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EXECUTIVE SUMMARY

1. This report is an analysis of major issues in continuing

education (CE) for R&D personnel. It is based in part on the re-
sponses of R&D directors and managers, heads of training and devel-

opment, and academic administrators to interviews designed to discover:

o what problems exist in industry-university-government
relationships for providing CE,

o what is the future demand for CE, and
o what needs to be done to meet this demand.

The report also reflects the authors' analysis, based on

their own experience with respect to CE and related issues.

2. We began this study expecting to find differences in percep-

tions within and among the groups interviewed. instead, respondents
in each group were in close agreement on major issues; moreover,

industrial and academic respondents rarely disagreed in their response

to questions asked of them.

3. We have found an extraordinary diversity of consumers,

suppliers, and programs in CE. The need for CE is great and is
increasing. Many fields in science and engineering continue to change

rapidly, requiring large-scale programs of education and training of

professionals.

4. Yet many universities experience difficulty in developing

effective CE capabilities in response to this need. This is, in part,

due to faculty attitudes that treat CE as unimportant compared to the

teaching of degree candidates. Such attitudes are reinforced by

academic reward structures that do not encourage those faculty efforts

unless they lead directly to research and professional publications.



Also, lack of both organization and venture capital often prevent
universities from nursuing CE vigorously.

5. There is an increasing gap between industrial and university
salaries. Even more importantly, new opportunities for employment of
scientists and engineers on many universit7 faculties have nearly
disappeared. Thus, a vicious circle has begun, and in many fields
the knowledge base for providing CE is moving increasingly from the
university to industry.

6. Some corporations with large R&D establishments have wide-
ranging and outstanding programs in CE for their personnel.
Courses in proprietary, advanced, state-of-the-art topics are taught
by leading professionals, and form the core of in-house CE. How-

ever, most corporations have to depend on external sources for CE.

Unfortunately, external sources of :.E often do not exist,
or are unknown and/or inaccessible. Potentially available sources
become increasingly proprietary and unavailable to other corporations
as the knowledge base for providing CE moves from university to
industry. CE deficiencies can be compounded if training directors
themselves do not -7e up-to-date knowledge of wno is contributing
to the state of the art, and what are the corresponding CE needs of
their own organization in .-elevant areas of science and engineering.

8. Where effective CE programs exist., ole usually finds several
of the following el,.:ments:

o an academic administrator who believes that
cooperation with industry is beneficial;

R&D training director who understands the
ganization's CE needs anc. is thoroughly familiar
th potential resources for meeting them;



o close geographic proximity between participating
universities and corporations or government
laboratories;

o a variety of other useful modes of cooperation in
addition to formal course work (e.g. , exchanges
involving students, faculty, corporate scientists
and engineers, equipment, CE technology, etc.).

9. Managers and academic leaders singled out a number of
issues or new developments as being important or requiring attention.
For example:

(a) Although CE was universally recognized as essential to
prevent technical obsolescence among scientists and
engineers, providing reliable information about pro-
grams as well as easy access to them for those who
need it is difficult to achieve at times.

(b) The demand by R&D managers and professionals for
CE programs in computer software is increasing. It
appears that this situation will continue for some time
and will require additional and higher quality programs.

(c) A variety of management skills is increasingly needed
by R&D scientists and engineers who are not ma lagers
themselves.

',d) New technologies for the delivery of CE will continue
to be developed and used but traditional classroom
instruction will still play an important if not major
role.

(e) High starting salaries in industry for engineers with
Bachelor's degrees create lack of incentives to stay in
school for higher degrees as had been the case in the
past. This increases the need for industry to support
CE, both in-house and in the universities.

(f) It would be highly beneficial if R&D industrial profes-
sionals became increasingly involved in teaching stu-
dents (,.t the universities.

(g) Education is not what corporations do best, and they
do not wish to compete with universities in this area.
Yet they find themselves increasingly forced to do so.

(h) The threatened decline in enrollment in university
engineering and science programs that may result from
the impending decrease of the college-age population is
expected to serve as a powerful incentive for universi-
ties and individual faculty members to develop quality
CE programs.

Conclusion and Recommendation

Education and training in science and engineering is becoming

less and less confined to degree programs. Existence of and access

-3-



to a system of high-quality continuing education is one of several
factors to enable the U.S. to maintain an up-to-date pool of R&D
manpower. Present trends point to a decreasing availability of qual-

ified people who are able and willing to provide the needed CE.

Important research takes place increasingly within industry, and
universities experience difficulty in recruiting and keeping talented
scientists and engineers. These factors, coupled with an erosion of

endowment, tuition and research funds, and the resulting bureaucra-
tization of governance procedures, threaten universities with deterio-

ration of faculties and programs.

The loss of competent teachers and researchers from universities

to industry threatens to create a misallocation of personnel that would

be harmful to both industry and the nation. If allowed to develop,

this misallocatiLn would weaken the university's capacity to perform
its educational functions and to conduct non-proprietary research

from which an entire industry could benefit. This result would be to
impose costly new burdens on industry with respect to the training
and education of its own R&D personnel.

Building a strong system of continuing education would provide

the universities with the opportunity to reverse this trend. But that
cannot happen without a concerted effort on the part of the universi-

ties and industry to work more closely together.

Our principal recommendation is that serious efforts be made, as

quickly and on as large a scale as possible, to bring together univer-

sities and R&D organizations (and other appropriate organizations) to

identify potential suppliers and consumers of CE in science and engi-

neering and to plan and organize new, cooperative and effective CE

-4-



programs. This should be carried out under the auspices of d con-

sortium of organizations, such as the National Science Foundation ,

appropriate committees of the National Academy of Science and

National Academy of Engines. ing , The Industrial Research institute,

the American Society for Eng. :!ring Education and other institutions

with a commitment to the vitality of U.S. science and engineering
education and research. As a first step in this direction we recom-

mend that the Industrial Research Institute assume leadership at an
early date in the organization of a symposium to exchange ideas and

to improve understanding of these issues. included in the work of
the symposium should be the appointment of a steering committee

which would plan and carry out an agenda for further action.

Succef. in these efforts would result in correcting the loss of
CE capabii: ties curred by universities and in reducing the excessive

costs to R&D organizations that result from the continuing misalloca-

tion of R&D t,:.-:pertise to the loss of all concerned.

concerted effort is essential. To make headway will require
initiatIvL., and support from corporations, universities and founda-
tions. ccrporations acting alone can invest in supporting the CE
programs they will need, but individual efforts, by themselves, are
not ikely to deal successfully with what appears to emerge as a
national problem and needs to be treated as such.

Recommendations for Future Study

First and foremost, we recr_ -amend that the key problem areas
this pilot study has identified be now examined in depth and with
quantitative measures where appropriate and possible. In such a
detailed study it would be useful to make a distinction among major

-5-
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industrial sectors or key areas of R&D. We would also urg,_ that an

analysis of attitudes and decisions of scientists and engineers, who
are the direct consumers of CE, be included.

We believe that the following issues we have identified are suffi-
ciently important to merit separate attention:

1. We have indicated that effective systems of CE are often
found where universities and industrial laboratories in close geo-
graphic proximity have worked out a variety of mutually beneficial
avenues of cooperation. It would be of value to examine some of the
more successful regional arrancements to learn how these have de-
veloped, and what aspects would be applicable to similar situations
elsewhere, or adaptable to less proximate groupings.

Our respondents have indicated that if due to a decreasing
college -age population . the R&D manpower pool should shrink sigrtifi-
cantly as expected, they may consider massive retraining of people in

middle age to meet current needs. But even at present there seems

to be a significant number of scientists and engineers who would want
to invest their time and energies in education to change careers (with
considerable social profit) if only more information about programs
and options were available; if they had access to competent counsel-
ing; if pursuing such efforts did not imply a risk to employment or,
more importantly, if employers themselves would regard such under-
taking as investment. A comprehensive study of all aspects of career
change for R&D personnel seems desirable.

3. Only a few directories that list CE programs are available.
Some of these are not sufficiently known or are incomplete, and the
courses listed are necessarily left unevaluated. We rec,Trarnend that



the National Science Foundation sponsor a study to determine what
the market might be for an accurate, up-to-date and informative
directory; in what ways evaluations can be furnished that are fair
and acceptable to these who provide CE and still be of value to the
user; whi,r the economics might be of regularly publishing and distri-
buting (cry paper and/or in electronic form) a directory and what it
would entail to produce a dependable high quality product.



1. INTRODUCTION

The working hypothesis for this study was that there will be

marked changes in the needs for continuing education for R&D scien
tists and engineers in the coming decade. Furthermore, in response

to these changes, a more effeCtive and better articulated system of

educational programs than now exists may be necessary. This would

require increased cooperation and possibly a new division of labor

between industry and academic institutions.

A major objective of this study therefore, was to determine how

R&D managers, executives, training directors, and academic adminis-

trators perceive the future demand for continuing education (CE) in

R&D, as well as what new institutional arrangements, program innova-

tions and policy changes they believe will be necessary to meet the

future demand. Other objectives were to determine how such decision-

makers view the current state of continuing education in the United

States and how it is related to R&D. For the purposes of this study,

continuing education included all carec.r-relevant studies undertaken

by working scientists or engineers subsequent to being employed in

full-time professional level positions.

Clearly, this study was intended to analyze issues and not
merely to report on what was learned in the interviews. While the

essential material for this study was derived from discussions with

respondents, each of the authors also brought to the subject his own

different but considerable experience in CE and in research on techni-

cal manpower. The authors reflected not only on what they learned

in interviewing a large and diverse group of people, but also on what

they knew from having been involvc:d with the subject over the years.

-8-
14



In extensive discussions they performed their own analyses and
reached their own conclusions about what was happening in CE for

R&D, where trends are leading, and what remedies should be recom-

mended.

The research did not involve obtaining a representative sample

to characterize continuing education in American Industry and univer-

sities as a whole. Other NSF-sponsored str....lies were doing this.
Furthermore, since this was an exploratory study, no attempt was
made to project the future of continuing education in quantitative

terms, although such an approach would have gi-eat value and should

be considered as a possible hollow-up to this study. Limitations of

time and budget precluded that option.

No better method can be found for understanding and planning

for the future of CE than to direct the attention of those who are

most knowledgeable and concerned about CE issues to the questions of

what they believe is most likely to happen and how they plan to deal
with the situation. Through this process emerges not only a detailed

scenario relating to economic, technological, employment and educa-

tional changes affecting CE, but also the basis for a plan to deal with

these changes which includes the benefits of foresight and perspec-
tive.

The basic strategy, therefore, was the development of interview

schedules that included provisional Scenarios of projected changing

needs for CE among scientists and engineers. Different interview

schedules were developed for three relevant groups of decision-

makers (see Appendix 2):'



1. R&D executives and training directors in major technology-

based organizations in both the public as well as private
sector;

2. R&D middle managers in these technology-based organiza-

tions;

3. Administrators and CE directors at academic institutions

that provide education to engineers and scientists.

Selection of the decision-makers was based on a purposive sam-

pling plan w ...ch assumed that, with good judgment and an appro-

priate strategy, one can select the individuals to be included and

thereby develop samples that are consistent with the goals of the

research. The procedure included close interactions with relevant

organizations that have the expert knowledge needed to determine who

should be included in the sample. For example, the Industrial

Research Institute (I.R.I.), whose membership represents the nation's

leading technology-based firms, assisted in selecting representatives

of 16 technology-based organizations. Interviews were usually ar-

ranged with the vice president (or equivalent) for R&D as well as the

chief executive officer responsible for training and development.

Similarly, CE directors and administrators from seven academic institu-

tions were selected with the assistance of key individuals from organ-

izations such as the American Society for Engineering Education. The

interviews usually took place where the decision-makers were located.

In order to reduce the cost of travel, interviews were mainly concen-

trated in the East, although other regions such as the Southwest

were also included to help assure that national rather than regional

issues were identified.



The interviews were structured and standardized as much as
possible in order to facilitate comparisons. But they were also open-

ended, thereby permitting considerable latitude for the respondents to

express themselves. This approach helped provide the researchers

with data from which to cull potentially useful insights and recommen-

dations based on the collective wisdom of knowledgeable and experi-
enced informants. The researchers did not insist that respondents
closely follow the interview schedule. Many interviewees responded to

the interview items but then spoke at length about issues which were

not included in the schedule. It was considered more productive to

encourage respondents to speak to the CE issues of greatest concern

to them rather than to require them to address all the items in the
schedule. All interviews were recorded and summarized.

Comparisons were made not only between technology-based organ-

izations and between these organizations and academic institutions,

but also within organizations as well, by contrasting the views of R&D

executives with those of their training and development counterparts

and middle managers.



2. THE VARIETY AND ORGANIZATION OF CE PROGRAMS IN

SCIENCE AND ENGINEERING

CE Programs in Science and Engineering

No aspect of the study struck the researchers more forceably
than the extraordinary diversity of the organizations involved in CE,

of their perceptions of CE needs, and of the programs that are avail-
able. Table 1 illustrates some of the most prevalent arrangements.

