering
to the nation's economic well-being and stahility, the growing interest
in engineering as a career choice, and the increasing quality of the
students seeking admission to engineering institutions, it is impera-
tive that this trend be reversed

A wide range of support organizations operating through a multitude
of mechanisms influences the educational curricula of engineering stu-
dents Illustrative of some of the more important are the following

*See Enguwe ring Idui,J1uni and Prue t Ice in the 1 hi) ted State s I ml flaw um
of Our Techno-lconunuc Put we iWashington, D (- National ALademy
Press, 198;1
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Legislatures/lay boards
Faculty
Industry
ABET

Program funding
iculum development

...uoperative interactions
Accreditation standards

Organizations

Administration
Government
Professional societies

Mechanisms
Resource allocation
Research and student support
Technical meetings and

periodicals

The importance of the highest-quality curricula is not :n dispute
The real issue is how to bring together the efforts of the appropriate
support organizations to make the goal a reality. As a first step, each
organization must reevaluate both its specific role in the total process
and its relationship to all the other support organizations. Coupled
with this should be an establishment of priorities for engineering edu-
cation as it relates to the other responsibilities of the organization

Two key factors must be recognized by the funding organizations (I)
first-rate engineering education is expensive, and (2) existing labora-
tory and computational facilities, faculty and support staff, salaries and
benefits, operating funds, research and project support, and mainte-
nance budgets are in most cases inadequate; yet they are essential to a
high quality engineering curriculum

Of equal importance is the responsibility of those directly involved
in the delivery of the program to ensure professional competence and
state-of-the-art curricula Particular emphasis must be placed on the
ever-expanding data base with which students must interact as the
computer becomes an inseparable part of the engineering work envi-
ronment. And special attention must he directed to the introduction, in
both the classroom and the laboratory, of the latest technologies in
theory, application, and practice

Also significant are the contributions to be made by those organiza-
tions, such as industry and the professional/technical societies, that
have indirect contact with the educational process The efforts of these
organizations arc vital and may include such activities as evaluating
the product (the graduate), reporting on the latest developments and
applications of Jew technologies, and id: tifying trends that may
influence curricula orientation

For the most part, these roles appear to be reasonably well recog-
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need. If fundamental engineering curricula needs are to be met, how-
ever, it is essential that the participating support organizations work
more closely and cooperatively with one another

Improved Financial Compensation Packages for Engineering Faculty

Engineering faculty must he provided with a compensation package
that is commensurate with their particular talents, education, and
experience, based on the current market value for engineers. Inappro-
priate compensation should never be the sole reason that qualified
engineering faculty decline a teaching position or leave an institution.
Fortunately, more and more colleges and universities are finally recog-
nizing the necessity for increasing the compensation of engineering
faculty to those levels found on the open market, but some remain
unable to do so, however, because of such factors as economics, poli-
tics, and negotiated contracts. These institutions find it increasingly
difficult to attract the quality of engineering faculty required to ensure
first-rate programs.

It is the opinion of the task force that this situation will become
increasingly critical. With the rapid technological advancements that
are occurring in many areas of the economy, industry must look for
more highly qualified engineers. As a result, industry leaders may turn
more to colleges of engineering to recruit faculty who can provide the
expertise required in some of the more advanced areas of engineering.

The following support organizations and mechanisms are available.

Organizations
State legislatures/lay boards
Federal government
University and college

administrations
Industry
Professional societies

Mechanisms
Higher education appropriations
Grants and subsidies
Adequate resource allocation
Faculty involvement

These support organizations must recognize the' negate c long-term
impact on the quality of engineering faculty of compensation that is not
commensurate with market rates Engineering faculty should he given
the same consideration as that given to the medical, dental, and law
faculties in the development of compensation packages Formulas for
funding and resource allocation decisions within the educational insti-
tutions must be based on this premise The role of the professional
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societies may he the key in this politically oriented isAie in effecting
changes outside of the institution

Provision of Adequate Support Resources for Faculty

Faculty instructional needs that must be met if optimal engineering
education is to be achieved include reasonable and adequate teaching
loads/class sizes, facilities (classroom, laboratory, and computa-
tional; library; assistants (laboratory, computational, and teaching),
and technicians (laboratory and computational) The presence or
absence of these elements plays a major role in the recruitment and
retenti,n of top-flight faculty, to whom the working environment is
typically as important as financial security.

Support organizations and mechanisms that operate in flys a, ca
include those listed below

Organizations
Legislatures
Industry
Professional societies/ABET
Lay boards and university

administrations
Federal government

Mechanisms
Higher education appropriations
Gifts, endowments, and grants
Equipment, grants, and

subsidies
Resource allocation and

faculty involvement
Minimum standards

The support organizations responsible for resources currently are not
providing adequate funds to support high-quality engineering instruc-
tion. This is evident in the declining number of engineering programs
receiving the maximum accreditation by ABET Fortunately, the sever-
ity and significance of this need have been recognized, and certain
industrial and federal government mechanisms are being implemented
or increased But all support organizations must be committed to a
policy of promoting strong engineering education, and such a commit-
ment requires a concerted effort in both the political and a,ademic
arenas Only then will the necessary increased resources be available to
accomplish the goal of high-quality engineering education (:t possible
short-term solution may be to increase engineering tuition/fees above
those of other professional colleges, thereby providing higher support
for engineering education I

Support resources can be sought also in other sectors Many indus-
tries are involved in major training programs for their technical
employees, and they have spent millions of dollars for state -of -the -art
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laboratories or training facilities These facilities could be used to great
benefit by local engineering institutions Alternatively, with appropri-
ate support from engineering institutions such laboratories o training
centers could be set up on campus for mint use by the engineering
college and the contributing industry

Research Support for Faculty

Research support for engineering faculty must include modern facili-
ties (laboratory and computational), assistants (laboratory, computa-
tional, and research); technicians (laboratory and computational); and
provisions for post-doctoratcs/visiting professors Without this level of
support, meaningful basic and applied research cannot be conducted
Moreover, as with salary and instructional needs, research-oriented
faculty can find this support in goveinment and industry and may
choose to seek employment in these sectors rather than in teaching

The following are sources of research support for engineering faculty

Organizations
Lay boards and administrations
Federal and state governments

Legislatures
Industry
Professional societies

Appropriations
Gifts and research grants
Fellowships
Equipment and subsidies

Mechanisms
Research grants, facility and

personnel budgets, faculty
involvemem

Political and moral assistance

Certain federal agencies are recognizint, the need to implement or
expand some of these mechanisms In general, however, support of
university research by federal and state governments and by industry,
when compared to both the gross national product and the consumer
price index, has declined in recent years Similarly, institutional sup-
port has been less than adequate

To ameliorate this situation, support rganizations must work
toward recognition of the negative long-term effects of limited research
activities by the engineering educational institutions Each organiza-
tion (govermrntal bodies, professional societies, institutions, and
industry) must assume a leader,lup role in expanding and increasing
the interest and level of effort necessary to support adequate engineer-
ing research
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Faculty Development and Recognition

For maximum professional productivity, engineering faculty must
be assured of support for continued technical competence, professional
development, recognition, advancement, and stability In particular, a
lack of sufficient funds to n- lint= professional competence is viewed
as a major engineering institution weakness ) If these needs are not
met, the result will be outdated, unproductive, insecure faculty who
cannot provide the solid core of engineering expertise required for a
vigorous engineering educational program.

These organizations /mechanisms are sources of the necessary sup-
port.

Organizations
University administrations Industry
Professional societies Federal government

Mechanisms
Awards Chairs
Consistent promotion -nd Long-range planning

tenure Policies
Technical meetings and siort Sabbaticals and consultantships

courses Grants
Scholar/scientist awards Travel
National Academy of

Engineering

The task force recommends that funds provided by support organiza-
tions for these existing mechanisms be expanded To help achieve this
goal, the professional societies can play an important role by informing
those organizations responsible for resource allocations of the impor-
tance and benefit of professional development for engineering faculty

Administrative Support for Engineering Institutions

The need for administrative support for engineering institutions has
been presented dramatically in an article entitled The Crisis," * which
deals with engineering education The piece documents a critical
shortage of both facuiLy and laboratory equipment Fins crisis has

The Crisis," I- ngincenng Ethic al um iNoLinhLr 19821
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occurred even while the nation is engaged in intense economic and
military competition in areas related to the technical produ,:ts of engi-
neering With an expanded, more sophisticated engineering educa-
tional process, critical needs have developed in the area of institutional
operations, particularly from administrative and organizational stand-
points And these needs have been exacerbated by the increased level of
reporting required by both governmental and nongovernmental agen-
cies

Administrative support organizations and mechanisms for engineer-
ing institutions include the following

Organizations
Legislatures/lay boards
University administrations
ABET
Professional societies

Mechanisms
Allocation of nonhuman

resources
Institutional studies/statistical

information
Institutional budgets
Allocation of professional and

staff positions

It is incumbent upon the support organizations to recognize and
promote effective administrative support for engineering institutions
This can be accomplished at a number of levels, both internal and
external to the institutions One approach may be to organize engineer-
ing colleges as professional schools of engineering, similar to medical,
dental, and law schools (This concept was proposed several years ago
by the National Society of Professional Engineers bat did not receive
widespread endorsement by engineering deans The reason for their
lack of interest was not clearly stated, but it appeared to be related to
the lack of adequate resources for existing programs, let alone expanded
ones )

Long-Range Planning for Engineering Institutions

As in any complex organization, engineering colleges, and the uni-
versities of which they are components, must conduct long-range plan-
ning They must strive to define missions and purposes, forecast future
demands and expected performance, assess the resources equired to
accomplish their missions and purposes over that planning period, and
set about to provide and properly w e the resources available

There is currently a significant lack of long-range planning by engi-
neering educational institutions, even though such planning is abso-
lutely essential if changing technology is to be adequately addressed in
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a timely fashion For the most part, universities arc unable to respond
to these changes quickly enough to adjust their curricula, facilities, or
faculty needs. The result is inadequately prepared students.

