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T T Engineering -Continuing Education: - Needs in the
s- . ,Greater Hashington D.C." Metropolitan Area

<& - « - - . ~

o 1. IntroductiOn and Conclusions I S . I ?

k {
: Thexcontinuing aducation needs or the over UO 000 Washington D.C.

Hetropolitan Area engineers are very extensive and in some respects not .

¥

_very uell satisfied., This is th principal finding of an 18-month study

-

R conducted by George Hason University and funded by the Uational Science

-Foundation._ The study is based on two surveys, one of which was mailed - o .

%

to over- 23,000 area engineers-the area membership ot e*ght engineering

1

protessional societies. A second survey was sent to several thousand

. "area organizations considered likely- to employ engineers.
- . “ . "

. There are a number of Washington metropolitan area universities

§<¥ . offering continuing engineering education including 3uch major
;"institutions as George Washington University and the University of -
7Maryland. Other institutions such as George Mason University have to

o . date. provided mare limited offerings- although George Mason, for_ I

example, does hope-to expand in this area particularly in degree/credit:
programs Nevertheless this study should be of benerit to all area .
.7continuing engineering education suppliers including universities.

L - In addition.to assessing the specific needs for various kinds of

engineering eduoation the two surveys also examine the perceived
effectiveness of current and past offerings. B ‘
e *One unique elément of the study is a determination of the-relative

magnitude of various needs for different points ‘on a map, making it .

possihle to see how given needs vary over the entire metropolitan

.

’A separate survey of 2000 area physicists is to be reported elsewhere. -

.
N
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area. This aspect of the study snould have wide applicability to other

geographic regions and disciplines other than engineering, and may be of

use in various kinds of roeds-assessments.

-~

Some o' the major conclusions reached in the study are as follows*

(1) About two thirds of the engineers suqveyed believe that

¢

;’: ) . the education engineering students now receive would be-
-
improved by a shift tcgards a professional school model.

(2) As regards their own continuing education, respondents

-

consider colleges or universities to be the preferred -

-~

supplier even though most no longer want or need further

-~

degreés\(0ver half already navera ‘masters or dontorate.) .
(3) The colleges or universities regarded as being most
2 . . effective are schools with local main campuses rather than
extension campuses of‘in-state or out-of=state schools..
(4) Live programsiotferedmby»universities at the place of
employment are also considered very effective, not quite-
as ertective as onecampus“programs of local universities, -
. but:moré effective than programs offered by eitension
‘ ) campdses.' . t‘; : . .
(5) ?ew engineers are in a pcsition to relocate to pursue
. graduate edﬁcation, even if financial aid were arailablem

t

. . (6) The percentage of engineers who are Virginia residénts and

]

who cite aineed'for graduate education exceeds those for
"Maryland and Washington D.C. Méreover, programs at area
universities within commuting distance are less available

Rt
according to Virginia residents.

‘




o (7);Engineeés when asked éont obstacles to'their-éeeﬁing
f?ééhgé continuing education rank as the four most
. ”.;mporpant: "lack of time", ”ikconveniedg location",
”iqconvanient timé”, and ?course not évaiiable;. The
'; - lagter three.would Séei to point to:somg need for -
improvement in present continuing engineering edﬁcation
Prac£ice?; - . . ‘ ' ‘7 ) ’ o
(8) T@e unavailability o?~bourses is E'significant iséﬁe since
over two thirds of allArespoqgentS cited a need ?ér some
specific éoﬁtinuing eduﬁation topics. On many of- the -
' fequésted‘togics in very great deﬁgﬂd, either no or not
enéughvcourses are offered. A \ ‘ °
69) The néedscfor'different topics vary ﬁhébughﬁut the .
- ' meﬁrgpoliéan area in’a way that can actually be well .

\

represented on "need-contour” maps. These can be

genérated using the home and work locations of respondents

~ e

using a technique original to this study.,

N ¢ 1)) The need for a barticula} topic (Microprocessors) as

¥t

. measured in this survey appéars to agree well with the.

. attual number of-persons enrolli.g in a course in that
topic at all area universities combined. Hence, this
survey may offer a way of estimating approximate

"+ enrollments. . ’ .

(11) Area employers of engineers are generally supportive of

vea

furtner continuing éducation for their pnofessional-staff

- 4
and wish to see such opportunities expanded. The views of

these organizationé on the bel;tive effectiveness of

-

. L. . 8 - .
« . .
. o
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various kinds of offerings close1§ parallel those of the:

T individual engineers.

L
~
oy
n
~

About half# the -employers surveyed financizlly support the

\‘ . : continuing education of their'protéssional staft.in‘pﬁrt

. or in full, However, the differing policies of |

organizations in this regard, plus the high costs ot‘
certain types ot continuing\education (particularly short
courses) present a‘vgry serious obstacle to-those
enqinéensﬁuithéut‘empioyer support. -

‘i; ‘ (13) ‘the loeati?n or:univarsitiés orrqr§ng engineérihg‘pragrans
can be examined with reference to fhe distribution of need
throughout the‘ére;tgr ﬁhéhing%on ﬁ.c. Metropolitan

~jaréa.‘ For example, in the figure on the following page we
‘show "need contours” for Maryland residents who requested

A . ~_;ne or mo;;“éontinuing education‘58§iés‘in"£ﬁib ;E;;E};‘MMT~“~V*'”

::t » ’ The University of Maryland at College Park would seem on

this basis to be.particplarly well-located ﬁo meet the -

qontinuiqg éngipeering education needs of Mafyland
_ S o \ residents. Similar contour maps, gener;ted by a method to

o ; o _ - bé'd;scusse§ later, are shown on pages B12:ihi£or\

‘ ‘ Washington D.C. and Virginia residents. n;é‘*riug’j ‘

o ”: ' - Washington D C. universities offering engineering degree

prograns (Catholic, George’ Hhshington, UDC, and Ho, fd)f

e

4

< R
4 . -

Coe ‘>'Hhile about half the organ; ations financially support continuing
- ' education, the ‘fraction of <ngineers who are supported is certainly -

greater than one half, sincé thé larger drganizations are more likely to
- be in a position to financially support their employees.

5" Q ‘.‘A o . Lo ‘9
- ERIC N . ° ,




T . —‘—-%
thé‘-.” ) . i . ' S ‘ ) ~ . * .
- Cox ’ 'are similarly- well-locat:ed There is at present no. . . ]
l N university offerirg main campus engineering degree programs .
Lt - N
N in Northern Virginia without residency requirements . ST
: '_elsewhere. ‘The main supplier ‘of degree/cre_dit: .
) L \ i ’ "
programs (the Virginia Polytech Center at Dulles) is not . >
' 'opt:imally situated with respect to J:he need distribut:ion S
. . ~o B
- ' ‘of Virginia residents, _ : . _ )
) g
- . : 7'\ 7?
6 : <.
o
B
- u ‘
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2:’ﬁethod61ogz of.Surveys

The survey of individual engineers was conducted through mailings
Q

to the area membership of eight#® professional engineering societies.

-
—_—

The eight engineering societies ineclude most of the major engineering

specialties. ls indicated in the table on page A1, not‘all engineers of

a given type who are employed in this geographic ‘area belong to a \

A :g professiohal society. Nevertheless for eath of the major specialties

5'., T f r  well over half the engineers do belong. Moreover, it might be expected
N \

o ©

N o : havc a cons{derably lesser’ interest in formal continuing education than

«

. members. o . ‘ A

. n——
- .

-~ . ‘. i
t

- M In designing and analyzing»the questionna*re for the survey of

(g. Lol individuals each of the follcwing steps was “taken:

RIS « ~ FELDEENN

o ' ;- f‘. ’ - 1. Pnevious ques ionnaires on engineering education needs

\.

N -
B TRV A
1

PSS , N é;‘\“ conducted by others ware studied along witn‘the literature.

3 *:;"}. o B ..on questionnaire-design‘and that- on' continuihg education -
,fhneeds of engineers. o ‘ o R oy
‘Y A ‘l " ~ . > et @ . S . e

A draft questionnaire was prepared and circulated to a if_*

V&

P
X

number of professional engineers for comments.« The list

gggj‘ o ) SO N of .engineers, contributing valuable suggestions is\to | f{%

L ' L ‘ %%.. " numenous_to cite_;here.a (see acknowledgements). - .
T 3. Recognizing that any instrument is bound to have

imperfections even after careful eiamination,by many

M
e

persons, w2 printed only snough, questionnaires for one

o .7 soctety (a..ch. Es-Chemical Engineering), with the
‘.\.A < o .. ‘ -

-

N

.L\<
[ N

*See page A1l for]ist of societies surveyed. ' _;,_:' :

e

.
-J"u{b vd
-;o'{-q, >
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intention of using this as a pilot.’ A number of further » :
cbanges¥yere made in the questionnai: based on the
, i - ‘ responses‘of this group. The primary reason for selecting
‘ the chemical engineers for the pilot study was that -they

" areé the eaallest of the eight engineering societies. S
4. The final version of the sarvey of individual engineers ’ ol

(see pages CO-C1M) was. mailed out to members of the other -
. . seven engineering societies. Based on .the response from .
o . .
f

the pilot study of chemical engineers, it was decided to

have one single mailing rather'than multiple mailings.

This decision was made after examining the results of -
. 1‘ o3
. multiple\mailings for vhe Chemical engineers, where it was: .

: X \ ) . 'found that the percentage return rate for to mailings . !

(A :
8 e e ] combined~was~not~a-very-great~improvement~over—that—for T T

one. &dditionally, the geographic distributions of -
& n

{§r-~~~mi~ e - w—respondents~and-7their~interest——in—c‘ontinuing—educatiun

¢ . - were not significantly different ‘for the first and‘second
mailings‘as indicated on page A2. .This point would. _ - Ty
. indicate that-a single mailing. (vs multiple mailings) does
- not=appear to introduce~significant'biases. Other

T - indicati Lons of lack of significant bias in the sample of <N ?‘
Y L N,

respondents will be considered later. '

3l

T ﬁ; 5."£aThe information in-the returned‘survey booklets was
T ,

o
’ Ladia)

entered’into a HF 3000 computer by two assistants‘using a

A

. . data entry. program d:signd to set up a blank version of
/ 2 - .
o * o
& : the questionnaire on the screen of video terminal. The
[+

. ) progranm- performed simple on=line checking of information




-

: il*on'the—return-rate.) . e

=

 the program, i.e. the "CEXY method," will be described in

signaling the operator when specified quantities were out
of bounds. Because the questionnaires are lengthy and

detailed, many months were reouired to enter the data into
the computer. (The opticn of senhing out mark-sense forms
with the survey booklets which would have considerably.

-

simplified the data entry task was considered and rejected

&;gé{heink too inconvenient for the person filling out.the
it C v ;

:iquestionnaire, and hence probably having an adverse effect

)
3 -
v

A computer program was written to tabulate a11 items in *%fg

the survey database. The program allows the. user to

EEN

perform tabulations with selections made on any' particular 3

- L .
variable, as will be.seen*latér. The key novel feature of

AY

another section. . -

an

“~

-

It is recognized that not all issues concerning
engineering education needs are susceptible tc a simple
computer tabulation. Thus, in addition to fiiling out

items on the survey which cou1d be tabulated, respondents .

‘were also invited to express their views in writing

~ s - . -

concerning:- (a)the effectiveness of paiticular'continuing
education offerings they have taken, (b)ways in which the
effectiveness of continuing education: offerings might be

improved, and. (c)omissions or deficiencies in the

questionnaire‘itself. Over. 700 resbondents inciuded

lengthy writtén comments.: In presenting the results of

the survey, we have included the gist of many of" these

~ 15 R
Y : : '
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£

~ y

comments as they.relate to a particular'issue. (see «
‘ section 10) y
N i . Many of the same procedures followed in the development and . .

analysis of the questionnaire used in the individual survey were also

used in the organization survey.

-~

1.

differences:

3 . /

!
There were also several important»

It is difficult to locate a convenient directory of

organizations for the entire greater Washington metropolitan

area’ that indicates which organizations are likely to employ

engineers (although some individual counties do have industrial

Dun's Marketing Services (a division of Dun -and ‘ {

Bradstreet, Inc ) can provide mailing labels for all

23
" JAR

organizations listed on~its’ computer tapes with selections made

according to zip code, s1C product code, and company size. The“

“-

SIC code indicates the particular product or service that a

Clearly, companies" having some SIC codes are
much more likely to employ engineers than others. A set of

mailing labels was obtained from Dun's Harketing Services ror
“all private organizations in Greater Hashington Metropolitan

area zip codes which are listed under a wide range of

-~

_ ”reasonable" "SIC codes, and which also employ ten or more

persons. A separate'listing was compiled of federal government
The number of private

organizations from the Dun tapes was 2048; the number of

2. The number of questionnaires‘returned from organizations = .

was considerably Smaller than that for individuals. It

z
s

o
4
“w directories)
s
) company provides.
) agencies likely to employ‘engineers.
.government agencies was 95.
; *ﬁ;jfmf*“”—\ :
Q

ey B
«

; - &5 Provide o Q‘
Lo a .

16
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was therefore decided to analyze these results by hand
rather than by computeﬁ.
For reasons to be discussed later, we believe the results from the
organization survey to be much less significént than those from the

individual survey. Therefore, considerably more discussion will be

devoted to the individual survey (the following eight sections). The

organization survey is discussed in section 11.
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3. Characteristics of Respondents (Individual Survey)

. The Washington D.C. metropolitan area with its.three different
éovernmental Jurisdictions and its large concentration of federal
government employeeé is unique. Accordingly, the statistical profile of
engineers'employed in this area also has some unique elements. The
tables on pages A3-A14 provide a thorough picture of_ the characteristiecs
of the 5377 respondents to this survey. Here We briefly summarize a few
of the items from these tables.

Two thirds of the survey respondents are members of one of the
three largest engineering societies° electrical, civil or mechanical
_with the largest group (38.2%) being electrical. The response rate to
the survey (23;) was roughly the same for all eight professional
societies except for the chemical engineers treated as a pilot group as
previously diecussed. The average aée of survey respondents is 40, and.
the average respondent has about 16 years professionai experience,
although he has been employed with his present employer for the past

oo nine years. Nearly half of all respondents are U.S. government \
- - 'employees with civilians outnumbering military two to one. The primary
work activity of respondentS'is quite varied with the iargest single
group (35.0%) in masagement. Nevertheless, 77.1% of the respondents
classify their present employment as.engineering. On the average, the
respondents appear to have impressive credentials. A large minority
(37.2%) hold professional registration, and the percentages with masters
and doctorate degrees (usually’ in engineering) is quite high 50.9% and
14, 3%, respectively. Moreover, an additional 11.1%_are presently
working towards.a degree with the most commen choices being: a masters

in enginering (35.0%), a masters in business (24.3%), and a doctorate in

¥

I .




" engineering (13.2%). Given the high percentage of respondents with
advanced .degrees, it is not surprising that most (62 U%) say that
. "further academic degrees are of little importance". Nevertheless, the -
ma jority of respondents continue to be very interested in continulng
education based on the pencentages of individuals who have attended
various activities during the past two years, including college credit"
¥ ' courses, short courses, and employer-sponsored courses. ‘

Few of the respondents (3.9%) reside in Washington D.C. itself with
the rest fairly evenly distributed betwgen Maryland (50.2%) and Virginia
(MSZOZ;. A more.detailed view of the geographical distrihution of

. . ;

respondents place of residence is-provided by their home (x,y)

coordinates, as may be seen from the map on page B1.. In addition we

\ have examined the’ distribution of respondents according to three-digit
zip codes (page A12). The advantages of using zip codes is that this
allows ‘us to examine the survey response rate according to zip code.
From the map on\page B2, it.maykbe’seen that there isno pronounced
w“ ‘ pattern tohthe response rate as a function of zip‘code.position on the

5

map1: lFor.instance, thergris no significant decrease in response rate

»

as a function of distance from George Mason University. (Although, .
there is~an enhanced response in the county in which GMU is located\i
. This is an’ import4nt "indicator of a 1ack of large geographical bias 1n
the survey. ‘As qight be expected, the geographic distribution in
‘ : respondents! piace of business differs greatly from the distribution of

their residences (see map on page B3). Although the bulk of respondents

2

1 The fact that the response rate accot‘ding to zip code is almost ‘eveywhere less
" than the overall response rate (23%) is due to the fact that around 20 % respoided
anonymouﬂy

\‘)‘ ) ' o ) o . . ] 9
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‘work in Washington D.C., there also'appear to be some large
concentratiohe in suburban Maryland and Virginia. ;
Parenthetically, we note that the validicy of all geographic
dietvibutions af respoodente shown™ in this report depends on how well
individual respondents have been able to specify the (x,y) coordinates
of their home and place of business using the map provided in the survey
booklet. ‘Qne indicator of the\small error in (x,y) coordinates is given

by the distribution of all respondens_ciaimingmvinginia_aswtheir—place~~ -

o

£

of residence. As may be seen from the map on page BY, few respondents
need further continuing eoucetion on the subject of how to read maps.
There are.a number of additivnal questions that might have been
* included in the survey to give further information on the statistical
characteristics of respondents including: sex,'ﬁace, salar§; and leéel
of responsibility (number of people supervised). However, it was felt
*-——that~the +tnclusion~of ftems such as these might negatively affect the
response rate, and would not add a great deal of information to what is

‘e

well known on a national basis::

(a) engineers inclode aoong their number very.few females and blaoks and
_ other minorities. | ‘

(b)-engineerihg pays casonable well, with pay levels significa ely

" correlated with level of responsibiiity,.end with the amount of

continuing education pursued.1

- 1see for exa mple the 1974 study by John Klus and Judy Jones, "Engineers Involved

in Continuing Education®, pub]ished by the -A-merican- Society for Engineer'.ing
Education.

‘ ' -',\ .,‘20
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4. Respondents Views on Engineering Education

One issue of some considerable interest among engineers concerns

¢

professional engineering schools and the practice-oriented professional

school model. A question was included on'thisitopic as relevant to

engineers' views of the effectiveness of current engireering

education._ Since the notion of the professional school model" may mean

diferent things to different people, the exact wording of the question

.on professinonal schools could well have a significant effect on the N

response. For this reason seyeral individuals were consulted on the

appropriate wording. Mr. Louis Guy and other members of the Virginia

Society of.?rofessional Engineers were particularly helpful. 3
The responses to this question are indicated on pages A15-Ai6. As

may be seen, a large majority of the engineers surveyed (67.9%) believe Lo {

‘that either."some" change (47.8%) or a "great" change (20.1%) is needed

toward the practice-oriented professional echeol mode“. All categories
of engineers agpear to havev§arge majorities which share this’ belief.
‘l

The category most strongly in ‘favor is the group of engireers with

G

<
twenty or, more years profesional exporience, 86.6% of whom believeia -

change toward the professional-school model is needed. It may seem

9

sumewhat surprising that the next group most in favor of a change toward.

a profesional-school model are those engineers now seeking a.degree »*

(73 0% for change). Thus, the two groups most strongly favoring this ™

propesed change are those with a good fraction of their professional . <
career behind them, and .those (mostly younger engineers) still %4

- " *
experiencing t e\Joys (and sorrows) of academic life. ‘ ’ : ,

M. By way-of'costrast only 44.9% of physicists favor a change towards

N

. the professional-school medels This figure,‘taken from ths parallel
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survey of physicists is as expecte” auch below that for engineers.

