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JI TS - A,PATTERN FOR GRADUATE ENGINEERING
EDUCATION OF THE FUTURE?

J. L. Whitesides
S. W. Yuan

Joint nstitute for Acoustias and Flight Sciences
The George Washington University

f. INTR DuCTION

The joint Institute for Acoustics and,Flight Sciences

(JIAFS) a dynamic, cooperative undertaking between the

NASA-La gley Research Center (141C) and the School of Engineer-

ing anc Applied, Science of The George Washington 'University

(GWV)/whieh is dedicated to serving the national needs in

stientifcresearch, engineering technology and education.

These primary functions of the Joint Institute are achievdd

by brf nging reSearchers and scholars together at ,the LRC to

(

exchcnge their ideas and findings, to give advanced training

to raduate student's and professional engineers, and to make

app opriate use of the-extensive research facilities of the
t

Ce ter. This jointly operated institute is a formalizatiion

o. the interactions between'The George Washington Uni'versity

nd the NASA-Langley Research Center which began"witri a ,graduate

/education program' in 1968.
fi

/ II. HISTORICAL DEELOPMENT OF JIAFS

An off-campus graduate study program leading to Master of
sa

Science degrees i seeral'engineering disciplines was initiated.

S



A

by The GeorgeWashington University at 'the NASA-Langley Research

Center in the fall of 1968. This program was a result of

lengthy discussions and planning between senior officials
4

of'the LRC and the GWUfacuity, and was set up as a jointly

administer ed venture with both institutions having inputs to

its operation.a-to the training policy of NASA, other

governmentagenbies and private comparld.es the program was

developed primarily for the benefit of part-time students

with,courseS given daring the worsting hours. The on- campus

re§idence requirement was waived for this particnlar off- 1,0

campus program. Duting the first year of ithis cooperative

educational program the faculty was composed of one resident

faculty from GWU and 12 part-time faculty which were appointed

by the University. The part-tfme faculty were selected from

among the highly qualified research scientists at the'Langley

Research Center.

During the subsequent years this graduate study program

expaTed substantially in both ,participants' and scope. The

curriculum has'bee n constantly.improved-as the needs and in-
,

terests of Langley Research Center and George Washington Uni-

versity changed.' After gaining confidence . with this new off - p

campus graduate program, the-two institutions felt that evOlgor

greater benefis could be derived from increased interaction
4

.

in both research .and education. The needs and capabilities of



-both GWU and y/ere then conSidered, and a plan was devised

to satisfy the needs of each institutionly using the capa-
,

bilities of both to theinmaximum advantage.

One of the primary functions of the Langley Research Cen-

ter is the generation of a large quantity of quality research.

with a limited number of researchers. Much of-thiS research,

of necessity, has become project oriented and, in general,

less basic. Conversely university faculty and, graduate

students in.general peiform research of a more fundamental
3c

nature... The research conducted by the NASA scientist and that

of the university faculty will be complementary if the two re-

Searchers recognize both the differences and similarities ofV
4

their approach to a.problem and coordinate their efforts in

obtaining a valid 6olution.to the problem. This fact has long

been recogni!zed by NASA and has led to the support of many,.

faculty and graduate students across the country.

The university's primary function is education. Continua,'

upgrading of researchers capabilities and training of engineers

and scien4sts in new or different disciplinesis a necessity

in any research organization. Thus, the university capability -

research center need, is complementary. '

Conductihg research on a university campus may be difficult

due to a lack of experimental facilities. Certainly this is

not:the case with a,government research establishment such api

the NASA-Langley Research^Center.' In this case the university

need is satisfied by the resources of the research center..

5
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t There are many research scientists at LRC'who are quali-
.

,fied and interested'in teaching. graduate engineering courses.

This-is a double-edged resource. On the one hand, it is ex-.

tremely valuable to have reseaebh engineers and scientists

teach their specialty to young graduate ptudents, but it may

lead to an 'inbred' research staff if thesefaculty teach

all of the courses. This resource can be used most 4ffectively'

when an appropriate number of courses in the graduate program

are taught by full-time faculty of the university while others

are taught by the part-time faculty members. The combined

qualities of the faCialty will then provide a strong.fundamental

4 yet practical graduate education for the yOung engineer.

Consideration of the factors cited aboVe led to the

establishment in the,fail of 1930 of a pilot program.of research,

and education.in-acoustics located at LRC. In this program,

which was established with the cooperation of the Institute of

Sound and Vibration Research, Soutliampton, England, a research

team consisting of one full-time Geo e Washington University

research faGrilty and four Graduate Re earch Scholar Assistants

tiGRSA) joined the GWU faculty already t the Center to form the

nucleus for an increased and more responsive interaction` with
N

Langley Research Center. The research team worked directly

with the NASA acoustics researchers and participated in the

graduate study pi gram already at Langley. This pilot program

was organized such that both NASA-Langley Redtarch Center and-
)



4Georve Was ingtbn University had inputs to all phases of its

operation. A similar, program of,research and education in

.Flight Sciences was established in 1971, and the Joint Institute
f .