Meanwhile, industry is currently spending millions of dollars on
training programs designed to close the technological gap between the
United States and its foreign competitors. Participating in these train-
ing programs are engineering graduates who are being brought "up to
speed" in technical areas The cost o: this training adds to the cost of
the product, thus m.iking that industry less competitive in .he market-
place The task force believes that these costs could be reduced if engi-
neering institutions can anticipate more effectively the technical needs
of their graduates entering the labor force

For the purposes of this rer,ort, the term "long range" implies 5 to 10
years. Although planner be continuous, the formalized plan for
each institution shot pub1ished no less than every 2 years, so that
faculty, administi "inn ,t all levels, and other support organizations
can be apprised of t1-...,,z,titution's stated goals and can work together
to achieve them The support organizations and mechanisms available
to implement this process

Organizations
State boards/regents
College administrations
Facul:y
University administrations
Advisory committees

Most major corporations have full-time departments devoted to cor-
porate strategy planning. Their mission is to ensure that the company's
products will be manufactured in a manner that is the most cost effec-
tive, that produces goods of the highest quality possible, and that meets
the competitive demands of the marketplace Engineering institutions
must address similar needs, because many of the same factors that
govern industry will affect the requirements of engineering education
Consequently, 't is essential that administrations and faculties recog-
nize the importance of strategic planning to ensure that the quality of
their product (degree recipients) meets the requirements of the labor
market.

To fill this role the task force suggests that a strategic planning sec-
tion be established within the engineering colleges of the universities
Staffing requirements would be minimal as most of the necessary infor-
mation will be available through the university data base, as well as
through interaction with industry, government, and other employers

Mechanisms
College staff
Industry interaction
Formalized plann ng documents
Government interaction
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2
The Government Sector

Tile Government Sector Task Force was composed of members of the
President's Government Advisory Group of the National Society of
Professional Engineers. (This group is composed of federal, state, and
local government engineers who have been addressing, on a continuing
basis, issues similar to those raised in this study.) As a component of the
Panel on Support Organize , ins in the Engineering Community, the
task force was charged with examining the primary needs of engineers
working in the government sector and the support mechanisms to
fulfill such needsboth for the individual engineer and for the entire
engineering profession. In establishing these needs, the various levels
of governmentfederal, state, and localwere recognized, and those
needs pertinent and common to all were given priority The sections
that follow describe and discuss those needs and support orgy 'mations
selected by the task force as the most critical

Acquisition of Requisite Management Skills

During their formal professional education, engineers primarily par-
sue a technical curriculum with little, if any, management training
And considering the limited time available to the student, such an
approach probably makes sense in that it focuses on the education
needed by young engineers during their early years of employment As
their careers progress, however, engineers increasingly assume posi-
tions that demand some form of management skills this is particularly
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true in those positions involving public administration) Because they
have seldom had the opportunity to acquire these skills, many engi-
neers find it difficult to adapt.

This training deficiency must be overcome, kind the moat likely time
for such education is probably during the postgraduate iod lit is
doubtful whether current undergraduate curricula can be sufficiently
broadened to include management training). But for those engineers
already in the field, a number of organizations and mechanisms exist
for meeting this need, a partial list of which includes the following.

Organizations

Educational institutions
I engineei ing and
nonengintering)

Professional societies
Employing governmental

organizations

Mechanisms
Academic curriculum
Continuing education courses
Developmental training
Conferences and seminars
Correspondence courses
Sabbatical leave

These support organizations are in place and the mechanisms l_isted
are being used by some engineers. Nevertheless, a problem exists in
that government employers do not always use an organized, well-
defined method to review their organizational needs for management
personnel and identify individuals with the potential for management
positions. Most governmental entities are constrained from preselect-
ing individuals for positions of advancement. This constraint in turn
precludes management from directing its training effort toward a lim-
ited number of individuals with excellent management potential and
forces it to provide generalized training to a broader group instead. As
individuals progress, government organizations are sometimes faced
with selecting individuals for management positions who have not
developed the requisite skills nor demonstrated thc potential for man-
agement If at all possible, tducation 31 institutions should incorporate
into their undergraduate curricula courses that acquaint the individual
with management problems that may be encountered in thc "real
world." Of equal imports nce is the need for modifying government
regulations to permit the obieitive preselection of candidates for man-
agement training

Development of Communication Skills

In general, college engineering curricula require that students take a
number of cows:, ,nvolving or stressing written and oral commumca-
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tion. Such courses, however, do not usually cover "selling one's posi-
tion." Additionally, most engineering students and practitioners react
with characteristic apprehension when faced with any type of commu-
nication other than technical. The end result of this situation is often a
deficiency in the necessary skills needed by the engineer to discharge
his or her duties effectively This deficiency is magnified in the govern-
ment sector where much of an engineer's essential communication is
with a public untrained in engincei ing matters Government engincen.
need added skills in communication, therefe, to enhance their effec-
tiveness, carry the necessary message to he public, and develop self
confidence

The task force believes this need can be best served by existing orga-
nizations at various levels. But, convincing engineers that such skills
arc needed throughout their careers is a more difficult problem Organi-
zations and mechanisms that might be used in this effort include the
following:

Organizations
Educational institut:ons

(enginccrmg and
nonengincering)

Service clubs
Employing governmental

organizations

Mechanisms
Academic' irrieula
Self-improl ement courses
Public involvement
Continuing education courses
Public speaking

opportunities

These necessary support organizations and mechanisms already
exist. The problem lies in per,ading more engineers to take advantage
of the training opportunities they offer during college and early in their
career In the latter case, encouragement and/or reimbursement from
the employing organization would be beneficial, although this is often
difficult in government organizations where expenditures are closely
regulated by legislation It is vital that practicing engineers and educa-
tors stress the impc-tance of communication skills to students Educa-
tors could serve this purpose by requiring documented demonsti anon
of verbal and written communication skills as a prerequisite to gradua-
tion

Maintenance and Enhancement of Technical Engineering Skills

This need was addressed previously in tilt' discussion of concerns
comi....q to all sectors of the engincring profession But, engineers in
government face several unique proolems (11 a lack of incentive for the
individual to extend himself, (2) indifference to the need for such train-
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mg on the part of management, whit.% in government is primarily
nontechnical, and (3) imposed fmancfal constraints, primarily on time

Maintaining and enhancing technical engineering skills can be
accomphs!Led best by existing organizations at varying levels, includ-
ing the following

Organizations
Educational institutions
Private training institutes
Technical societies
State registration boards

Mechanisms
Academic arricula
Specially develored courses
Hands-on experience
Continuing education courses
Shared xperiences
Computer training

That the necessary support mechanisms already exist tines not
change the fact that engineers in the governmental sector are no, tak-
ing, or are not allowed to take, full advantage of these opportunities.
The extent to which engineers, and more important, their employing
governments, recognize that con,inuing education and training are
essential may be ar additional concern outside the scope of this report.
What is evident is that the support organizations should make a greater
effort to "sell" their programs to both the government employer and
the government employee.

Increased Fmphasis on Prolessicnal Development

\s discussed previously, ,--n;incers must not only possess the requi-
site technical skills it also ,must concern themselves with profes-
sional development. establishing a position of trust with respect to
relating technical skills to ti-.! needs of the profession and to society at
large This is particularly imporrint for engineers in the government
sector Engineer!), dens!(' is there c re exposed to public view, and they
must be rendered in a manner that ).,enerates public confidence. Engi-
neers in governme, t and th r managers must place more emphasis on
professional develcit nien And government engineers need more
opportunities to atfead, professional meetings and seminars They need
opportunities to gain an appreciation of how their fellow engineers
operate withn. their constituencies, to participate in the development
of standards of practice, and to enhance their stature in the eyes of
fellow professionals in the ivate sector

This need can best I :net various professional organizations, at
the national and star, that promulgi. te codes of ethics. If ear: 2.1,
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be met by requiring registration for all those practicing engineering that
involves public health and safety Existing organizations and available
mechanisms include those listed below

Organizations

Professional organizations
Employing governmental

organizations
State registration boards

Mechanisms
Professional meetings
Enforced ethical practices
Registration display boards
Official policy statements
Conferences and seminars
Professional registration
Employment practices

For engineers to take full advar .age of these support mechanisms,
governmental organizations must allot the necessary time and reim-
burse expenses for those attending activities related to professional
development. In addition, efforts must be made to overcome the per-
ception on the part of governmental officials and entities that "profes-
sional organizations" are dedicated to advancing a particular profession
as oppcsed to improving individuals within that profession

Recognition of Engineering Contributions

Engineers as a whole, but government engineers in particular, do not
enjoy the same prestige 'n the community as do other professionals
known for their contributions to society Apparently the public is
unaware of the professional approach employed by the engineer who
works to protect the health and welfare of the citizenry by developing
public works facilities The problem is accentuated for government
engineers because their contributions are usually hidden by the politi-
cal process.