Sources of CE Programs

Types of CE Programs

UNIVERSITY EMPLOYER
PPCFESSIONAL

SOCIETY OTPER

Central- T
Ized

Depart-
mental

Corpor-
ate

Govern-
gent Large Semi! Prone Private

CREDIT

On
Cannon

Bachelor's
Degree

master's
Degree

,

Doctoral
Degree

In-

HCAMIII

Graduate
Courses

Advanced

SPecIal
Courses

NON-
CREDIT

.
In-

Nouse j

On

CamPusi

Other
Nesting
FacIlitY

Self
Study

0 0 0

Short
sesCour

meetings

wworkshops
0

TABLE 1



It is evident that universities are the major suppliers and that

employees or organizations engaged in R&D are the major consumers

of CE in science and engineering. The initial decision to undertake
CE typically rests with the individual participant. The decision,
however, as whether time or tuition will be provided by the em-

ployer is based on existing policy and usually rests with the profes-
sional's immediate supervisor. Therefore, in a sense, R&D organiza-

tions themselves can be thought of as consumers of CE.

It is not unusual for accomplished R&D professionals to offer
courses themselves, frequently as adjunct professors at universities.

University professors are also frequently invited to present courses
and special seminars to R&D organizations. This might most accur-
ately be regarded as short-term CE, which is concentrated on a
specific subject and supplied by an expert in a particular field,
rather than by a university.

In addition, practical continuing education takes place as scien-
tists and engineers who ordinarily work in R&D spend what are

sometimes called sabbaticals in other departments of the same corpor-
ation. For example, a scientist or engineer may work closely with
line production management or with marketing of product lines to

which his technical work is relevant, and return to his R&D tasks
with a much better understanding of the relationship of R&D to the

production and marketing decisions of the corporation.

Occasionally R&D personnel are exchanged between corporations .

This form of CE is limited, however, by the need to safeguard tech-
nical information if it confers some competitive advantage. There are

-13-



also fears of anti-trust problems that may come from innocently-
intended selective sharing of advantages. To a surprising degree,
however, it appears that technical information is not treated as pro-
prietary by most R&D organizations, and is often readily available in
the literature.*

Given this diversity, it is obviously difficult to generalize about

a particular aspect of continuing education. CE can take place in
many different forms, and places, and for a variety of purposes.
Therefore, in this report we have tried to make clear whenever
possible which kind of program, organization, age group, industry,
etc. , we are referring to with respect to each issue.

Objectives of Education in R&D Organizations

The primary objective of CE in R&D organizations is the mainte-

nance or improvement of the performance of scientists and engineers.
One major objective is bringing to the attention of R&D personnel

important and interesting developments in their own or related fields.
Speakers from universities or from other corporations are often invited
for this purpose.

*Scientists and engineers in most companies are encouraged or at
least permitted to participate in professional meetings and to
present and publish papers on their work. These are, however,
subject to review if the information is considered proprietaiy--
something that is much more rare in research than in product
development. The protection of technological information rests to
a much larger degree upon the effort to keep the information
private than on the patent system. Patents all too frequently
publicize innovations and encourage competitors to find alterna-
tive routes to the same results. The fact that technological
advantages are more often preserved temporarily by silence
rather than by patents does impose some limits on the participa-
tion of R&D employees (especially D) in the continuing education
of students at universities or R&D employees or other organiza-
tions.

-14-



Similarly, in many in-house seminars, important progress made

by one group within the company is reported to researchers in adja-

cent fields. Because of the emphasis on the secrecy of proprietary

information, attendance at such meetings is sometimes limited to those

who have a "need to know".

Much education is sponsored by industry to foster the profes-

sional career development of employees. Thus it is an expected

perquisite in any high-technology organization to have the opportunity

to attend meetings or courses that are available in-house or from

professional societies or at universities. The principal objective is

essentially to satisfy the immediate job needs of the employees or to
broaden their horizons in fields other than those in which their
primary work is concentrated. The availability of subsidized univer-

sity-based degree programs is attractive to new graduates as a fringe

benefit.

Comparison with Formal Degree Programs

Formal degree programs are structured with a great deal more

consistency than continuing education programs. However, it was
characteristic of the R&D managers in the survey to view formal

degree programs as providing only the basic education for the R&D

professional. One R&D director put the point especially strongly:

Everyone hired from a university, whether he or she has a
bachelor's in engineering or a Ph.D. in science or engineering,
starts as a "greenhorn." The most important part of a gradu-
ate's education begins on the job.

-15- )ti 1



Typically, the university graduate--whether at the bachelor's, mas-
ter's or doctoral level--goes to work in a research or development
laboratory under the mentorship of more experienced scientists or
engineers. Only after a period of apprenticeship is he likely to

contribute substantially to innovation. At that point, he has been
educated on the job in a far more specialized and advanced way than

a university could accomplish. Clearly this is more true of specific
product development, process engineering, and applied research
programs than it is of basic research.

While R&D executives contend that the on-the-job portion of
employee education was very important, they universally agreed that
higher degrees are highly desirable, and are likely to contribute to
the future advancement of employees, especially in more versatility
and deployability. One recurring policy was that no promises of
advancement were made to employees who undertook to earn higher
degrees. It was explicit that their work for the corporation would be

judged on achievement alone, and that an advanced degree was not in
itself a reason for a promotion or a salary increase. However, there

was a general expectation that additional education would result in
increasingly challenging assignments, which would in turn lead to
greater rewards. A major exception to these policies existed in at

least one organization which had a different salary schedule for each

degree level. Thus, in this organization obtaining a master's degree
would typically ..-esult in a salary increase since the individual is
moved to a new and higher salary schedule.



Speaking of the difference between educational programs at a
corporation and a typical university, one manager pointed out the
following:

At a university you have a constantly changing student body.
The average stay of a student is four or five years. Here youhave a very stable student body. So in our in-house program,
we have to change and turn over the program offerings much
more rapidly than at a university. We offer a course and if it is
a very popular course, you saturate the local market here in two
or three years and that course then has to be taken of the
offerings for maybe ten years until there are enough new people.
So that is the basic difference here--a stable student body and a
rapidly changing course offering. At a university it is a rapidly
changing student body and the offerings change much more
slowly.



3. FACTORS CONTRIBUTING TO THE HETEROGENEITY OF CE IN
AMERICA

The Relationship Between Industry and the Universities

Both the educational system and the structure of high
technology R&D organizations in the U.S. exhibit certain uniformities

and regularities. Education in science and engineering tends to

follow similar patterns in universities, with almost predictable cur-
ricula leading to the bachelor's, master's, or doctoral degree. Simi-

larly, R&D organizations have management hierarchies typically rang-

ing from project managers to vice presidents.

Some variations do exist. For example, some companies employ

what is known as the "matrix" management system in which R&D

reporting responsibilities exist not only to the immediate superior in a

particular R&D function, but also to a line project or product mana-
ger. In some organizations, personnel specialists are in charge of
tracking the careers of those involved in R&D, as well as other
professional and managerial employees, and become involved in CE and

other decisions affecting the progress of the scientist or engineer.
Nevertheless, the typical form of an R&D organization is a pyramid up

which people climb at various rates, and often on dual ladders (tech-

nical or managerial). CE decisions are usually made by the individual

and also by his immediate superior if time off or tuition reimbursement

is involved.

Given the homogeneity of the educational system and the rela-

tively similar structures of corporations, it is surprising that the
relationship between universities and corporations, especially when it

comes to continuing education, is so complex and multiform. There
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are several possible reasons why this is so.

1. Education is considered to be a small and cost-effective

expenditure compared to other items in the R&D budget. R&D organ-

izations that have effective educational programs find them essential

to maintaining a competitive position. Often only by exposing profes-

sional staffs to programs dealing with new ideas, theories, techniques

and recent research results in a given area do corporations remain

competitive or assume strong positions through innovation. While, in

general, corporate policy governs participation in continuing education

on company time and at company costs, CE is, in most of the R&D-

intensive organizations we studied, readily available to R&D personnel.

2. From the university's point of view, continuing educaidon is

often only a marginal product. They continue to devote most of their

resources and energies to formal undergraduate and graduate decree

programs.

3. Major universities are no longer necessarily the most compe-

tent or up-to-date dispensers of new scientific and technical informa-

tion; therefore, new types of organizations have entered the market

as suppliers of continuing education. Among these are the profes-

sional societies, which, to some

objectives as industrial in-house

content and permit sharing of

extent, serve the same educational

programs, but have no proprietary

costs. Also enterprising business

groups have appeared in the market which typically employ a handful

of outstanding experts from universities or industry and package and

market sharply focused programs on technical topics in current de-
mand. These programs often are more responsive to the job needs of

working professionals interested in applications than university cur-



ricula with their more general and theoretical emphasis.

4. As young experts, sometimes in groups, move from one

institution to another, reputations for excellence in given fields can

no longer be depended on for extended periods of time as was the
case in the less mobile job environment of earlier days.

These and other factors make it much more difficult to identify
suppliers of high-quality continuing education. Since corporations
provide most of the participants in CE, and they are both numerous
and often competitive, no efficient network of communication exists

comparable to that among undergraduates which helps differentiate
good instructors or courses from mediocre ones in the university. It
takes, therefore, much longer to recogaize good sources of CE, and
to identify those which are inadequate.

Academic administrators do not appear to be concerned about
competition from industry or other institutions. They expect most
employers to continue to send students to universities fat --laster's

degree programs, and to continue to hire their Ph.D.s. r.), spe-

cialized industrial courses usually do not compete with campus instruc-
tion. Furthermore, science-based or high-technology industries
(i.e. , good sources of up-to-date knowledge) are unlikely to become

interested in marketing CE because of their need to safeguard propri-
etary knowledge and personnel. While nonacademic institutions will

continue to have a share of the market, and a few are already li-
censed to grant degrees, their continued growth is projected at a
slow pace , and academic leaders in CE do not expect them to become

major competitors.



Given so many diverse users, so many diverse sources of addi-
tional education and training, it is inevitable that many solutions are

essentially ad hoc and deal with particular requirements imposed by

special situations. Thus, within continuing education a great many

more-or-less-unique arrangements inevitably have grown up and their

number will continue to increase for a period of some years, and then

be discarded as the need changes. This is in great contrast to the

relatively stable organizational structures of the universities and of

the research and development groups within corporations.

The Regional Character of Effective CE Markets

Many of our respondents pointed to the importance of having

convenient access to a university. Where close geographic proximity

exists between universities and industrial laboratories, the amount of

course work taken by R&D employees, the amount of in-house courses

offered by university faculty, and the number of corporate scientists

and engineers teaching as adjunct professors at the university ap-

pears significantly greater than where such proximity does not exist.

Indeed, the contrast with respect to the amount of interchange be-

tween situations in w'..ich universities were close by and those in

which they were not went far beyond any which could be accounted

for by savings in time and expense involved in travel to the proximate

institution.

The university must carefully consider the industrial composition

of the region in which it is located. With due regard to departments

already outstanding in neighboring institutions, it would be wise when

hiring new faculty to strengthen those disciplines in which regional
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industries dominate. Up-to-date faculty in a given field is essential

to short-lead times in the development of new CE programs.

One might speculate that this regionalism would tend to decrease

in importance as communications and information processing become

widespread in the next decade. A qualification 'should be added:
since technological information relevant to current innovations dates
rapidly, the freedom from geographical constraints provided by media

such as video tapes will continue to be less significant for R&D educa-

tion than for basic education in science and engineering and both
basic and advanced education in other fields. Technological changes

affecting the regional character of CE for R&D will be affected more

by developments in real-time telecommunications (e.g. , satellite) than
117; recorded material.

These views were echoed in part by several other respondents.
Obviously, however, this judgment can be valid only where there is a

substantial amount of continuity of subject and technology from project

to project. This continuity is far more likely to exist in scientific
research than it is in development programs. Indeed, much develop-

ment engineering requires switching from one product line to another

and bringing to bear quite different areas of knowledge on the new
project.

Changing technology is a way of life at most R&D laboratories

and CE was viewed by most as a necessary element of adapting to

such change. One middle manager felt it was relatively easy to
transfer engineers into new roles but not necessarily scientists,

because of their high degree of specilization. Also the more science-

based a given field is, the more difficult the transfer becomes.



4. BARRIERS TO DEVELOPING EFFECTIVE CE CAPABILITIES ON
CAMPUS

University Objectives and Policies

R&D executives acknowledge the essential contribution that

universities make to the corporate enterprise. They value the role
that universities play in the education and training of scientists and
engineers, and consider them as their indispensable source of supply
of technical manpower. They regard the university as the principal
social institution whose general task is the discovery, organization,

and ciissemirtation of knowledge. They believe the university does

this well and they generally praised the quality of degree programs

and the graduates produced. R&D executives and training directors

typically agreed that the business of universities is education. One

training director went so far as to suggest that it may be advanta-
geous for industry to get out of the education business entirely and

develop a closer coupling with universities at the same time.

Some middle managers, however, have been more critical of
academic attitudes and practices. Some felt that universities look at

CE exclusively as an income-producing venture, and that they are
less concerned with achieving excellence in this field than in their
regular degree programs. They noted that universities sensitive to

industrial needs in CE are the exception rather than the rule. Pro-

fessors who direct CE operations on campus and serve as liaisons with

industry were perceived as being aware of industry's needs, but
often not in a position to negotiate commitments. At more senior

levels in the academic decision-making hierarchy, however, it often
becomes difficult for an R&D training director to get a sympathetic
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hearing in regard to special needs, and more program arrangements

become difficult.