P ^

for Acoustics and Flight ScienOeS was formalized later Nat'.

year In subsequent yeais, additional programs*in the areas

of Structures and Dynamics, Environmental Modbling and Materials
, 4.*

Science were added td the JIAFS (Figure 1)., 7

III. ORGANIZATION AND OPERATION OF JIAFS

.$

A Drogrammatic organizaticin of the Joint Institute is

shown in Figure 1. Dates in,parenthesis indiCate'the year the

programwas initiated. Each of these programs is jointly

Operated by The eorge Wa4iington Univirity facility and staff

o

and the appiepriate NASA Technicdl or Training Division. The

JIAFS programs may be generally categorized as research',* re-

searchse4rch And education or education programs. The interaction

these three types' of prograg is evident as mig- ht berexpecte
*

The Director of JIAFS is Dr,.J. Duberg, Associate Direct

)-
of NASA-Langley Resd'alch Center-and the Co-Director is Dr.

Liebowitz, Dean of the:School of Engineering and Applied
6

Science The George Washington University. Faculty of The

George. Washington University at Langley and some of.the G U

faculty in WashingtOn, D. C.; Graduate ResearchScholar ssist-

ants; NASA engineers lid scientists who teach part-time nd

supervise grdduate student resea ;ch; aneVisiting scien fists

mong

a?
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r 'and engideers are all members of JIAFS The Joint.Steering

Committee advises the Directors of JI, regarding basic

policyand future plans for the Joint Institute.

Educational Programs

Two types of educational programs are offered by 4T,AFS.

The graduate program, the original interaction between GWb

and LRC, has grown and changed over-the past seven'years as

shownin Figure 2.

The areas of study offered at LRC and the particular

courses ineach area ge determined-jointly 'by the GWU faculty

and the CRC technical and training personnel involved in the

graduate, program. Courses must be carefully selected accord-

ing to the needs of the GRSA in the re'Search and educat,ion

programs and the part,time students from NASA, other agencies.

and companies.

Courses offered at LRC in JIAFS must conform to the'acadeLc

standards of the Department,within the School of Engineering

and Appfted Science which sanctiensIthe course. Consequently

part-time faculty are appointed by the 'chairman Of the appto-

priate department, and faculty meetings are held at both LRC

and the Washington campus with the full -time. and pAt-time

faculty. This close contact insures th4t similar academic

standards are maintained at thetwo locations.

(
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Faculty in the graduatetprogram consists of'full-time

c
GWU faculty at LRC (each connected with. the research and.

education programs) and approximately fifty NASA scientists

and engineers who are teaching on a part..time basis.' Both the
A

GWU and NASA faculty serve as thesis advisers and participate

on examining committees for the graduate students in the M.S.

- and D.Sc. programs.

The graduate program was developed originally as a full

resident credit program requiring no residence on the-Washington,

D. C. campus in order to obtain the Master of Science degree.

In 1971 the School of Engineering and Applied Science faculty

voted to allow, under special circumstances, upon the Depart-.

pent Chairman's approval, the Doctor of Science degree to be

completed off - campus. There are currently 20 graduate

students' in JIAFS pursuing the D.Sc. degree since faculty and

facilities are available at Langley tb support this level of

education in many areas.

Non-degree students make up almost one-third. of the stu-
.

,dent body in the JIAVSgraduate programs. These are primarily

NASA engineers and scientists` who are interested in taking -

courses td imprdve their job.performthIce, to stay abreast of a

particular field or to retrain themsefves in a current Area of

research, but are not interested in obtaining an advaAced de-

gree. They must meet all of the same prerequisite requirements

7
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for takingl a course as the degree students but are not

admitted to the School of Engineering and Applied Science

for.degree

Since

'-tudy(t

1968 the number of courses offered each semeste

in the graduate.program has doubled and the student I:Si:Tula ion

%.
has increased by fifty percent. There .hive peen 72 M.S.

degrees awarded, and several students in the.doctoral pro-

gram should.finish within this year.
0

In addition.to the.graduate program at Langley, short

courses are also conducted through-the JIAFS. -These short

courses (non-credit).are-,offered both at LRC and in Washi ton

as the need arises: The courses may -have both.full-time Etnd

part -time faculty presWning lectures on a current area*,) 4 in-

teiest or in a review course tailored to a particular ed dation-
+.

al need.