If qualified young people are to be encouraged to select government
service as an entrance to the engineering profession, the reputation of
the profession must be enhanced and recognition must be given to
engineers in the government sector for their very real contributions.
Public pronouncements disparaging the government employee
(bureaucrat) have been darniging, as have negative statements from
individuals in the private sector who often consider themselves in
,:ompetition with engineers in government.

There are a number of organizations and mechanisms that could
assist in improving this situation
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Organizations
Employing governmental

organizations
Community institutions
Media
Professional societies
Educational institutions

Mechanisms
Public acknowledgments
Employer publicity
Awards
Public appearances and speeches
Public service projects
Dedication ceremonies
Dispiay boards

Forgovernment engineers to receive appropriate recognition for their
contributions to society, much effort will be required, particularly
since the engineering portion of a pubic works pro is generally
carried out by more than one individual Governmental organizations
should be encouraged to acknowledge the individual contributions of
their engineers in bringing a public works project to successful culmi-
nation. In addition, organizations and societies should strive to make
more use of awards, to publicize contributions, and to foster public
service projects.

In-House Tec:Inical Engineering Opportunities

Pressures are increasing to accomplish a great deal or even all neces-
sary governmental engineering work using engineering resources from
the private sector. Although it is certainly valid, and even desirable,
that much of this work be performed by the private sector, it is also
essential that governmental entities retain a certain portion of the work
t., provide hands-on engineering experience for its own forces. Total
reliance on the private sector will eventually lead to a decline of the
existing engineering talent in government, to the point that recruit-
ment will suffer, review capability will be obliterated with the attend-
ant ability to protect the public's interest, engineering decisions
rightfully belonging to the government will be abrogated, and the coun-
try's technological development will suffer The private sector has a
right to expect that it will perform a certain portion of the government's
engineering efforts for which it is qualified, the government engineer-
ing sector also can expect to perform a certain portion to ensure suffi-
cient maintenance of its technical capability to discharge its
responsibilities. The appropriate proportion will depend on a number
of variables, including the size and distribution of organizations, the
functional nature of the work load, and the mission assignmen..

This need can only be met if the employing governmental organiza-
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tion and the private engineering industry reach an understanding of the
value of each entity performing an appropriate portion of the work The
necessary support organizations and mechanisms already appear to
exist. But both sides c the equation must come together to resolve the
issue in a manner that will serve the common good at a!' levels of
government. Existing organizations and mechanisms that might serve
this purpose include those listed below.

Crganizations
Employing governmental

organizations
Professional organizations
Trade associations

Mechanisms
Maintaining dialogue
Statements of principle
Shared interface

Improved Working Climate

In many cases, personnel regulations, salary restrictions, and admin-
istrative attitudes toward government employees tend to undermine
the morale of the work force and discourage the recruitment of top-
flight engineering graduates Existing problems include low salaries at
both entry and upper levels, classification standards that favor mrnage-
rial rather than technical abilities, excessive administrative personnel
procedures that require a disproportionate amount of time for nonengi-
neering matters, and, all too frequently, a demeaning attitude toward
,;overnment employees.

This need can he best served by the respective personnel organiza-
tions and by the responsiKe political entity, aided by professional orga-
nizations that can foster support for the government engineer
Available organizations and mechanisms include the following.

Organizations
Professional societies
Legislative bodies
Media
Employing governmental

organizations

Mechanisms
Improved salary schedule
Streamlined regulations
Public support
Dual-ladder salary

schedule
Acknowledgment

Because of existing regulations, depressed salaries, and unfavorable
publicity about government employee, at all levels, the quality of the
engineermA force in government appears to be diminishing To turn
this situation around totally is beyond the capabilities of the engineer-
ing profession. But, it must continue to work with the appropriate
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political entities and attempt to convince these authorities of the
adverse effects that will result from these conditions, effects that may
well compromise the quality of public works being developed

Development of Skills for Serving the Public Interest

Because engineers tend to view their jobs as purely technical, many
are not prepared to consider the broader aspects surrounding a decision
affecting the public interest In the broadest sense, both the public and
private sectors must be considered, and this consideration must
include their interconnection and how their combined decisions will
affect the future. Many government engineers have limitedexperience
in this area, yet their roles in administering technical regulaeions can
have a significant and lasting impact on society Engineers frequently
lack education in the basic concepts of the humanities, sociology, eco-
nomics, and politics, a deficiency that makes decision-making more
difficult and that can result in decisions made without considering all
facets of an issue.

There are a limited number of organizations and mechanisms that
can support efforts to meet this need Some of these might include the
groups and methods listed below

Organizations
Educational institutions
Trade organizations
Professional societies
Employing governmental

organizations

Mechanisms
Undergraduate curricula
Progressive experience
Interfacing with

nonengineers
Postgraduate specialization
Training courses

Government organizations should make a special effort to broaden
the education of then engineers along nontechnical lines, such as pub-
lic involvement issues As previously mentioned, engineers need a
better appreciation of the humanities, social factors, politics, and eco-
nomics If engineers are to serve the public, then they must understand
its nature in order to provide the best service Furthermore, engineers
should be encouraged and permitted to gain this added education and
experience during their early or middle career stages This ensures that
the needed skills are not lacking when the stage of policy setting and
program making is reached Making the possession of these skills a
recognized requirment for promotion to certain positions will also
ensure that employees acquire them
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Development and Maintenance of Professional Standards

To enhance the professional stature of the government engineer in
the eyes of the public and to provide a common base from which to
measure performance and set compensation, it is necessary that gov-
ernmental organizations establish and rigorously maintain profes-
sional and educational standards These should include requirements
tor registration, usable, understandable lob descriptions, and measur-
able performance standards Rigorous enforLement of such profes-
sional standards would greatly improve the image cf the government
engineer, in turn making government employment a more attractive
alternative for engineers

Organizations and mechanisms that are directly Loncerned with
these issues can best meet this need.

Organtzgtions
Employing governmental

organizations
State r:.gistration boards
Professional societies

Mechanisms

Registration laws
lob descriptions
Standards of conduct
Codes of ethics
Work standards

Generally, it has been the professional societ'es that have fostered
professional standards But such work requires additional support
Employing governmental organizations must become more active, rec-
ognizing that comply'ng with such standards will enhance the stature
of government engineers 1.1 the eyes of the public and in the eyes of
professional associates in the private sector It will also ensure that
engineering needs in the government sector arc satisfied in a manner
consistent with expected levels of quality

Industry-Competitive Compensation Base

Salaries of government engineers have lagged behind those of engi-
neers in the private sector This has adversely affected the morale of
current employees, causing excessive turnover and making recruit-
ment difficult Compensation of government engineers should be com-
parable to that of engineers in the private actor, yet the nonsupport we
public perception of the government engineer and a general lack of
unu,rstanding of engineering work make this a difficult condition to
achieve

While some existing professional organizations may promote an
appropriate leu,e1 of compensat on for government engineers, its actual
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accomplishment falls to those organizations having direct salary con-
trol.

Organizations

Employing governmental
organizations

Professional societies
Legislative bodies

Mechanisms

Salary comparison studies
Training allowances
Salary adjustments
Meeting allowances

Professional societies and the managements of employing govern-
mental organizations are the only gioups that can convince legislative
bodies that a proper level of compensation is necessary to attract and
retain quality engineers in the gc vernment sector

Expanded Private/Government Sector Contact

In a way, the private engineering sector may view government engi-
neers as a conr,,ctitive force that enjoys certain privileges not accruing
to their private counterparts In truth, each has an important function
to perform and it is essential that these mutually supportive functions
be understood and appreciated Moreover, high levels of quality in the
government engineering sector result in an improved rel itionship
between the private engineer and the goveinment

This need will he best served by those organizations most directly
involved.

Organizations Mechanisms
Employmg governmental Joint meetings

organizations Continuing educa
Professional society segment

representing the private sector
Private practice employers
Professional society segment

representing the government

Although governrient organizations an ! private organizations can
maintain a dialogue, it will not be as effective as an organizational
approach to the problem, i e , the respective professional societies fos-
tering and promoting better undrstanding At the same time, govern-
ment organizations must allow for such interaction by encouraging and
permitting attendance at meetings and by publishing papers that sup-
port effective interrelationships
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The Industrial Sector

Because of the diversity and magnitude of the industry segment of
the engineering community, the Inuustrial Sector Task Force used
questionnaires to obtain a consensus regarding the needs of the engi-
neer in industry. Five specific industry groups were included in the
survey. (1) aerosp...e, (2) aluminum (metal processing), (3) chemical/
petroleum, (4) ele,tric power generation, and (5) electronics/comput-
ing

An attempt was made to include the automotive and steel industries,
but their particular circumstances during the time frame in which the
survey was conducted precluded their participation. In addition, repre-
sentatives of the construction industry were provided with the results
of the survey and expressed concurrence with the conclusions.