When things work, one usually finds a dean or a president at a
university who believes that close two-way cooperation with industry

is beneficial, and who has been able to implement policies to stimulate

and encourage faculty involvement in the development of quality CE

materials and programs. Many R&D executives and managers feel that
the internal organizations of universities to deliver quality CE needs
to be improved.

Academic administrators do not take issue with the critical view
of their industrial colleagues. They ascribe the difficulties to the
fact that, historically, universities were not designed to engage in
continuing education with the single exception of agriculture in the
U.S. Land Grant State Universities. In the past, they found it
neither desirable nor necessary to adopt practices and programs in

response to the current needs and convenience of industrial clients.
It is only recently-- because of adverse economic circumstances --that

universities are beginning to think in terms of developing and market-

ing "products" that industrial clients (rather than only individual
students) want and are willing to pay for. Even thinking of students

as a "market" rather than merely as candidates who may be admitted

to the university and its faculty-designed programs is a novel and
frequently controversial attitude at many universities.

Faculty Attitudes

Given seemingly compelling reasons for wanting to extend educa-

tion to non-traditional segments of the student market, such as em-
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ployed R&D professionals , it may seem surprising that universities
often find it difficult to recruit outstanding faculty for such pro-

grams. To ask professors to part cipate in CE is often to ask them

to divert their attention from what is most important to them. Only

relatively generous extra payment or other rewards can usually make

up for the time lost from "real work" in the faculty member's profes-

sion .

Indeed, many faculty members cannot be tempted to divert

themselves no matter how large the rewards offered. The situation is

exacerbated by the fact that the CE organization is most often exter-

nal to the department. Therefore, teaching CE courses generally

does not convey credit or prestige within the professor's own depart-

ment. On the contrary, CE activity may be perceived as prima facie

evidence of dilettantism and lack of seriousness as a first-class scho-
lar within an established discipline .

The training of faculty in the sciences and engineering takes
place almost entirely within the universities. They typically go

directly from being university students to post-doctoral researchers

or faculty members. Their view of the world is one that is shaped

almost entirely by the attitudes and values that prevail in univer-

sities, with emphasis on basic research and on the mastery of what

has been discovered and what remains to be discovered.

The fact that advances in science often lead to socially-useful

applications is usually of secondary importance . An even more impor-

tant, but often ignored, fact is that progress in applications has, at

times, led to subsequent discoveries in basic research; that is, tech-

nology has often preceded the science that can explain it. Interac-



between basic research and applications, which is so well understood

in most corporations, has attracted relatively little attention in science

and engineering faculties.

Academic Reward Structure Impedes Faculty Initiative

The reward structure in question is not only that in the univer-

sity but also that in the particular academic profession to which the
faculty member belongs. It is beyond question that the imperative
"publish or perish" almost totally dominates the reward structure of
most academic professions.

The reality of the genuine conflict between time spent on
teaching students and time spent on one's own research is obscured

at major universities by the argument that researchers, who are at
the frontiers of knowledge, are the most desirable teachers. This

argument serves to reinforce the imperative to publish research, and

adds no support to teaching for its own sake.

Thus success in the university typically requires professional

success first with success with students remaining secondary. Indeed,

many would argue that success with students is often perceived by

colleagues as prima facie evidence of neglecting "real work." If these

attitudes affect the quality of the attention given to students--who

are tuition-paying degree candidates in major universities, and who

represent to the alumni, to the parents of the students and to many

other university benefactors, the major reason for the existence of

the university--then it is easy to understand how much lower on the

scale CE students must be. The programs are ad hoc, the students



dents are temporary and they do not belong to the age groups nor-

mally enrolled in the university and, in many cases, their education

is not accepted as a bona fide academic activity.

Providing effective programs for such students requires at least

as much learning, planning and preparing of presentations as teach-

ing regularly-enrolled students. Moreover, it requires additional

understanding of precisely what it is that the CE market wants and

how to provide it. But most faculty members are "product-oriented"

rather than "market-oriented," and are highly resistant to pressures

to meet the needs of any particular users of their expertise. Also CE

"customers" are more critical than ordinary students and many profes-

sors seek to avoid the humiliating experience of being "rated" poorly.

One manager explained his experience this way:

We found that even when courses are taught by outside
faculty the best way is to contract directly with the faculty
member and have him do it on his day off, rather than
contract with the university and have him do it as part of
his assigned teaching. We tried it both ways and we find
the direct contracting with the professors more desir-
able.... When a professor comes here and teaches as part
of his assigned teaching from a university, we found that
he considers the principle of academic freedom to be appli-
cable to this classroom situation also, and he does not
condone any interference. What we really want is to sit
down with somebody and discuss in great detail what our
needs are and how they are represented and how the home-
work problems ought to be taken from our own field here.
So it requires a little bit of repackaging and a different
evaluation which does not come natural when he does it as
part of the assigned teaching--where he simply offers a set
university course at a different location. Generally speak-
ing, when a professor teaches here during his own time, he
will end up with quite a bit more money in his own pocket.

It follows that, on the whole, the university is rarely organized

in a manner that permits it to discover markets for continuing educa-

tion and mobilize its resources to serve them. Exceptions are univer-



sities that treat CE explicitly as a business and run it for maximum

profit. Ordinarily , to be put in charge of the university's CE organ-

ization is to be put in an office that, by definition, cannot partake of

the "legitimate" academic work being carried on within the department.

The difficulty of organizing CE, together with serious financial con-

straints in all universities, leads, in turn, to the inadequacy of the

venture capital that can be made available for investing in the design

of truly effective CE courses.

Successful campus CE administrators agree that, if the adminis-

tration of a university communicates its appreciation of CE to the

faculty by rewards through benefits, and resources, as well as,
salary, and advancement, for persons who are creatively involved,

then mutually advantageous relationships between the university and

industry develop rapidly. In the current changing social and eco-

nomic milieu, most universities need to explore new roles and relation-

ships in society. CE is one such avenue. A new climate and ar-

rangements which are conducive to faculty initiatives in CE, however,

may have to be developed.

Lack of Organization and Capital

Even in those cases where universities have accepted continuing

education as a regular activity, it is the exceptional university that is

organized properly to provide the CE that the market is interested in

having.

A typicz..1 reason for increased interest in CE among many univer-

sities today has been the increasing economic difficulties under which



univer,;t. es are laboring as costs increase, as annually rising tuition
pay . xceed the ability of parents to pay in dramatically increas-

ing i,..-centages of cases, and as enrollment levels off in the 1980s as

a result of the decline in birth rates in the late 1960s. Yet the very
financial difficulties that motivate a search for additional students

often preclude the investment necessary to develop an effective pro-
gram to meet the needs of these students. This is especially true
when the students are working professional persons with much more

specialized needs than undergraduates, or Ph.D. candidates preparing

for a scientific profession rather than for R&D in a particular field.

Administrators complain that they cannot hope to recover devel-

opment costs of quality CE programs from tuition alone, and even

though a university may wish to enter the continuing education field

in a major way, a fragmented and diversified market makes it difficult

to overcome capitalization costs and to plan on CE as a major institu-
tional enterprise. To recoup front-end costs, it would appear that

new financial arrangements need to be worked out within a given
industrial sector or a given region to encourage the growth of CE
programs.

Knowledge Base in Many Fields Now in Industry

One of the most significant barriers to providing any significant

continuing education for industry is that the university faculty is
simply not equipped to teach the things that scientists and engineers

in industry already know, let alone the advances with which technical

people in industry would like to become acquainted.



Often all that a university can do is to provide the basic instruc-

tion and preparation for professionals to work in a new field. It can
provide a curriculum for senior people in one field who would like to

learn something about another field. A typical example of this kind
of CE is the very strong interest in management education on the
part of many scientists and engineers. In such cases a university
can often mobilize readily to provide an advanced degree or certificate
program, if it is already providing a general program in management

comparable to general programs in other fields. While this program

may be CE for an R&D professional, it is standard for the university,
and does not present the problems that a CE program in management,

for advanced and experienced managers, would present for most
schools of management.



5. CORPORATE POLICIES FOR CE

The Use of CE to Fight Obsolescence

Technical obsolescence is rcknowledged as a problem in industry.

The degree to which it is regarded and treated as a problem, how-

ever, varies. Scientists and engineers in mid-career (e.g. , with

15-25 years of seniority) appear to be affected most, and, not sur-

prisingly, in areas with the highest rate of technological change such

as electronics and computers.

Several R&D executives and training directors noted that CE still

has a long way to go in helping fight obsolescence among mid-career

professionals. According to one training director:

We will see a lot of emphasis at the younger side--35 and
below--because those people still tend to get the newest and
most demanding assignments. I have not yet found a way
to keep the same amount of continuing education going for
those 45 and above... That is where the biggest changes
can be made.... If I were to define any place where
continuing education still has a big job to do it is to reach
those people who are above the average age of the profes-
sion--because that is half of the people who are still going
to work another 20 or 25 years--and we tend to overlook
them in the excitement of having a new graduate or a new
technologist hired from another company. I think that is
weak in nearly every program I have seen.

Two other groups affected by obsolescence have been identified.

The first includes younger and very able scientists and engineers

who, because of outstanding performance, are under great job pres-
sure for extended periods of time. They lose their up-to-date knowl-

edge of current work in their professional fields and instead become

excellent specialists in narrow areas. Some middle-level managers

believe that a specific personnel function in large R&D establishments

could effectively assist line managers to prevent this phenomenon.

A second group affected by obsolescence is one in which an
entire technology (albeit one in which the employee is up-to-date) is

-31-
%-' I



abandoned by the organization, or becomes obsolete over an entire
industry. Retraining or reeducation through CE seems to have a
high probability of success under these circumstances, perhaps, in

part, because the program is the result of a deliberate policy deci-

sion, and the solution, therefore, has the strong moral and material
backing of management.

While obsolescence is generally viewed as a potential hazard,
some R&D managers maintain that "good" people don't become obsolete,

but keep up with developments in their field as an inevitable by-
product of their work at the "state of the art" level. Others do so
voluntarily (by reading, attending professional meetings, or attending

short courses of their own selection), or through planned programs

sponsored by the company over time. In many organizations, these

can be done under the tutelage of senior scientists or engineers--

usually termed mentors--who guide employees through courses of

study.

Financial Support

While the cost of providing education to employees is low in

comparison to other R&D costs, it is increasing rapidly. In addition,

there are opportunity costs associated with potential developments

that are lost when the employee devotes time to continuing education

rather than to work in research and development.

Corporations view CE as another benefit expected by employs :s

and tend to be relatively generous in providing tuition payments for

employees, especially for courses taken "on their own time." How-

ever, they are much more careful about decisions that permit technical

employees to take significant amounts of time away from their jobs.
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There is also a risk, mentioned by some of our respondents, in
providing advanced training to an employee that this may make him

more attractive to competitors and increase the chances that he will
be hired away. While our respondents noted this possibility, most of
them did not consider it a serious problem since they suggested that
the risk of an employee leaving is always present. Moreover, they
pointed out, they have the same opportunities to hire away competi-
tors' employees. Since, in general, the companies we were speaking
to were among the leaders in their industries, our respondents felt
perhaps more confident in this respect than
the industry would have disclosed.

CE budgets can be allocated via a number of channels or mechan-

isms and each R&D organization tends to differ in this respect. For

example, sources of funds for CE may come from the overhead of a
laboratory or division. Responsibility for allocating these funds
typically rests with the training and development function. Another
approach is to include CE funds in project or program budgets. In

this case, the project manager has control over CE allocations. In

some laboratories a combination of mechanisms exists. In one case
which had the divisional as well as program allocation of CE funds,
the purpose of each budget was defined. If CE was job related, it
was funded by the program budget. On the other hand, if CE was

related to an individual's longer range career development rather than

short-range job needs, the divisional budget would pay for it.

a total cross section of



Incentives to Seek Continuing Education

The incentives for the individual are similar to the objectives of
the corporation. The individual hopes primarily to learn something

that will improve his chances of doing notable work, of receiving
recognition, of getting increases in salary and of receiving promo-
tions. It is clear that taking courses is not in itself sufficient to
gain any of these, but the belief is widespread, and probably justi-
fied, that increased education shculd, in general, increase the
chances for advancement. As notti earlier, no amount of CE itself
will guarantee advancement within a company. Corporations make it
very clear that only good job performance will be rewarded. However,
there is the exceptional organization that keys salary to degree level
and completion of M.S. or Ph.D. which would result in his or her
pay.

Another incentive to seek continuing education is anxiety on the

part of the technical worker himself that his knowledge may become

obsolete and that he may be replaced by some more recent graduate
of a degree program that provides more up-to-date information in the
new fields which the corporation is entering. Feeling inadequate is a
very painful thing, and keeping up is a great antidote. There is , of

course, the danger that those who take courses because they fear
being obsolescent may already have become so and CE may not help
them very much.