- Nevertheless, it is interestizz that meurly half of the physicists, most

of who’'are much more research-orieatel tha. engineers, favor a change
towards a professional school nooei, even tiough this\issue has not been
discussed at all in the physics community.

.The survey alzo included questicne on respondent's views‘on the
effeeiiveness of various forus of coniiuwing education, (see pages A17-
A20). For each item, percentages are listed both including and
excluding those who have no experfence‘on which to judge." Among those

respondents with experience in each type of continuing _education,

college credit courses applied towards a scienoe or engineering degree

_are rated as\being most effective. All the other categories listed are
_also generally rated as being effeotive with roughly equal percentages

- in each case: -employer-sponsored short courses,, professional society

[+

‘short courses, colleée credit courses not applied towards a degree,

college non-credit courses, and short courses sponsored by another

aéeney. The largest percentage of responoents cited "no experience on
which to judge".for‘short courses sponsored by "another agency" (69.5%),
and the smellest percentage of respondents cited no efperienoe on.which
to judgeifor'employer:sponsore& short courses (35.3%). -

Considering only‘courses‘offered by colleges and universities for

credit (see page A18) there appears to he a strong preference for on-

‘acampus programs provided by local co..eges and universities over those

provided by either extension centers of in-state universities or by out-

of-state universities. These comparisons are probably most meaningful

e - \

_— :'{ﬁﬁwhep comparing only those not citing "no experience on which £o
: 2 . - )

+ /Judge™. Among those with experience, the preference for local campus
. . , .

<2




universities even exceeds that for live programs provided at their place

‘of employment. h

The type of program considéred least effective (among those with

\ . .
experience) is the televised or video-taped program provided at the

place of enployment, although a large percentage.(35.4%) cite no

experience on which to judge here. The relatively low rating of this A\
\

type of instruction is a clear indication that respondents place a
- . . .
higher value on program quality than on their own convenience.

-~

Moreover, the fact that live programs at the place of en’loyment are

rated highly (second only to on-campus programs of ldcal universities)

- . clearly indicates that it is the non-live character of video-taped
- \
instruction which causes respondents to rate it as being relatively

< ineffective.

\
Respondents were also asked to rate the_effectiveness of non-credit

continuing education activities (including self-study courses) Their "//ff

relative preferences ranged from short courses (most effective) to live‘ .

video without "talk-back" capability (least effective). Live video with

"talk-back" capability was judged to be considerably more effective

kbehind only snort cpurses ahd seminars/symposia).\ Thus, it appears the

interactive capability present in "talk-back" video is an essential

ingredient in making.-video instruction effective. One should, however,

be quite cautious in making comparisons among types of instruction in

<

which the "no experience on which to judge" responsé varies as widely as .

it does here: Seminars and symposia (19.9%) to live video with -

"talk-back" capability (79.0%) - VT

One way to increase the effectiveness of continuing education

offerings for engineers-is to eliminate those factors that act as

.03 .
» A LY
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barriers. Respondehts were asked to°indicate t@e relaﬁive importance of

! : .a number of barriers to their seeking\continuing\educaﬁion in the past . -
(see page A20). 1In yiew of the }ompeting demands on time, it %s not
sufpriqing}that the ieading barrier cited is "la;k\of time". :After this

. the three barriers: M"inconvenient location", "inconvenient time" and

- "course not avéilabie" all appear to be very important. Each of these-

——— [ — R
\

o

PA

N L \
obstacles points to a perceived deficiency in continuing engineering

education by reépondenﬁs who apparently want more of it, and want it

offered at better locations and more convenient times. . o 1




_ 5. Respondents' Needs for Graduate Education

-

As indicated previously, a sizable minority of besﬁondents consider
further. degrees Somewhat important (26.6%) or very important (11. OZ)
In fact, 27. OZ of the respondents indicate that they plan to work

towards a degree in the fupure. As displayed on page A21, this

*_»ﬁpgrcentqkeﬂis,highestvamong_Virginiairesidents_(36.uti..-At-first-sight

this may appear to be a disérepancy in the figures: The percentages for

Washington (30.3%) Maryland (30.0%), and Virginia (36.4%) are each

. higner than the percentage for all engineers. The reason is simply that

engifieers who declined to provide their nemes and addresses were more
likely to - answer the question on their need for further éegrees in the
negative than those that did provide them.

A .The specific plans for further degrees (page A21) are similar to
the degrees sought by those engineers who are now seeking a degree, with

the degree programs of greatest interest being\masters-level engineering

.or business, and doctoral-level engineering.

The resﬁondents' ansﬁers to a qdestion on their willingness.ﬁo

relocate in order to pursue further education (page A22) are-not

surprising. Even if financial aid were available, the large majoriﬁ&

(74.1%) indicate that relocation is not viable.

There Qas very little difference‘in the answers to tnis question
. for respondents residing in each of the. three metropolitan
jurisdietons. However, a question for which the differences between the

[
three jurisdictions is somewhat significant concerns the existence of a

nniveristy—within—commuting—distance—thab~o fers the program sought.

The results for all respondents and for those 'residing in each

Jurigsdiction appear on page A23. Based on these responses and those to
Y ., ‘
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\ according to the three jui‘isd{.cti:ons since: '.(1)the need (and

~

‘oA

a previous question (page.A21) it' is clear that while engineers residing

in Virginia degire to pursue further degrees in somewhat gre;ter numbers
than those in other areas, the availability bf: universities which offer
‘the programs the} need ans! ‘sghich are also' \in cofnmutin‘g distancg; is - \
somewhat less. A4s ,gasoli:ng prices cgnfi.nue .to ;zlimb, it\ \j.s clear that

P

i N . . - ‘ C o
the nmlesr meant by "rea:onable _commuting.distance" will - —

,continue to shrink,:therelfy causing the gispari{:y noted_above to widen

further. - - . P ) ) -

The quéaﬁion of the'g_eographic distribution of the need for

graduate education (and its availability) goes beyond a simple\bzgglgdown/

-availability) may show significar;t variations within each of the three
jurisdictions, and (2)the need may Le very different for different kinds
. . R x \

% L.
of \educa‘.ti‘on. We will agldress this important question zt the end of a.

~

subsequent-seétion_ after discussing the "CEXY" method: _'Qontinuing

Education in x,y coordinates.




' - 6. Needs for'Non-Degree Education (Overview)

1

Given that the largest volume of continuing enginering education is
not for the purpose of pursuing a degree; the nseds for non-degree °','

. engineering education are in some respects the most important. For,
T . - T
example, although only 27.0% of respondents indicated that they plan to

pursue work towards another degree, 77. 9$‘indicated that there were -one

- | a

‘ : - ; or more specific topics for which they had a specific educa*iohal
= need. (The ﬁopics specified were selected from 3 .1ist of 310 technical
.and non-technical topics listed in the qyestionnaire.)*“Tn%every

e category of emploged enginers large majorities cited .a.need for one or
L
more specific topics (see page A2l)..’ Continuing education is clearly
X
wanted not just by the younger engineer¥£even of those with 20 or more

‘e

; ' years professional experience, 68.9% cited,a need for one or more

an

topics. Only among retired engineers did less than a majority (31, 9%)

cite a~need for specific continuing education topi 5

'4

» For each specific topic requested, respondent were asked to
Aindicate their preferencesQon educational supplier, format, and other
‘mattersJT defore examining responses forlspecific topics, an interesting*
‘overuiew‘may be obtained by examining responses for all requested topics
combined. For example, on page A25, we see that a college is the
1 ' preferred supplier for ‘most responden*s (67. 8%) However a much smallen
percentage (39.6%) indicate they actually want a courselfor ggegit. As
indicated'on page .A26, the preferences for a college as supplier and a
~/credit course as the format are somewhat higher among VirFinia
- re31dents, 75.1% and U6. uz respectively. This?observation correlates

with that made previously concerning the percentage of respondents
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- intending to pursue further degrees in Virginia, Maryland, and
Washington. ) ] ' g
There are varidus ways to determine the magnitude of the need for a
particular topic besides finding how many respondents request that
topic. If we are concerned about how well the need is actually being
N met useful information can be obtained by asking respondents about the ‘
g ' present status of that topie, e.g., whether it is in fact being offered -
. in the area, Considering‘all topies combined (see page %27), Just under
. half oﬁlall~respondents are uriaware of the present status of topisa{
while roughly equal percentages‘oﬁ;the remaining half say the topic is *
"not offered at_all,","offered but not enough to satisfy demand;? or =
- offered ‘enough to satisfy de%and " As we shall see later, there are )

’

. meaningful correlations with such responses- and particular requested
topics. A ‘ - I . @ ¥
One neasure of the persistence of various needs is how loné a time
respondents have had a need_for a particular topic.: The distribution

for all topics combined appears on‘paée A27. Whether a need is long-

lasting or recent undoubtedly may depend on‘the respondent's particular
situation, e.g., length of time in present job, or alternatively how
much of a procrastinator he is. Nevertheless, as we shall later see,
there tend to be significant variations with particular topies.,

Respondents were also asked how long they expect to continue to have

I

I

; this need in the future (see page A28). This was probably a poor - ,I
question. Given the inability.of any of us to predict nuch about the

' future, particularly when a need will no longer be present, it is not I

- - - surprising that the overwhelming majority (80.3%) indicated "the |

foreseeable future," rather than indicating a definite time period.

wWe - - . 5




A very important point relating to the availability of continuing .

education concerns the location of offerings. As zlready seen (page

- \]

A20), poor location can be a serious obstacle to persons seeking a -
- - particular offering. For this reason raspondents were.asked to specify
'~ how far (in miles) from home and.place of business theg would be willing
o to travel before the probability of their attending a particular
offering drops to 50%. The results for all topics combined are given on
page A28 The distributions for the commuting distances to work and
.
‘ home are quite similar except that there is a definite excess in the 0-4
--miles-interval for the work-distance distribution. This excess.is due
" to people who gave zero for-the work-distance (indicating they would not

commute from work, but would take a course offered at their place of

business). Although there does appear to be a double maximum in both

distance distributions, we see that on the auerage.respondents claim to
be willing to travel about 18 miles from home or‘work‘before the
Probability 'of their attending drops to 50%. (This information will be
made us€ of in a much more precise way later.)

‘ "Lack of time" and "poor location" were previously cited as very
significant obstacles in,pursuing continuing education. It is therefore
not too surprising that a large majority of respondents indicate that
courses~offered’at their place of business would be extremely or
moderately advantageous (71.2%). Nevertheless, it is interesting to

recall that courses for credit offered on-éampus were rated as being

more effective than live courses offered at respondents! place of

’

e business (counting only those having experience with either--see page ‘; .

A18).

29 ‘
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Respondents' prefersances on time of offering for all topics
combined are tabulated on page A29. There is a very clear preference
for early eveqihg courses, as against day or weekend céurses. However,

this particular question is probably inapplicable to short courses or

.
* gueammma [ o ] Sl ey ]

" other forms of highly concentrated study. ) \
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7. Needs for Non-Degree Education (Specifics)

Of the 310 topies listed in the questionnaire every topic was
~ , requested by some respondents, but some topfcs were requested much more
frequently than others. On page A30 we have listed the 27 topics

-requested most frequently with the number of requests for each. With

electrical engineers the largest single group, it is not surprising that.

electrical engineering (including computer engineering) topies. figure
v ‘ prominently on this list. Nevertheless, th(s list also includes topics
R ’ from many other engineering areas, and areas outside of engineering as
well. To determine what offerings are most needed we-must examine not
only the specific topics but respondent's preferences\;:_supplier and
format for each topic (page A31). As can be seen, while there is‘a
definite_prefereﬁce for a.college to be.the supplier, the strength of
this preference varies si;nificantly with the particular topic. The .
preferencevfor a college as the supplier does not necessarily mean that
a credit course is the desired .format. As may be seen on page A32,
- Eﬁ'er"e;’a"t‘c "a mimber of tépics for which a non-credit coursé gr “short
course is fauored; ) ‘ 1
:éesides ex%mining what the specific needs are, it is very relevant .
to examine how well these needs are currently being met. Any supplier-
of continuing education will surely wish ‘to know not only how magy'
people want a particular.topic,'but how well the need for'that topic is
: 'already met.. One measure of this is the perception of respondents -
concerning the present status of the topic. On page A33 we have
tabulated for each of the 27 topics the percentage of respondents who
assert that the _topic is--either “hot now of’ered or not enough .o satisfy

B e

.. - " the demand. (It may be recalled that just under half of all respondents

31

W
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‘eite the'topic availability as being unknown to them for all topics ]
_ combined.) Thus, for some of the topics having the highest "status"
(lowest availability) on page A33, nearly all those not citing the
\ . _availability as unknown must have identified the topic as either not
being offered or not enough to satisfy demand. The range in.perceived
availability of topics based on this table is‘quite dramatic; and an
important indicatoer of uhat topics are most~needed.
Another measure of the need for various topics is provided by the'
++ length of time respondents indicate they.have had this nfed. This -
: varies widely according to topic as indicated on page A34. "If a topic
has been needed for a long time, e.g. water resource systems, this may
indicate that there exists a need that has not been met for some time.
It.may therefore be no.accident that some topics sUch as water resource
systems appear high on both lists on\pages A33 and A3{§ However, there
also” appear to be topics very high on the A33 ‘list ‘(low availability)

'\,a
but very low on the A3u’list (recent need) oo, electro-optics and

AR radar systems. There are two plausible explanations: - topics relating -
to new and emerging technologies will create rapidly developing
educational needs.kslectro-optics), whereas external political,

iﬁternational, economic, or environmental factors-such as an increased

M ‘

emphasis on defense-may also create rapidly-developing needs (radar

systems). In either cagse, the need though recent is also largely = - —

e T

“ ' unfilled, since the: magnitnde of—its’increase may not yet have been

ea —

/‘

Ay e i T

| ——— " p perceived by educational suppliers.

As one measure ,of how urgently respondents vieq their need for a

i

particular topic we may consider hoW’far they are willing to travel for . e

various topics. On page A35 we have tabulated the percentage of

‘.

- ~




respondents willing to travel 20 miles or more (before the probability

of their attending‘drops to 50%). There is some significant variation

here (though nct as‘much as in previous tables). It is probably

significant that some topics high on this 1list, e.g. water resource

systems, are also high on the list on page A33, and are therefore __/////~\\\ v
relatively unavailable in the area. However, a word of ~aution in

.making such a connection is in order. The topic first on the list on

page A35 (Computer Graphics) was also the topic last on page A32. Thus,

the reason respondents might be willing to travel further for such a

topic is that they have in mind strictly\the one-time trip associated ff

with the short course fonmat, not the once or twice a week commute : ; X )

associated with taking most credit courses.

- Another. point of some interest concerns the question of what
categories of respondents most strongly need particular topics. On page
A36, we have tabulated the percentage of persons with.less than 15 years
experience who have requested each topic. There are very significant
differences concerning which topics: are ‘needed mostly‘by relatIVer L -
senior and junior engineers. It is not_surprising to find management

and public policy sorts of topics at the bottom of page A36 (féw 3

. respondents with less than 15 years experience) and highly technical - ~~—~“*"ff'—

| o
" topics. at—the~top7"—It aznySEEGEr be somewhat surprising to find a .

\
topic such as report writing and presentation at the top of the list

(more needed by younger engineers). This maw very‘well point to one

deficiency in’ the current undergraduate education of engineers perceived .
- by those advocating the professional school model. In fact it may point

to an even greater deficiency in modern education generally, the lack of

-emphasis on writing skills.
* ) - 33
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» Another classification of respondents‘is based on their current

employer. As may be seen on page A37, the percentage of respondents who
work for the federal government employees tend to have a greater
interest in pudlic policy and management sorts of topics. It is )

probabig that this results from two factors: (])public:policy is the

Y

business of government, and (2)these. "softer" topics tend to be of
Ereater‘interest.to older, more established‘engineerswfrequently"inX
-management positions, and the aversge 1ge of government-employed
engineers is greater than others.

One_final_classification of respondents we have examined is based

on their place of residence. In the‘most simple classification, we m;y
examine in whioh of the three metropolitan Jurisdictions they reside.
On page A38 we show the percentage of respondents interested in each

_ topic citing Virginia as their. place of res%fqpce (We do not show
Maryland and Washington as well, since the number of Washington
respondents is in most cases too small to give a statistically

meaningful result. The percentages for Maryland therefore are - .

_spproximately 100% minus the percentages for Virginia.)

it is unnecesssrz_to_gxamine the_need—for—all—S10—topics in the

s
questionnaire to the same degree of detail as those 27 topics in

greatest demand. Nevertheless, it is useful to examine some of the
- i

‘measures of need for all topics. Among the two most important \

' quantities are the magnitude of the need (how many have requested the

topic) and the degree to which the need is now being met (the percentage <

of respondents who claim the course is either not now offered or not

offered enough to’satisfy the demand). These two numbers are listed for

| " all 310 topice on pages A39-4S2 where all topics have been listed
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“ aécovdi%g'ée_thé pé;egéria: 9ﬁd§r,ﬁﬁich they appeared in the actual
questionnajre. Ssveral pééh;s sheuld be noted about tkese listings:
1. Respohdcnié<ﬁad the opportunity té cite a need for a -
generallibéiére.g. electries) engineering, and these o
’ geaeral neeCs are llsted as well,.
2.  Seme topics e. g computar systems design, or .
~ ele»tro—optiee appea? under more ghan ona headirg.

Computsr sysnems design appears under electrical and

computer engineering. Elecoro-optics appears under

electrical engineering and physies. While taese topics

are -¢learly in high demand (having made the top 27 list),

we have actually underestimated the acpual demand by not
combining the numbers-for the separate listings.

3.\ The percentages listed under "status" tend to become
statiﬁtigally meaningless -for small numbers of persons

.~

réquesting‘particular topics.

Qo
n




) _function to satisfy the following properties {see page B5. for graphical

- interpretation).
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8. CEXY: Methodology and Results

- . The "CEXY" method ngntinuing Education in x,y coordinates) is a

‘hgmathemati cal model to determine the magnitud° of the need for specific
N \

kinds of continuing education as a function of position on a ‘map. The~
model requires as input the following six quantities: the x and y
cookdinates of a resnondents' nome, the x'and y coordinates of his place
of work, and the distances from home and work (dh and d ) the respondenv i
indicates a willingness to travel before the probability of attending

{for a particular topic drops tc-50$. For the majority of respondents dh
and.dw are-either identical or guite close3 so we shall be making use of
their avérage value, d. For a given respondent we define a\"need

.function", f(x,&); which yields at each‘point on'a‘map“the relative

' likelihood of the respondents-attending a course ifiE were offered at
that‘point. By definition we let the need function have the value 1 0

at a respondent's heme or work locaticn. We further assume the need

T

FY

"36’\ .