A basic study questionnaire was developed by the task force and
distributed through key indi viduals within each industry group The
purpose of the questionnaire was as follows

1 To iclont:fy those needs perceived as important and unimportant
to the individual engineer, as well as to determine which needs are
important or Laimportant to an engineer's particular industry as a
whole

2. To idei.tify the perceived level of satisfaction of engineering needs
for the indiviuual and his/her respective industry

3 To obtain judgments concerning the percentage of needs cur-
rently being met by supporting organizations
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4. To identify those support organizations that satisfy these needs
and the estimated percentage of their contribution.

Approximately 75 companies responded to the questionnaire b'7 ur-
veying the various levels of engineeringfrom practicing engineers to
engineering managementand a variety of functions, including
design, manufacturing, and research and development The results
were analyzed to determine which needs were perceived as most
important, as well as to identify the key support organizations. Several
of the needs that were expressed by the respondents matched those
identified by other sectors, including technical training, increased
emphasis on professional standards, and professional development
The needs unique to the industrial sector are presented below

Career Assessment/Development

The career development needs of the individual engineer can be eas-
ily submerged in the opei ational concerns of a major industry. Yet these
same individuals must continue to experience job satisfaction and be
motivated and productive if they are to make positive contributions
toward achieving the company's goals. Assisting employees in evaluat-
ing alternative career opportunities and establishing personal objec-
tives benefits both the employee and the employer There is a mutual
need, therefore, for industry and the engineers employed in industry to
participate in an ongoing program of career assessment and develop-
ment.

Although the primary responsibility for career assessment and devel-
opment lies with the employer, other support organizations can assist
in meeting this need.

Organizations
Employing organizations
Technical societies
Professional societies

Mechanisms
Counseling
Seminars
Guidance programs
Workshops

Communication and Data Exchange Between Companies

There is an ongoing need for information transfer both among indi-
vidual engineers al ,c; in the industrial sector A, a whole industry stands
to benefit significantly from the discussion and exchange of data within
companies, between company coma onents, within corporations, and
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between corporations Athancement of technology, exchange ot con-
cepts and ideas, and minimization of duplieraan-ire some of the major
benefits In a competitive environment, howeveri maximum level of
open communication, a level that is not exceeded, must also be estab-
lished This clearly applies to the transfer of data between corporations
and between countries

A number of support organizations exist to answer this need

Organizations
Employing organizations
Governmental agencies
Technical societies

Mechanisms
Corporate communication

process
Technology uanster
Technical publications
Technical conferences

Research and Development Project Capital

Industry must maintain a balance between profitability and the dedi-
cation of resources to develop new business The development of new
technology opportunities for a high payoff must be balanced against
possible failure, which may jeopardize the financial stability of the
company. As a result, many potential projects based upon new engi-
neering technology are not pursued until success becomes more obvi-
ous.

In the face of increasing foreign competition 'subsidized by their
governments) the U S position of engineering dominance will con-
tinue to erode unless innovation and creativity are encouraged and
support-2d financially If industry in the United States is to remain
competitive, venture capital must be made available for the advance-
ment of technology

In addition, to meet this need, investment groups, financial institu-
tions, and venture capital companies must be better informed about
the benefits and risks accompanying engineering innovation More-
ovel, the concept of pilot studies needs to he expanded so that capital
expenditures can be minimized until the potential for success can be
more accurately evaluated

Support organizations capable of providing resai eh and develop-
ment capital do exist, btu the mechanisms are not functioning at the
level of effectiveness necessary to address the pro) Acm Industry is
somew oat reluctant to look to government for the financial support of
engineering research and development proms, but it recognizes the
desirability of a brood support base The existing support organizations
and mechanisms are perceived to be as follows
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Organizations Mechanisms
Financial groups
Venture capital companies
Investment groups
Government

Grants
Investment stocks
Loans
Tax incentives

Opportunities for Positive Visibility and Appreciation

This need manifests itself both for the individual engineer in indu;-,
try and for the industrial engineering sector as a whole Among compa-
nies with large numbers of engineers, individual recognition is the
greatest unsatisfied need The benefits of a sound policy for recognizing
the achievements of engineers include motivation, productivity, job
satisfaction, stability, and innovation Rewards in the form of recogni-
tion enhance and help to make technical careers more attractive.

Industry as a whole also has a significant need for the positive recog-
nition of engineering achievement. There has been some adverse pub-
licit) i-i recent years regarding the negative environmental or
sociological impact of ilidustry's development of new technology, yet
scant attention has been paid by the media to the benefits of those
technological advances developed through research by major industrial
corporations. Industry has the responsibility to inform the public of the
benefits of its technological achievements; however, a better informed
and more objective media base also needs to be developed

The support organizations that : aye the potential to address this
need include the following

Organizations
Employing organizations
Professional : mimes
Government
Technical societies
Media
Service organizations

Mechanisms
Achievement awards
Documentaries
Industry appreciation -rograms
P:.'ss releases
Eiaployee recognition pi ()gram s

Recruitment Opportunities

The key to any successful industry is people, and acquisition of well
qualified engineers is essential for growth and technical leadership
Moreover, matching the right person with the right job is necessary to
ensure quality work and to retain quality employees

Most of the nation's major engineering education institutions have
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formalized recruiting procedures for their graduating seniors or gradu-
ate students Such programs should be carefully structured and well
coordinated to minimize the expenditure of dollars and time by inter-
viewers and studert _s alike

Communication etween industry employers and engineers
employed in industry is more difficult than recruiting on campus
There is a need to make contact with engineers in industry who desire
to make a career change and have the specific expertise a..d personal
attributes sought by another company Because of the higty technical
and diversified nature of engineering work, employment. agencies fre-
quently lacl, full understanding of what type of indiv ual an orga-
nization n ,r what employment °pp, rtunities match the skills of a
particular engineer

A number of sup; nil organizations exist to meet the need for better
recruitment opportunities, bat the available mechanisms need to be
strengthened and expanded

Organizations
Educational institutions
Trade publications
Technical societies
Employment agencies
Professional societies

Mechanisms
R.Trwr p_ograms
Env qinent c pportunity

listings
Employment referral services
Newsletter,.
Workshops



4
The Private Sector

The Private Sector Task Force was composed of both :.mlsulting eni-i-
neers and key staff representatives of two professional organizations,
the American Consulting Engineers Council and the National Society
of Professional Engineers. Tcg,ether they reached a consensus regarding
the identification of primary needs of the private practice sector of
engineering, needs that result both from concerns common to all sec-
tors and those unique to this group. The task force also examined the
wide diversity of private practice engineering serviL :s and the manner
in which they are furnished. Consulting engineers, as private practice
engineers are geneian-y known, mry function as large corporations, as
small business entrepreneurs, or as highly specialized experts on call
from academia or industry for special consultation and/or lc, it testi-
mony The needs identified by the task force and the support organiza-
tions/mechanisms available to the private practice engineer are
detailed in the sections that follow.

Development of Management Skills For Profitable Operations

Most private practice engineering firms are small businesses. A 1982
census of firms conducted by Consulting Enginee- showed that 82.5
percent have fewer than 26 employees, and another 13 0 pc!' ent have
26 to 100 employees In these firms the principals/owners are usually
both the technical experts and the busines., managers They must pos-
sess a high degree of both technical and managerial skill if the firm is to
remain a profitable operation.
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Unfortunately, undergraduate engineering education is not struc-
tured to provide a strong background in management. Typically, engi-
neers have had to develop these skills on the job, with various degrees of
success.

Better training is needed to respond to the changes in the profession,
especially in the following areas.

Company Financial Management Development of a reliable com-
pany financial management reporting process is necessary to provide
the data essential for proper management Engineers in pnvatc practice
must develop the skills necessary to structure a system and to analyze
the data being generated

lob Cost Accounting. This process provides the project cost infor-
mation necessary for budgeting a project accurately and for monitoring
that project in progress.

Engineering Team Organization. Most projects require attention
from engineers and technicians representing various disciplines, and
the formulation of a team of the appropriate personnel provides the
mechanism for these efforts However, most engineers are not adept at
organizing and managing a team, or even participating as a team mem-
ber.

Computerization Computers are an essential tool both for the
accounting functions and the technical work of an engineering firm.
The typical individual engineer currently responsible for the manage-
ment of a private practice did not use computers to any great degree
during his/her college training, these individuals must now develop
competence and knowledge regarding computer applications and
equipment on their own. These engineers need assistance in acquiring
these skills, as well as assistance i . staff organization, to utilize com-
puters successfully.