Priorities of Support

Most support in R&D organizations goes to bringing everyone

relevant to a particular project up to speed with respect to the state-
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of-the-art in the corporation in areas relevant to that project. This

internal education and updating generally has high priority.

A second priority is often a conversion of obsolescent scientists

and engineers to new tasks. However, it should be noted that cor-

porations occasionally choose instead to let these employees go and to
hire new ones.

A relatively lower priority is given to employees who wish to

pursue a program which amounts essentially to changing fields or to
opening up an alternative career track. Some such examples have

already been cited. Most prevalent is the decision of an engineering

project manager, for example, to enroll for a master's in business
administration or management. He now has managerial responsibilities,

and feels the need for additional knowledge about human behavior,

economics, accounting, marketing, and other areas that were not part
of his previous technica.. education.

Support is generally not withheld from such attempts to acquire

additional education or to open an alternative career line in manage-

ment, which would lead the scientist or engineer outside the R&D
establishment. At the same time, however, no promises are made to

such employees that they will be given any additional managerial

responsibilities simply as a result of their education in these areas.

Alert personnel officers while approving such proposed educational

programs will explain that formal coursework has a negligible influence

on decisions affecting appointments or promotions as a manager. Ad-

vancement in management will depend on demonstrations of managerial

as well as technical skills on the job, rather than on academic degrees

earned.
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Special Role of Proprietary In-House Courses

As noted earlier, proprietary in-house courses are the very core
of CE and their proliferation is one factor that has c3ntributed to a
loss of market share of CE by universities, although the total market
has increased dramatically and the volume of CE carried out by
universities has also increased. In-house courses, however, have
increased much more rapidly, according to our respondents. It is
clear that if there were some reason to cut back on all CE, the last
form of education to be abandoned would be proprietary in-house
courses. The reason for this is obvious: nothing could be more
important to a particular R&D organization than coordinating the work
of its employees, and this requires that all relevant research and
development personnel be fully informed about the technologies that
are being pursued within the company.



6. CONSTRAINTS ON INDUSTRY IN MAINTAINING TECHNICALLY
UP-TO-DATE PERSONNEL

External Limitations to Hiring

In many high-technology industries, the hiring of personnel
is tied to the business cycle. During recessionary periods, most
companies will not hire new employees of any kind, including R&D
personnel, and will depend upon attrition to reduce their labor force.

In highly cyclical industries, it is not unusual to have large
numbers of workers terminated, among them not only production
workers but often those engaged in R&D for new products as well. A
recession is not a good time to bring out new products, especially if
the product requires new investment by the purchaser_, .as capital
goods do.

The manpower pool available in science and engineering is also
subject to great variations. Following a period in which there have

been widespread and notorious layoffs of engineers, the percentage of
undergraduates enrolling in engineering drops sharply. By the time
this cohort is ready for graduation, the demand for engineers may be
high, but the supply in the pool is low. Thus, the supply side of
the market often lags changes in demand, and may be cyclically out
of phase either in excess or in shortage.

In addition, there is the general decrease in the number of U.S.
graduates of secondary schools beginning in 1976. The number of
Americans born each year reached 4.2 million in 1957 and remained

over 4 million until 1962, when it began a 10-year decline to little
more than 2 million, where it has remained. Those born in 1957 were
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18 in 1975. The implication of these demographic data is, inescapably,
that--10 to 20 years from now and probably longer--the number of

Americans graduating from secondary schools and going on to college

each year will be less than half the number graduated in 1973-1980,

and born it 1957-1962, unless there is an improbable increase in the
already high percentages of each age-group finishing high school and

entering college, or an equally improbable increase in immigration.

It was noteworthy that not one of our respondents seemed to
have been aware of the implications of these demographic facts until
they were pointed out. There were various responses to this sug-
gestion. Typically the response was in terms of the market concept.

The assumption was made by our respondents that, if a higher per-
centage of science and engineering graduates were needed, market
forces could double the percentages of high school graduates who
went into these fields. (It is doubtful that an increase by a factor of
two could be made in the percentage of students who are intellectually
qualified to become innovative scientists and engineers). It was
sometimes alleged that greater efforts toward the recruitment of
women and minorities might help to enlarge the manpower pool. This

response ignores the fact that relatively small numbers make up the
minority groups and assumes that the dramatic increase of women in

science and engineering during the past decade will continue un-
abated. This response also ignores the fact that other fields also
provide attractive markets for unusually-intelligent college graduates

and might be able to compete effectively for the limited skilled man-

power that will become available.



It is our belief that deficiencies in the available manpower pool
will have to be made up increasingly through CE for older workers.
Continuing education itself-- especially when combined with the recent

Congressional action that outlaws most mandatory retirement rules- -

might play a critical role in maintaining an adequate supply of man-
power. Research suggests that older workers are more reliable and
productive and, as long as they remain in good health, can master
new fields of learning at least as well as younger workers. I-Towever,

it is unlikely that they will be able to do so without a significant
increase in CE programs.

The Effects of Size and Organization of the radD Function on CE

A great deal of CE can take place entirely in-house within a
very large R&D corporation, since it will tend to be engaged in
contiguous areas of research, which offers the possibility of syner-
gistic learning and teaching within the company by R&D personnel.

Also the larger the R&D function the more likely it is to have ade-
quate access to CE. This is true for at least two important reasons:
it is easier to make available leaves of absence for particular persons
without . creating conspicuous holes in the skills available, and it
becomes possible to assign one or several persons to organizing
in-house CE and to monitoring the external CE market. The cost of
the CE person or group is spread over the work of many more per-
sons and thus becomes very small compared to the benefits.

A small company is much more likely to be highly specialized and

to have a greater need to turn outside for CE or for information. It
is also less able to invest significantly in basic research as contrasted



with applied research and development of specific products, and

therefore will more often find itself in need of programs or re-educa-

tion for a large percentage of its R&D personnel. Paradoxically, a

small company finds it difficult to spare those people whose continuing

education would benefit it most.

The way the R&D laboratory is organized can result in conflict-
ing perspectives on the appropriateness of CE. For example, in a
laboratory which uses a matrix organization, one middle manager

reported that program managers want only to get their job done and
could not care less about CE and the career development of the
professional. The functional managers, on the other hand, are more

amenable to encouraging engineers and scientists to continue their
educatielL. However, if the CE budget comes from the program, the
program managers have primary control over whether or not their
scientists or engineers are allowed to continue their education, in
spite of the managerial matrix.

An important factor in managerial decisions regarding the fund-
of CE is the time pressure to complete a project or program.

Project or program managers are often reluctant to allow their sub-
ordinates to participate in CE during periods of high time pressure.
Their reluctance may depend on the stage in the project or program,
of course. Obviously, the time pressure in a project is much more
intense at some stages than at others. CE seems most appropriate at

the start of a project, to bring the professional up to date on job-
related areas, and to take advantage of the relatively low-time pres-
sure when deadlines are still distant. Nevertheless, because of time

prepsure, managers prefer tc hire the skills needed rather than to

develop them among existing employees.
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Relevant Source of CE Nonexistent, Unknown or Inaccessible

Relevant sources about CE are few, and those that exist provide
limited information. While there are organizations, such as the Ameri-

can Society for Training and Development, which do share information

among their members, because of the nature of the R&D process,
relevance and importance of information changes so rapidly that it is
difficult to keep such data up to date or complete. This information

should be compiled on a systematic and up-to-date basis, as a matter
of high priority. The National Science Foundation should support
projects to study ways in which this problem could be solved.

Accessibility is a smaller problem. .7.7,/ practical purposes, a
large R&D organization is in a position to invite anyone in the world
at least for a single appearance. The principal cost associated with

releasing a technical employee for CE is the opportunity cost stemming
from his or her unavailability to contribute to the work of the re-
search group. Paying tuition and travel expenses to a distant place
are relatively minor expenses. However, in tight budget situations,
the cost of making CE accessible-- although small - -are the kinds of
costs that are easily cut.

Training and Development Directors Often Unprepared for Leadership
in Technical Areas

This complaint was made frequently by university administrators
of CE. In many organizations the most competent scientists rind

engineers remain engaged in research and development while those

who are less able often become training and development directors.
It is difficult for them, especially after a period of time in that job,



to identify relevant CE sources for the highly-specialized technical
areas of concern to the R&D group.

Another approach suggested by one university CE administrator
involved doing away with some training directors altogether and
increasing the CE responsibility of R&D managers.

(In some companies) the training directors are absolutely the
least effective people in the universe. They ought to be done
away with. Somehow we've got to get the engineering managers
and the R&D type of managers--the people who are accountable
for the growth and development of the company... to either have
time available or have somebody working for them... to see that
these (CE) programs are run well.

Training directors sometimes impeded cooperation between universities

and industries in CE because of self-interest. As one CE director at
a major university explained:

We find that we have little difficulty in getting the top manage-
ment of companies to understand very well what we can do and
what we can do well. The training directors are rather another
group, however. They are quite understandably interested in
preserving their own empires and building them. So it is not
uncommon that we do not have a lot of cooperation from the
training directors in terms of getting people to come to programs
of ours that could be competitive with their own.

In many cases training and development directors come from
fields such as personnel and organization development. These people

are usually extremely competent in organizing management development

programs, but are obviously at a great disadvantage when faced with

identifying technical experts who could be most helpful to their own

R&D people. It is difficult to see a realistic solution to these prob-

lems short of significantly upgrading and changing the training di-
rector's job so that it becomes an attractive phase in the career path
of outstanding R&D manager.



Costs

In general, the cost of CE is low compared to an overall R&D
division budget, but may be more significant in the budgets of par-
ticular departments and groups. As noted earlier, except in reces-
sionary periods, costs are not a significant constraint, so long as
they remain reasonable. Eliminating CE expenditures during a reces-
sion or a temporary "squeeze" for a particular company or industry
may be a false economy because it eliminates the very help from the
outside that would be most useful to the corporation in dealing with
its economic difficulties. This is a cost that can be cut, simply

because it is a variable, rather than a fixed expense: the same kind
of commitment that exists to employees does not exist with respect to
outside help. It would be preferable if, during a period in which
budgets must be cut, considerations of long-term cost-effectiveness
were taken more seriously and the sometimes irrelevant distinction
between fixed and variable (i.e. optional) costs was not used as a
crude rule of thumb.

Cutting back on CE expenditures has effects outside the corpor-
ation as well. Such cuts can have disproportionately destructive
effects on the university organization, which may have made a large
investment of its own funds and commitments as a main supplier of CE
programs in the region.

At some laboratories which were dependent on federal funding
budgets were considered the biggest potential constraint on CE.
Increased program evaluation of federally funded projects is further
likely to increase budgetary constraints on CE. In one case, the
perspective of the training manager regarding budget constraints was



quite different from that of a middle manager. The training manager

viewed the budget problem (especially increasing university tuition
costs) as a key constraint. The middle manager did not see budget-

ary problems, and expected CE funds to always be available. It was

obvious that the middle manager really did not have as broad a pic-
ture of CE costs as did the training manager. This different per-
spective regarding budgets could lead to differing expectations and
potential conflict in an environment where CE was apparently the way

of life, until threatened by budget cuts.

The way in which CE needs were determined varied from an ad
hoc approach to a highly organized committee system. An example of

the latter was described by one vice-president for research, who
served as head of the CE committee:

The needs are determined (by) a committee on continuing
education headed by a director with members from every
major organization at (the company) and their job is to feel
the pulse of our professional-technical people, both through
knowing people and putting out questionnaires. Also to
feel the pulse of technical management, and from the knowl-
edge of both of these to then formulate programs and then
offer them as part of the in-house program. So it is, on
the one hand, a grass roots need and, on the other hand,
a management need--management knows better the direction
the company is going--the working population knows their
present needs better and so we blend the two together.
The upshot of all this is simply the offering of a number of
courses and then it is up to our constinuency to vote by
enrolling or not enrolling.... We know our constituency
well enough that when we offer say 20 courses, we'll find
that 3 courses out of 20 perhaps don't find enough interest
and we will drop those.



7. EFFECTS OF CHANGING VALUES AND LIFESTYLES ON CE

New Priorities in Personal Commitments

Changing values and lifestyles affect personnel in all age
groups, but the effect is strongest and most conspicuous among the
younger, most recently hired workers. Major differences in values
and attitudes exist between those who are old enough to remember
either the Depression or World War II and the younger generation. A
very substantial number of scientists and engineers are now over 40
and grew up in periods during which life was hard and priorities
were public, rather than personal.

Those whose attitudes were formed during the post-war period of
prosperity have quite different priorities and personal commitments.
To some extent social chan:es have .._erected the attitudes o.
everyone, but there is a strcng tendency for values learned at an
early agebeginning with the first awareness of external social and
economic circumstances affecting the family to the period of job mar-
ket entry--to persist in spite of changes in the social environment.

Current emphases of the under-40 group include greatly in-
creased privatism and commitment to self, family, and immediate
friends. These commitments are frequently at the expense of com-
mitment to the wider community and expecially to the employer. A

widespread alienation from the large institutions of our society exists,
including corporations and governments.

There is a greater hedonism and interest in self- fulifulment.
More than their predecessors, young scientists and engineers tend to
be loyal more to their profession than to their current employers who
are viewed, in many cases, as temporary.