Research and Education Programs

The basic objectives of each o5 the reseaVCh and ed ion

programs, which are funded individually by grants from L C,

shown in Figure 1 are; to conduct research in areas of interest

to LRC, GWU and the GRSA; to satisfy the nations needs for

graduate level engineers in particular fields; and to pr8vide a'

full-time educational program at LRC. These unique joint, pro-

grams attempt to satisfy the needs of both LRC and GWUb1;\usinfg

the combined resources and capabilities of each institution. 1

In each of the programs a research unit consisting of a GOU
\
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research 'faculty and three to five Graduate Research Scholars.

Assistants work with the NASA researchers on projects of

mutual 'interest. The size of the research Unit varies in
t7

the programs, but in all cases plans are formulated to graduate

and apiSoint.3-5 new research assistants each,Academic year.

This leds to a stable and continuing program in which some

of the 'students are in their first, second and third year.

The research professor in each unit has the responsibility

of'deermining'wit4 the senior NASA researchers whichprojects '

his atilt will Undertake. This is a vital and, at times, diffi-

cult proposition. Indeed, the.research professor must assure

that the proposed research for the GRSA is academically

acceptable for either an M.S. or D.Sc. thesis, that his own pro-

fessional interest is .satisfied and that.the NASA-Langley Re-
.

search Center's needs are satisfied by the research project.

The research professor-performs research individgally and with

the NASA scientists while supervising the research of his GRSA

and, possibly, NASA p'art-time students. In addition to his

research and informal consulting with the NASA scientists, 'the

GWU faculty presents one lecture course each semester j.n the

graduate prograM preciously described.

The Graduate Research Scholar Assistants are also involved

in the graduate program since they take twoito three courses

each semester until their degree course requirement is met.

Each GRSA is assigned a GWU research faculty adViser and a NASA

I

it
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adviser upon his arrival to JIAPS. This joint advisingNfur-
.

.they insures that both NASA's research needs and rtherieeds of

the GASA and the university for an acceptable thesis are met.

The research assistant conducts research half time during

ti

academic year and full time during the,summer.. He receives a

stipend from the University which enables him to pdyhis tui-

tion and living expenses. These positions are similar to a re-
.

search assistantship ,on any campus except that.the GRSA in JIM'S.
/

,

receives two
.

somewhatr different types of guidance. One Of these,

domes from his GWU faculty adviser while the other comes from

his NASA adviser., Normally a"minimum of two years",is required

td obtain a Master of Science degree and three years -additional

study past the M.S. are needed for the, D. Sc. degree.

Appropriate research facilities of the Langley Research Cen-

tcr are made available to each of' the.research units for both

facultx and gLduate student use. Most of the fcUlty and GRSA.

are collpcated with their NASA counterparts in the facilities

whre their. research is,conducted. The computer center and ,
Q -

library are used by almost all of the faculty and GRSA.

t
.

4
In 'addition to the research performed by the Gr research,

'..,

'faculty and GRSA under the Research-Educational Programs,

Research Programs,

other research projects are undertaken thrOugh an unique re-

search program lihich has.been ektablished for visiting sci'ent-
.

iShts and engihders..



ThewIlisiting Members'PrograM provides- a"thechanistri for.poat-

doctoral-or:Beni-0Y researchers to sperid up. to two years at LRC:-

-canauoting research in'he NA$A aci1ities in conjunction with

NASA scientists and .GWU f9pOitx. The)tesearch Scientist ,or

Engineer may also be PekManen: 41,-7.time positions. it JIAFS"'

_which are totallyireseai.ch.o4en,ted.--_The Research Scientist-

may supervise graduate students, bUt ri generaldoes his-own

research 9nly.. These positions proVide JIAFS, and thus

and NASAT with transientqinputs to th,p,Ongoing'research

educational programs.
1 0

All of.the JIAFS prOgrams are reviewed annually by the

Lan4ley Research Center...and The George Washington University.

Senior, members of: both institutions then jointly,assess the

'progress' oX the programs) recOmmend changes as necessary and

suggest new directions for further de,velopment,of.JIAFS: The

-currentnd projected41975-1,76) compernents Of JIA are
. 0 ...

shown in Figure 3'4-

I .RESpLTS OF THE.iDINT4ftOGRAMS

The consequences of the many and varied interactions bet-
,

weep The 'George Washington Universitir and 7the NASALLangley Re

search Center in the JIAFS,may be categorized as research or

educational results. There are obvious benefits and potential

roblems in each category for the graduate student NASA-

Langley.Researdh center and George Washington UniVersity.



4

Educational

Courses in the.graduate piogram taken by the GRRAcoMbine

practical experience With academic education. Most of; the

classes are composed of students with varied backgrounds

IGRSA4,government employees, p rivate company employees) WhiAO:h

tend to make discu.ssiOns liNielY and _the classes more interest-
.

ang.- The courses are taught by faculty members who are

generally conducting state-of7t'he-art :research in the .course.

area.