Engineers in private practice who are not principals also need man-
agement skills because those who demonstrate exceptional technical
skills usually advance into positions with management responsibili-
ties. The lacer of management training makes it difficult for them to
assume thesc responsibilities. If they are to function effecnvely, it is
essential that instruction in the principles of good management he
made available to these individuc.ls.

Support organizations exist to help meet this need, as follows

Organizations
Educational institutions
Technical societies
Professional societies

J

Mechanisms

Academic curricula
Home study courses
Seminars/short courses
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Education and Training in Competitive Techniques and Strategies

The 1983s have been difficult for engineers in private practice Fed-
eral budgets have been cut Major public works programs have been
reduced or, in a few cases, eliminated. New kinds of competitors
research and development firms, equipment manufacturers, educa-
tional institutions, and utilitiesare among the new entities moving
into traditional consulting engineering markets Internationally, the
growing strength of the American dollar has dampened overseas cli-
ents' interest in "high cost" U.S. engineering services. Foreign firms,
in fact, are purchasing or creating U S -based engineering subsidiaries
to compete head to head with consulting engineers for domestic
work

The tightened national economy has forced engineering consulting
firms to reduce their staffs, with many former employees choosing to
open their own consulting firms, thus adding to the competition New
technologies like computer-aided drafting and design (CADE)) have left
some firms behind in the "productivity race." A growing demand by
clients for price-competitive procurement without adequate specifica-
tion of the scope and level of services required has caused many inap-
propriate and inequitable contract awards Moreover, some firms feel
that price competition is unethical and decline to participate When
proposals are requested setting forth qualifications and excluding price
considerauons, the number of private practice engineers responding
(even on relatively small lobs) is four or five times greater than the
number that would have responded as recently as 5 years ago

Because the consulting cogineering field has become such a highly
competitive one, salesmanship is a mayor factor in the success or failure
of a firm Many firms `ending, for the first time, that it is necessary
to increase the percentage of their resources dedicated to business
development Moreover, today's consulting engineer mutt be increas-
ingly alert tn, the potential for new markets as the nation's engineering
needs shift and change

And, because the opportunitic,. for creating new markets are gener-
ally limited in any one time frame, the majority of a consulting engi-
neering firm's business development efforts is generally directed
toward increasing its share of the market in competition with other
firms

All of this means that there is more to finding new work than merely
assigning a staff member to the job It means the initiation of a con-
scious, logical marketing program But engineers are not educated to be
salespeople and in tact are typically not adept at touting their own
skills, Consequently, engineers in pm, to pracre need impro cd corn-
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petence in both written and verbal communication, marketing tech-
niques, and interpersonal skills

A number of existing organizations and mechanisms that are related
to the marketing of engineering business development provide infor-
mation on the philoso"ies and techniques of effective busine ss devel-
opment They include the following

Organizations
Professional societies Technical societies
Trade associations Publications
Educational institutions Private marketing consultants

Mecharnsms

Manuals Seminars
Workshops Cassettes
Association advertising Programs
Referral services Peer information exchange
Technical literature Business leads
Engineering business reports Short courses/seminars

Development of Adequate Risk Management Tools

The number of claims against private practice firms or engineering
consultants has climbed steadily for the past 20 years, increasing in
severity as well as frequency That frequency n-iw exceeds 40 claims for
each 100 insured firms, with the average severity of each claim surpass-
ing $20,000 Although engineers mount a successful defense in approx-
imately 75 percent of the cases, "success" MLalic only that the
insurance caner did not pay any damages on behalf of the engineer.
The private practice engineer still encountered substar teal defense
costs, in time as well as money, and may have had to agree to a settle-
ment within the deductible

An important aspect of the solution to this problem is a strong pro-
yram of OW lay control Such a program is essential to an engineering
consulting firm if it is to maintain a record of
integrity to minimize its liability losses The techniques of a good
quality control program arc not taught a, part of the college engineering
curricula and are frequently learned only after a firm has suffered
embarrassment, the loss of a client, or even a claim demonstrating
negligence Consequently, there is a .1 ongoing need by private practice
engineers to learn the fundamentals of a formalized quality control
program
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A second essential risk management tool for engineering consulting
fr ms is professional liability insurance This type of insurance is riot
new to the engineer in private practice The largest and oldest program
of professional liability insurance has been in existenee for over 25
years. However, the crisis in professional liability and associated litiga-
tion is a relatively recent phenomenon. Professional liability insurance
rates have climbed steadily for the past 20 years because they are
directly tied to the number and severity of claims

The need in professional liability insuramA involves resolving issues
that are related to improved practice and, more importantly, addressing
those issues affecting the practice from other sources All too often
consulting engineers are sued indiscriminately as part of an overall
claim against any parties either directly of indirectly involved in the
circumstances leading to the lan-i.ge suit

In summary, private practice engineers face a significant need for risk
management tools that will permit them to render high-epiality, state-
of-the-art service to their clients with the ninimum exposure to poten-
tial litigation 1 rivate practice engineers must certainly stay abreast of
current legal trends, defense strategies, and new areas of litigation
involving engineering firms They must be familiar with techniques for
resolving conflicts, amending errors, and documenting problems, all
part of a strong risk management program. Service to the client should
not he allowed to deteriorate by permitting adversarial relationships to
develop whenever problems arise.

A number of existing organizations and mechanisms provide support
to the engineer in private practice in the application of risk manage-
ment tools

Organizations
Professional societies
Technical societies
Liability insurance carriers
Law firms

Mechanisms
Workshops
Newsletter,
Model contract documents
Seminars
Home study courses

Achieving Versatility and Prof:tab:lit ; While Mlint3inine
Professional Integrity and Objectivity

The pri :ate practice sector of the engineering profession is currently
grappling with major changes in business practice, changes related to
nontraditional roles that are available and potentially beneficial to con-
sulting engineers Whereas private practice engineers have, in the past,
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generally procured work based on the presentation of their qualifica-
tions without price consideration, such firms today are more and more
being invited to bid on design services in much the same manner as
construction contractors In addition, consulting engineering firms are
finding increasingly that their role in a protect is that of a team member
in a design-build effort Finally, the private practice engineer is also
facing shortages of capital for public works projects, private develop-
molt and industrial expansionshortages that have drastically
reduced both public and private demand for design services. To deal
with this situation, engineers in private practice are beginning to offer a
new type of servi( the development and resting of new and creative
methods for financing clients' projects.

The pros and cons of these changes and trends are debated widely
among private practice engineers. Regardless of the final consensus,
hqwever, the changes exist and their impacts must be acknowledged
and dealt with Typically, the private practice engineering firm is not
confortable with the competitive bidding process as it applies to the
procurement of design services. Nor is it generally adept at providing
services as part of a design-build team, particularly in dealing with
questions related to conflicts of interest and potential liability There
is, therefore, an increasing need imong private practice engineers for
opportunities to acquire the requisite skills and take the precautions
necessary to respond to and deal with these new demands successfully.
Furthermore, it is becoming important for consulting engineers ti
become as conversant with funding alternatives as 1 hey now are with
design, equipment, and material alternatives for a specific project.

A number of support organizations currently exist that attempt to
respond to this need

Professional societies
Eduertional institutions
Investment banker;
Legislative bodies

Seminars
Short courses
Publications
Procurement procedures

Organizations
Technical societies
Insurance companies
Industry

Mcchari min s

Workshops
Postgraduate courses
Standardized contract

documents
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5
Society at Large

The peoples' t,cience is where science eventually becomes technology
and engineering There, it serves people materially, just as in its primary
form science enhances understanding But serving materially gets com-
plicated by economics and emotions So journalists and media makers,
with their time and space pi essures, find it hard to dig in and get at the
underlying discovery

Overview

William() Baker
Media Resource Service 1984
New York Scientists' Institute

for Public Infmmationl

American society depends on innovation for its piusperity and
growth, and innovation, in turn, depends on thv enginezrs
Yet most Americans have little idea of what t.ngineers are or w ha: they
do Moreover, as critical social policy discussions increasingly involve
technology and engineering le g., toxic waste disposal and reprocess-
ing, nuclear safety, military weapons systems, space program option ,

robotics, iccombinant DNA applications), thr. public ignorance begins
to have ominous societal implications It seems reasonable to conclude
that the public needs more information and a better understanding of
the role of engineering in today's technologically complex world

Becausc the general public depends on the mass medianewspa-
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pers, magazines, radio, and televisit -for the vast majority of its
information, any effort to improve public understanding of engineering
must focus on improving media coverage. The mass media constitute
the major bridge between what C.P Snow called the "two cultures"
the technological community and the general public.