In addition to a greatly increased interest in "relationships" with

people--especially family- -there is a tendency toward introspection

leading to doubt and narcissistic exploration of one's inner "identity"

with proportionately less interest in the outside world, particularly

the outside nonsocial material world involved in the design of arti-
facts, hardware, or technology.

Expectations and satisfactions, especially for those born after
World War II, often become "entitlements" and there is less tolerance
today, than there was a generation ago, especially among younger

workers, for frustration, disappointment or sacrifice for the sake of
work.

CE for Personal Growth as Distinct from Professional Development

As noted above, in many instances CE programs serve as per-
quisites or rewards for technical and mac,,7erial personnel and not as
investments in improved performance. In addition, many employees

are taking courses for the sake of their own personal growth rather
than for the sake of learning something that may increase their use-
fulness to the corporation. With a few exceptions, however, the kind

of personal growth sought is not broadly humanistic. The ideal of
the broadly-educated man no longer has great appeal.

There is a strong demand for courses that develop specific
personal interests. Thus there has been recently a proliferation of
courses in corporate social responsibility, in training to improve

people's ability to get along with their colleagues, and in CE with
respect to important public issues.



Many corporations put a great deal of emphasis on good works in

the community and even provide rewards for employees who are active

in such activities, but vary greatly in willingness to sponsor other
than job-related courses.

Growing Reluctance to Relocate

As a result of the increasing commitment to family, friends and
the local community, workers are reluctant to relocate. The de-
creased relative importance of the job itself has already been noted .

Scientists and engineers are also much more likely these days to put
a high value on hobbies, local community activities and friendships- -

all of which compete with their work for importance. The percentage
of researchers who singlemindedly seek opportunities to pursue re-
search to which they are dedicated appears to have substantially
decreased.

Another factor contributing to the growing reluctance to relocate

has been the increased importance of retaining the jobs of wives who

are also employed. These jobs are important not only because the
work situation brings valuable gn- "ications to many wives , but also
because the second income is necessary to maintain their standard of

living . Thus a decision to move is an extremely difficult one to make

in the dual-career family, even if the relocation carries with it a
significant raise or promotion for only one spouse . Unless there is
also some assurance that the spouse of the scientist or engineer will
find a comparable or better job in a new location, there are many
R&D professionals who would prefer to lose an opportunity for ad-
vancement in order not to relocate.
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The high price of real state and of mortgage financing in the
current inflationary economy also contributes to the reluctance to sell
one's house, since it is clear that buying another house in a new
community will probably result in higher housing costs. This is

strikingly true in the Palo Alto area. A greater reluctance to re-
locate contributes to an increasing need for CE.

Increasing Willingnesr to Change Employers in Local Job Markets

The only increase in willingness to change employers that has
developed in recent years derives from a shift in loyalty, from the
corporation to one's own professional development. As a result,
advancement may no longer necessarily mean promotion with the same
R&D establishment, but can mean getting a better job with a different
employer. This choice is especially feasible in large metropolitan
areas where greater opportunities exist to commute to a different
location without moving from one's home.

The willingness to change employers in order to gain advance-
ment in the profession has a clear implication for CE. Inevitably the
new work environment will involve a different mix of specialties and a
different mix of product development or research tasks. There will
be some start-up period during which it will bP necessary for the new

employee to be oriented to the work of new R&D employer. Many

corporations have programs especially designed for this purpose.
While apprenticeship is often used for this purpose, CE programs, in
which older personnel spend time with recently-hired experienced
technical professionals in order to fit them in optimally to the division
of labor within the new R&D establishment, are expensive in terms of



the costs of the senior person's time. It would seem cost-effective to

develop orientation courses that would reduce the time needed utiliz-
ing senior R&D mentors.

Move from Academic to Industrial Research Labs by Recent Graduates

Some line managers of research remarked that they no longer
experienced difficulty in hiring some of the best graduates who, in
the past, preferred academic positions. At least two important rea-
sons account for the dramatic decline in employment of young scien-
tists and engineers in academic institutions, and both derive from
financial pressure on universities. First, it is extremely difficult for
a new Ph.D. to get a teaching job. If he or she is successful in get-
ting a tempo:ary teaching and/or research contract at a university,
the job is almost certain to be :erminated at the end of the contract
and underpaid relative to the anount the same person could earn in
industry. Such jobs are temporary because it is far more cost-
effective for the university to employ a series of post-doctoral fel-
lows, research associates, instructors, assistant professors and ad-
juncts than it would be to promote any of them to tenured positions
in which they would become entitled to higher salaries as their senior-
ity increased.

Another reason for this recent trend away from academic employ-

ment to industrial research laboratories is the relative scarcity of
up-to-date equipment, instruments and other material resources in
many university departments. A great deal of equipment available is
obsolete and the young graduate in many cases simply cannot develop

professionally without the well-equipped laboratories and/or installa



Lions that industry offers. Also the working environment and general

intellectual climate in industrial labs have become more similar to those

in their academic counterparts, making them even more attractive to
people who might otherwise have remained in universities.

New Policies to Recruit and Retain Professional Wome.1 Employees

During the past decade there was a dramatic rise in the percent-
age of women who major in science or engineering at college. Women

graduating from engineering schools increased from about one percent

in 1970 to approximately one out of ten in 1979. In some schools they

make up 25 percent of the entering classes. Their numbers in corre-
sponding professional categories in industry are expected to rise
proportionally.

Many women who want to pursue professional carers also want
to have children while they are young . An increasing number of
them want to return to work, at least part time, shortlysometimes
only a few weeks--after .girth.

Corporations are beginning to find it necessary to revise their
rules relating to the employment of women, not only because an

increasing number of laws have extended women's rights in this area,
but also because it is in their interest to facilitate continuity of
employment of productive professionals.

Some respondents confirmed that, if professional women who are

employed full time wish to take maternity leaves, they can return to
their jobs part time if they wish to spend some time at home. Those

who wish to mturn to full time can do so and ai e even supported in

CE programs if they need to catch up as part of their reentry. As



the number of women in science and engineering continues to in-

crease, these and similar retraining policies will become routine, and

a considerable role is foreseen for CE to deal with reentry.



8. DEVELOPMENTS IN INTERNATIONAL RELATIONS AFFECTING CE

Influx of Foreign Students and Its Effect on U . S . Engineering
Education and Technology

There is an enormous influx of foreign students into Ameri-

can graduate schools of engineering. This is encouraged in large
part by the low number of qualified applicants from the decreasing
ranks of American-born students, as well as the rapid industrializa-
tion of the many developing countries which are the major source of
these foreign students.

Some respondents expressed several con- -ns about the increas-
ing percentage of foreign doctoral students. Many R&D laboratories

doing classified work can hire only American or other NATO citizens
and their pool of eligible manpow.r is restricted. Furthermore, there

was a concern about the orientation of future facilities in science and
engineering: as the pool of Ph.D.s becomes increasingly foreign-
born, so will the composition of science and engineering faculties

which depend an this pool for hiring. There was general concern
that in some ways this may affect the character of science 'Id en-
gineering education and research but exactly how was not clear.

Growth of Retraining Programs for Research in Energy

From time to time the Federal Government sets new priorities as

a result of events in international relations, and these, in turn,
create the necessary investment for the development of new industries
in new technologies. Perhaps the most important case in point is the
growth of the computer industry, which was produced primarily by

the needs of the War Department during World War II, and later by



the needs of the Defense Department for large-scale central pro-

cessing units.

New priorities for research in energy may follow a similar pat-

tern, since a fundamental objective of current U.S. foreign policy is

to reduce dependence on imported oil. What is significant about
research in energy is the enormous number of technologies that are

relevant, including nuclear, solar, coal liquifaction and gasification,
and conservation and improvement in efficiency of energy-using
generators, transmission lines, motors, vehicles, buildings and in-
dustrial processes. Many engineers already with considerable work

experience will find a need for new education with respect to energy

problems. As this priority becomes more important with the corpora-

tions, it is simply no`'. possible for the university to become able

suddenly to turn out enough qualifsed people to work in the great

variety of energy-related fields of research.

CE as an Important Force in Maintaining or Regaining U.S. Lead in
Technology

The most important forces that could improve the U.S. lead in
technology are not educational. They are changes in those public
policies that currently bring about a high rate of inflation, a very
low saving rate, and therefore, a very low rate of capital formation
a-d of capital investment in new facilities embodying new technology.

Until these basic factors change, the U.S. will continue to lose what-

ever lead in technology it has, and will have little or no opportunity

to regain any that have been lost. Once incentives for investing in

new technologies are created CE becomes essential in facilitating U. S .



technological progress. The most important role for CE in this pro-

cess would be to increase or add to the skills of technical personnel
in industries where the U.S. has been relatively stagnant.
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9. CE IN MANAGEMENT SKILLS AS DISTINCT FROM TECHNICAL
TRAINING

Management Training for R&D Professionals

A variety of management skills are increasingly needed by

R&D scientists and engineers who are not managers themselves. The

reasons for this are several:

1. The career path of many, if not most, R&D profes-
sionals is ultimately toward management.

2. R&D prof.;ssions increasingly deal directly with officials

in government agencies that fund or regulate their work.

3. Researchers in some large corporations are expected to

market their expertise within the corporation and find the money to

support at least part of their work. They deal with business units

directly and negotiate contracts on behalf of 1:1-P R&D division.

4. Most scientists and engineers need exposure to pro-
grams in organizational behavior and communication lacking in their

earlier education to help them work with others.

CE courses in management for R&D are relatively new and

are increasing in number. Policies and budgets for these programs

are Typically separate and distinct from those governing advanced
technical training.

Scientists and engineers who have been given management
responsibilities need administrative skills and pursue programs in
management skills as a matter of course. The deficiency very often

mentioned by technical people as a reason for undertaking management

training is the experience that dealing with people is one of the most

difficult aspect of their job. They are often disappointed to discover



that books are not an effective source for learning how to deal with
people, although they do provide some help with these problems. A

broad range of programs is available, ranging from organizational

development focusing on human relations to formal degree programs

emphasizing many aspects of management.

As mentioned above, R&D managers are typically neutral
towards efforts technical personnel to acquire a master's degree in

management. While they a-prove these attempts, they are uniformly
careful to make clear that the people involved will not necessarily
benefit from acquiring formal managerial qualifications. Whether such

a person is able to enter the management track will depend primarily

or entirely. upon his showing evidence in his performance as a mana-

ger that he is equipped to advance in management positions. How-

ever, R&D professionals who have already advanced into management

are very often ef:couraged to pursue graduate-level education in
management. In io_her words, CE in management is seen as relevant
and useful for those who are already managers, or being grooLsied for

the role.

The Two Paths for Advancement

Those born during the post-war baby boom have now reached

the age when they are eligible for middle management positions.

Since they are an unusually large age group, the competition for

middle management positions will be unduly great in the immediate
future. This pressure can, in part, be relieved by a dual ladder for
advancement: (1) managerial and (2) professional. Promotions on

the professional ladder theoretically carry monetary rewards and



prestige comparable to those of the R&D managerial ladder. The

effect of this dual structure on CE is increased efficiency of effort,

time and resources since scientists and engineers are more likely to
choose training and education programs that are relevant to both job
needs and career advancement.

CE for Middle Management in R&D

Several kinds of CE are relevant for middle management in R&D .

Advanced training in management subjects is the kind of program
most frequently undertaken. The curricula of the programs usually
aim at increasing the knowledge and facility of middle managers in
three principal areas :

1. Corporation-specific policies and procedures .

2. The social matrix in which the corporations functions, i . e. ,

topics relevant to its interface with government and the
public , as well as cultural and socio-economic trends .

3. Human relations and communications .

Programs designed to update R&D middle management in technical

fields that they have had to neglect in order to specialize in the
activities for which they have responsibility is most frequently the
other type of training. These programs are rarer and more difficult

to design than management training programs and are designed to
convey to the manager the state of the art in a large number of tech-

nical fields which have become relevant because of increased respons-
ibilities. The difficulty arises in large measure because program
content must be comprehensible to participants who have become
highly specialized in a particular field and are not up-to-date in



advanced technical developments even in their own field because of
the pressures of managerial responsibilities.



10. GOVERNMENT AND CE

The Role of the Federal Government in Continuing Education

Both our academic and executive respondents felt that there
are few useful roles that government can play in CE. With the excep-
tion of supporting Federally-funded studies to determine CE needs
and effective modes and strategies for delivering CE, our respondents
felt that neither the Federal nor the various state governments should
become involved in trying to "improve" CE directly. This task should
be left entirely to the market.

Nevertheless, it has been remarked that just as Federal aid is
now given to many students who are enrolled in formal degree pro-
grams, and whose family income is low, it would be equally valuable
to have Federal assistance made available for CE to increase the
competence of the R&D labor force generally. It is becoming ex-
tremely clear that education is less and less confined to degree pro-
grams of colleges and universities to include continuous adult occupa-
tional re-education.