1. It has the value 1.0 at all points on the line joining the
. - home and wor locations. ’
23 It has the value 0 5 at a distance ¢ from the home and

work locations outside the line segment connecting home
- < AN
Lo and work. - i

- -3. It has a small constant value at all points on u cincle .of

- . = large radius centered on a point midway between home and
.- = "2 - work. ‘ : AN
. - : - AN

N\

The firstfbroperty’is based on. the assumption that a respondent is very
\

likely to attend a course if it is offered- at some point directly on the

I

\

-,‘ f‘_, 7'\7 - - i \ ,\;




'olei‘inition of dp, and d,» as well zs the assumptiion bhat they arevusually -

line joining home and work. The second property follows from the

the same. The third property follows from the reasonable assumption
that the probability of attendance decreases according to distance, and
that at large distances (compared to the home-work separation) th:e
distance is virtually the same whe\ther it is measured from home {gr

work. One of the simplest mathematical functions which satisfies

properties 1,2 and 3 is:

(S o f(x,y) =

P

" 17 : : ’
where: z =53 (cl1 +d2 - D)J1n2 , o

and¢ d,=distance from {x,y) £t> home,
1 o~ .
- dy=distance from (x,y) to work,

D-distance from home to work .

("

There is one additic. -+l assumption whi.chj we must make before applying the

CEXY method. Respondents were asked in the survey to specify the distance
(presumably driving distance) they would be willing to travel In applying the
CEX‘! method using an actual map, we are workmg with straight line distan'ces.
Therefore, what is needed is a conversion factor, between straight Hne distance
and dzi.ving distance between any two points. While this clearly Wwill vary from
point to point, we have assumed a conversion factor of 1.5 driving miles per

straight Hne mile This assumpti.on is probably the poorest of allin the mode],

since it fafls.to take into acccunt the speciﬂ.c road network that existsin an

area. However, to account for thisin a quantitative way is difficult and probably

unnecessary, While this assumption may introduce a significant distor'tion in the

o - 39




need function for one

individual, its effect on ‘the Cummulative need function for many
individuals should be considerably less in (iew‘of‘the averaging that
takes place. | h ‘

On page B6 we illustrate for a typical.respondent a set of contours
for different valués ofvhis‘need function £(x,y). By combining
.numerically the .-need functions for all respondents having a particular
need we obtain a cumulative need function. This has been done for each

of the 27 continuing - education topics which are in highest demand (see

< ' maps on pages B7-B11 for five of the 27.) To find the’ approximate value

of a ‘given need function at a particular point on the-map one can simply
,‘ interpolate beiween the values for a pair of'contoursm ‘Note that in

jevery case the need functions have been renormalized to h?ve the value

a

~

; 1.00 at their maximum. ‘The number of respondents who wauld be willing

)

to travel to a given location can ve found from the interpolated value

. 4

-

of the need function at that location multiplied by the number N given e

\ . on each map.

.

Having proposed a mathematical model to exhibit variations in needs

as a function of. position on a map, we may inquire further into its

significance. The*need function certainly cannot be used to predict How
; . . .,
.many persons would be likely to take a course offered at a particular

-

location. There are simply‘too many variables left out including for
\

. \
example: the reputation of the institution, the publicity given the .

3

course, the existence of other nearby institutions which may be offering

‘the same course, the fact that some persons want a short non-credit

- .

course, or the fact that the hnstitution is near work not home and some

. e
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indibidual prefers to take ‘a course in the evening after going home.
. ‘ The need function cannot describe another important matter: how
, ‘ unmet needs vary with position. Hhile the need function may be twice as
- El great at point A than point B, the need may be fully satisfied at A and
* not B (or the reverse). A final complication c0ncerns the fact that the

Washington: Metropolitan Area consists of three distinct politiecal

Jurisdictions. Area institutions supported by ggglig funds are
generally regarded to have the primary purpose of . £illing the
educational needs of persons who reside in their jurisdictiOns. Thus,
for example, those)respective educational planning boards’for Virginia,
Maryland or Hashington‘would presumably be primarily concerned with the
, distribution of needs ‘of residents of only one of the three )
) :/ localities. This is not to advance the, provincial view that existing"
public educational facilities should serve only residents of their
* Jurisdiction- Rather, the point is that when new resources may be added
to expand the public educational offerings in apjurisdiction,.

- S

; 'educational planners might be expected to bé most _concerned with the

distributiOn of needs for residents of their jurisdiction. With this in ) v
“ . mind, we show one pages B12-B14 the three need function distributions
for all requested topics combined for Virginia residents (page B12), -
i ‘ Haryland residents (page B13), and Washington D.C. residents (page B14). \
Despite all the defects and complications associated with the need
. .function, we believe that it does describe how needs of’ various kinds i Tl

A vary with position on a map. ° ‘ " -
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‘9. Course Enrollment Estimates Based on Survey

We have noted in the previous.section that it would appear
haéardous to use the "ﬂegd fugction" to determine how many persons are °
likely to take a course offered at a given point on the‘map. ‘Here we
shall examine‘whéthér any connection can Be made between dem#nd
indications from the sﬁr;ey and actuai\cburse enrollments to be
aﬂtiqipated for particular topics. We recognize at least two factogs
which would appear to make any such connecgion quite tenuous: .

'~ (1) -0nly a fraction (f1f of those persons hﬁviﬁé a need for a
| ﬁagticﬁiar topic were included in the survey,

R (2) Only a fraction (fz) of those persons who indicated a need

will a&tually egroil in\a given course.

Thus, if there Qere N peopie in the sur'vey who indicated a particular
need, the actual number. who would enroll in a course is Nx (£,/£5). If
we compare actual ;ourse efirollments for é given ﬁépic with the number
6£ beople'who requested that topic in the survey we can emgiricallx
determine the ratio f2/f1;for.that topic.

Let us, for 9xamp1e, considér the topic "Microprocessér Systems
‘ Design" »equested by 332~persons in the survey (the second.higbes; i
,demgﬁd‘of all topies). For this particular fop;c 32% of ;hose surveyed
danted a credit course jsee;fage A32). Thué, the 3urve§ indicates that

~

apbroximatély 106 respondents want a credit courseé in microp}ocessor;.

L)

(Presiymably most want a course fbr graduate not undergraduate credit.)
‘ %

Inquiries to various area universities have identified six which have

s very recently offered a course at the graduate level in'. - ’ s o i

Micpopédcqssoés; These arz listed on page AS3. The total enrollment of -

the six courses éombined is 101_pefson§._ From this we conclude that the

-
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factor f2/f1 by which the survey number (106) must be multiplied to .

- obtain an aotual enrollment \&n remarkably close to 1.0, In other

) words, the survey number would in this case have been ‘an excellent

predictor of the actualienrollment at area universities.

L}

Is it possible that for topics other than microprocessors we can -

‘“““‘w also" estimate enrollments simply using the survey numbers? To ‘the

x

_extent that the engineers surveyed are representative“of the whole

.

) population interested in various topics, the answer would appear to be

&

-~ yes-aat least for obtaining approximaté estimates. Even if the sample

were not representati!e the survey might ‘still’ predict relatlve ‘ _ .
~ . , et

enrollments for - topics in a given category. For example, even if it
A

_were true’that eleqtrioal engineers were, over-represented in the survey

(uhich does pot appear to be the case), an electrical engineering topic ‘
twice as much in'demahd in the survey as another might be expected to be
twice as much in demand among electrical engineers generally.
Even though we believe that the’ survey numbers can give estimates
; of aggroximate enrollments we recognize that the above example. ignores N
many factors. For example, the topio examined i.e. Microprocessor .
Systems Analysis,-is a releatively recent need for many engineers (see.
page A34). In addition, it is only recently that area universities have_
been. offering courses in this subject (see page A53)." Both of these ‘
factors may make the results found for this topic not directly
applicable to others. Finally, it will be noted that in comparing
demand for a mircoprocessor course f‘om the survey with course
enrol.ments, the comparison was with the total enrollment of all area

univer31ties. It would be hazardous to try to estimate the likely

s enrollment at ‘any one university using the survey numbers,
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Nevertheless, an interesting correlation méy be noted when enrcllments

of "nearby™ universities (closer together than 5 miles) are coﬁbined:

. enroilment .

'Catholic, Geoqge Washingtoa, Howard 46 o
Gegrée Mason ’ 20
P ' University of Maryland : 20
'Virgin;a Tech (Dulles Airport Center) 15

It is quite possiblylno accident that this sequence is correlated with
the relative demand expressed by the. need function at each‘of the four
locations (see page B7). The Eorrelation is not a perfect one since thé
need function in Washiﬁéibn D.C. is not more than twice as great as that
at the locations of George Mason.or the University of Maryland.

- . However, it was probably not correct to simpl& add the threeiwashington
- D.C. University enrollments ﬁbgethér. Thgéé thrée schools ‘are not so’
a J - tcioée together so that they are necessarily competing for the same

clientele in all cases. ) N
1

€

e -
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10. Written Comments of Survey Respondents

v

Space does not permit the inclusion of over 700 written comments
(some quite lengthyﬁgif respondents. In this section we shall briefly
consider the gist of many of the comments which have been grouped into
various categories. ‘ \ .
A number of engineers‘strongly endorsed® the value of continuing '

education, some noting that the particular subjeét studied is. less

important than keeping active and studying. Even though in some cases

fgetting-up to‘speed" after a number of years of non-academic life was

14

‘ considered painful it was also very rewaraing in the view of one

engineer. Another while strongly supporting continuing education
recognized the "burnout" phenomena that sets in aftér around age 50 when
the’ need and desire for more. Job-related education seems to decrease

rapidly. (This,phenomena was not particularly apparent in this survey -
since a sizable fraction of respondents with 20 or more years experience

*

did indicate a need for one or more topics.) The value of continuing

education was strongly attested to byva number of retired engineers who 3

may no longer have a need for it themselves. In the words of one

retired engineer: ,

"I am convinced that CE is far more important than man}

engineers recognize, andfthat too many of them plod enay at

mediocre ievels oféperformance without even understanding

» they'}e technologically obsolete in just a few years--and they .
never figure out why the best assignments start.going\to i
younger men with less eiperience, but with a more recent

education.” . .

On the other side, one engineer was rather dubious of continuing

I'd
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education. He felt.that the whole field had become a "racket," and that
providers of continuing education were‘primarily motivated gy their own
finanéial gain--tgia ailegedly being the primary push for the movement
to(require engineers~to\obtain continu}n&\gducatién fép professional-

»

A large number of engineers wrote about the need for various topics

in continuing education tc meet the needs of various specific groupé. {)
Unforéunately, some of these topics wer?~not included inmthe.list of 310,
in the .questionnaire. A partial list of topics requesiea includes:
(a) Building construction and maintenance )
(b) Milita;y and sp;ce-related topics = =:4~
(¢) Law, regulation, and public policy ' ' . ‘
" (d) Review/refresher enginéering‘courses. - _ " —

(e)- Courses giving an overview of new technologies
(f) _ Practical computer science courses, '
- (g) Engineering management. '
Based on the nﬁmber‘of_writben requests for some of thésg topies the
demand woulguéppear Sizabie. A number of engineers requesting (f) .wrote R
at some lengzh about the enormous gap between many co%lege-level
c;mputer science courses-and the practical courses that are actu;ily
needed by working eAQineers. Those who suggested topic (e) noted that
this would be particularly valuable for the large nugber of engineers
now doing adminisrative work. In their view too often continuing
education is devoted to highly tecpnical short courses. The omission of'
QOpic.(g) from-the list 55\310 t;picé in the questionnaire is especially

unfortunate, as this topic was written about more often than any other.

- ~ . )
. . A number of engineers wrote about the relative merits of various-

S 44
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forms of continuing education. A significant number noted the value of

self-study. In the words of one: B
o

"As a self-employed engineer, I have neither the time nor the |

money to snend on taking a course to gain specific teohnical

knowledge. If Ivneed it I can read a textbook or listen to a
\tape on it. A good theoretical background'allows me to do
this.n . . S
i 5 h . /“and of another: "...I suggest that an ideal way to develop a “° _ .
; continuing education program for a thin and specialized market
(which is characteristic _of continuing education) is to develop
video cassettes, complete with textbooks and homework. ...and
each individual can pursue the courses at his own pace."
. The use of technology, particularly home video, computers and media, was

suggested by a number of engineers both in the context of self-study and

- otﬁer kinds of instruction.

*+

A\
s It is worth recalling however that despite these uniformly positive_
&. %
writtenn comments about self-study, video~based and computer-based

instruction, these forms of continuing education were not rated as being
especially effective in the, survey (with the exception of live video

with "talk-back" capability). Apparently, the proponents of these forms

-

of education are” most motivated to make written comments about them.; '
A number of engineers wrote about the pros and cons of short

\
courses vs. courses_for credits. The comments varied widely with the

following being representative of two ‘contrasting views:

- . "The college courses offered for graduate credit have been -
+ _— .
severely lacking, in my opinion in meeting the needs of .

»

"

industria? professionals. The college credit courses have also

45




been at .least five years behind the needs of industry."

\
\

\and: \"
. "My interest is' b séd towards college credit programs...Many
_of these short courses attempt to c;aﬁ several semesters of ‘
¢ : material inﬁg a few days, and‘only end up providing a "managérs
& . survey® of the material.k Th; Price of these .courses are very ' ‘”?
. . ) .. \

high cémpared to collgge coursgS‘alsg."
“The subject of the h;éh coSt of continqing education (particularlf of
short courses) was probably mentioned mo;e often than any other topic.
The féllowié;;commepts are typical o{ the ﬁany eﬁgineers some of whom

objected quite -vehemently to these costs:

"I would not attend nor approve employee attendance to any

o

-- °  short course costing more than $300."

N ~ <
- N RN *

Y
¥, £

.'*As it is noﬁ only the rich, the higher manaéement class, and

Ay

government employees can really afford to attend these.

seminars."

"fngiheeringjéhort.coursés sponsored by such universities as
. ( ) are extravagant--typically $495 to $695. They are

able to do this because corporations are.willing to pay the

- §@ﬁ} fee."

ot
\
<A

"Unless one's employer sponsors the program, the door to

continuing education is closed to the average family mani"




-

A ]

%

» We earlier found (in section 4) that "insufficient employer financial -
A} d““
support" was not cited as being' among theé most significant obstacles to

-

éontiruing education. On the surface this seems to conflict with the

'

~very large number of comments about high costs and insufficient employer
‘l ‘
' support. There is, tnowever, no conflict' for that group of engineers

A

L
lacking possibil3 employer support, cost is a very major obsfacle, for

the others it is not. Other ‘major obstacles, e.g. "lack of time,

3

affect everyone, so that when averages are made* over all respondents

"insufficient employer support™ will therefore not rank among the

greatest obstacles.

~

Many other‘obstacles,to continuing education were also discussed by
) a number of engineers particularly the unavailability of courses in the

area, the difficulty of working out a séhedule that fits in with a full-

\v_.

time job, and the great distance one has to travel to attend many

courses. In view of this last obstacle, it is not surprising that many

. &
wrote about the: great value of offering programs at the. place of

employment. Two additional obstacles were mentioned by a‘number of -

. respondents: (1)The lack of good publicity on what is offered at all
. ) .

area instituions in engineering--possibly solved by some. agency acting

as d. -clearinghouse, and" (2)Unnecessary red tape at many uriiversities.

&

Some complaints about red tape concerned complicated registration
procedures, unnecessary course or degree program prerequisites,‘and
difficulties in getting courses:accepted for transfer credit.

"One final obstacle tokbetter continuing education is the quality of

*

instruction. A number of engineers stressed the importance of having

A

graduate engineering faculty with considerable practical experience. A

ot * # N . .
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. number felt that this is also of great importance for undergradoate
engineering eduéatioo as well. @E§?5§uggestions on the undergraduate
:curriouluQ wgre proﬁosed, maax,being highly supportive of the
- ‘professional schoolnmodel. nimong the specific suggestions sere: .more

cooperative education; and‘oourst in business law, ethios, and human
: \

\ ’ ) relations. One engineer supgorting a kind of change other than the -
. "i‘prOfessional school model noted' wo .
p N ‘"he shouid stop the general degradation in quality that has

oooﬁrred over the last decade. Engiheeriog”gtudents‘seem to be
) \ able to take junk oourses (espeoially'in~oomputer fields)

- . ‘ rather than being taught fundamentals. Iqoustry expeots to
traio;enéineers in real world praotioe, etc., but.needs a solid
honest foondation on etich to build. Moreyand more“reoent
graduates seem to be frained by rove and can't adapt to new

N <

. S things" , : .

A large number of respondents commented about particular area -

universities.‘ These particular comments were more negative than

gositive and are not appropris e to cite here; '

.. éinally, a siérificant number of engineers offered comments about
the survey booklet itself. The most common oriticism related to

L ‘ partioular omissions, espeoially the relatively small number of

non-technical topics“among the 310 listed topics (and particularly

:engineering‘management)." Several persons were co?cerned that the code,

Er

number appearing on each survey‘oooklet compromised anonymity and
represented an_invasioh of privaoyl (The code numbers were used solely
to determine response pates accoding to zip code and engineering society

3

affiliation, not to identify individuals) Despite these (and other)

. .
D R . .. . . &
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4 R .
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criticisms, there were of course many others who said very positive

" .things about the survey.
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"11.-Analysis of Organization Survey -

Some 145 Washington D.C. metropolitan-area organizations whichh

<

collectively employ\over ten thousand a?ea_engineers and scientists

responded to the survey of organizations:, 1In this section we shall k

-briefly discuss some of the findings of this survey which are presented

in detailed tabular form on pages AS“-A66 Although the number of

organizations responding was reasonably sizable, we believe tle
\ - . Y .

. organization Survey to of secondary imoortance comoared to the

v .

individual survey. The reasons for this belief are as follows: ~

1.

U
p—

-~

The number of engineers-and scientists employed by these
organizations varies extremely widely. While half employ

25 or fewer, there are 6 percent who employ 500 or more.

It doe.. ot make for a particularly meaningful result to -

éive a statistical breakdown of responses when comhining
organizations of such differing sizes.. Moreover, the
total number- of organizations is not large enough to
e;amine responses foh different size categories.

Many of the questions on the“organihation survey cdncernod
educational needs in science and engineeriné. It is

possible that some responses might have differed if

science and engineering were not lumped together.

It is not clear how to determine the response rate for the

organization’ survey. Private organizations which were

mailed Surveys werg selected on the basis of their SIC

product codes is explained in section 2. A broad choice

of SIC codes was used rather than a. narrow one, so as to -

. . 1
avoid missing any oompanies likely to employ_engineers:

- .80

‘
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As a result many companies were included which' in fact do

not employ engineers and have no interest in the subject

. .~ of the survey. " In addition, a spot check of the nailing
“lavels supplied by Dun's'Marketing Services reve;led that *
certain organizations which should have appeared in fact
did not. Unfortunately, repeated inquiries to Dun to. give
an explanation for the omissions or a corrected se.gof
‘labels,uent‘unanswered. ‘
Despite these ;roblems Wwe believe the organization survey results to
have significance (though not as great as the individual survey).