Yet considering the critical role engineers play in today's society,
media coverage of engineering has been scanty and confused Journal-
ists often consider the roles of engineers and scientists to he inter-
changeable, frequently attributing the successes of the I J.S space
program, for example, to "NASA scientists." In addition, a survey con-
ducted among 1,000 journalists in the preparation of this report indi-
cated a widely held stereotype of engineers as inarticulate. Perhaps
nost significantly the survey also shows that journalists generally have

difficulty finding engineers who are willing to talk with the press.
The first step in improving the public's understanding of the engi-

neer is to dentify the needs not only of the engineering community but
of the media and the general pi blic for more and better in'ormation
about engineering. The engineering community wants recognition for
its contributions to society; the media want "stones", and the public
wants information that will be useful in everyday life. At first glance, it
may seem that these needs are totally distinct or even conflicting.
However, a closer look revews that these needs have a common compo-
nent: the public's desire for accurate, credible information about wnat
William 0. Baker describes as the peoples' science "

It is only b; -'iressing the needs of the media and the general public,
as well as its own needs, that the engineering community can succeed
in improving its media coy( age Conventional public relations
approaches will not work with today's science-and-technology journal-
ists who are already flooded with press releases and phone calls "pitch-
ing" products, processes, and programs by the thousands The single
most important step the engineering community can take to help
improve media coverageand at the same time, to help overcome the
barriers of misunderstanding and mistrust between the engineering
community and the mediais to provide Journalists with ready access
to reliable, credible sources of information

In May 1984 the Twentieth Century Fund Task Force on the Commu-
nication of Scientific Risk, headed by Harrison E Schmitt, recom-
mended the establudiment of organizations to provide journalists
with a broad range of scientific and technical informationespecially
during crisis situations when there is little time to dig up background
mater al and to make specialized knowledge of scientists available to
then." ;time nu .hanisms for implementing this suggestion :lave
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already been established, and the framework for a media resource net-
work is for the most part in place (see Appendix Al. Most of the larger
engineering societies and the National Academy of Engineering (NAEI
maintain membership listings and a committee structure that would
make it relatively easy to idtntify engineers qualified to comment on
specific topics. Public information offices at leading technological
institutes often have similar listings of their faculty members. In addi-
tion, the Twentieth Century Fund Task Force cites as "one useful
model" the Me iia Resource Service of the Scientists' Institute for Pub-
lic Information.

To succeed in improving its image, however, the engineering com-
munity must overcome certain lingering isolationist att:tudes, includ-
ing elitism ("the public doesn't need to know what I'm doing an can't
understand it anyway"), blaming the media for the lack of public sup-
port, and fear of discussing problems or controversies.

The opportunity for increasing the quantity and the qual y of media
coverage of engineering has never been better. A new computer-age
generation of caders and viewers has begun to make its presence felt
among media managers. One recent reflection of this is the prolifera-
tion of science/technology sections in daily newspapers around the
country, most of which include a regular column on computers. The
interconnectedness of engineering and the public's workaday world
has never been more apparent But before this interconnectedness can
be exploited to improve the public's perceptions of engineering, the
needs of all th parties involved must he defined and examined

What Engineers Need

Traditionally, engineers have had little success in communicatuig to
the public the problems and nromise of the technological enterprise
While few engineers conform to the stereotype of the inarticulate clod,
many are cool to media queries, suspecting that reporters are simply
looking for sensationalism and are meapable of understanding com-
plexities.

In recent years, more and more engineers have become aware that
their reticence has contributed to several serious problems reduced
financial support for academic research, a proliferation of state and
federal regulatory legislation, an increasing burden of paperwork and
administrative details, and, most important, a growth of public suspi-
cion and mistrust

A icular problem faced by the engineering community is the
wide. ad stereotype of engineers as "wooden " In preparing this
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report, the task force surveyed 1,118 tournahsts (569 science writers
and 549 generalists); 74 percent of the respondents said they telt this
stereotype was either "true" or "somewhat true" isce Appendix BI

In the days when technology was generally viewed as the goose that
lays the golden egg of progress, this was not a serious problem But
today, the eggs are not all golut... and the technological problems of the
m-dern age (Three Mile Island, DC-Iffs, toxic wastes) have fostered a
growing puhlic reaction against modernity Engineers can no :anger
afford the attitude that the public "can't understand" (Sr "doesn't need
to know" about technology

What the Media Need

T c press has been accused of committing a great many sins in its
handling of such technological controversies as Three Mile Island But
regardless of the bias (and, to be sure, bias exists) of the particular
newspaper or television network, the press depends for its information
on professional, expert authorities With a small number of notable
exceptions, media people have little or no training in science and tech-
nology and no time or money to acquire it All too often the media are
forced to grab what they can "on the run " (This is especially true for
television I

Despite the increased attention paid to science and technology by
many media outlets, it is no secret that the media in general cmam
either underinformed or misinformed in these areas Although they
may have the best of ,ntentions, iournalists find it virtually impossible
to manage the volume of information that is required to remain abreast
of technological developments

The single biggest problem in overcoming this information Aar) is the
media's lack of easily accessible sources, responsible experts who are
able and willing to answer, articulately and factually, media questions
on the fast-breaking developments in this increasingly technological
society

At three recent science/technology workshops for general assign-
ment reponers in Pennsylvania, Sharon Friedman, iournalism proles-
4sor at Lehigh Unix ersity and organizer of the workshops, reported that
most of the participants cited a lack of background and information
sources as their chief problem in covering these topics The survey
conducted by the task force (see Appendix B) also indicated that the
paucity of engineers as sources was a particular problem for the media
Journalists were asked. In stories dealing with health, science, or tech-
nology, what percentage of the time do you tall upon any of the follow-
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ing types of experts? Engineers averaged 10 percent as compared to 40
percent for physicians and 35 percent for scientists

Increasingly, news organizations are hiring or assigning one staff
person as a science specialist. However, no one specialist can possibly
cover the growing number of scientific and technical disciplines that
have become intertwined with our soe,a1 policy decisions As Howard
Simons of the Washington Post has pointed out, science writing is a
specialty that is many specialties. Even when an outlet decides to hire
an articulate scientist, how will it decide which one to hire: the bio-
chemist who knows recombinant DNA research but gets lost In geol-
ogy, or the geologist who understands oil and gas reserves but knows
nothing of aerospace? Moreover, because most of today's "science"
stories actually involve applications of technology, even a good general
knowledge of science may not equip a science writer with the back-
ground or contacts needed to provide responsible coverage of breaking
events.

A strong case can still be made for having a general assignment
reporter rather than a specialist cover science/technology stories
someone who reflects the feelings and questions of the general public.
But the issue is not so much who does the reporting as who answers the
reporters' questions Whether the media executive chooses a specialist
or a general assignment reporter or both, any and all of ,hose individuals
must have access to the widest possible list of expert resources

What The Public Needs

The most compelling reason for improving communication between
engineers and journalists is the public's reed for responsible informa-
tion. And it is a critical need because the public's perception of technol-
ogy has become a major factor in national decision making (e g., Three
Mile Island)

The social impLcations of this situation extend far beyond such
immediate issues as nuclear power or toxic chemicals, or the short-
term interests of engineers Responsible public participation in the
decision-making process requires a public that is well informed about
science and technology. Without such information, the pub_ c is forced
to act (or more often react) wit of fear of the unknown or simply to leave
demon making to the so-called experts Either alternative can be dev-
astating to the democratic system. To quote Walter Cronkite- We are
living in a truly revolutionary agein one generation we have entered
three new eras. the Space Age, the Atomic Age, and the Computer Age
Understanding any one of these requires more information than any
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one of us can possibly have We are in a crisis because of thishow do
we inform the electorate?because a democracy cannot survive with-
out an informed electorate."*

The current wave of popular and media interest in science and tech-
nology provides an unprecedented opportunity to meet this need

Breaking the Silence

In is country, when a company wants more or better public expo-
sure for a product or a program, it usually hires an advertising agency or
a public relations firm While this practice (i e , salesmanship) may
work for selling new and used cars, it will not work for the engineering
enterprise as a whole. Indeed, it may only aggravate existing misunder-
standing and mistrust between journalists and engineers

In recent years, journalists, and especially science writers, have been
besieged by press releases and phone calls from public relations people
trying to "sell" technology to the press Two years ago, the National
Association of Science Writers devoted an entire issue of its newsletter
to a series of angry complaints from leading science journalists aiound
the country, expressing resentment of what they call science hype But
the question remains If a PR campaign won't work, what will?

As already noted, the primary need felt by journalists covering sci-
ence and technology is for increased and more reliable sources of infor-
mation Despite the current fashion of blaming media coverage for the
public's misconceptions, the recent report by the previously men-
tioned Task Force of the Twentieth Ccntry Fund declared If news
organizations exaggerate the health risks of new diseases, nuclear
power accidents or toxic waste spills, the fault is probably in their
sources of information, not their way of operating "

The single most important step the engineering community can take
to improve media coverage of engineering is to make its expertise acces-
sible upon request from journalists By responding to journalists' que-
ries, Lngineers will be providir , inforinmon when 1t is needed, thus
avoiding the sales-pitch type of pressure that onl; serves to alienate
listeners Once ...in engineering resource network is set up, however,
another important step will be an energetic outreach effort to inform
journalists around the country of its availability This media informa-
tion campaign needs to be viewed is an ongoing program, conducted

' Media Resource Service 19114 New York SLR ntists' Institute for Public Informa-
tion), p 1
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primarily through the mail, but also enlisting the cooperation of media-
society publications and forums to announce the new network

The journalist-engineer relationships established through this inter-
action can be instrumental in overcoming the stereotypes and mistrust
that currently characterize each community's attitudes toward the
other. If the experience of the Media Resource Service is any indication,
journalists will soon discover that most engineers are not 'nor nculate,
and engineers will learn that most journalists arc not merely sensation-
Feekers. Indeed, many journalists are intimidated by technology (even
as many engineers are intimidated by the media), and the increased
person-to-person contact can help to overcome that intimidation.
Although it is understood that not every telephone, conversation will
bring ideal results, the effect of thousands of such conversations over
several years will be improved mutual unders,andingand, not insig-
nificantly, improved media coverage

To succeed in this approach, the engineering community must over-
come certain attitudes that have served to reinforce its isolation from
the public at large

A narrow, short-term view that seeks recognition only for engi-
neering achievements selected by professional societies and institu-
tions and refuses to discuss anything else.