While no government agency has a responsibility to improve or,
at least, maintain the quality or range of available CE in science and
engineering, several agencies affect CE indirectly through policies

and rules which are aimed at achieving other objectives. Unavoid-
ably, the Federal budget affects CE in a major way. The effect of
the budget is to sponsor science and engineering R&D in one field or
another and to create incentives for companies and universities to

respond. This, in turn creates CE requirements for those entering
the new field. We have already discussed how increacc.;1 emphasis on

energy research in the Federal budget will require rn..:r, profes-



sions to move in to energy-relevant areas, and in the process to take

courses appropriate to this transfer of knowledge and skills. New

military spending will have similar consequences for electronics and

aerospace specialties, among others.

The Internal Revenue Service : Issues Related to Expenditures on CE

The general view of the IRS has been that money spent in order
to earn income is deductible. For this reason just as a carpenter or
a mechanic may deduct the cost of buying the tools of his trade, a
scientist or engineer may deduct tuition payments and other expenses

involved in acquiring education intended to improve his performance

in his current job. However, the IRS has taken the position that
investment generally is not deductible . Therefore , they have ruled
that if the expenditure is in pre ition for a new job, it cannot be
deducted. This has posed a p.. Jlem in some cases for people in
R &D, since the essence of their work is to innovate and sometimes it

can be very di_ ..:ult to say what is education for the improvement of

the old job and what is preparation for a new job .

Other problems derive from IRS rules concerning tuition and
other payments when they are made by the employer. Here the
controlling doctrine is that payments on behalf of an employee do not

constitute taxable income to the employee, and they are expenses
deductible by the employer, provided they are made primarily for the

convenience or requirements of the employer. This means that the
less unequivocal it is that the employer has taken the initiative in
sending the employee to CE courses that are clearly relevant to the
employee's current work, the more likely it is that the IRS may take



the view that the employee should have declared these payments as
taxable income, since they were simply additional benefits conveyed

by the employer--in effect, perquisites.

One could argue that it is in the public inte -est to make all
expenditures for vocationally relevant education deductible expenses

for individual tax payers whether or not a relationship to improving
the current job can be shown.

Respondents typically viewed potential IRS regulations taxing CE
as jeopardizing professional development. According to one training
director:

If the IRS had really gone as far as it was planning to do,
it would have really damaged the continuing education
efforts of this country. It certainly would have cut into
us. If employees have to put out of their own pockets tojust take continuing education, we find they don't parti-
cipate.

The National Science Foundation: Conflicting Views of Its Potential
Role In Supporting CE

The primary mission of NSF is to support research and education

in the sciences and engineering. Most of its grants are awarded to
universities in support of specific projects . It is clear that NSF does
not have a mission to support education in general. The case of
continuing education is different, however, since the support of CE
in science and engineering would indirectly support research in these
fields.

While the argument that NSF should support CE is conceptually

valid, as a matter of priorities, direct grants for the support of basic
research are far more likely to continue than the more indirect route
of supporting CE. This latter mission, however, would seem to rank
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equally with training grants and research fellowships for graduate

students and post-doctoral fellows, both of which the NSF has done
in the past.

State Recertification Requiring CE

In recent years , many states have passed laws requiring CE for

continued certification or licensing in several professions, including

engineering . These laws have been passed as a result of the obser-
vation that many professionals do not keep up adequately with

changes in their fields. The requirement that a certain number of
hours be spent annually on continuing education is intended to insure
that recent developments will be brought to the attention of those in
the professions. To the extent that many states require CE for
recertification of engineers, CE will gain a greatly expanded market.

The problem of what in particular should be required (and
taught) will be complex. Most likely this problem will be solved by
making available a rather large choice of courses from which the
p_ 3fessional can select in order to achieve recertification. It is

difficult to envision a single prescribed curriculum which would meet

the needs of any particular category of engineers .

Moreover, many in industry are opposed to such recertification
requirements. One training director, whose views were typical, felt
that:

The professional societies should fight against any govern-
ment regulation requiring CE for licensing, registration or
recertification. There are many other ways to judge per-
formance and assure competency. Legislation would require
CE participation for the wrong reason .



tested periodically, but that freedom of choice of CE (e.g., on-the-
job, reading on one's (-Nil time, attending courses, etc.) is best left
to individual choice.



11. FACTORS AFFECTING CE IN THE '80s

Rapid Technological Change

If a consensus emerged on any one issue among our respon-

dents, it was that the rate of R&D and resultant levels of innovation

and technological change will confinue unabated, and will probably

accelerate in the '80s. Understandably, our respondents found diffi-
culty in predicting specic'c technological developments that will re-
quire substantial CE for large numbers of engineers aid scientists.
The large and growing problem of software was singled out as an
example. Most technological cnange cannot be predicted and CE
cannot be usefully designed to akticipate these. Inevitably, however,

innovations will occur, and in combinanuns will create new CE needs.

Software: A Special Case of CE

It is common knowledge that computing power, memory capacity,

speed of computation, capacity of communicate- , etc., have ail de-
creased dramatically in cost, and increased dramatically in availabil-
ity. At the same time, however, software development has increased
in its relative share of computing costs. The prospect is that these
trends will continue and that of each dollar spent less will go to
hardware, and more to software for many years to come.

The development of relatively natural ),== iages is likely to play
a dramatic role in the next decade. New languages such as APL and

Pascal have already contributed to the usefulness of many computing

systems. Much work is now uncle-say on easy languages such as
BASIC and on fishy natural languages which enable the user to com-

municate directly with the computer.



One can expect that at some point the computer programmer,

insofar as the external software is concerned, and the use of lan-
guage such as FORTRAN and COBOL and other older technical lan-
guages, will become obsolete. Here is another case where people with
specialized skills will find them no longer useful, and will need CE in
order to do the primarily-internal software jobs tna', will be necessary
with the natural-language and comparatively easy-language computers
of the future.

Software is a special case for CE also because it becomes increas-
ingly important for managers, professionals, and people in various
vocational work roles to leant to use computers for the very tasks
they now perform without computers. For example, there is enough
to learn about sophisticated hand calculators such as the Hewlett
Packard HP 41C to justify a course even for people with a great deal
of experience in using such calculators. Such a course might meet
for a total of 20 or 30 hours in order to explore this relatively simple
device thoroughly. The case for courses for people without calculator

experience, and the case for courses for managers without computer

experience that would enable them to use BASIC with time-sharing
consoles is even stronger, ir.cluding a demonstrable increase in pro-
ductivity.

Relative Emphasis on R or D

The relative emphasis on R or D seems to be cyclical. There

are periods of intense research when a subject reaches a critical
stage in its development and a great deal of new basic science is
developed--for example, solid state physics in the '50s. There are



other periods in which little seems to be learned from basic research,

but during which practical applications and new de.-.-.1opments are

stressed and devised. According to a widely-shared belief, the

current period can be characterized as one in which emphasis has
shifted from basic R to D, to application and development which have

been receiving greater attention from government, corporations and
the academic community_ This supposedly .s the consequence of a
prior flourishing period of basic research, which has created an
abundant knowledge base--a rich inventory to be worked up in devel-
opment. This period then will be followed, once again, by investment
and support in basic research. Such a period may have already
begun with government concern about the lack of basic
leading to increased funding.

The mechanism governing

research

this oscillation between R & D is

complex and depends significantly, among other factors, on domestic
and international economic trends, on foreign competition, on the
state-of-the-art, on the development of a branch of science rich in
potential application, major shifts in public opinion cultural valua-

tion of science and technology, and changes in public policies and

spending with respect to defense, social welfare, the environment,

energy, etc.

These cyclical changes in R&D emphasis inevitably result in some

reorganization of the technical manpower employed. While these

changes affect most uniformly the employment patterns of new gradu-

ates, they also produce a period of extra demand for CE as those

already employed must adapt to chenging priorities in R&D or wish to
take advantage of them. Thus, as shifts in emphasis take place in



the R&D spectrum, so will there be a need to provide CE to scientists

or engineers affected by that shift.

Special CE Needs of Large cohorts Reaching Middle Age

During the post-war ,Daby boom, births rose from about 2.5
million in the early '40s to a peak of around 4.2 million in the 1957 to

1962 period and then by the late. '50s dropped down to almost 2 million

a year. Those born during the baby boom now range in age from
their teens to about their mid-30s. Competition for jobs and for
advancement within this age group will grow increasingly intense as
they progress in their careers. Within this group, the large numbers

make it inevitable that seniority will count for less and ability for
more. These people will be competing for positions in organizations

which have previously been staffed by much smaller cohorts (about 2
million per year) of people born during the depression. The capacity

of existing organizations to absorb this large age group in appro-
priate jobs is *apex, to question. It is possible that the number of
new organizations will proliferate to help absorb the large numbers in

the labor market.

There may be especially intense competition for R&D positions by

the post-war generation, a group of people who feel, to a much great
degree than their predecessors, that they cannot afford to rest on
their laurels or to be content with what they have learned at univer-
sities. This cohort will be comprised of relatively young people for
the next decade. These young and early-middle-aged adults will

probably have a greatly increased interest in making use of CE in
order to ma! -lain whatever competitive advantages they can whh. re-



spect to their professional knowledge skills. Moreover, competition

for managerial advancement will likely be much more intense, resulting

in increased participation in CE focusing on management development.

New Roles for CE as College Populations Decline

The post-war baby boom was followed by the baby bust of the
1960s and 1970s which will result in a declining college-age popula-
tion. As the student population declines, colleges will be increasingly

motivated to reach for new markets in adult education. The tradi-
tional pattern, in which education is continuous up to a point of
completion, followed by work, is almost certainly going to disappear.

Leaving college for a year or two to gain wcrk experience before
going back to complete one's studies is gaining in acceptance and has

even become institutionalized in the form of cooperative work-study
programs with industry. Returning to graduate school will be a

reasonable and desirable option for working professionals, even on a
full-time basis.

Cooperative relationships between universities and corporations
in providing continuing education will probably increase as a result of
the threatened decline in enrollment. Moreover, it is noteworthy that
few of the respondents, including those from universities, indicated

an awareness that demographic changes will present any particular
problems . In fact, most had not even considered such changes in
planning for future manpower needs, including CE. As we noted
above, there appeared to be a widespread faith that they will be able

to respond to future manpower requirements, regardless of demogra-
phic changes.



Prospects for New Technologies for CE

Two broadly -held views about CE teaching materials, devices and
methods emerged during our interviews:

1) There will continue to be room for a variety of modesof

delivering continuing education.

2) Classroom instruction with tne lecturer physically present
will continue to be an 'important and widespread method of
CE training.

Few generalizations can be made about new technologies for CE.
There seems to be a consensus that the creator of successful CE
programs does not concentrate on the medium, but on the substance.
Format is secondary. An impor :ant criterion seems to be conve-

nience, both in terms of the characteristics of the device, and the
setting in which it can be used. In spite of the belief expressed in 2

above, many managers held that classroom instruction is already

obsolete and people who take remote or videotaped courses with
experienced engineers as "mentors" do better than those who take
formal classes.

some industries video tapes have become standard because of
their convenience to the user. However, this method requires a
high-quality tape library of courses which may not be available in
many areas of specialization. Some managers feel that the use of
tapes will not spread rapidly because (1) the production of quality

tapes requires large initial capitalization; (2) tapes are resisted by
faculties; and (3) they become obsolete quickly in fields which change

very rapidly.



Videotape prow ins used by groups to sensitize employees to the

importance of feelings and emotions in perssi.lal interactions have been

particularly effective. Great expectations have also been expressed
about computers as a future teaching device. They maintain that
people are rapidly acquiring an ability to learn with the aid of TV/
computer systems, and there is a new willingness to use them. s

will significantly affect the future role of the instructor. There is a
great receptivity among engineers and scientists for algorithmic think-

ing which computerized learning devices require.

Growth of Remote Training Modes to Reduce Travel

There has been a long standing discussion about whether the

use of the telephone or of improved communications in general has

reduced :ravel or transportation. A reasonable consensus seems to
be that access to many more people through improved communications

provided many more reasons for travel than would have existed had
the telephone not been invented.

This should not lead to a facile assumption that further improve-

ments in communication may not ultimately reduce travel requirements.
We have already alluded to the future growth of picturephones,
electronic blackboards, facsimile reproducers, the proliferation of

video-tape methods for education and the laser-typewriter-printer-

copier-network-communicator. Also less energy is used moving infor-

mation than moving people. The need to reduce costs will push the
technology of CE as well as the technology of communications in ge-

neral in the direction of substituting electronic communication for

travel to a greater degree than has been done in the past.



There are great virtues in having the instructor physically
present and speaking to the group. First, much more information
about what he is saying comes from observing his facial expressions
and gestures than would come from reading his words alone. Second,

and much more important, if the instructor is physically present there
is feedback to him and the opportunity for discussion, both with the
instructor and among the students. This arrangement can be much
more productive than a one-way lecture from teacher tc., studen
The opportunity for interaction with colleagues can stimulate learning.
It should be noted that these objectives will be increasingly attainable
from remote and distributed locations as the technology of communica-
tions improves.

It seems only a matter of time before great technical improve-
ments in efficient delivery of continuing education will be adopted by
large corporations. At the same time it seems likely that the tradi-
tional face-to-face communication of a person talking with a small
group will not disappear.