Fully half of those organizations responding to the survey ’

"\
identified themselves as consulting firms, and seven percent identified

\themselves*as government agencies. The bulk of the remainder were
private industries or businesses. Engineering/science R & D was
iden fied as the primary activity of 59% of the organizations.

) Co tinuing education for the professional staff of the
?organizat ons was identified as being of considerable importance, 43¢
viewing it’ as being "very" important and 39% viewing~it as being ’
._"modenately" important. .Only for a small percentage of the
organizations uas\the‘bulk of their cantinuing education needs met'by
iﬁ-house companydspbnsored programs. In fact for two-thirds of the -
organizations 0-25% of their professional staff's needs were met by such
E programs _ One measure of organizational support for thé}continuing
education of professional staff is the. degree to which the organization .
. is willing to support it financially. This varies with the nature of
the expense (tuition, books, travel) and also with the nature of the

. \
5 C program.(degree_program, non-degree, non-credit), as indicated on page:
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L ) * .
A57. The category of greatest support was for tuition--particularly for

‘credit courses for which hog: of the organizations pay the full cost and

~ 60% pay at least holf: Released time for such studies was relatively

‘v‘i. R
rare, and granted by only a1-zuf depending on the nature of the

aetivityc )

v, -
As may ‘be expected, a sizable majority of respondents (861) have

not had the experience of a university offering any programs on their
site, either live or televised, during the past two years, although a
o . * :

number of organizations indicated.an interest in exploring the '

possiblility (2u4%).

Ratings of the effectiveness cf various forms of continuing

education were somewhat similar to tﬁose from the individual survey,
] . i . N . ) -
with the largest percentages of respondents rating college credit

-courses applied toward a_degree as being the\most effective.

Interestingly, college creéit courses not being applied towards a degree
v . s .
’weregconsidered least effective (see page AS9). On the question of the
effectiveness of programs.offered by various types of.dhiversities,

respondents yankings-agreed nith those from the individual survey:

“local colleges«were'clearly preferrnd over extension campuses .of ‘

in-state and out-of-state universities (ranked in that order--see page

-

460), Not enough respondents had’experienee with universities offering )

& kY
li%e or TV on;site programs to make statistically meaningful comparisons
\ .
for ‘these categories. |
The ratings of effectiveness of various non-credit program formats

(page A61) "again agree with the individual survey in some respects,

D

- however seminars and symposia are considered more effective than short

eéurses_by organizations, and less effective by individuals. The

o~
p I

o - - 59
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£ . n . .
"relative.egpense associated with these two types'of programs ‘may ®
5 possib%y'pe a factor here if tne quanization;hae‘to weigh costs and
?;g: Eenefitsi The respondents view Qr the effectiveness of self-study
.- - progransfis somewhat negative, in agreement witn the individual survey.,
\ ' . An‘examination oﬂ.the'relative importanee-of various obstacles to

continuing education for the oréanization's professional staff prqduced;

almogt\the,eame ranking as in the individual survey. (see page A62).

Those obstacles rated as being the top four were also the top four in-
-the individual survey, but in slightly different order: "staff too
busy", "topic not available", "inconvenient time" "inconvenient )
'iocétion“; o
‘ On the question relating to the, n;actice-oriented professional
school model, the result agrees reasonably well with the individual
survey: a majority (61%) favor "some" change or a "great" change = . .
tpwarngrthe professional school model (see pege A64). As a check fo.-
. ‘ péseibie biases in this guestion, the onner of the"responses in-tne
- organization questionnaire was-changed with "ne epinion" listed first.
: . This may have resulted in a slightly highen Fno opinion“ response as
. comp;red to the individual survey, in which "no opinion" was listed.
fourth. i - -
Organizations were also asked to identify the number of scientists
and engineers holding various degrees (see page A65), and also to
j indiggge the number of persons seeking various degreee. Unfortunately,

o ——

;hrg latter information is not suéceptible to a meaningful statistical .
* . ~ . *

! .. . .
presentation. _(Such information is much better obtained from the 4
. F 4
‘individual suryey.) In addition to specifying the ‘degree-program needs

. - 1of* the professional staff organizations also indicated which topics the .

o3
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staff had need for, aﬁart qum the question of degrees or credits (see - '
page_A66 for the most frequeﬁ%ly'yequestéd topics)t Not surprisingly,
. . \

many of the topics on this list also appeared on the list of those

. - , ‘ \
topics most frequently requested by individuals. ;
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Number of Engineers in the Greater Washington, DE Metropolitan Area

. Type “Number 1 Number 2 Percent
T ~ Surveyed Employed ‘Surveyed
Electrical 9276 - 15100 61
Civil 4059 6950 58 .
Mechanical .« 2637 5485..;- 48
Aeronautical 12135 . 1880 114
Professional 1563 - -
Naval - 1485 - -
Industrial 1284 8% 16(2) | -
Chemical 866_ 470(2) . 184(?)
Y £
14 °‘$\ e,
‘E‘

. " Number of names supplied by each professional society for’ it; membership

in the Greater Washington DC area.

anbers listed in the document “Industrial and Occupational Employment
t6 1985". The figures Tisted above are an average of the figures given
for 1974 and 1985 (projected). .

Based on a d1scuss1on with the Pres1dent of the Nat1ona] Capitol- Chapter
of AIIE, this number is almost certa1n1y in error

-
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Lo Multiple Mailihgs for Chemical Engineers - . ;!\
( « 3 '--‘ . . . . N b
.3 ' "~ First Second
. _Ma?]fn_g- _Mailing .
Number of persons returning completed 275 65 .
survey booklets - .
Percent returr rate . ' 31.8 7.5 . &
o | I, N
Rercent of survey booklets returned blank R 21 - 37 -
Percentcof completed booklets indicating 65 68 i
a need ((for;one or more continuing -education
topics L}p o . - t / #
oo, € S _ : -
Ratio of ‘number of Virginia and Maryland . 0.30 0.377 & L
respondéht‘s\ . ’
- e, )
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.0, EngineerinQ-Society : - l Respondents < Return Rate l
‘ . o . (Percent)! (Percent)2 -
' o Electrical ) - 3.2 22,1
CoCivi] . “ ‘ 16.8 22.2 .
Mbcthica{ - 1.7 - 2.9
AeroﬁQutiga1 ‘ ’ 8.6 215 e
Nava1{ «4; ' ‘ 6.9 25.0
| "Professional . .' . ‘ 6.9 \ 235i
o Chemical = e 63 © 39.3
Industrial - 4 19.4 30
1. Percentages based on 5377 respo&dehts ‘ .
2. Percengages based on 23,305 mailed questionnaires .
. - . A .
1. Age , | Percent
éw;j © Under 20 : 0,0 \
20-24 - 4.1
125234 ‘ 25.2
35-44 ; 28.1 \
45-54 " 23.0
55 aﬁd over 19.6
(Peréentages’based on 5357 respondents) ’ -
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What is your current employment status?

employed fuhﬁ-time
employed part-time :
not employed

f-
retired

" (Percentages based oh 535 respondants)

. . . 3
Which category best describes your
principal emplpymeht?

\
engineer

administrator

computer specialist L

(%) . *

physical scientist

mathematician or statistician

teacher (non—co]]égel
technician or technologist
health professional ‘

6ther

~

(Percentages based on 5234 respondents)

"Percent

92.4

3.2 L
0.6

3.8 -

Percent - k |

77.1 ' ' |
10.0

e -
2.2 |
11 I
0.8 . ]
0.4

3.9
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A ) ' é
4, ‘Hew many years have you -been employed with your present organization?

-

Years Percent
o 04 ' 36.0. : :

‘ o ; 5-9 ) ' zé.g
\fz::tg L 101 . ' 15.9 B \

]5-]9 - _ 10.1
20-24 6.4

o 25-29 ' 4.5 ¥
30-34 ’ 2.8
35-39 _ » 1.2
i 40-44 - 0.5

- : 45-49 ) 0.1

~>

L 50-54 0.1

(bercentéges based 6n~5199 respondents)
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5. How many years of professional science or engineering work

. experience have you had?

*

Years . . " Percent
0-4 10.5
o 59 14.7
‘\ . “5 -
10-14 . . 15.8
15-19 3.2
20-24 - | 14.2
25-29, ' 10,6
F
30-34 ~10.8
o | © 35-39 _ 4.7
: ' 40-44 ; " 4.0
45-49 1.0
50-54 0.5 -

(Percentages based on 5%96.respdn€enfs)
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6:. Which category best describes’ the txpevof organization of youf

K brincipa] emp]oy;ent? ‘" . . \ ’ o
Eméloxer ' e _ Percent ~

u. S. government (civilian) _ 28.9
jndustry\or‘business ‘\ ‘ 24:6i\

consulting firm ' 19.9 : ‘
u.s. qoverment (military) g 14:§

‘eddcétion%f institution * 3.2

state or local gdvernmept . ‘ 2.6 -
se]f-emp]oyéd - B - 1.8 e
professional as;ociation 0.6 ‘ . |
international agenéy ] \' 0.5 ) )
other S 33

A\

By

(gercentageslbaSEd on 5334 respondents)

)

7. Do you ho]T professional registration? o

{:‘
.. _ - \
Percent
‘Yes, in enginégring 372
. . i
Yes, in other field ' 1.6
No ' ¢ 61

(Percentages baséd on 5219 respondents)

¥

[N

~




An wh%ch one éf the following activities are you most involved?

]

. Activity
management and administration
 design _

con%ulting

applied resgarch
Sy ot

Jeve]opment
. tespjng/évaluation'
teaching

construction

sales, majketing .
basic research .
production. .
quality céﬁtro]

other .

(Percentages based on(5313 respondents)

Percent

.

35.0
12.9

~

1.8

i
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9. N;iat academic degrees ha;le you }jec-eived?,'
ot l5_égr'ee Level
. Bachelors Masters . Doctorate :
Subject < t‘ '
.. Engineering S sh s 98 .-
A Phys.ipél Seience The o g 18 S
Math-and Comp. Sci- 2.2 2.1 0.6
" Education 0.9 07 0.1 .
Bus iness L Cog 45 0.5 C
Other - 1.8- 2.5 1.4
| A1, fields - .. 94.6 50.9 ' 14.3
(Percentages.-.‘bas‘ed .on.5377 respondents‘j . < .
N X ' By 5
|
,\
z . 11-:\, . -
\ o
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10. Are you presently working towards a degrée? ~ \
Yes 1.1 ‘ '
X No 89.9

- . = e e 3N

(Percentages based on 5343 respondents)

\ 1 \ ' B \ E\ﬁ&? :’; -
o Degree Level '
Masters Doctorate
Subject _
Engineer‘ingl\. 35.0 ARRER:
Business \ 24.3 1.3
. Mathematics and Comp. 'Sci. . 9.7 1.3 .
) . Physical, Science’ ~ 2.4 ) 0.8
Education o ’ 0.8 , 0.8
Other " 5. SN
(Percentqges based on 370 respondents)
‘ Year Degree'Expécted . Percent
, o o119 24.8
1980 25.0
4 1981 24 .4
- ' 1982 12.0
, 51983 » 13.8
(Percentage§ based on 549 }esponses \

-

N
L



Maﬂihg address T

~

District of Columbia ™
\‘;\

MaryTand . ‘ .
Virginia >

~ O Ix
_Other ‘
~ : S S
_ (Percentages based.on 34933 respondents)

»
i

s

-
\
- .
"~
X, -
=
M
-
&
.
: \
¢
‘
-
»
b
P
. 3
“
*
'Y -

]

Peréent‘ )
38
50.2

7
k f+ .0
AR

¥
&
0.9
]
-
.
\
v
N
-
.
’
«
.
"
[
~

)

,&‘ w“)
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Peﬁfent respondéhts and percent return rates for various zip podes.

State

VA

200
201
202
203
204
205
206
207
208
209
20
211
212
© 213
214
215

217
218
219 -
220
221

222,

other

£,
Ve —:f,;j

\s
]

A2 )

Responden
__Percent’

9.3
.0
.2
4
N
.2

1.3

8.4

5.6
93

9.2 .

1. Percentages based on 4154 respondents
2. * Percentages based on 232¢Smailed questionnaires

C

e

E6

.

Return Rate

Percent?

13

9.
16
14

19
17
15

18

26
22
7
17
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1’ . - \ N ' ) = &
}]2. To what-extent are you .interested in pursuing a program leading to.
. a 9artf£u1ar academic degree,_hé opposed to'simply;taking courses

! ", in needed gebjects?

H
- . g \ .
. ‘ - . ' Percent \
'Furtber académic degrees very important 1o -
Further academjc degrees somewhat ihportant - 26.6
Further academic degrees of 1itt1e'importance 62.4
' \-(Perceqtaggs~baséd on 53413resbnaJent§) .
\
67
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-

For each of the following forms of }ontinuing education how many

courses"in science or engineering have you participated in during

.. the last two years?

One
College credit courses apbl@ed 3.0
toward a graduate science or
engineering (S&E) degrue .
College credit S&E coﬁ}ses not . 7.2
being appiied toward a graduafe
dég%ee ‘
College credit S&E noncredit 12.7
courses, including short courses -
S ) S
Professional_society S&E 19.8
short courses
‘ Employer-sponsored S&E~short 23,2
courses or workshops
Short courses sponsored by 12.3

another agency . e
1

(Percentages based on 5377 respondents)

~ [N

o

€3

Two or More’

15.4

<7.5

14.8

30,1

7.2
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v, * 13. To what extent should academic degree programs. be changed to the
. . profess1ona1 school model? (In a profess1ona1 schoo1 program 1ast1ng

- moré than four years and 1ead1ng to a profess1ona1 degree there would .
be greater emphasis on design and professional pract1ce, as against
theory and research, and on non-technical subjects including writing,

economics and ethics, as well.) .

" Percent
. Great{change\needed in emphasis toward ' f' 20.1
ﬁf ’ ‘ practice-oriented professional school model ~_ ‘ ‘¢
" Some change needed in emphasis toward 47.8 -
practice-criented professional school model- © -
AN
- \ . 3|
> No [change needed . 14.2
No opinion 3.0
- Change is needed, but of a different king 5.0
‘;_%L‘ o (Percentages based” on 5210 respondents)
]




\

Perc centage of respondents who assert that either a great change or some

A\l

7/

change in emphas1s is needed towards a pract1ce-or1ented profess1ona1

schoo] model.

Category

Engineers with 20 or more yrs.
experience

Engineers now seeking a degree
Members 'of NSPE )

Mary]aqd Qesidents

professional

Engineers with 0 - 5 years experience

Engineers doing administration

"ALL ENGINEERS
Virginia residents.

- Employed by U.S. governﬁent
Menbers of IEEE

Physicists

/

Percent

86.6

73,0

/
72.
é9.
69.
69.
67.
67.
66.
63.1

44.9

(o] W ((e] o (=)} 0] [$]
»

- v
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15. \ng effec+1ve1y have each of the following forms of cont1nu1ng education

mef\your continuing education needs in science and engineering? (Numbers

[

in parénthesis total 100% when "no experience“ is excluded.)

W
)
N N
a N N
AN ,&\ \\&b
3 9 <
~N < oY)
' /'E‘\Ql 5\ Ké’ AD
\ & o & 8
& & D >
< > x <
It = &
f\’ bo" N )
NG ¥ & <
College credit courses applied’ 20,8 16.7 7.0 4.4 57,
towards a graduate science or . (42.5) (34.2) (14.3) (9.0)

engineering degree

Employer-sponsored short courses 19.1 31.7 14.4 4.4 30.3

and workshops (S&E) (27.4) (45.4) (20.7) (6.3)

- Professional society y 12.3 22.0 10.4 2.9 52.4
short courses (25.8) (46.2) (21.8) (6.1)
College credit S&E courses 1.1 17,7 8.0 3.3 59.8

gnot\being applied toward a (27.6) (44.0) (19.9) (8.2) .
- + . AN

graduate degree

Short courses sponsored by 9.1 12.7 6.4 2.2 69.
another agency ' . (29.8) (41.6) (21.0) (7.2)

College S&E non-credit courses 11.0 21.0 10.4 3.3 54 .
(24.0) (45.9) (22.7) (7.2)

71

(Percentages based on 3938 respondents)
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16. Considering on]} continuing education provided by colleges and universities
for credit how would you rate the effectiveness of the following continuing
education prograhs you have taken? (Numbers in parenthesis total 100% when

“no experience" is excluded.)

- "
S0
N o <
s 8 &
N e N
N O w =~ «
. > @ « AQJ Qo é\}
1 & N A2 X KA
92‘ < 3 6" L
* o < .S
v S & &K QY
S & S & RN
¥ & & & 99
\ '\ Programs provided by local ‘182 216 6.0 2. 52.0
colleges and universities (37.9) (45.0) (12.5) (4.4)
on their campus ‘
Live programs provided b{ 9.1 9.5 3.4 1.7 76.3
universities at your place (38.4) (40.1) (14.3) (7.2)
of employment
Programs'provided by in-state ‘ 7.6 13.6 4.6 1.9 72.2

\universities at an extension (27.3) (48.9) (16.5) (6.8)

campus

Programs provided by out-of-state 5.0 9.0 41 2.0 79.8

universities on an extension (24.8) (44.6) (20.3) (9.9)

\

campus

Televised or video taped 1.6 43 4.9 3.8. 85.4

programs provided by universities (11.0) (29.5) (33.6) (26.0)
at your place of employment

(Pe(csgggges based on 4417 respondents) 7722

. .
. ) . '
1 ) ’ Fo Y e P P « g P SEmamaam S P m—
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17. Considering only non-credit éontiquing education how would you rate the

effectiveness of the following program formats in meeting your professional

needs? (Numbers in parenthesis total 100% when "no experience" is excluded.)