A lingering elitism that argues that the general public has no need
t6 know what engineers ar doing ("and anyway, our work is too com-
plicated for the average person to understand")

Fears on the pan of some engineers, especially in the private sec-
tun that talking to the press will inevitably result in the violation of
some company policy.

Antimedia bias (often based on experience with inaccurate report-
ing) that blames journalists for the public's fear of certain technologies
and sometimes extends to an informal boycott of the press by those
engineers holding this view

A reluctance on the part of some engineers and engineering leaders
to discuss controversial social policy issues such as toxic waste dis-
posal, nuclear power or the impact of robotics on employment.

These attitudes may reflect some legitimate concerns, but their net
effect is to reinforce the barriers of m,trust and misunderstanding that
already exist between the media and the engineering community
Whatewr real or imagined problems engineers see in the process of
reaching out to the media, these problems can be overcome through
discussion and planning v 'thin engineering societies, corporate
research divisions, and ether technology institutions The primary req-
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uisitc is a commitment on the part of these organizations and the entire
engineering community to improve public understanding

Mechanisms for such an improvenv2fit are for the most part already
in place and neeu c,nly he strengthened and expanded. In addition to
public information offices of engineering societies, the National Acad-
emy of Engineering, and technical institutes, such mechanisms
include the Media Rcsour,e Service of th Scientists' Institute for Pub-
lic information (SIPI), the Mass Media Science and Engineering Fellow-
ship program of the American Association for the Advancement of
Science(. kAS); the Vannevar Bush F.:11owships in Public Understand-
ing of Technology and Science at the Massachusetts Institute of Tech-
nology (MIT), media seminars sponsored by the Council for the
Advarcement of Science Writing, and the Media Roundtable program
cosponsored by SIPI, AAAS, and the Association of American Universi-
ties

Engineers can provide invaluable information and "nderstanding to
the media and, through the media, to the public With the help of
existing mechanisms and in cooperation with engineering societies
and institutions, silence can be broken

Opportunities for Expansion

Opportunities to increase the quantity and the quality of media
coverage of engineering have never been more plentiful Science and
technology coverage has expanded dramatically in recent years, partic-
ularly in the print media At least seven major new science and technol-
ogy magazines were launched between 1979 and 1982 to satisfy to what
publishers perceived as a growing popular interest. Although some of
these magazines have recentiy folded, tilt sin vivoiS aFtJecil iu 13.2 Lill iv-
'rig In addition, a plethora of computer and specialized high-
technology maga-nnes has appeared, and bookstores report these
publications are among their most popular items

Even more significantly, no fewer than 14 large and mid-sized news-
papers across the country have launched weekly science/technology
sections during the past 2 years, and more are on the way. Non-emus
others have began weekly science pages With the N Y Times' Tuesday
"Science Times," which started the trend in 1979, and the Miami
Herald's section, which was begun in 1980, the number of such sec-
tions is now 16

Although the quality of science and technology coverage yams from
newspaper to newspaper, these sections all share the goal of making
technologically sophisticated subjects accessible to and understood by
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the general public. The extra space for large, colorful, and detailed
illustrations is a further attempt to provide more comprehensible
explanations of complex scientific and technological concepts These
sections represent a major departure from previous publications that
were aimed at audiences already attentive to science and technology

The new science sections are directec' at what media executives see
as a new comp.iter-age generation of readers Although the ever-popu-
lar medical and health topics take up 25 percen or more of the columns
in these sections, just as much if not more space is now devoted to high
technology subjects and computers This emphasis is reflected in the
names of some of the new sections: "Science/Computers," "Tomor-
row," "Sci/Tech," "Future Currents." Many also carry a regular com-
puter column by a local expert.

David Lawrence is the exec tive editor of the Detroit Free Press,
whose science section has just expanded by 50 percent and changed its
name from "Science" to "Science/High Tech " Lawrence explains
"Our expansion is based on market research, sure, but it's no more than
what you can r.ee with your own eyes It's all those people with com-
puters in their basements. It's my seven-year-old's second-grade com-
puter class."

Network television has not yet matched this coverage, but the
increase in radio, television, and cable news broadcasts offers greatly
expanded opportunities for reports on developments in the engineering
community. Nearly 30 percent of the calls received by SIPI's Media
Resource Service come from radio and television iournrlists An analy-
sis of .e inquiries indicates that the overwi, ung majority deal
with the promises, applications, and consequences of techr .ogy in the
world rat aer than with the de, elopment and testing of theories in the
h11,01,11.0, y Hcl c, 1110 cii8ineel, lathe, Wail LILL Slit-111VA, ;ffir...k *-11111-S CM;

critical expert with whom joiirnahsts r_iust speak

Conclusions

The conclusions reached by the task force are enumerated below

1 An understanding of the engineering community by society at
large, which is vital to the health of the engineering enterprise, depends
on the ability of engineers to communicate with the public through the
mass media

2. The current explosion in the use of home and office computers
and other high-technology products has created an u precedented
opportunity for increase 1 public awareness of the work of the engineer-
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ing community. This opportunity is illustrated by fix growth of popu-
lar media coverage of science and technology, including a recent
proliferation of weekly science/technology sections in daily newspa-
pers

3. Engineers and engineering have not received media coverage that
reflects either the quantity or quality of their contributions to today's
"high-tech society."

4. The principal problem journalists face in covering the engineer-
ing enterprise is a lack of access to responsible, credible sources of
information and understanding. Until now, the engineering commu-
nity has don,- little to remedy this situation.

Recommendations

I' addition to strengthening and expanding existing support mecha-
nisms (see Appendix A), the engineering community should take
immediate steps to develop a national network to provide journalists
with accese to information about engineers and engineering, thereby
improving public awareness and understanding There are several pos-
sible approaches that are not mutually exclusive

Within the major organizations in the engineering community
(engineering societies, technical institutes, the National Academy of
Engineering, and the Industrial Research Institute), establish lists of
available experts, cross-referenced by specialization and geographical
location Such lists would be sot up through the public information
offices of the various organizations, and consultation and cooperation
among the groups would be maintained on an informal basis.

Develop more formal, centralized coordination of these available
sources of technological information by a leading organization such as
the National Academy of Engineering or a divisier of the National
Science Foundation.

Use SIPI's Media Resource Service as the centerpiece of the net-
work to coordinate referrals to appropriate professional societies, the
National Academy of Engineering, technical institutes, the Industrial
Research Institute, and corporate public relations offices

Any or all of these approaches require the development ofa roster of
available resource personnel by major organizations within the engi-
neering community and a plan for communication and coordination
among these groups On controversial issues, the network must be
prepared to provide access to responsible sources representing a diver-
sity of opinion

if 7i
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Once the network is in place, a coordinated media outreach effort
should be launcned to adv. journalists of its existence :Ind to identify
emerging areas of engineering achievement and policy issues on which
experts arc available to comment journalists may need to be reminded
frequently of the availability of engineers as resources, especially dur-
ing the initial months of the new net work Indeed, engineering
resources already available to the media, through public information
offices at engineering institutes and professional societies, would
almost certainly be called upon more often if journalists were reminded
more fr, *iently of their existence The new network should plan to
conduct such an informational campaign using mailnigs to journalists
and also enlisting the cooperation of meuia-socii ty publications and
meetings

The ..,'twork should also provide expert engineering resources for
existing and future mechanisms that offer seminars and classes in sci-
ence and technology for journalists. These mechanisms include the
Science Media Fellowship Program of the AAAS, the Vannevar Bush
Fellowships in Public Understanding of Technology and Science at
MIT; the media seminars of the Council for the Advancement of Sci-
ence Writing and the Media Roundtable program cosponsored by
AAAS, the Scientists' Institute for Puelic .iformation, and the Associa-
tion of American Universities. The National Academy of Engineer ng
and other leading groups within the engineering con munity should
se,' to set up similar seminars and other educational programs for
journalists

Funding for the network should come from four sources govern-
ment, through the National Science Foundation, media organizations;
engineering societies, and the corporate community This four-part
funding is essential to the nubile credibility that thL network must
niainta,n if it is to succeed



APPENDIX A

Public Information and
Media Outreach Activities

Several types of efforts to foster media and thus public understanding
of engineering and technology are already being made. These range
from the standard public relations operations of most companies and
professional societies to a small number of more innovative projects.