Changing National Priorities

The basic change that may take place in the area of domestic
national priorities is an increasing recognition that the extremely
serious problem of inflation can be dealt with in the long run, not
with monetary or fiscal policies but by fundamental improvements in
productivity. Among other things, this would emphasize tax laws
that encourage savings and investment. Some movement in this

direction has already occurred.



The benefits in terms of productivity from increased Federal

,ending of R&D and tax laws encouraging continuing education for

R&D professionals are quite clear. The specifics related to the issue

of tax laws and CE have already been discussed in Section 10. How-

ever, these priorities -- which, in the long run, could reduce the rate

of inflators and help increase national security are likely to come into

conflict with other national policies such as those dedicated to welfare

and the redistribu Lion of wealth

A striking number of corporate respondents volunteered their

views about what they felt were destructive effects of government

policies and regulations on R &D. They believed that an overwhelming

anti-business attitude, which has prevailed in a large number of
powerful Federal bureaucracies over the past few years, has led to
policies and regulations adversely affecting R&D . As one vice presi-

dent put it,

Scientific fundamentals of what we will be doing are well in
place. The research climate is healthy, but the investment
scene is sick . . . My greatest management task is to keep
the many bright scientists from being disappointed. . .

Another respondent pointed to an example in whi :h Federal

agencies obstructed his company's competitive foreign operations by

insisting on the applicability of domestic regulations on his product.

This barrier was created in spite of the host country's acceptance of

different criteria-- criteria with which the Japanese were able to com-

ply. The degree to which these and similar attitudes prevail in
government is likely to influence the degree of demand for CE.

In addition, the establishment of a Department of Education,

separate from HEW, may have an influence on CE in the years to
come . It is likely that a more integrated Federal approach in support
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of education will emerge, and that education as a "life-long" process

will become an acceptable model in which to establish funding prior-

ities. In that case, the chances for FeL.,:ral CE support as discussed

in Chapter 10 will significantly improve.

International Relations

The example of Sputnik in challenging President Kennedy to

make his declaration that the U. S. would put a man on the moon
within a decade was often cited as an example of an international
force that created a great deal of constructive domestic movement,

especially in science, engineeri,- g and education. We are currently
entering a period in which the Soviet Union will have a sericus ad-
vantage in military capacities , whether for local conventional wars or
for the potential of escalation to a limited, or a large - scale,
war. This situation is increasingly being recognized by decision
makers, not only in the military, but in Congress and in the adminis-
tration , and it is also becoming part of the knowledge of the various

Presidential candidates at the time of this writing. This recognition,

coupled with crises caused by the Iranian Revolution and the invasion

of Afghanistan, may furnish political support to what President John
Kennedy called, "getting this country moving again . " Many respon-
dents felt that such recognition could spur an increased national
priority for education, research , development and capital formation .

All of which would be reflected in an increased demand for continuing
education.



12. CONCLUSIONS AND RECOMMENDATIONS

1. Differences in Perception

We began our study expecting to find differences in percep-
tions of issues on the pert of industrial R&D managers and on the
part o. academic leaders in continuing education. Such differences
were not what we found. Instead, our respondents in each group

were in broad agreement on most major issues -- moreover, both groups
of respondents very rarely disagreed on questions asked of them.
One difference in perspective, however, did emerge:

a) Academic administrators agreed that there is a widespread
feeling among university faculties that offering instruction to industry
is, and should remain, a minor function. They also shared the view
that training di; actors in industry often inadequately understood the
educational needs of people engaged in research and development.

b) Conversely, while full of praise about the role universities
play in the formal basic and araduate education of scientists and
engineers, managers perceived universities as unable, for various
reasons, to offer advanced state-of-the-art CE. They also felt that
university administrators in charge of continuing education were often
deficient in their ability to provide the programs required by in-
dustry.

c) Both groups agreed that the availability of high-quality
university-applied CE programs in a variety of subjects :s something
that R&D managers would welcome, but at present their training
direct ors often do not know where to find them, or universities are
not able to provide them.
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2. Prospects for the 1980s

Our consideration of prospects for the 1980s leads us to the
conclusion that the unsatisfactory relationShip between universities
and industry can be improved if national priorities respond to the
increasing domestic and international difficulties in which the U.S. is
finding itself. Since dangerous inflation and renewed internation7`

tensions indicate a need for renewed R&D and increased capital in-
vestment--embodying ew technology for both civilian and military
products-- 2nture capital from government and corporations should
become more readily available to universities for developing and
providing the advanced education needed in industry.

Academic institutions themselves would respond to the changed
national priorities, and a new perception of national needs would

reduce the current ideological bias toward theoretical and against
industrial or other applications. This change would occur at the same

time that the teaching of degree candidates plays a smaller and
smaller role (for demograr'-lic reasons) in American universities and,
therefore, would have a reinforcing effect.

On the other hand, if current trends continue, important re-
searr.h will take place increasingly within industry and decreasingly
within the university. Universities will experience increasing diffi-
culty in recruiting and holding talented scientists and engineers. Not

only will salaries be much higher within industry, 1-)ut also oppor-
tunities to pursue professional careers with the help of adequate

research assistants an,1 other support staff, adequate budgets for
equipment and for obtaining information from data banks, libraries,
periodicals, adequate secretarial help, Crave! budgets, etc. , will all



he much more easily available to first-class researchers in corpora-
tions with large and advanced laboratories than in universities or in
small technical corporations. The important point is that, by 1990,
one might be far more likely to find distinguished young scientists at
the top industrial laboratories than at the best research universities.
The contrast between R&D professions in second-rank industrial
laboratories and second-rank faculties in science and engineering
would likely be even more striking,

This excessive transfer of talent from universities to R&D estab-
lishments would be detrimental to both institutions as well as to the
quality of the manpower pool available to the nation. The resulting
imbalance would deprive not only students in science and engineering,
but people in other professional and managerial occupations from the
benefits that the presence of outstanding scientists on a university
faculty implies.

Academic ventures to improve CE offerings without significant
industry support could achieve some success, since some of the
deficiencies in current CE programs can be justly attributed to aca-
demic biases and difficulties in organizing the market research and
production of CE offerings that would be required to make significant
improvements. Unfortunately, however, a third necessary element,
the presence of venture capital to enable univer::.c;,-, to enter this
market, would still be missing in most cases. If industry support is
not available for this purpose, then support from state or Federal
governments would have to be forthcoming. While the resources of
foundations could not be counted on to make a large difference to the
national situation, they could play an important role in sponsoring
ret,earch on improving CE.
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We have said earlier that it is becoming increasingly evident that
education is less and less confined to degree programs, and it may be
argued that the public interest in supporting education should extend

beyond the public school system and formal degree programs of col-

leges and universiti s to include continuous adult vocational re-educa-
tion. A significant step in that direction would be to make all expen-

ditures for vocationally-relevant education tax-deductible whether or
not a relationship to improving the current job can be shown. In

R&D, the case is especially strong, since the "new" job often grows
out of completion of current work.

While the argument that the NSF should support CE would be
conceptually valid, as a matter of priorities, direct grants for the
support of basic research are far more likely to continue to receive
funding than those to the more indirect route of CE support. This

latter mission, however, would seem to rank equally with the pro-
vision of training grants and research le1lo..47ships far graduate stu-
dents and post-doctoral fellows, both of which the NSF has provided
in '-he past.

Should either industry or governm!nt take the initiative and

finance the planning, developing, and targeting of CE offerings in
science and engineering, we will certainly De more likely to achieve

active cooperation between universities and industry in an effective

and mutually-supported science and engineering educational system.

But such success is not guaranteed unless the universities perceive

their responsibilities and opportunities. indeed, one of our academic

respondents stressed that "up front" CE venture capital is now avail-

able in significant quantities, but academic efforts to organize and
utilize such funds is lagging. Is this problem temporary?
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Prospective developments in communications technology will

decrease, to some degree, the isolation of industrial laboratories and
universities located distance apart. In addition, the decrease in
the pool of degrt. dates may help university faculty members
find cooperative rel.........)nships with industry increasingly attractive
and practical for economic reasons, in a period when most university
salaries will probably lag generally behind comparable salaries in

industry and rising costs of living.

The international events we have _,escribed, the increasing
pressure of foreign competition on U.S. business, the increasing
economic difficulty of trying to deal with inflation with the lowest
savings rate and the lowest rate of increase in productivity of any

industrial country--all of these problems, if they are responded to
constructively and in time, should lead to a resurgence of investments
in both education and R&D, and, therefore, also in necessary CE.
Unfortunately, widespread prompt and constructive spontaneous

responses to such problems seem unlikely. First, then-, mus: be an
recognition of what is going wrong and what needs to be

dc, z.

3. Recommendations for Restoring the Balance

There must be, therefore, a concerted effort on t. .a part of
universities and industry to de; lop a shared understanding and to
work together more closely to provide CE fo_ R&D. This should
begin soon as possible, and be carried out with the investaient
capital required for development of the expertise to create the needed
CE.
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Truly active cooperation would also require new understanding

on the part of industry that a university is potentially much more

than a place to provide education preparatory to advanced education
in industry. Corporate respondents uniformly stressed that education

is not what they do best, and the opportunity costs of using their
own best people to offer large numbers of CE courses could be very

much greater than enlisting the aid of intelligent, knowledgeable, and

cooperative university faculty members as ney become increasingly
available.

Our principal recommendation is that serious efforts be made, as
quickly and on as large a scale as poss.:ole , to bring together univer-

sities and R&D organizations (and othP- appropriate organizations) to

identify potential suppliers and consumers of CE i- science and en-
gineering and to plan and organize new, cooperative and effective CE,

;rams. This should be carried out under the auspices of a consor-

tium of organizations, such as the National Science Foundation, appro-

priate committe is of the National Academy of Science and National
Academy of E igineering, the Industrial Research Institute, the

American Socie'.y for Engineering Education and other institutic s with

a commitment to the vitality of U.S. science and engineering education

and research. As a first step in this direction we recommend that
the Industrial Research -stitute assume leadership at an early date
in Lie organization of a symposium to exchange ideas and to improve

understanding of these issues . Included in the work of the sympo-

sium should be the appointment of a steering committee %.Ariich would

plan and carry out an agenda for further actir,-..



Our conclusion rests on the growing necessity for making CE

available and accessible in a systematic way to industry and to the

nation's R&D personnel on a much more cost-effective basis, and does

not rest merely on the needs of the universities . We believe that, if

a more serious effort is not made, the situation will continue to deter-

iorate . The universities will find themselves in tighter and tighter
financial situations . while industry will increasingly lose its most

efficient potential resource for CE. Without improved coordination,

industry will lose interest in the universities , except as a source of

relatively untrained manpower, which the universities will produce in

increasingly inadequate quantity and quality. The change in pri-
orities that we advocate and expect is not intended mere'.y to justify

an increase in funding for CE programs to be conducted by univer-

sities; our recommendations also require that the universities them-

selves become more willing 4-- :ply what is needed.

More importantly,, such cooperation would go far towards

strengthening both universities and industry, thereby contributing

greatly to the effort to regain U . S . leadership in technological inno-

vation .

Recommendations or Future Study

First and foremost we recommend that the key problem areas this

pilot study has identified be now examined in depth and with quanta-

tive measures where appropriate and r,ossible . In such a detailed
study it would be useful to make a distinction among major industrial

sectors or key areas of R&D . We would also urge that an analysis
of attitudes and decisions of rdentists and engineers , who are the
direct consumers of CE, be included.
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We believe that the following issues we have identified are suffi-

ciently important to merit separate attention:

1. We have indicated that effective systems of CE are often

found where universities and industrial laboratories in close geo-

graphic proximity have worked out a variety of mutually beneficial

avenues of cooperation. It would be of value to exarcile some of the

more successful regional arrar.gemen-s to learn how these have de-

veloped, and what aspects would be applicable to similar situations

elsewhere, or adaptable to less proximate groupings.

2. Our respondents have indicated that if due to a decreasing

college-age population the R&D manpower pool should shrink signifi-

cantly as expected, they may consider massive retraining of people in

middle age to meet current needs. But even at present there seems

to be a significant nurr of scientists and engineers who would want

to invest their time and energies in education to change careers (with

considerable social profit) if only more information about programs

and options were available; if they had access to competent counsel-

ing; if pursuing such efforts did not imply a risk to employment or

more importantly, if employers themselves would regard such under-

taking as investment. A comprehensive study of all aspects of career

change for R&D personnel seems desirable.