R /
~- 5 S
g = $
& o5 8 y
& < S
(/] o\
S & & Je @
5 v Py ' Qe
Q o v S
S S L
S & 2 5 &S
& & T 3
g ) S & &S
\\ . SZJ Qb ~ (/] 0.0
< S

Short courses X 4.5 37.8 10,9 1.8 24.9
" (32.6) (50.3) (14.5) (2.4) -

Seminars and symposia 21.9 37.8 _ 17.6 2.8 19.9
(27.3) (47.2) (22.0) (3.5) -

\
Live video with "talk back" 3.5 8.3 5.6 3.6 . 79.0
(16.7) (39.5) (26.7) (17.1) - .
Self-study courses ° 7.6 25.6 19.5 6.4  40.8
¢ (12.8) (43.2) (33.0).(10.8) -
Computer-based instruct&on 2.5 8.5 8.4 4.4 76.2
(10.5) (35.7) (35.3) (18.5) -
Video-taped instruction 2.9 12,0 145 7.9 2.7
(7.8) (32.2) (38.9) (21.1) -
Live video w/0 "talk back" 0.6 5.7 8.9 7.3 77.5
(2.7) (25.3) (39.6) (32.4) -
O
£]2J!:‘ (Percentages based or 4742 respondents) \\*7:3
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continuing education in the past?

lack of time
inconvenient Tocation
inconvenient tiﬁb
course not available.
course poorly presedteﬁ
unaware course offered

lack of incentive

insufficient employer financial

support
educational level too Tow

educational level too high

A20

38.1

37.1

35.2

16.5

17.2

P

12.4

17.4

10.8

2.9

(Percentages based on 4447 respondents)

26.8

26.0

18.2

. 21.5

19.7

23.2

14.9

15.1

15.7

18.2

15.2

20.7

22.2

25.2

16.3

17.3

13.2

18. How important have each of the following barriers .been to your seeking

19.2
18.4
31.0
40.5
40.5
38.8

51.0

56.3

75.5

el Stk D Gk Sk
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DC residents ~ MD residents: VA residents A1l Engineers
Percent Percent Percent )
Yes 30.3 30.0 « . 36.4 . 27.0
No 69.7 700 4 63.6 . 1o
(Percentages based on 5136 ég;ponses)
Future Degree Level
Masters Doctorate
Subject . -

* Business 28.5 \ 3.7
éngineering 25.2 20.3
Mathematics and Comp. Sci. 7.3 3.6
Physical Science 0.7 0.9
Education ) ‘ 0.2 0.3
Other 2.9 " 5.3

Azl

Do you plan to bossib]y work towards a degree in the future?

(Percedtages_based on 1814 respondents) . i

Year éxpecteq Percent
‘ to start
\ 1979 30.8
1980 34.0
1981 : 18.0
. 1982 . 7.5
W >1983 9.8

(Percentages based on 1027 respondents) .

———r
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A2z | -

|

If you have indicated that you plan to work toward a degree‘in the -
future, to what extent would relocation and full time s%ﬁdy‘be a viable

option for you?

Percent
Relocation would present no serious pioblem. ' 7.3
\
" Relocation would present some problem, but 18.7
I might be willing-to do it, particularly
if financial aid were available. k ‘ )
Relocation would not be a viable option ' 74.1
for me. )
(Percentages based on 1931 respondents)
Q \
1
!
j
76

7.7

o
-

3.4



21,

R23
21, . If jﬁu'indjcateﬂ that you p]aL to work toward.a degree in the future, “
is there a yniversity w1th1n a reasonab]e commuting d1stance that offers
. . the degree you plar to seek? .
Percent
Yes \ 59.4
- No ° 20.5
Don't know - 20.1 ;
(Percentages based on 1936 respondents) )
o B
: \
A
!
i
If you 1nd1cated that you plan to work toward a degree in uhe future,

is there a university within"a reasonable commuting distance that offers
the degree you plan to seek?

\ DC Residents  MD Residents VA Residents
Percent . Percent Percent
Yes ' 71.9 62.7 . 85.7
No - 7.8 21,0 20.2
Don't know 20.3 16.3 24 .1
Number of respondents 64 ' © 834 793

3
14
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Percentage of Respondents Indicating a Need for One or More Particular Topics

.Category of Respogdents

A

kow'seeking an. engineering degree
Further degrees somewhat or very important
0 -5 years professional experience
Maryland resident

Vi&ginia resident \ :

IEEE Member (Electrical Engineer)
Washington, DC resident
Federal ‘Government employee

1

ALL ENGINEERS ) , i
Further degrees of 1ittle importance
Doing administrative work

More than 20 years experiénce
Retired engineers .

Percent

90.
88.
85.
85.
84.
80.
78.
78.
7.
73.
72.
68.
31.

()}

W W OO W —~ 0 O O W o ~

“
-
i




A2s5
‘\ 1
Preferréd'supplier of continuing éngineering education (all requested

topics combined)

Supplier of Supplier of
First Choice Second Choice

__(Percent) (Percent)

college o _ - 67.8 ' 18.7

professional society . 14.7 - 42.9
- employer _ - 11.8 22.0
‘self . 3.4 13.4

other \ 2.3 : - 2.9

(Percentages based on 4208 respondents)

§

Preferred format for continuing engineering education (all reques ted

. topics combined). ~

Format of Format of
First Choice Second Choice
__(Percent) (Percent)

credit codrse 39.6 .7.8
non-credit course - 18.8 ‘ 19.3
short_course . h ; 27.2 ‘ 32.1
lecture sér}es T \ 9.1 | 25.8

self-paced ~ 5.3 15.0

(Percentages 1sed on 4213 respondents)




L3
.
N Y

A - : .
A" .19, Preferred supplier of continuing eng1neer1ng educat1o mong Virginia
L - N
\ res1dents (al1 requesged topics combined). I
Supplier of . pPNgr of .
——— First Choice  Second i .
| (Percent)- (Percent) l
\ .
\ college 75.1 15.4
professional soc1ety 12.3 46.6 l
. employer 8.2 - 22.5 - f‘
O self _ 2.3 13.1 ‘
: L other. ‘ 1.9 2.4 ~
\\ (Percentages ‘based on 14S1 respondents) ¥
\ o
. Preferred format for cont1nuand eng1neer1ng education among 1rg1n1a
res1dents (an roquested topics comb1ned) . . é‘f">
Format of Format of
First Choice Second Choice
o (Percent) (Percent)
credit course : 46.4 . 7.6
¢ non—cred1t course 17.0 19.%
.. shoyt course ‘ 23.0 34.2
1ectrre series ' \ 9.0 - 23.7
se]f—p£ced _ — 1 4.6 14.8 \
(Percentages based on 1492 respondents)
. . \
\ .
\
\
\ - ° \ )
80
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19. Present status for this topic (a]l requested topics combined).

Percent |
" Not.being offered at all - - 16.9 b
Offéred, but. not eno?gh to satisfy)demand 18.8
-Offered enough to sa{isfy demand 16.7
Unknown' . ' o \ 47 .6 /
' ) /
(Percentages based on 4063 respondents)
19. Persistence of need: Forf how many months have you had a need for this
. topic? (;\11 requested tp%ﬁcs combined.) ; \
0-1 20.0
12-23 28.0
24 - 35 18.2
\ 36 « 47 © 8.0
48 - 5¢ 5.3
60 - 71 5.9
72 - 83 . 0.9
- 84 - 95 N 0.4 _ 3
AN -~ . N |
96 or more \ 13.4 _ : |

(Percentages based on 3485 respondents)

81
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19. How many months do you expect to continue to have this need (all

requested topics comb1ned) .

Months " Percent
0 - 11 . 3.4

12 - 23 6.8
24 - 35 4.4

o

36 - 47 1.9
48 - 59 A 1.4
60 - 71 _ 1.4

\ ‘ 72 - 83 ' - 0.4 -
84 - 95 o 0.1

. ~ Forseeable future 80.3

(Percentages based on 3763 respondents)

19. Preferred location: How many miles from your home o< business would the
‘ course have to be offered before the likelihood of your attending dropped
by 50%7 (Al] requested topics combined.) '

~ Percent

0 -4 . 1.9 11.5
5-9 8.9 11.1

35 or more 7.8 7.3

(Percen%hges based on 4029 respondents)

\)‘ . . * B R 89
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19. How advantaéeous would it be to ‘have the course offered at your place

of business? (A1l requested topics combined) °

Percent
) extreme]& q&yantageous , : - 53.8
moderately advantageous | 117.4
unimporéant 10.6
prefer off-site location 18.1

(Percentages based on 4095 resPondents)
] /

r

19. Preferred time of offering (all requested topics combined).

earlier than . 4 p.m. 9.2
) 4 p.m. 12.8
5 p.m. VS
- 6 p.m. 20.0
' 7 p.m. 24.0
8 p.m. . 6.7
9 p.m. ~ 0.5 |
weekends 5.6
other 3.5

(Percentages based on 4104 respondents)
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27 Topics in Highest Demand ;

"Number': The number of respondents requesting particuiar topics.
N |

Topic . . 7 ' L Number
Communication Systems 360
Mic%oproFessor Systems Design f \ 332
Signal Processing , : \ 246
Role and Management of Modern Technology- T 243
Report Writing and Presentation ‘ 236
Digital Systems f . 196
Téchno]Sgy Assessment and Public Policy . : 190
- Software Engineering - Applications 189
CompGter Systems Design - oo 187
Data Base Management ! : o, 185
» Accounting B | o
/Advanced Programming ) ' - 161
Radar Systems 156
Statistical Methods - 154
Management Systems . 149
Alternate Sources of Energy . : ‘ 144
Hydrology - Hydrosystems . 134
,Systems~Theory gnd Design | 129

| Computer Graphics . . 129
‘ "Engineering and Public Policy . ? | 128
" Antennas and Wave Propagation ‘ 7
Water Resource Systems - - ; ) 13
. Solar Systems - Analysis and Desigﬁ 112
| . Computer Languages o 110
| Electro-optics o : © 106
Probabalistic Methods'iﬁ Systems Engineering 105
Electric Power Systems , a8
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27 Topics in Highest Demand

t
The percentages of reépondents who have requested a particular topic who give
as their first choice of supplier a college, a professional society and their
own employer.

. Percent Percent Percent
Topic : College Prof. Soc. employer
Systems Theory ‘and Design .76 = 1 6
Accounting 73 4 13
| Water Resource Systems | 72 18 v 7
~ Antennas and Wave Propagation 71 o 13 : 9
Solar Systems - Analysis and Design’ 70 14 | 3
Statistical Methods 70 11 13
Computer Systems Design 69 14 12°
Communication Systems\ 68 14 12
Computer Languages 68 7 20
Management Systems . 68 14 14
Technological Assessment qnd Public Policy 68 13 9
Signal Proce;;;ﬁg ‘ ‘ 67 13 15
Role and Manggement of Modern Technology 66 18 10
Prbbaba]istqc Mode1stin Sysfems Engineering 66 12 15
Engineeringand Public Policy 66 23 6
Alternate S&urces of Energy : 65 17 7 ,
- Digital Systems 65 9 18
1 Electric Power Systems 64 19 7
Hydrology - Hydrosystems 62 21 ~ 12
Data Base Management | 59 21 10
t Electro - optics . 59 ’ 22 19
Advanced Programming 58 13 19
Radar Systems . 57 19 17
Software Engineering - Applications$ 57" 20 19
Microprocessor Systems Design 50 18 22
- -Computer Graphics 48 '18 21

Report Writing and Presentation 44 22 29

\
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27 Topics in Highest Demand

v

The percentages of respondents who have requested a particular topic who
give as their first choice of format a credit course, a non-credit course,
and a short course. ‘ : '

Percent Percent Percent

) Credit Non-cr Short
Topic . - Course Course Course
Systems Theory and Design ' 50 10 24
Accounting 47 23 ., 18
Digital Systems 45 20 ' 22
Computer Systems Design - 44 17 .29
- Antennas ‘and Wave Propagation 44 22 15
Water Resource Systems?’ 44 18 28
Probabalistic Methods in Systems Engineering 43 20 23
Electric Power Systems . 41 18 29
Solar Systems - Analysis and Design 40 17 22
Management Systems 40 17 29
Communication Systems ) . 38 25 27
Advanced Programming 38 12 27
Signal Processing ‘ . 37 28 21
Role and Management of Modern Techno]ogy 35 21 26
~ﬁng_jneering and Public Policy 34 18 23
’ SoTtware Engineering - Applications 33 20 29
Computer Languages ‘ 33 33 20
Statistical Methods ~ 32 25 24
Alternate Sources of Erfergy- 32 % 24 Lo 21
Data Base Management 32 13 38
Hydrology - Hydrosystems 32 16 41
Microprocessor Systems Design ' ’ 32 21 32
Radar Systems 28 . 24 28
Technological Assessment and Public Policy 21 . 2 27
Etecrto - optics 26 - 38 26
) Report Writing and Presentation 21 26 38
Computer Graphics 15 23 47
6 ~




Topic ' . Status
Electric Power Systems 56
Electro - optics 49
Water Resource Systems ) 43
Hydrology - Hydrosystems 42
. Radar Systems ° 40 -
Report Writing and Presentation 38
Software Engineering - Applications | ) 37
Signal Processing | : 36
Communications Systems ‘ : 34
Role and Management of Modern, Technology 3]
Antennas and Wave Preopagation 31
Digital Systems ” , 31
Technological Assessment and Public Policy 30
Statistical Methods ‘ 29
Computer Systems Design . 29
Computer Graphics ‘ 28
Data Base Management . 28
Microprocessor System Design 27
Advanced Programming 26
Alternate Sources of Energy 25
. Engineering and Public Policy 25
Probabalistic Methods in Systems Engineering 23
Management Systems - 3 ' 23
Solar Systems - Analysis and Design 22
Computer Languages \ 19
Accounting ‘ \ ' 18

A3l

27 Topics in Highest Demapd

"Status": Percent of ‘-spondents who assert that the topic is either
not now offered at a]l,or not enough to satisfy the demand.

Syé%ems Theory and Design 18
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27 Topics in Highest Demancr’

\

“Percent - 2 yrs."; The percentage of respondents who assert that they
have had a need for this topic for 2 years or more.

Topic Percent - 2 yrs.
Water Resource Systems 71
] Role and Management of Modern Technology ‘ 66
Engineering anq Pubtic Policy 60
Technological Assessment and Public Policy 57
Systems Theory and Design 57
Statistical Methods ' . . 56
Computer Languages < . 55
Hydrology - Hydrosystems 55
Report Writing and Presentation , 54
Solar Systems - Analysis and Design ) ) " 51
Signall Processing . B 51
Advanced Programming X Q 51
Digital Systems ‘ . 48
. '.Ma,nagement Systems ' ) 47
Software Engineering - Applications ‘ 46
' Communication Systems - A 46
Computer Systems“ Design 46

Electric Power Systems . \ 46
iccounting S ' 44
" Probabalistic Models in Systems Engineering 42
Antennas and Wave Propagation : 40
Data Base Management o ' -39
Micropro\céssor System Design 38
Alternate Sources of Energy / 38
Electro - Optics 37
Radar Systems' ) 34
Céwpu:*:gr Gréphics 31
&

" o \‘

€8
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27 Topics 'in Highest Demand

“Percent --2omi.": The percentage of respondents w1111ng to travel

20miles or more to take a course, \

Topic
Computer Graphics

Water Resource Systems
Hydrology - Hydrosystems
Data Base Management
Advanced Programming \
Microprocessor System Design

Computer Systgﬁs Design

Engineering and Public Policy

Software Engineering - Applications
Antennas apd Wave Propagation ‘

Digital Systems

Computer Languages

Electro - optics

Radar Systems

Signal Processing i

Role and Management of Modern Technology
Technological Assessment and Public Policy
Account1ng ~ \
A]ternute Sources of Energy
Electric Power Systems
Systems Theory and Design
Management Systems’
-Communication Systems
Statf/’}ca1 Methods

Report Writing and Presentation
Probabalistic Methods in Systems Engineering
Solar Systems - Analysis and Design

Percent - 25mi.

56
55
55

50

49
49
48
47
47

46

46
.45
45
45
45
44
43
43
41

4

41

b

141

40 .

40

38

38
37
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. 27 Topics in Highest Demand

“Percent - 15 yrs.": The percentage of respond.ents who habe requested a
’ parti\cular.topic who have less than 15 years professional experience. -

1

E.”Ld\ Percent - 15 yrs.
Report Writing and Presentation - 57
Signal Proéessing’ . 57
Electric Power Systems - 57
Antennas and Wave Propagation . 56

<0 Accounting ) ‘ ) 54
Computer Graphics _. , : ‘ 53 )
Hydrology - “Hydrosystems * 52
Data Base Management ] - 82
Microprocessor Systems Design 52 I
Water Resource Systems 50
Radar Systems i 50 ‘ ;
Software Engineering - ‘Apph’cations ‘ . 48 e ‘ L}
Communjication Systems 47
Electro - ‘{thics . 47 I
Statistical Methods - ) . 45 e
Digital Systems ' , 45 / I
. Computer Systems Design ' \ 45 \
AdvancedIPrograming . . 45 X
Systems Theory and Design, ) ; 4 ' ) I

) Solar Systems - Analysis and Design ' 44

\\ o Computer.' Languages : , 41 5 l
Alternate Energy Syst‘ems \ : 36
Role and Management of Modern Technology ' - 35 I
Technological Assessment and Public Po\h‘cy : 33 \
Engineering<and Public Policy \ 33
Probabalistic Methods in Systems Engineering ° ’ 32
Management Systems L T~ o ) 32

L .
. N
/- -
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27 Topics in Highest Demand
i

“Percent Gov't": The percentage of\respondents who have requested a
"particular topic who are U. S. Government employees.

Topic ' : Percent - Gov't
Jjopic

Engineering and Public Policy : 63
Technological ‘Assessment énd Pub]ic Policy F 62
Role and Management of Modern Technology 55
- Computer. Graphics ‘ N \ 47
-‘Man&gement Systems ) 47
Probabalistic Models in Systems Engineering ' 47
Radar Systems \ ' ( :
Report Writing and Presentation . 45
Alternate Sources of Energy ' 45
i Miéroprocessor System Design . . 45
+ Electro-optics . - . 45
*’Data Base Management 44
Antennas and Wave Propagation ' 43
Electric Power Systems ) . 42
Signal Proceséing 41
Digital \Systems - ] 41
Computer Languages ‘ - . 141
Systems Theory and Design , ‘ ) 4]
,Cghputer Systems Design \ 40
Software Engineering « Applications : 38
Communication Systems ‘ _ 37 .
Advanced Programmiﬁg 0 36
Water Resources Systems . 32
Statistical Methods . M 74
Accounting ’ . 29
.Solar Systems -~ Analysis and Design 29
Hydrology - Hydrosystems ‘ ' 26
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27 Topics in Highest Demand

"Percent VA": The percentage of respondents who have requested a particular

" topic who are Virginia residents. \

Electric Power Systems‘ - 68
Hydrology - Hydrosystems : 64
Advanced Programming ' A 61

> * Software Engineering - Applications . 58
Computer Graphics . 58

Radar Systems | - . ' 58
Alternate Sources of Energy - | \ ' 57

\’ Report Writing and ?resen}ation . : 55
Accounting \ . 55

z Solar Systems - Analysis and Design - & 55
Microprocessor Systems Design : 55

_Digital Systems ; . ‘ 54

Water Resource Systems \ . 53

~ Computer Systems Design : 52

Signal Processing 51

Role of Management in Modern Technology _ . 50
Electro-optics ‘ , *50

Statistical Methods \ - 49
e Antennas and Wave Propagation 4 49

\ Systems Theory and Design _ 49
quagémeﬁt Systems ’ 48

ﬂ Combuter Languages ** N 48
Engineering and Public Policy : ;T 48
Techrological Assessment and Public Policy / ' 47
Probabilistic Methods in Sysfems Engineering 47

% Communications Systems ' \ 45

Data Base Management ) 42
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{
Number of respondents requesting various topics and the respondent's view of the

status of thesF topicss "Status" is the percentage of respondents who assert

that the topic is either not now offered at all or not enough to satisfy the demand.