The Media Resource Service (MRS) was established in 1980 by the
Scientists' Institute for Public Information as a fiee referral service
available to all members of the media seeking reliable sources with
scientific and technological expertise. MRS maintains a data base of
more than 15,000 experts from academia, government, and private
research/const Ling organizations who have agreed to answer media
questions in their areas of specialization

11:::11 2 ry,rn:31ict rolls with a Question, the MRS staff searches the
program's data base to find the appropriate specialists, examining sucn
criteria as field(s) of expertise, geographical location (where applica-
ble), and position on controversial issues (representatives of two or
more sides are always given)

In almost all cases, the staff then calls each expert to determine
availability and to alert him or her that the journalist will be calling.
This serves simultaneously to clear the way for the journalist and to
allow the expert an opportunity to prepare for the journalist's question.

The American Institute of chemical '7.ngineers (AlChE) devotes its
principal outreach efforts to promoting coverage of its national meet-
ings and conferences and its brochures and fact sheets on specific
issues. The AIChE has done some limited videotape distribution profil-
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mg the role of the chemical er gineer (five 30-second and of e 60-second
public service announcements and one 60-second radio spot) The
institute's Public Relations Committee is being reorganized to create
better opportunities to provide technically accurate information to the
press

the American Society of Civil Engineers (ASCE) has prepared infor-
mation kits on infrastructure issues and on the water crisis rir distribu-
tion to its sections and branches These kits, including slides, booklets,
Ind press releases, provide background technical information Sections
and branches are encouraged to arrange for media use of these materi-
als. The ASCE has also produced two movies, one entitled "America in
Ruins," the other on civil engineering education In addition, the soci-
ety has pt together a four-color booklet on the role of die civil engineer
(largely as a career guidance aid) in conjunction with a 20-second public
service announcement (PSA) television spot

The American Society of Mechanical Engineers (ASME) arranges !or
iuedia coverage of technical conferences and publis'-ies articles in
ASME publicatior s. It also produces films, including one on its His-
toric Mechanical Laddmarks Program featuring technologically signif-
icant devices Films are distributed to sections, schools, and civic
groups. Occasional TV spot announcements are also produced.

The Institute of Electric, I and Electronics Engineers (IEEE) has com-
piled a technical resources directory for distribution to the media It
lists dozens of experts (including names, addresses and phone num-
bers) in approximately 100 areas of technology. IEEE held a media tech-
nology briefing on rob tics and as part of its recent annual meeting held
five sessions with 16 engineers and 38 editor, on supercomputers,
defense electronics, communications, technology for the handicapped,
and electric power transmission. It has prod: Ted two PSAs (one 60-
second spot, one 30-second) that have also been adar ted to print A 28-
rnimito 6ilm nrinrited ripcrIhr,c the rnin
the electrical engineer. Finally, IEEE, has fostered ext-msivr media cov-
erage of its activities (e g., centennial) and publications (e.g special
issues of Spectrum on space technology and supercomputers).

The National Society of Professional Engineers (NSPE) is preparing
an engineering experts directory for direct distribution to the media and
h.: distribution through the society's chapters. NSPE conducts public
relations seminars for its members to encourage them to work with the
media and has prepared a public relations handbook for engineers It has
fostered media coverage of its activities and routinely arranges inter-
views for the president of the society when he travels NSPE also tries to
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inform the media about the profession through sponsorship of the Out-
standing Engineering Achieveinent Awards and National Engineers
Week. The society reaches into hundreds of communities throu:;h an
extensive scholarship program and MATHCOUNTS. NSPE also spon-
sors awards programs for both prin and broadcast Journalism

Beyond the efforts of engineering societies, centers of engineering
excellence have also worked to improve media underst...nding cf tech-
nology. Several corporations (e.g., WcAinghouse) have provided time
and training for engineers to make media appearances discussing tech-
nology. Most engineering colleges have at least one public information
staff person who can serve as a conduit for the press to expert faculty.

The Massachusetts Institute of Technology (MIT) conducts the Van-
nevar Bush Fellowships in the Pub 11 lnderstanding of Technology and
Science. The program is designed fi sight experienced technology and
science journalists per year. Its aims are to recognize individual
achievement and to provide journalists with the opportunity to expand
their contacts and conduct a lengthy research project. The host MIT
also benefits from thi development of new pathways by which to
describe developing technologies and their implications to the public.

Another program bringing experts and media together is the Nev.
Horizons series of meetings held annually by the Council for the
Adv.ncement of Science Writing (CASW) in cooperation v.-.-1- a host
university. In these 4-day sessions, .ngineers and scientists make pre-
sentations on new research findings Nightly social v- 'rings bring
experts and journalists together to foster the develot of personal
contacts. The CASW has also held four region.l s ins on issues
relating to public health and the environment as well as occasionai
1-d -.y meetings in Washington, D.0 , on science policy issues

The American Association for the Advancemen. of Science (AAAS)
.as since 1975 conducted its Mass Media Science and Engineering

Fellows Program. (Engineering was a 'dca to the title in 1982.) The
program aims to strengthen tne relationship between SliCIILISLJ dud
engineers and the media by allowing advanced stv-de its in science/
engineering to work for a summer on newspapers and magazines and at
TV and radio stations About 150 students have participated in the
program, with several conanuing on in subsequent media jobs.

Final17, a joint media outreach effort dealing with university research
is being developed by AAAS, the Association of American Universities,
and the Scientists' In mute for Public Information This 18-month
program will bring scientists and engineers who arc experts on univer-
sity research together with a small number (from 8 to 15) of Journalists
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for free-wheeling discussions of such issues as the transfer of strategic
tecanology to the Soviets

This survey of media outreach efforts is not intended to be exhaus-
tive. Its aim has been s' mply to touch upon the activities of some mayor
engineering organizations as well as some of the more interesting activ-
ities of other organizations.
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Survey of Journalists' Perceptions of
Engineers,

Physicians, and Scientists

As part of this report, a survey was cakr'n of journalists in the print
and e!ectronic media regarding their perceptions of technical experts,
specifically, engineers, physicians, and scientists The survey was an
attempt to determine the answers to these questions:

1 How often, relatively speaking, do ilurnalists solicit the :twee
types of experts for comment?

2. How do journalists perceive these experts?
3. Where are journalists most apt to look for these experts?

The eight-question survey was mailed to 1,118 journalists, including
569 science journalists (from the mailing list of the National Associa-
tion of Science-Writers) and 549 generalists. A discrete body of engi-
neering/technology writers was not readily identifiable.

A total of 202 iournalists resnonded which WAG a resprns.., rare of 1 R
percent. Of the 549 generalists, 54 (10 percent) returned the question-
naire, with 148 (26 percent) of fie science writers responding. Given
this much higher r-2.sponse rate, answers for each of the following ques-
tions were controlled for the type of journalist responding.

Overall, the results of the survey showed that journalists have sub-
stantially less contact with engineers than with either physicians or
scientists Journalists turned to engineers on only 11 percent of their
stories on health, science, or technology, with little distinction
between science writers (10 percent) and nonscience writers (13 per-
cent) On the other hand, journalists turned to physicians 41 percent of
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the time with little differeace between the type of journalist and to
scientists 3C percent of the time (science writers, 39 percent; general-
ists, 23 percent). (See Table B-1 ) Only 23 journalists (11 percent of the
total 202 respondents) turned to engineers before physicians or
scientists.

Respondents were also asked to describe, on the average, how many
engineers, physicians, and scientists they spoke with each week. Over-
all, respondents spoke with 4 times as many physicians or scientists as
engineers. There were flifterences, however, between science journal-
ists and nonscience journalists. Nonscknce journalists contacted only
1.5 to 2.5 times as ..any physicians or scientists; science reporters
approached 4.5 times as many scientists or physicians.

When journalists were asked whether they thought a description of
the engineer, physician, or scientist as "wooden" was true, somewhat
tru.:, or not true, about three out of four (74 percent) said that it is true or
somewhat true for engineers. Only 55 percent thought that the assess-
ment was true or somewhat true for physicians, compared to 50 percent
for scientis.s.

Responding journalists also were surveyed about where they were
most likely to seek each of the three types of experts. On a scale of one
(most likely) to seven (least likely), reporters were asked to rate the
following sources of contacts: academia, government, industry, profes-
sional society, public interest, trade association, and other.

Reporters were most likely to turn to industry while seeking engi-
neers, with ,academia, government, and professional societies as next
choices (see Table B-2). When controlling for type of reporter, however,
nonspecialists were more likely to look first to academia and then to
industry, professional societies, and government

TAR! F. R-1 .2 ; ;;; y a _30_niticiit journalists of Three
Types of Experts (percent)

Experts

1ournalists

Nuns fence SocriLe Total
Engineers 128 10 0 11 0
Phy.l- .ans 42 I 41 4 41 i
Scientists 226 19 4 14 9
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Table B-2 journalists' Preferred Use of Institutions
in Seeking Experts

Types of
Institutions Engineers Ph sic tans Scientists

Academic 2 1 1

Government 1 3 2

Industry 1 4 3

Professional society 4 2 4

Public information 6

Trade association ; 7 6

Other 7 6
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