3. Only a few director: es that list CE programs are available.

Some of these are not sufficiently kncwn or are incomplete, and the

courses listed are necessarily left unevaluated. We recommend that

the National Science Foundation sponsor a study to determine what

the market might be for an accurate, up-to-date and informative

directory; in what ways evaluations can be furnished that are fair



and acceptable to those who provide CE and still be of value to the

user; what the economics might be of regularly publishing and distri

buting (on paper and/or in electronic form) a directory and what it
would entail to produce a dependable high quality product.
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Appendix 1

CORPORATIONS, GOVERNMENT AGENCIES, ACADEMIC INSTITUTIONS,
AND INDIVIDUAL RESPON DENTS PARTICIPArl ING IN THE STUDY

Bell Laboratories
William 0. Baker, Chairman of the Board
N. Bruce Hannay, Vice President for Research and Patents
Carl R. Wischlieyer,, Director of Education

Bethlehem Steel Corporation
Robert J. Lohr,, Assistant to the. Vice President and Director of

Research
William Reusch , Manager of Human Resources , Planning and

Development
Edward A. Zouck, Manager of Administration and Service,

Research Department

Colgate-Palmolive Company
R . T . LaPier, Director of Administration

East-- -an Kodak Company
L. J. Thomas, Jr. , Vice President, Kodak Company, and

Director, Research Labs
Judith A. Schwan, Assistant Director, Research Laboratories
Howell Hammond, Laboratory Head, Research Laboratories

Exxon Research and Engineering Company
I. H. Eckert, Director, Technical Education Program
Charles H. ELnondorf,, Consultant, Technical Education Program

General Electric Company
Robert Bernstein, Manager of Personnel for R &D, R&D Center

General Focds Corporations
Adolph Clausi , Vice President and Director of Technical Center
John Burgess , Director of Logistics

Hewlett-Packard Company
Joh.i Doyle, Vice President, Personnel
Brian Untar,, Manager, division level

IBM Corporation
L A Cookman , Director of Administration, Research Division,

Thomas J. Watson Research Center
James J. Griesmer, Manager Education and Development, Re-

search Division , Thomas Watson Research Center
Yr J. Turner, Manager, Research Stc:_f Operations , Fesearch

Division, Thomas J. Watson Research Center



Lawrence Livermore Laboratories
Henry C. McDonald, Associate Director, Engineering
Wallace D. Decker, Education Officer
Joe Keller, Division Leader, Energy Systems

NASA Ames Research Center
Loren Bright, Director of Research Support
Dale Compton, Chief of Space Sciences Division
John Le Veen, Chief of Training and Special Programs Branch

Pfizer Corporation
Barry M. Bloom, President, Pfizer Central Research

Sandia Laboratories
Eugene Reed, Vice President, Micro-electronic Components
Howard Shelton, Supervisor, Management Training and University

Programs
Robert Devore, Manager, Computer Aids and Data Department

Union Carbide Co-:,-...tion
Samuel Tinsie,. Vice President for R&D
Warren E. Lux, Associate Director of University Relations

Westinghouse Electric Corporation
Mathias McDonough, Senior Executive Vice President, Corporate

Resources
George F. Mechlin, Vice President, R&D, Research Laboratories
R.D. Haun, Manager, Applied Sciences, R&D Division
Nap Head, Manager, Training and Development

Xerox Corporation
George E. Peke, Vice President, Corporate

Research Center
Frank Squires, Manager of Administration,

Center
Fred Strollo, Manager, Engineering and

Research Center

Research, Pa: A.1Lo

Palo Alto Resez,7cIL

Software, Palo Alto

Academic Participants
Joseph Biedenbach, Director of Continuing Education. , University

of South Carolina
George Bugliarello, President, Polytechnic Institute of New YorkKaren C. Cohen, Co-director, Project Froceed, Massachusetts

Institute of Technology
Kenneth S. Down, Assistant Dean, Stanford University
George Hazzard, President Emeritus, Worcester Polytechnic

Institute
Al Ingersoll, Director, Continuing Education in Engineering and

Mathematics, UCLA University Extension
Ricl-Larr A. Kenyon, Dean, College of Engineering, Rochester

Institute of Technology
Myron Tribus, Professor, School of Engineering, Director,

Center for. Advanced Engineering Study, Massachusetts
Institute of Technology



IRI Advisory Committee
Chairman, Dr. Vincent A. Russo

vice President, Research and Development
Scott Paper Company

Richard C. Berry
Vice President, R & D
Rogers Corporation

Mr. Will;am P. Hettinger
Director, R & D
Ashland Petroleum Company
Division of Ashland Oil, Inc.

Mr. George Walker
Director, R & D
Glidden Pigments Group
Chemical/Metallurgical Division
SCM Corporation



Appendix 2a

Interview Schedule for R&D Executives
and Training Directors

BASIC QUESTIONS

1. How is CE carried out in your organization?

A. How much time is provided now for CE during working
hours? How much do you anticipate in the 1980s?

B. Which modes of CE are supported now? How will this
change in the 1980s?

Consider:
a. university sponsored courses: credit/noncredit
b. in-house courses
c. self-study modes
d. professional society sponsored courses/meetings
e. leaves of absence: with pay/without pay
f. sabbaticals: short term (several months)/long

term (a year or more)

C. How is financial support provided now for CE? How will
this change in the 1980s?

Consider:
a. tuition: complete/partial
b. Must CE be job/career relevant in order to

receive support?
c. professional society activities

What incentives do employees have to pursue CE? How do
performance evaluations take CE into account? Will this
change in the 1980s?

Consider:
a. salary
b. promotion
c. more challenging and responsible assignments
d. more opportunities for professional development

How do you determine CE needs for your scientists or
engineers? How might this need assessment change?

-91-
97



fl. What prospects for technological change in the 1980s do you see
as relevant to your company?

A. Slow or rapid, and what kind?

B. Originating in your company, in a competitive company, in
a university or the government (public domain)?

III. What are. the CE needs in response to technology changes for
different functions in the organization?

IV. How will changing educational technology affect CE? How much
movement will there be away from conventional classroom formats?

A. sastitutes for classroom and book will be increasingly
available through cheaper electronic means. How much will
they be used?

B. Classroom presentatiofls can be distributed geographically
(through broadcasts, videophone, facsimile reproducer,
etc.) and temporuray (they can be recorded and used at
other times).

V. What should be the division of labor between universities
corporations, professional societies and others in rovidin CE?

VI. What public _policies can have a direct effect on CE?

A. Should IRS distinction between current job-related (deduct-
ible) and new-job relrted tuition payments (not deductible)
be continued in light of the fact that R&D personnel must
continually undei cake new job assignments?

B. At what point should an educational program stop beincj
part of the job and become a fringe benefit, taxable to the
employee? Is the current legal situation appropriate?

C. What should be the role of the professional societies and
the states vis-a-vis regulations affecting CE?

D. Are there likely to be gaps where NSF or some other
agency could fund educational programs of national impor-
tance?

VII. Are there changes in CE that should be made in the light of
current problems?



EXPLORATORY QUESTIONS

VIII. you expect the 1980s to be different?

A. How much economic growth
10 years?

How will this impact your
Its CE needs?

seems likely over 5 years?

company? Its R&D needs?

IX. t o ou ex ect to hire new raduates from a lar er or smaller
oe?

A. Larger--more women, more career orientation of
students? Foreign students?

8. Smaller- -fewer Americans of graduation age?

X. What are your most important technical manpower needs for the
1980s?

XI. How ht domestic issues affect CE re uirements?

.A. New social priorities such as return to (or continued
movement away from) redistributive social programs or
changing attitudes (friendliness or hostility) toward
business or technology?

13. Changing economic patterns such as growth, inflation,
stagflation, recession: scarcity of resources--skills or
capital?

XII. How will social and economic changes affect expectations of
scihtists an0.-eiTgineers?

A. How will expectations with respect to careers affect
CE?

13. Do you anticipate more competition for middle manage-
ment slots resulting from the post-war baby boom? If
so, how will this affect CE?

XIII. How might the international situation affect CE requirements?

A. Increase in international tensions: more DOD and
NASA spending m' the reverse; great SALT success,
slowdown in weapons developthent?

Qualitative change in arms race:
or new strategic importance of
energy , e . g . , oil import cutoff ,
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weapons breakthrough,
some factor such as
fusion success, etc.?



XIV. How do you see the role of universities in meeting your needs
for the 1980s?

A. What will be the capabilities of new graduates? e.g. ,
foreign students?

B. Will the schools produce graduates with the knowledge
and skills you need?

XV. Are there changes in CE that can be made in the immediate
future in anticipation of developments that are ',likely during
the next decade (as distinguished from current problems)?

XVI. Is there an issue im ortant to the future of CE that
you would e to scuss?



Appendix 2b

Interview Schedule for R&D Managers

BASIC QUESTIONS

1. How is CE carried out in your organizations?

A. Which modes of CE are supported now? How should this
change in the 1980s?

Consider:
a. university sponsored courses: credit/non-credit
b. in-house courses
c. self-study modes
d. professional society sponsored courses/meetings
e. leaves of absence: with pay/without pay
f. sabbaticals: short term (several months)/long

term (a year or more)

B. How much time is provided now for CE during working
hours? How much do you anticipate in the 1980s?

C. How is financial support provided now for CE? How should
this change in the 1980s?

Consider:
a . source of funds (dept. /group /unit /organization's

educational fund/and others)
tuition: complete/partial
must CE be job/career relevant in order to
receive support

. cost of books
travel costs

b.
c.

D. What incentives do employees have to pursue CE? How do
performance evaluations take CE into account? Should this
change in the 1980s?

Consider:
a. salary
b. promotion
c. more challenging and responsible assignments
d. more opportunities for professional development

E. How do you determine CE needs for the scientists or engi-
neers you supervise?

Describe your own CE participation and the reasons for
doing so. If you participated in CE, what were the out-
comes? What are your future CE plans?
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II. What prospects for technological change in the 1980s do you see
as relevant to your company?

A. Slow or rapid, and what kind?

B. Originating in your company, in a competitive company, in
a university or the government (public domain)?

III. Whit are the CE needs in response to technology changes for
your functions in the organization?

IV. How will changing educational technology affect CE? How much
movement should there be away from conventional classroom
formats?

A. Substitutes for classroom and book will be increasingly
available through cheaper electronic means. How much will
they be used?

B. Classroom presentations can be distributed geographically
(through broadcasts, videophone, facsimile reproducer,
etc.) and temporally they can be recorded and used at
other times.

V. Do you consider a new "division of labor" possible between
industry and the universities in the education and training of
scientists and engineers desirable? More recurrent periods of
education for R&D personnel? If so, what would be desirable
(feasible) in the next ten years?

VI. What public policies can have a direct effect on CE?

A. Should IRS distinction between current job-related (deducti
ible) and new-job related tuition payments (not deductible)
be continued in light of the fact that R&D personnel must
continually undertake new job assignments?

B. At what point should an educational program stop being
part of the job and become a fringe benefit, taxable to the
employee? Is the current legal situation appropriate?

C. What should be the role of professional societies and the
states vis-a-vis regulations affecting CE?

D. Are there likely to be gaps where NSF or some other
agency could fund educational programs of national im-
portance?

VII. Are there changes in CE that, should be made in light of current
problems?
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EXPLORATORY QUESTIONS

VIII. What are your most important technical manpower needs
for the 1980s?

IX. How will social and economic changes affect expectations of
scientists and engineers?

A. How will expectations and values with respect to
careers affect CE?

B. Do you anticipate more competition for management
slots resulting from the post-war baby boom? If so, how
will this affect CE?

X. Are there changes in CE that can be made in the immediate
future in anticipation of developments that are likely during the
next decade (as distinguished from current problems)?

XI. Is there any other issue important to the future. of CE that you
would like to discuss?

103
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Appendix 2c

Interview Schedule for Administrators
and CE Directors at Academic Institutions

1. What forms of continuing education, e.g. , symposia, short
courses, summer institutes, etc. , can be most effectively or
profitably managed by universities? Which by industry? In
what fields?

2. Few institutions of higher education are well organized to offer
high quality programs in continuing education for scientists and
engineers. Why is this so?

3. What changes in attitudes, organizations and policies are re-
quired for universities to become significantly more effective in
providing continuing education to scientists and engineers?
Unless economic forces (e.g., a serious drop in enrollment,
massive government funding, etc.) facilitate drastic changes in
attitudes, organization, and policies, what changes do you fore-
see in the near future?

4. If corporations continue to expand and excel in the in-house
advanced training of their technical personnel, could they sig-
nificantly damage the viability of graduate programs? Of doc-
toral programs? Uhiversity sponsored CE programs?

5. There are precedents for nonacademic organizations to be li-
censed by the State (California, Massachusetts) to grant de-
grees. Do you foresee an increased tendency in this direction?
What impact would it have on universities?

6. Can -universities expect to keep up with developments in science
and engineering (do they have experts in ever-narrower areas,
and expensive specialized equipment?) in order to seriously
consider participating in continuing education in other ways than
upgrading in basic skills and knowledge?

7. Do you consider a new "division of labor" possible between
industry and the universities in the education and training of
scientists and engineers desirable? More (different, life-long)
recurrent periods of education for R&D personnel? If so, what
would be desirable or feasible in the _next ten years?

8. If in the course of public and private debates, it became clear
that such a new "division of labor" is necessary in the national
interest, how should such changes be planned and implemented?
With the help 'of a government agency, e.g. , NSF, Commerce?
Through the cooperation of professional and business associates?



9. Are there alternate ways to maintain up-to-date technical man-
powt-x? (Exchange of faculties between industry and univer-
sities, recognition of credit and acLreditation of courses taken
outside the university, etc.).

10. Are you making plans to service the CE needs of the large
number of post -wax. babies who will be entering mid career in
the 1980s?

11. Please comment on any aspect of the above, or other continuing
education dilemmas we face as we enter the 1980s.