# Status
Aerospace-Aeronautica]vEngineering' 43 39
, Space Communications - ‘ ‘ 80 29
‘ Digita]HComputer Controlled Systems . : 56 32
- Spaée Systems and Control - 45 44
Stability and.Control of Flight Vehicles 44 64
Aeroh}namics . . . 36 33 |
Automatic Control of F]igﬁt Vehicles \ ‘ ‘ 26 ‘ 58‘ .
- Instrumentation Guidaﬁce~and Control 22 50
SpaQe Dynamics - 19 63
+F1ight Transpértation . ) 16 50
‘ Other - 25 63
Agricultural Engineering ) 1 0
Soil and Water Conservation ' 26 33 ]
Irrigation.Teqhno]ogy . 12 - 33 ‘
Forrestry ‘ 8 25
Fielq Machinery Desigé ¢ 6 . 25 s
“ Agricultural Processing Systems 3 100
Other, 6. 25
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A}

Architectural Engineering

Architectural Design and Analysis
Bhi]d%ng Processes

qu&strial Building Design

Struttyr57 Systems, Analysis and Design
Edvironmental Controls - |

Planning for Commdnity Facilities
_Metropolitan Planning ‘
‘Techdb\ggy and City Plaﬁning

"Urban Design and Analysis

Computer Simulation of Architectural Systems
City Design

Other .
Ya

Bioengjheering

-

Biomedical Systems Analysis ®
Clinical Engineering
" Instrumentation

Biomechanics _ N
A

Monitoring with Microéomputer Systems ~
Technology Application.to Biosystems
Bioelectronics

Artificial ‘Organs -

Biomedical Materials

Biomedical Heat and Mass Transfer

. Eioelectrical Signals

Sensory Communication

Biophysics of Neuroelectric Potential

12°

K]
18
'50

33

33
-50
60

14
44

100

o
o




. |
" Petroleum i

c : | A4y

Bioengineering (continued)

Biological Membranes and Structural fissue
X-ray Diagnosis -
Biological- Effects of Noise
Electrocardiography®

Other

Chemical Engineering

Combustion and Air Pollution K

Indystrié] Chemical Processes

2

Chemicai Engineering Processes - Analysis and Control

o

Computer Simulation of Chemical Processes
Chemical Engiheering Processes - Design

Polymers - Structure:and Properties

- Chemical Kinetics - '

{
Transport Phenomena !

.- Chemical Calculations

LS

Process Optimization. .
\Chemi cal Thennodynami‘}cs
Spectroscopy

ReactorfDesigh ‘

‘Other -

P

[0 JREN 4 [3;] =] ~4 s

28

28

27
22
21
21
16
15
12
12
11
10

19

Status
" 25
0
0
100
40

50
35
50
31
61
38
35
37
85
40
33
33
44

71
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& - A42 N l
' # - - Status ‘
Civil Engineering x : - . 64 39 l
H'ydrologyv- Hydr.‘osystems‘ k \134 T 42
Water Resource \System‘s o . - 113 T 43 l
Water Resources anci Control - 05 38
Finite E]e;anen_t Mithod Applications é N % a I
. Geotechnology ) \ . > ) IR I
" soil Mechanics - Dynamics h . v 89 ; 41 .
Transportati’on Systems - 89 - a' . 38 I
.Structural Anglysis ‘apd Design ‘ ‘ \ 87 . \ 28 ' i
Uriirj Planriin © : 8 . % l
E;rthquake Engineerir;g . 72 L 50_
fraffic Systems o . 62 ' 27 l
- ~-"Design and Analysis of Concrete Structures '. . !f 61 '\ "' | 21 I
Highway Technology. ; o . (/. 60 2\ 3B - :':.f‘
Transportation Facilities .t 54 °F 46 I
Désign and Analysis of ¢ 2el Structures ) 51 .Zi‘ - . |
vEcngineering Materials ~ - - T 42 23
~ Building Design Systems : & . A 42 41, ‘ )
Airport Planning and Des¥gn _ | ‘ 39 T 47 "/}*
~ Structural Systems _ i 31 23&&; - l
Structural Materials 19 16 .
Satellite and Physical Geo;iesy | . ' 15 . oor . l
Mechanics of Deformahle Bodies \ . 10 0 |
. i e I

Other S % 64




. . # Status
o \f:omputer Engineering ‘ o 237 33
Software cngineering - applications ]89’ . 37 \
: VData Base Management ‘ | . 185 28 \ ’ \,
A Advanced Programming: Top-down design and . 161 : 26
structural programming ) N
Nanag'ement Systems ;o ‘]49 23
Computer Graphics E 129 - 28
Systems Theory and Design | ‘ . 129 18 ‘
Comphter Languages ' 110 .19
. Computer Architecture ' 94 ' 32
) Machine and Progr;anming Languages 90 18
In;’ormation Prccessing 84 25
Numerical Methods 78 49
A Computer Simulation , \ - ‘ 76 17 3
Systems Simulation - ° 65 24
Operating Systems ' . - *63% o
Process%ng, Systems - Fundamental A]gorithn;s 44 11 ”
Language Translation and Compiler Construction 30 35

E Other ’ 67 57

37

~

e e e ki . e A~ i e Ay sl 0 e s - o a2 i i e e e reg Y




Electrical Engineering ,

Communications Systems
Microprocessor System Design and Analysis
Signal P}bcessingc

Digital Systems

Computéﬁ Systems Design

Radar Sy;tems

Antennas anq Wave Propagat%on
Electro-optics (fiber optics)
Power Systems '
Image Proggssing

Microgave fheory and Techniques
éﬁectronic Devices and Circu{ts

. Microelectronics

* Control Systems — - - ... A __

Solid Stéte Circuits

Information Systems

Lésers

Simulation Methods for Analysis and Control
. Operations Researcq

Electromagnetic Capébi1ity

Electronic Instrumentation and Control
Instrumentation and Measurement -~
Semiconductor Devices »

Reliability

Feedback Control Systems

#
236
360
332

246
196

187 .

156
17
106

98

96

- 85
-

76
-7
68
68
66
66
63
62
61
56
56
53
50

Status
g
34
27
36
31
29
“
31
49
56
40
46
27
33
34
35
37
e
26
25
42
32
37
37
43

40
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Electrical Engineering (continued)

- ' Pattern Récognition X
Structure and Translation of Computer Languages °
Sonar Systems

Electron Devices

L

Switching Theory and Logic Design
Artifiéia] Inté]]igence
Lihhtning Protection
Electric Machines
Electromagnetic Tﬁéory
Industrial Electrorics and Control Instrumentation '
P;ugramming Language'Pfocessors
| Ne tworks
Cybérnetics

4

Vehicular Technology

'Brddgcasting o

Magnetics

~Image Transmission Systems
Consumer E{ectronics

Energy Trahsduce}s
Bioelectronics

Nuclear and Plasma Sciences
‘Sqnics and Ultrasonics
Radio As tronomy

ther

2

Siatus

28 S
3

33 .
50

a7

“ ,.
7

73

25 J
35 K
50

20.

© 60

20
50
50
33
50

66

33

Y

37

50

100




o N A i
- ~
# Status
E;wironmental é;lgineering | ) 8 32 l
_' / Wastewater Treatment . / . 86 25 .
‘Env,ironme'nt'al Impact ‘Assessment 82 : 37 I
anitary Systems o ) ) 41 37 - "!
Enva"ropmenta] Quality Control. - 30 - N 50" /
Air Pollution Systems Analysis and Design 29 a5 :
_Air Pollution Control ~ ‘ \ 27 16
éqvironr'nental Noise Cortrol o 17 - 44 )
. Sanitary Control ‘ n 33
o Other : . 139 61
Industrial Engineer%ng \ ) 49 38
Cost Gontrol : 86 36
Mcvadeling,‘Simulation and sttem Simulation 69 43 ,
- - Production Planning and Control . 51 25 :
H,ﬂ/aﬂﬁ‘ufacfuriné Processes - 48 45
f C{Stochast\ric Models in Operations Research / .37 . 45
- 'Plant Design and Layout . 37 45
, Industrial Systéns : | 35 50
Quality Control i 34 20
Reliability Coptrol | 41
Occupational Safety ar;ti Control ‘ 31 50
~ Process Control ' 19 37
‘

Other " 28 85




'

General Engineering

Role and Ménagement of ‘Modern Techno]ogy‘
: Techno]ogicé] Assessment and Pub]iq,P&]icy
| Alternate Sources of Energy B
Engineering and Public Policy

7 i .
Probabalistic Models in Systems Engineering and
Operations Research

‘ Statéstica] Analysis

Energy and Humar Affairs !

Numerical Methods of Engineering Analysis’
Optimization Techniqueé |

\Pb]]ution and Environmenta]‘Impact

Random Processes
! .

Other

Mathematics
Statistical Methods
Numerical Analysis

Stochastic Mefhodé

{
\

Queing Theory

Linear Programn{ng

. ' Coding Theory

Matr.x Theory °
Experimental Design )

Nonlinear Programming

Status

-2

3]
30
25

\
25
23

27 ’

24

16

10

36 .
" 20




_—

Mathematics (continued)

\QSo]ar Energy Generation
{

Partial Differential Equations
Ordinary Differential Equations
Grqpﬁ\Theony

Sp%cia] ETnctions

Combinatorics

Mechanical Engineering

Solar Systems - Analysis and De§ign
.Energy Conversion ‘
Computef Modeling of Mechanijcal Systqms
‘Heating - Refrigeration and A/C f ‘

;nstrumentatidﬁ and Control

Modeling and Simulation of Systems

1

Fluid Mechanics Y

Thermal Power Systems - Power Generation -

4
Vibrations ~ Sound and Structural

Analysis and Desfbn of Sys?ans‘
Materials Processing- and Manufacturing
Combustion Engineering '
ThénqodynamicS'of Power Systems
6ontrol System'Princip!es .

Systems Dynamics

Applications of Numerical Methods to Mechanical Svstems

Analysis and Design of Manned Systems

Status
12
20 |
50\

.
#+ . SEebaslly ] T %

-
0
Ol - Skl
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I
“Mecham‘cal Engineering (continued) o : _ # ‘Stat\us'
. Wave Propagation o ) 16 60 ' {:
) Ge’othermalf Eriergy . . ‘ 12 ‘33
) { Modeling >f Mann?d Systems - . 9 o ‘Q ,
Other ' 38 57 -
. Nava? and GOcean .Engineering - ‘ 50 ‘ ﬁﬂ_ '
: ' Power'anti Prr;pu]sion of Marine‘satr"uctures : 46 68
Computar Sirrlation of Marine Systems a1 | 37
' Hydromechanics. of Ship Design o . 50
Marine Swruc‘tures ‘ ‘ ‘ 40 B 42
Struct’ura]" Design . i ‘ 39 S 31' o
- Océandgr:aphic Systems e 36 ; 16
Hydr‘facousiics - Noise , ' 34 " - 36
Propulsion Hydrodynamics L / 31 ' 45
) Marine Systems :ﬁohtr;ﬂ 1 . 24 ‘ 57
Powér Systems . ) o . ‘ 24 42
’ ~ Marine Resources - Utilization B 21° - 38
E;lergy Coﬁversjo’n Systems S 17 Y.
Other o -
; .
l
. i ]
ol .




Nuclear Engineering

Nuclear que? Plants

Nuclcar Power Plants Analysis and Design !

Nucl ear| Reaction Operations T 22 . 50 /
’ Nucledr Waste - | S A
Nuclear Power Reaétprs g ! : ' 15 28
Computer Simulation of ﬁeactoﬁs ’ \ 13 80
’ Nuclear Fuel Cycle’Maﬁageméﬁt‘ R - - 33
C Nué]ear'Reécépr Analysis and Control n 50
, ﬁeqctor¥Ana1ysis and‘Design ‘ b _4 . 0
] I '

Other | S A ‘ . 83

H
|

| Phystes* - ~ L oo 33 © 1L
-Electro-opcics s 731 )

Lasers , ) ) 24 22

- Optics . ‘ ., . 22 27
Acoustics oo ‘ . : 21 22 :
Astronomy ) ' . 18 10

p—

So1iq‘State1PhysTcs d 13 42

Electronics . _ 12 16

Space Pﬁygics , : n :50 )

Fusion and Plasma = - ‘ .10 .16

Astrophysics (, g - 60

Material Science , -~ 9 25
 Physics Education ' ; 9 25 | :
'Engineering Physics 8 25

Relativity 8 a2’

*Number of requests by gngineers only (npf ¥hg%%ding separéte survey of physicists.)




P‘h_xsics (c;ant"inued)‘_

_ . A Status
- e éar Phydics | ' - S %
Lo ‘Applieﬁ Physics| ‘ . 7 _ o !
[+ Medical Physics - ’ g 0 |
" Health Pfiysics , 1 . : 6 0
, /.Geo_pﬁysig:sz . ‘ -~ ’ R )
“’duantum Mechanics R ! g ‘ 2 T, 50 _
Chemical vPhysics | ' ) 6 T 50. ’
. fhﬂosophy' of Physics ; - , :‘ T 0
. Sta’tiética] and jfhgr;mal Physics ‘ . 6 . 33
o Atmospheric Physics ~ - . ) 5 | 0
: ‘Physic'al Met‘a’l]urgy ‘ . ‘ 5 i 50
/Maéhé:ﬁatical Physics : “ 5 © 100
“General Physics | .‘ / , \ 5 100
Atomic and Mo]lgcular' Phys1cs‘ ‘ L 4 - 0
Aulds———~ = ! o e s
El ectrom‘agnetism 4 0
. | History of‘_Ph'ys‘ics ) 4 100
Elementary Particles and Fields. "3 50
Biophysics | . ' 3 0
Polymer Physics ~ ' .3 0
Nuclear Reactor Physics : ;0 3“‘; 0
‘ Accelerator Physics ‘ . 3! 100 '
I Cosmic Réys 2 5¢ . '
X-Ray Diffraction 1 . 100 Lo
Low ATempera-tAure, Physics . ] 0 ‘
. Nuclear Magnetic Resonance ' ‘ 0 0
\ . ] o
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7 o |
| ASZ , ,
- 7 ]
7
# Status
Other Areas | X S 36 10
... Report Writing and Preseniition ' 236 ' 38
Do . . - H
Accounting ‘ ’ ) 174 © 18
- " Psychology ’ 50 ‘ 33
Ethics © - o " 36 7
- P . {
English ‘ . , 3 .15
Sociology . 21 30
. '
&
§ -
. | . 7 .
¢ |
y
S * P
- r‘. /
g
!" .
!
!
. A N
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e

o
<
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Some Recent Graduate - level courses in Microprocessor Systems Design and .
Analysis at Universities in the Greater Washington DC Metropolitan area, o

. o i
7

. : - Most recent " | Number of Times
University- ~ Offering Enrollment Course Offered
- Catholic® Fall 1980 - | o K 2
Géorge Mason _Fa11é3980 o 20 : 1 /
seorge Mashington Fal1-1980 20 :
Howard 2° D - Spring 1980 12 2
Maryland  Spring 1980 20 i
Virginia Tech®  Spring 1980 15 S

The cburqe enrolIment veached the limit set by equipment availability.

P The course offered / has an undergraduate number,

but it is open to gradiate stbdehts for graduate credit.




do e T o > .
; ‘ , As4 - - : S
. \ s M 7 -
1. What category best describes your organization? E . |
Number ~ Percent
Industry or business’ ' i - .55, 38 N,
- g Consulting firm . ot 73 \ 50
?. ! ! . . -, ]
, Educatjona] institution 1 1
U.S. Government (military]. " 2 : 1 e
N : / * N
. U.S. Govermment (civilian) s ’ 8 . 6 ¢
State or local goverhment 0 0
Inggrnationa] agency’ 0 ’ 0 bl
. ?rofe;sioha] association ' | 2 1 .
- Qther ’ o - ] 4 i 3
e . . % .

”~

. , \ ‘
2., "Which of the following activities best characterizes your 6rganizat19n?

Number Percent -
Primarily engaged in engineering’or scientific 85 _ 59 |
R&D - -
, x
Primarily engaged in-other activities . 55 ’ 38
No response. ' - : 4 . .3




‘ . " AsS

~

3 ~

<~ 3. (a) What is the number of engineers and scientists employed by your

.orgénization within the greater Washington, DC area?

Rap e Number N ' Percentage
010 47 A | 33
. 11-25 3 S 21
; 26-50 24 17 \
Cs1-100 9 6 -
o200 A T n 8
- 201-300 ' - 3 . 2 :
\g_pj-doo- S o ' 1
‘ " 401-500 R -2 )
STl 50141000 o 3
" 51000 = 4 3
) No response | ‘, 6 - 4 \
. T e s

! ) \ » ' ’ ~
3. (b) What is the number of persons employed by your organization within

S RN

AN . - \\“_"‘.
the qreaiey::’aa.shﬂjg‘tona—»g, C“ar'_e’a‘?* e,
k1 . El
N

&aj_gg ‘ m , : Percenta\g.g:
: 0-10 R e B
1-25 . - 30 - 21
26-50 -, 28 3} | 19
51-100 R ‘ - 18
. 101-200 . o | 14 : 1o
~201-300 . 8 6
301:3;00 ) 2 . 1 d
- 401-500 ~ T3 : 2
. 501-1000 8 . 6
>1000 ‘ Loor 12 . ’ .8
No response - I 2 “ 109 1 .
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How important is continuing education for the professional staff of your

organization? ‘ |
Number Percent i
very important - 62 . 13 1
moderately important . \ 56 39 ' }
- slightly import'ant 21 15
not important ‘ ‘ ~ 3 2

no response . . ) 2 _ 1

5. Approximately what proportion of your organization's professional staff

needs in continuing .education' has been met by in-house company-sponsored

\ e L L
programs over the past two years?. - /’ o N e \
_. Numbér?” Percent
.. virtually Toox . ' Ne 4 '
50~ 99% . 16 ) 11
25 - 49% - 21 15
- 1 - 25% 45 31
) L - ‘ .
virtually zero 52 36

no_response 4 3




AS7
e
What financial support (percentage of cost) does your ordanization proyide
in the form of a .direct grant for the following expenses associated with
continuing educatiocn?

Percentage* of organizations which pay 100% (>50%) of the cdst of the indicated
\

" expenditure. ‘ L
Expenditure Degree Proéram Non-Degree Credit Non-Credit
Tuition and fees 32 (60) 40 (60) 33 (45),
Booés and materials 24 (33) 24 (36) 23 (31)
Trave] expenses | - . 8 (8) ] 15 (17) 20 (22)
Per diem o 6 (6) 13 (15) 18 §20)

- Released time allowed 1% \ogg ' 26%

'*Noh-response to various parts of this question averaged 40%. The percentages

Y

.o\ : . .
given are a percentage of all returned questionnaires. Percentages would be

‘ significantly higher if expressed as a percentage of those who filled in this

question.
\

Approximately how many employees were SponSJ}ed to some degree in college or

-university courses for credit during the past year?

0. 29 21
1-5 61 a
6-10 ‘ 16 1

S 11-20 ' | 9 6
21-50 14 10 -
51-500 .5 . 4
501-1000 ‘ 0 0
over 1000 3 ‘111 2
no response 7 _ 5




Yes, live

Yes, TV

No

. Yes:

Has any university offered courses for credit on your site, either live or

televised du%ing the last two years?

Yes, computer-based

No response

3

'Ase

Number Percent
1 7
5 .3 2
2 S
126 86 l
e 8 C3 f

(Are you interested in exploring the possibility?)

Na: 91 ; l
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9. How effectively have each of the following forms of continuing education met

your organizaticn’s needs in science and engineering? (Percentages given in

parenthesis total 1QOZ when "no experience" is excluded.)

" Catejory of Course

College credit courses applied
towards a graduate sc(@nce or

engineering (S&E) degree

Professional sociéﬁy S&E .

Short courses

In-ﬁouse sponsored short

courses or work-shops (S&E)

'~ College S&E non-credit courses.

-(including short courses)

Short courses sponsored by

. another agency

Colﬁege‘credit S&E courses

not applied towards a graduate

degree

~
XS
A ~
~
@,\ .-f' a'\ .
o X i
S & 5 & X
N < & N R
N S
(9] A o A ~
&L < N < &
2 > < & A
A & 5 & @
é > N (7] o
~ & g $ <
2 33 15 2 28
(31) (46) (21) (3) -
21 36 16 2 26
(28) (49) (22) (3) -
13 2 10 2 55
(29) (4) (@) (&) -
13 37 16 2 31
(19) (54) (23) (3) -
0 15 10 2 62 .
(26) (39) (26) (5) -
16 25 23 6 31
(23) (36) (33) (9) -




10.

Considering only continuing education provided by colleges and universities

for credit, how would you rate the effectiveness of the following continuing
education programs in meeting your organization's needs in science and
éhgineering? (Percentages given in parenthesis total 100% when "no éxperience"

is excluded.) ‘

~
TS
DS ~
~ re N
(9) ~ o
e & § s 8
R
§ D © & <
& 5 2 & §
3 s 5 £ &
> 3 ~~ &) ¢
NS £ 2 N R
Category of Program
Programs provided by local colleges 29 35 14 4 19
N ‘\ |
or universities on their campus (36)  (43) (17) (5) -
Programs provided by in-state 16 21 13 8 41
° \
universities at an extension (27)  (36) (22) (14) -
campus
Programs provided by out-of-state 8 1 10 12 59
universities at an extension (20)  (27) (24) (29) -
campus
Live programs provided by 6 5 3 2 - 84
universities on your own site
TV or videotaped programs provided 2 2 2 3 9

b {versities on your own site

»
N N
.
»




11.

Abi

Considering only non-credit continuing education, how would you.rate the
effectiveness of the following program formats in meeting your oréanization's
needs in science and engineering? (Percentages given in parenthesis total
100% when "no experience" is excluded.)

\
i
i

7} )
o A
Ny < N =~
@ & < =~ N
| R & & S @
\ o R S
@ D v ~ 2
% - oY o <
A
2 & SRS &
S S
Program Format
seminars and symposia : 26 45 n 3 15
|
@ (83 (13) (4 -
short courses ‘ 16 52 9 3 21
) (20) (66) (11) (4) -
sel f-study - -3 19 25 9 44 '

computer-based instruction™ 4 8 3 4 80

video-taped instruction .5 5 7 78

«

live video with "talk-back" o 2 1 4 93




12.

How important have each of the following barriers been to your organization's

:professibnal staff in seeking continuing education in the past?

Barriers .

Staff too busy

Topic not avai1§b1e
Inconvenient time °
Inconvenient location’

Cost ~

" Educational level too low .

Staff lacks incentive

Lack of publicity on course
Educational level too high
Previous bad experience

No mechanism for disseminating

information on courses to staff

|

~
Qe
£
L&
N <
L o
LN S
s g
% o WL
S & 3 £
© & "y S
% Q - ‘\o’
¢ S > &
S T S ~
33 36 13 19
31, 33 19 15
26 34 20 2
29 29 20 22
16 21 25 37
9 17 21 51
5 19 .29 47
.6 13 17 63
4 8 14 73
3 8 12 73
2 3.7 77

'AbZ

A —
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- AG3

’

To what extent is the professional staff interested in pursuing programs

"leading to a particylar academic degree as'opposed to simply taking particd]ar

courses in needed subjects? 1
M M 1 4
)
I

) ' Number Percent
Further academic degrees very important X " 26 18
"to most of the professional staff r
Farther acade@ic degrees somewhat 63.5 Y
important to most of the professional
staff.
Further academic degrees of 1ittle S ars 33

-importance to most of the professional
. g %
[staff. ‘

No response‘f ‘ : . 7 5




A%

To what exteﬁf should academic dearea programs be changed to the proféésional
school model? (In a professional school program 1ast1ng more than feur years
and 1ead1ng to a professional degree !a2ra sul? be greater emphasis on
design and professional practice as aga‘ast wmeory and research and on non-

" technical subjects including writing, economics anc'etﬁics, as well.)

‘ ‘Number Percent

No opinion 32 22

Great change needed towards - , 32 22
 professional school model

" Some change needed towards 56 39
professﬂona1 school model

No chanée needed ° - 12 : 8

~ Change needed, but of a different kind 4 3

No response ‘ 5 ,6'

b
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v

15. Please indicate below the number of engineers, scientists, and technicians

employed at this‘organizafion categorized according to fheir educational

Tevel and scpecialization.

Engineers
Chemical ~

Civil

E1eg;r1ca]
Electronic
Industrial
Mechanical
\

Other

B
.1
A}

. Scientists
- 1

s

Astroqbﬁers
i ‘Bidioéists‘
Computer Scientists
Chanists‘
Geologists
bhysiciéfs

. Other

Technicians
« . a. 1031 from one organization
b. 737 from one organization

c. 221'from one organization

d. ’289 from one organization

+ Highest Degree

Ph.D.
24

21

o ————— e ey

74
33

13
48

399
59
64

304

[} - -

140
167

M.S.

76

104
338
180 -

16
81
200

354
306
243
210
197
169

B.S.
110
273‘

1090
344

69
348ﬁ
481

11982
554
039°

77
372¢
4939

413

ENN




Continuing Education Topics Mostffrequently‘Requested

Number of Topic
Requests ‘
13 . . Report writing and presentation
10 : Computer‘engineer{ng égenera])‘
10 ) data base management
9 ,  Advanced programming :
8 - — — .Structural analysis-and-design-
8 Communication systems .
-8 ‘ Microproce;sor system design and analysis
7 \ LCivil engineering (general)
7 B Electrical engineering (generals
7 : Mechanical engineering (general)
6

‘Software‘engineerind applications

. Environmental impact assessment

N

6 Héating,'refrigeration, and A/C

129
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_ RESPONDENTS HOME LOCATIONS (EACH DOT EQUALS- TEN PERSONS)
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RESPONDENTS WORK LOCATIONS ( EACH DOT EQUALS TEN PERSONS )
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HOME LOCATIONS OF ENGINEERS CITING VIRGINIA RESIDENCE
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CONDITIONS 1, 2, and 3 ON THE "NEED FUNCTION" f(x,y)
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NEED FOR MICROPROCESSOR SYSTEMS :ANA_LYSIS AND DESIGN COURSE|(N=212.8) ;’
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NEED FOR WATER RESOURCE SYSTEMS COURSE (N=71.7)
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. " NEED FOR ENGINEERING AND PUBLIC POLICY COURSE (N=99.4)
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\' NEED FOR ALL TOPICS COMBINED (VIRGINIA RESH'JEN
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The enclosed survey 1is being sent to selécted engineers

in the greater Washington, D.C. metropolitan area.to determine

this community's continuing education needs,in engineering

For the Survey purposes, the term continuing education includes

all activities such as courses, seminars, workshéps, conferences,

lecture series, and self-study, that may be offered by
universities,; professional societies, your own employer or
another agency. The Survey|is being conducted by George Mdson
University under a Naticnal Science Foundation grant for the
-benefit of all area educational, institutions. ' With your help
we hope tb identify area engineLr's most urgent.educational

needs for the.future and determine the ‘magnitude and effective—.

ﬁess of existing educational efforts.

Any information that you supply will be, confidential and
disseminated only in statistical form. I recognize that asiking
you to £i1l out this survey is an imposition on your time, and
I thank you in advance for your reply. The questionnaire is
shorter than it appears since over half the pages consist of

reference tables and a map, ‘and in fact, it probably should take ,

no more than 15 minutes to fi1l out.. Should you npt have any
interest in the subject of eontinuing education for engineers
would you kindly check the box below and return the survey in
the enclosed postage-pald envelope so that we need not bother

you with a followrup mailing. Please ‘contact me at 703-323-2302

if you have any questions.

Sincerely yours,

1 < - ) ~ " Dr. Robert Ehrlich
Engineering Survey
Project Director

George Mason University

"f ".1‘:5 l}

I .

2
-
~

I am not interested in the subject of continuing
. educaticn for engineers, .and am returning the survey
™ without filling it out. \ ;

Ve

" Namé e ;o Zip codé’
+ _(please print)

T L i"14~9‘—' | -

v -

»

-

22030 .

.

-

'ub.‘;

"




.~ Your age? (Circle the appropriate letter) 7

" a.
b.

C.

Should :ou for any reason

ci

refer not to answer all of the uestions concernin
your background, t:he part:ially completed questionnaire would still be very useful

to uss

-~

under 20 ~ . de 35 = 44
20 ->24 e. 45 - 54
25 - 34 . £. 55 and over

. What is your current employment status?

- 8

h.
i'

R

_em,ployed full- time
eniployed part-time

.not employed

retired

~

.. Which of the numbered categories of

occupations “in Reference list A on
‘ page 9 best describes your present
»principal employment?

[
« ”

code

T —

* -

P

. -How many years have you been employed
with your present organization?

1}
) R i N
! . .
:
“
k't

« How many years of professional science

or engincering work experienlce have’

you had?

. Which category best describes the
- type of organization of your principal

employment?
a. 1ndustry or business -
b‘.-' consulting firm

.- ¢. educational institution

‘ Q‘d. U.S. government (military)
e. U.S. government (civilian)
£. state or local government
§. international agency
h. self-employed
i. orofessional associat:ion

other ¢ specify):

™

8.

10.

e

-

1

~ -

In which one of the following act::lvities
are you ‘most involved?

k. Testing/evaluation q.

1, Management or -
Administration

m. _Basic Research
n.: Design
o. ' Aoplied Research

p. Development f
s i

-

i

o |
Do you hold professional

e
S.
t.
u.

ve.

w.

X. yes, in engineering
y. vyes, in other field (specify):

z, no

~

Product:ion
Teacizing '
Consult:ing
Sales,’ market:ing
Qual:lt:y control

‘Construction

Other, (specify)

S .

. N

registrat:ion?

V

What' academic degrees have you received?
(See Reference list B on page 10 for

academo fields and code 'numbers)

& Major N
o Field’ [

Degree - Year Code # A

Bachelors i U j l | l

Masters [ lj | !j

p_oct:orat:*e l R l l I I

Are you presently working towards a
degree? (See Reference list B on page 10).

‘a. No

b. Yes, ‘Degree:

(17

Ma;]ox:i field code ED

Year expected:

LL]




11.

Do .you plan to possibly work towards a 14,
.degree in the future? (See Reference

- 1ist B on page .10). | .
e; ‘o ¥ . ;
T Magor field code[:I:]
. gj:'l:eér expected to start: LI
. v . . .
To what extent are’}ou interested in
pursuing a progran leading to a

. particular academic degree, as opbcsed )

13,

4

to simply taking courses in needed
subjects?

e. further academic degree\very

: important

further academic degree:somewhat
‘important

f.

further academic degree of little
‘Importance.  ,~
TN "‘ j\‘

~ \ e’ IS

To what extent should academic degree

_programs be changed to the professional

,» school model? (In'a professional: .
;school program, lasting more than -

ss four years and leading to a profession-‘

al dagree,there would be greater

\8.
15.

\5 . e

»

.emphasis on design and professional &
practice,as against theory and" research,
, and on non—teo?;ical subjects s
including writing, economics and ethics,
as well. ) 4%?{“
h. _\great chénge needed'in emphasis
towards practice-oriented -
R professional school model X
. hd e N \
i, some chanée needed in emphasis
towards practice-orignted
+ -professional school. model
j. no change needed
k. no opinion \
1. change is needed, but of a-.
different kind (please specify):
Y N ‘
L) &* '\-..
{3 \

-

# .

and engineering?

Ut

)’
v

" ~

Yor each of the following forms of
continuing education, how many courses
in science or engineering have you
participated in during the last two ,
years? (Indicate number of courses

in each case,)

# __ College credit courses applied

towards a graduate science or
engineering (S&E) degree. -

-

College credit S&E courses not.
being aBplied towards a graduate .
degree. .
—— College, S&E non-credlt courses,
(including short courses).

#\ Professional society short courses
(S&Elm”“ ' . \

‘o‘_" -
# __ Emplboyer-sponsored short courses

or workshops (S&E)

i .__Short courses sponsored by another
agency. Please specify agency:

How effectively have.each of the following
forms of continuing education met your
continuing education needs in science
- very effectively ~\
moderately, effectively

slightly effectively
ineffectively

no experience on vwhich to Judge

\'
M
S
I
N

College credit courses applied
towvards a graduate science or
engineering (S&E) degree.

___College‘credit S&E courses not
being applied towards a graduate
degree.

__.College S&E non-credit coukses
(including\short courses).

Professional society short
courses (S&E).

___Employer—sponsored short courses
or workshops (S&E)

— Short courses sponsor:d\hy,anothen

agency. :2lease specify agency:
\

e

PR

Ly Lwe
— Y Ly
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‘6.

Y

o
‘e

;-

Considering only continuing education
provided by colleges and universities
or credit, how would you rate.the

effectiveness of the following

coutinuing education programs you

have .taken? : .

V —pyery effective

M -"moderately effective
S.- slightly.effective

I - ineffactive .

N - no experienceaorg whi{:h to judge

17,

A\

— Programs provided-by local
- colleges and universities on
their gcamp(*s »\ . \

- Programs provided by “in-state
universities “at ‘an extension
_campus. (Consider D.C.- _

"state" ) \ )

Programs provided by out-of-
- state uniiversities on an
extension campus.

—_— Live»programs proyided by
universities at your place

F of ehqployment. .

— Tel‘ev'ise\d or .videotaped
- _ programs provided by universities
at your place of employment.

Consider, only non-credit continuing
edication how would you rate'the .
.effectiveness of the following program
formats in meeting your professional
needs? -

- very eff ective
‘moderately effective

Zmeél,

slightly effective
inéffective
no experience on which to judge

[

18.

/

Faahd
¥

5 .

f g
—— Seminars and symposia # i &
—~— Short courses }
— Video-taped instruction

—— Live video with "talk-back"
capability

—— Live video without "talk—back" .o
capability

—- Self-study courses
—_— Computer;-based instruction
——-Other (specify):

How important have each of the following
barriers been to your seeking continuing
education-in the past?

V - very significant barrier

M - moderately significant barrier
S - slightly significant barrier

I -~ insignificant barrier

— incon¥enient location
—. inconvenient time

— insufficient “employer financial
/ support )

——course not available

— course poorly presented

__educéational level too’high

__educational level too low i

—lack of time —
—lack of incentive /\ S .

~—1lack o?lcnowledge éat course
was, offered .-

—other, please specify:

«D
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19. It is quite possible that you may need continuing education in certain areas,
quite apart from any consideration of degrees or credits. Below you are asked
' to list two or more topics, and thereby indicate your priorities for areas in
which you need continuing education. Select your topics from Reference list C
on-pages 1l - 14. ) )

L

et : ,
"FIRST TOPIC FROM LIST C: Code Number d
(see pages 11 —\14) -
. . 1st choice 2nd choice
- . . Preferred supplier for thiS tOPLiC.eeeeeeerecreneeeneeestvnn... i ) ’!
{ 1 = college, 2 = .prof. society, 3 = employer, &4 = self

= ¢ if )
.2 .= other (specify 1st choice 2nd choice

. Preferred format for this topic ..............;.............. )
(1 = credit course, 2 = non-credit, 3 = short course, o
4 = lecture series, 5 = self-paced) -

. “Present status for this 151+
(1 = not being offered at all, 2 = offered, but not enough - ¥
to.satisfy demand, 3 = offered enough to satisfy demand,
4 = unknown) :

/
. Persistence of your need:
- How many months have you had a need for this topPiC?.eueeeeeceenceenness K 1
- How mzny months do you expect to continue to have this need?........... f [
(If your need is for the foreseeable future, entc- 99.) '
’ . ' ' \
.+ Preferred location:- .
> The likelihood o§/§§§r attending a particular course which
meets once a week would surely decrease the more miles you -
have to travel, : .
-~ How many miles from your home' or business would the course (home) (busmnegs)
have to be offered before the likelihood of your attending®

2]
'droppez%to 0 r_—l ! ' l

- How advantageous would it be t% have the course offered
at your place of businessS? civieeieieciietiieiiiiieteetietentenrenennn. [::I::] 4
(1 = extremely advantageous, 2 = moderately advantageous

o 3 = unimportant, & = prefer offiééte location)

«

A

NG

« Preferred time...ieeesecoeereserenssscocsensoorasocessonnsonenns.
(1=4pm., 2=5p.m., 3=6p.m., &=7p.m.,
5=8 pm., 6=9p.m., 7= before 4 p.m., 8 = weekends,
9 = other ~ please specify)

Q ’ 153 ' 1"\




g

(see pages 11 - 14)

Preferred supplier for .this topicC.iecceeeevieceacneens o

Present status for this topic ....:;.....x,.......... ...... cecevees

ks

SECOND TOPIC FROM LIST C: Code Number

1st choice 2nd chéice

(1= dgllege!; 2 = prof. society, 3‘=“employer,
4 = self) 5'= othe (specify \

1st choice 2nd choice

& \

Préferred format for this tOPIC eeereveenterennnenees

(1= credit course, 2 =-non-credit, 3 = short course,
4 = lecture seriss, 5 = gelf paced)
\ k]

~ .

(1,= not being offered at all, .2 = offered, but not emough to
satisfy demand, 3 = offered enough to satisfy demand, -
4 = unknown) ' . ‘

Persistence of your need:
- How many months have you had a need for this topic?.....ccceevees ] -
- How many months do you expect: to continue to have this need? .... -
(If your need is for the foreseeable future, enter 99.) -
- (home) (business)
Preferred location: . -

- How many miles from your home or business ‘would the
course hévé\to be offered before the likelihood of
your attending dropped to 50Z.....cccieenieiiacninnns

- How advantageous would-it be to have the course offered
at your place of business? .....iipieeiecciiiiiiiceteserecoanns
(1 = extremely advantageous,” 2 = moderately advantageous
.3 = unimportant, 4 = prefer off-site location)

Prefened time...........\..........‘......-.--......} oooooo seov0e s
1l=4p.m., 2=5pm., 3=6p.m., 4=7p.n., 5=.8p.m.,
6 =9 p.m., 7 = before 4 p.m., - 8 = weekends, 9 = other - please

sé&%ify)

ADDITIONAL TOPICS: (Please use code numbers on pages 11 - 14)

\r

1]

R
3
3




20. Omne import:ant: aspect of this Survey is
to identify qhe geographié¢ distribution
of the need for different kinds of

. cont:inuing education.

. W& ask that you identify the x and y
coordinates of your home and place of
business using the map on pages 7 -"8.
"Please express each coordinate accurately
to the nearest ggnit:, e.g., X = 207.,

.y =29,

Home

) Business

.

e

5 -
Yes

No -
Don't know

For this purpose

x~-coordinate y-c_oor&inat:e

21.. If you indicat:ed in quest:ion 11 that
" you plan to -work towards a degree in
the future, is there a university
_within a reasonable commiting distance
that offers the degree you plan to
seek"

If you have indicated that you plan
to work towards a degree in the future,
to what extent would relocation and
full-time study be a viable option for

you?

d, Relocation would present no
serious problem -

e, Relocation would presemt some
problem, but I might be willing
to do it, particularly if
financial aid were available.

£.  Relocation would not be a viable
option for me. }

Name: o :g}

Street \ ) -

C:I:t:y & State N

Thank you for filling out this quest::.onniare. You may feel that there are
important issues that have not been adequat:ely ‘covered in this questionnaire. )
- If so, please discuss them in the space on the back cover of this booklet. We .’

would be particularly interested in any comments you might have on the effectiveness

of specific continuing education offerings you have taken, ways in which the
effectiveness of continuing education offerings might be improved and any suggestions
you' m:Lght: have on any om:.ss:.ons or deficiencies in this questionnaire.

N
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REFERENCE LIST A - OCCUPATIONS .

This list is to be used in answering question 3 about your oeccupational

classification.

] , Please scan the entire list, choose the app%opriate .
entry and enter the code and ‘description from this 1list.

If you cannot

. find ‘exactly the right entry, please choose the one that comes nearest
If none of the entries is-at all appropriate, use the "Other".
category (code 51) and enter a brief description in the space provided

“to 1t.

-

on the questionnaire.

Code #%

R
15
1o

17

19
20
21

Descfigtion
ENGINEERS, including college
professors and instructors

Aerohautical and astronautica;

Agricultural ’
Chemical .

Civil and archetictural _
Electrical and electronic
Environmental & sanitary
Industrial ’
Mechanical ;
Metallurgical & materials:

Mining and petroleum. R

‘Nuclear

Operations research systems
Other engineering fiel
(specify) .. o

COMPUTER SPECIALISTS, °
incduding college professors
i

-and instructors i

Computer programmer
Computer systems analyst
Computer scientist

Other computer specialist
(Describe briefly under the
applicable item on the T
questionnai@e.)

MATHEMATICIANS AND STATISTI-
CIANS, including college

professors and instructors

Actuary he
Mathematician )
Statisfician -

3

. Operations research analyst

PHYSICAL.-SCIENTISTS, including

. Qther

college' professors and
instructors, '

tmospheric scientist,
‘metedrologist -

Chemist

Earth scifentist (including
geologists, geophysicists,

Ocednographer ete.)

Physicist, astronomer

physical scientist
(specif?%

Code #

28
29
30
31

32

33
34
35°
36
37

38
39

4o
41
42
43

4y
s -
46

47
48
49
50

4

158,

- Technicizan,

Description

"HeALTH PRoFESSIONALS, includ-
ing persons who are primarily
practitioners. |

Physician or surgeon

Technician, dental

Téchnician, medical

Other health occupation (specify

]
H

TECHNICIANS ANﬁ.TECHNOLOGISTS;
except medical (see 29, 30)

Designer,
machine

Dcsigner,

Designer,

Draftsman

_Surveyor . . .

| Technician, biological and

" «gricuitur:sl

Technician, electrical and
electronic

Technician,
highways,

electronic parts and
tools .
industrial

other

construction,

and architecturali
mechanical

other engineering
physical science
other. fields

Technician,
Technieian,
Technician,
(specify)
| )
|

TEACHERS .

Teacher, ¢lementary school

Teacher, secondary school

Teacher, college and university,
excluding engineering and
science EEngineering and
science teachérs see codes
01-27)

ADMINISTRATORS, MANAGERS, &
OFFICIALS

*College President or Dean
Administrator (R&D) .
Administrator (non R&D)
Self-employed proprietor
All other occupations (specify)

L 3
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REFERENCE LIST B - WAJOR FIELDS OF STUDY

fi@his 1ist iIs to he used in answering questions 9; 10, 11 about the
"Tield(s] in which. you Have obtained study or training or expect to

.70 Minin mineral
g,

obtain suc¢h training., Please scan the entire 1ist, choose the
appropriate answer for the question and then enter the code and
description in the appropriate section of questions 9 = 11l. If none
of the categories listed below adequately describes what you were
studying or being trained in, use the "Other" category (code 00) and
enter a br%ef description of what you were studying in the; space
provided or the questiopnaire. L

¥ K '\ ’ R -~ ,

* - - T
Codé # . \ ¥ Description U ‘ Code ) Description °

1

EDuCATION. L MATHEMATICAL SCIENCES
52 Biological sciences education 76 Mathematics - -

53  Mathematics education 77 Statistics and actuarial
54. Physical sciences education - sciences ‘
55 . Trade and. industrial training 78  Computér sciences and systems
56 Education, other fields X ;analysis :
ENGINEERING . PHYsICAL SciENCES
57 Aerospace, aeronautical, astro- _79 Astronony
nautical, and related fields 0 Chemistry .
58 Agricultural 81  Geography -
59;) Axrchitectural 82 Gedlogy and Geophysics
60! Chemical, petroieum refining 83 Meteorology
61 Civil, construction, -trans- 84 & Qceanology
\ portation - - 85 Physics
62  Electrical, electronics 86 .Physical sciences, general
63 Engineering sciences, mechanics 87 Physical sciences, other figlds
physics ! . -
64  Zngineering, technology . OTHER SPECIALTIES
65 Envirqnmental/Sanitary 88 - Arts, general
66 Geggfigegzigﬁiéied /8 . Business and commerce
‘ 90 English and Journalism

67 Industrial - -
63 Mechanical g; hi;ge and Applied Arts

69 Metéllufgical, materials, 93 Military Science
ceramics 00 Other (specify)

.71 Naval architecturé and marine

cr—

engineering

72  Nuclear

73 Operations Research/Systems
Engineering |

74  Petroleum

75 Engineering, other fields

-~

#
P e "N
- a
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REFERENCE LIST C - CONTINUING EDUCATION TOPICS

. This list is to be used in answefing question 19 about the areas in o

which you desire continuing education. Please scan the list (extending
through page 14) for those major headings of likely interest and choose
the appropriate code numbers to enter in question 19. You may wish to
enter- the code number ofr either an entire broad area, e.g., aerospace -
aeronautical engineering (100), or for a--particular topic, €.8., N
aerodynamics (101). If you use the "other" category please specify

the topic in the spage provided in the list of topics. .

.

, g . / }
‘Code ‘# Description % ° Code # . Description .
100 AEEOSPACE - AERONAUTICAL 300  ARCHITECTURAL ENGINEERING
NGINEERING, : (continued) -
101 Aerodynamics ! " .. 307 Metropolitan Planning :
102 Automatic Control of Flight ¢ -308 Planning for Community h
Vehficles [ i Facilities ,
- 153 Digital Computer Controlled 309  Structural systems, analysis, -
“* _ Systems ‘ ' and design :
104 Flight transportation 310 Technology and City Planning
105 “Instrumentation Guidance and 311 - Urban Design and Analysis -
. Control 312  Other (please specify)
106 Space Communications ’
107 Space Dynamics S 400  BIOENGINEERING -
148 Space Systéms and Control 401  Artifieial of
-39 caollity and Control of - 402 yio;legtricglgg?Znals .
210 Ovner (plesse specify) "J03  Bioelectronics )
. ) - Loy Biological effects of Noise
_ 405  Biological membranes and
AGRICULTURAL ENGINEERING bt structural tissue
201 Aggicnltural Processing H87 . giggzggigiczeat andlMass ' »
" Systems : )
202 Fleld Machinery Design 408 Biﬁiiﬁiﬁii Materials
383 gggizzzzoﬁ Technology 409  Biomedical Systems analysis
205 Soil and Water Conservation 410 Biggggsigslof Neurolectric
206 Other (please specify) h11 Clinicgl gngﬁneering
' ’ ’ §12 _Electrocardiography -
300 ARCHITECTURAL ENGINEERING 413 Instrumentation
301 "Architectural Design and ‘ 41k Mog;gggégg with microcomputer
302 aBuiggiﬁziirocesses ‘415 Sensory Communication
303 City Desién\ 416  Technology Application to
- 304 Computer Simulation of - 417 X-Siosgi:eﬁz is
L Architectural Systems 118 Othei ( lgas: ecify)
3G5 Environmental Controls i p sp Y.

.
EMC * > - -
«
[Aruivo provioa o eric
) .
B -
PEIPRCN . -

306 -Industrial Building Design

Y

g T
o

16y - -'




. o A B
- 1 . ' C N .
Code# DeLcrip’cion ‘ gode£ # { Descrig’cion .o o
500 CHEMICAL*ENGINEERING 700, CoNPUTER ENGINEERING . .
X - see-also ical Engineering)
501 . Chemical Calculations 701 Advanced Programning Top~down design-
502 Chemical Engineering Process - . . -and structured pmgranming
.. -analysis and control 70240 Computer Architecture
503 Chenrlca.l “Engineering Process - 703 Cofputer &;aphics . ' ‘
‘ design ] 704  Computer Languages ' -
504  Chemical Kinetics ¥ . 705 . Computer Simulation S
505 Chemical Thermodynamics ° . 706 - Data Base Management
© 506 Combustion and Air Polutions 707 Information Processing
507 ' Camputer Similation of Chemical 708  Language Translation and Compiler
‘ " processed i Constriietion -
508. Industrial Chemical Processes 709 Machine and Prosranming Ianepages
509 Petroléum : 710 Management Systems | |
510 Polymer - Structure ard . 711  Numerical Methods
: - Properties : . T - 712 Operating Systems -
511 Process Optiiization 713 Processing Systems.- Fmdamentai
512; Reactor degign - . Algorithms :
513" Spectroscoby : T4  Software Engineering - Applica.tibns W0
814  Transport Phenomena 715 - Systems Simulation \ -7
515 . Other (please specify) 716 * Systems Theory and Design Lo
- - _ D ’ 717 chher (please specify)
. 600  CiviL ENGINEERING - . B
) . 800  ELECTRICAL ENGINEERING
601 Airport-Planning.and \Desi'gn R
602 Building design systems | 801  Antemas and Wave Propagation |
603 Design and Analysis of Concrete 802  Artificial Intelligence T,
e Structures - 803 Bioelectronics | <
604 Design and Analysis of Steel . . 80u Broadecasting
Structures ‘ 805 Corrunication. Systems - - .
605 Earthquake Engineering 806  Computer Systems design
606 Engineering Materials 807 Cohsumer Electronics
607 .Finite element method ' 808 ' Control Systems e 4
applications . : 809 Cybernetics ' ,
608 Geotechnology 8100 Digital Systems ‘.'
609 Highway Technology . 811  Electric Machines
610 EKydrology - Hydrosystem 812  Electromagnetic comoa’cabili’cy
611 Mechanics of aeformable . 813  Electromagnetic Theory. :
. bodies 814 Electron Devices i
612 Satellite and Pm/sical 815  Electronic Devices and Circuits
Geodesy ‘ . - 816 -Electronic Instrumentation and Control
613 Soil Mechanics - Dymanics 817  Electro-optics! (fiber optics)
614 .-.Structural Aralysis and Design 818 - Energy Transducers
615", Structural Materials 819 - Feedback Control Systems
616 Structural Systems , 820  Image Processing’
617 Traffic Systems 821 ° Image Transmission Systems
618 Transportation Facilities 822" “Industrial Electronics and Control
619 Transportation Systems ) Instrumentation
620 . Urban Plarning 823 ' Informatidn Systems .
621 Water Resource Systems 824 * Instrumentation and Measnmement
622 WVater Resources and Céntrol -825 | Llasers
623 Other (please specify) ?26 Lightning Protection -
I 2‘;\ 4 161
o Ve B-L
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i

Code #'

800
L4

827
. 828
829

830
831
832 -
833 .
¢ 834,
835
836
837 .
838 |
839
840
841 .
842

843

' Occupational Safety and
. Plant Design and Ldyout

'Description'

(continued)
Magnetics

ELECTRICAL ENGINEERING

Microelectronics

- and Analysig

Microwave Theory and Techniques
; ~ 1106

Networks

Nuclear and PIasma sciences
Operations Research
Pattern Recognition .

Power Systems
Radar Systems

Reliability

Semiconductor Devices
Signal Processing
Simulation Methods for Analysis

and Control

Solid State Circuits

Sonar Systems

Design -

Vehicular Technology
Other (please specify)

ENVIRONMENTAL ENGINEERING

Control
Systems Andlysis

Adir Pollution
Alr Pollution
and Design
Environmental
Environmental
Environmenta

i

Radio Astronomy-

Impact Assessment
Noise Control
Quality Control

" Sonics and Ultrasonics
tructure and Translation of
Computer Languages

Switching' Theory and Logic

Sanitary Control
Sanitary Systems

Wastewater Treatment
Other (please specify)

INDUSTRIAL ENGINEERING

" Cost’ Control
Industrial Systems

Manufacturing Processes
Modeling Simulation and ﬁystem

&\\')

Control

Simulation

Process Control

Production Planning and Control

Quality Control

Reliability Control

.Micropr0fessor Systems Design

. Programming Language Processors

-

p
T
28

Code #
- 1100

1101
1102
1103
11,04

1105

1107

11.08

1109

1110
1111

1112

1200

1201
1202
1203
1204
1205
1206
1207

1208
1209

1210/
1211
1212
1213

1214

1215

1300
1301

1302
1303

1304

“1305

1306
1307
1308
1309
1310

1311

Stochastic Models in Operations 1312

Research

Other (please specify)

“s?

-

)

. Graph Theaqry

e
Description
GENERAL ENGINEERING

Alternate Sources of Energy

Energy and Human Affairs

Engineering and Public Policy

Numerical Metbods of
Engineering Analysis
Optimization Technlques

‘Pollution and Environmental

Impact ~
Probabilistic Models in
Systems Engineering and
. Operations Research
Random Processes
Role and Management
Technology ’
“Statistical Analysis

Technological Assessment and

Public.Policy
Other (please soecify)

MATHEMATICS (including

** operations research)

Coding Theoxry
Combinatories
Experimental Design

Linear Programming

Matrix Theory :
Lonlizﬁgr Programming
Numeridal Analysis

Ordinary Dif rferential Equations
Partial Differential Equations .

Queing Theory
Special Functions

—Statistical Methods

Stochastic Methods
Other (please specify)

MECHANICAL ENGINEERING

l

’L -

of Modern

- Artalysis and Design of Manned

Systems

Analysis and Design of Systems

Applications of Numerical

Method - to Mechanical Systems -

Combustion Engineering
Computer MJ&

" Systems
Control System principles
Energy Conversion

Fluid Mechanics
Geothermal Energy

eling of Mechanica-
; .

Heating - Reirigeration - Air

Conditioning

Instrumentation and C“n rol

Materials Processing and
Manufacturing

2 O

<
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| 1300

1313

1314 .
1315
1316

1317
l3l8

1319
1320

1322
1400.
1401

1402
1403.
1ko4
{0 1b65
1406
*1407
quah
1409

1410
1411
1412
1413

1500
1501
1502

1503
1504

1505
1506

507
1508
, 1509
'5 1510

'%l"

T
'Codé'#

1321

.
——y

Descrigtion

MECHANICAL ENGINEERING
(continded) .

Modeling and Simulatﬂon of

. Systems '
Modeling‘of Manned Systems
Solar: Eﬁergy Gerieration
Solar Systems - Analysis and

»

A Designf

Systems Dynamics

Thermal Power Systems - Power
Generation ° | ¢

Thermodynamics of Power Systems

Vibrations - Sound and

. Structural :

Wave Propagation

Other (please specify)

NAVAL AND OFEAN ENGINEERING

Computer Simulation of Marine .
Systenms

Energy Conversion Systems

Hydroacoustics® - Noise ..

"Hydromechanics of ship design

Marine Resources - Ut ilization

Marine Structures

Marine Systems Centrol -

Oceanographic Systems

Power and Propulsion of Marine
Structures |

Power Systems

Propulsion Hydrodynamics

Structural design

Other (please Specify)

;NucLEAR ENGINEERING

Computer Simulation of Reactors

Nuclear Fuel Cycle Management

Nuclzar Power Plants

Nuclear Power Plants Analysis
and Design

Nuclear Power Reactors |

Nuclear Reactor Analysis and
Control

Nuclear Reactor Operations

Nuclear Vaste

Reactbr Analysis and Design -

Other (please specify)

- 1608
1610

" Code #

1600
1601
1602
1603

1604

1605
1606
1607 -

1609

1611
1612

1613
.1614

1615
1616

1617 -

1618 7
1619

1620

1621
1622
1623
1524
162¢
1626
1627
1628
1629
1630 -
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643

1700

1701
1702
1703

- 1704

1705
1706
1707

l

163

" History of Physics
JLasers

" Solid State Physics

Description

PHYSICS ‘ |
Accelerator Physics .
Accustics ‘
Applied Physics

Astronomy

Astrophysics |
Atmospheric Physics |
Atemic and Molecular Physics
-Biophysics

. Chemical Physics ' ,l

Cosmic Rays

wlectromagnetism

Electronies:

fElectro-optics :
Elementarys Particles. and Fields
Engineering Physics

Fluids \ ]
Fusion -ard .Plasma oo
General ysics - . . .
Geophysigs . -

Health Physiecs

Low Temperature Physics
Material Science -
Mathematical Physics
Medical Physics

Nuclear Magnetic Resonanc
Nuclear Phjsics.

Naclear Reactor Physics
Optics. :
Philosophy of Physics
Physical Metallurgy
Physics Education
Polymer Physics
Quantum Mechanics
Relativity

Space Physics
Statistical and Thermal Phys1c= I

" Superconductivity
\Surface Physics

X-ray diffraction jr
Other (please specify)

OTHER AREAS
Accounting

* ,English

Ethics

Psychology

Report Writing &- P”esentation
‘Sociology

Other (please specify)

1
t