_Each of the graduate students must be counselled, how-

ever, to pursue a broad courseof qtudy even thoj his cur-

'rent research field is narrow. This problem of students

obtaining an overly focused educational background due to the

necessity of solving a particular research problem arises at

many universities and may be minimized by faculty guidance.

Educational benefits to the Langley Research Center are

primarily the retraining and advanced training of its research,.

staff by'an'OUtstanding faculty composed ofa combination of

full -time and f)art7time instructord. 14 addition,.the NASA
,

scientists through teaching and supervision. of students in

the graduate/Program contknue to improve "'their own research

capability as well as their students. The presence of Oeorge

- :Washington bniversitY faculty and visiting, scientists at. LI1C,

insures that the program does not bec46me stagnant' and helps

avert, the inbreeding problem. Since JIM'S is jOilitly operated,



the eAudational p)ograMs are responsivie 'to' the changing edu-.

cational needs of both the Center sand the University._ -!.fn

addition, the ava'ilability of.a strOag,qraduate.program on

site is an excellent reciulting.aidefor the center.

The potential problem of inbteeaing, all or most en-
.

gineers obtaining their ,advance trairamg from one' university

or faculty, must stnl be conSid'ered. Certainly the tempta-
,

-tion to obtain an advhnced degree Without leaving the area

is strong. It remains tor the,.SeniormeMbers. of LRC and GWU

to suggest aff-center university programs when they are more

.-suited to the students needs.

Y.

The University's educatidnal prograMS'.at..Langley Research.
I
g

Center *10. in Washington, D. C are expanded/and continually
.

updated through the interaCtion6.in the JIAFS.. Faculty of

the University are brought int6 contact with the, NASA research-

ers teaching in the program with the resultant exc ange of
, EL

ideas, course outlines and _teaching techniques::

Maintaining-broad, basic academic coueses in addition t

'specific job7oriented courses is one of the most important

responsibilities of the-university in Jilin'. In almost any

research organization the interest of most staff and line

supervisors0.s strongest in narrow courses aimed at the parti-

cular'research.problems the Organization is currently attack

While it is recognized that theseare valuable courses
,

for the near term the university must, and does recognite
4



.also that research 'interests change with time, and

that a graduate program must be composed of both basic 'and

applied cOurses:to help insure the.students'sUccess.in the

future.

// Research

Graduate studen in,eng,neering axe afforded ih9roppor-

tunity as GRSA of participating in "real world"'research

'problems guided y,both a NASA.engineerand a GWU faculty

He may use th most current research facilities,both analyti-;

,/

The studentcal and expe imdfttal:for:his thesis irdject.

associates daily with experienced engineers and scientists

as.well as fellow, ,graduate studentand fdculty, and therebY,'

gains a professionalism not ordinarily obtained on a univer-

.sity campus. Most o4 the students have the xesults of their

research presented. or published by the'time.they complete all

degree requirements.

of Science degree he will hak.E.more than a year's experience.

4When\the GRSA graduates with a Master

as a researcher, and will be familiar with the current re-

search techniques in his chosen area of

amiliar kth

after three years of study and research.

On the other hand, the graduate studOnt

student will be even more

interest. The doctoral

his professional area

maat channel his

releaych.interests .t.o those of,the Langley Research Center.

This potential problem is not really any more restrictive th'an

16.
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on most campuses where there a limited numberof faculty

and hence only a'limited range o'f research..projects for the,

student to pursue.

The NASA-Lan4ley Research Center obtains research output

from the JIAFS from the cwu faculty, the vlielting scientists

and the GRSA2\-Indeed the research that is done.in the

faint programs is directly applicable to NASA's needs since

each research project is digcussed and,oUtlined with both

GWU ana'LRC scientists prior to being'undertaken by a member.

of JIAFS. In addition, the NASA.engineers partitipating in
. _

the graduate:prOgram at LRC prodube essentially the sane re.T

search while pursuing their graduate degrees as they do' in

full time work Status. The benefits tothe Center's research

. under this arrangement haVe been demonstrated.

Since most of the programs in.4IAFS are for both research'
r.

and educationactivities,the Center might not obtain quite aso.

much research output from the JIAFS as it would if the prOgrams
;

were entirely research oriented. In spite of the extensive

educational activities in JIAFS, the research conducted by
I. ,

the faculty, visiting members and research assistants has led

to the.,publication or presentation of 104 technical papers in

areas of research which are directly applicable to NASA's needs.'
.

'The,Ggorge Washington Universityrs research activities

are*Increased greatly by.the JIAFS programs. ,New areas of e

research areintroduced to the faCultY and more. Replied research

problems are Oaggest6dby the LRC engineers't0 the.faculty as

15



possible thesis projects. The University's stature in both

the educational and research. fields is increased by the re-
, 1 6

. 'search output of the joint proltams.

A potential difficulty for The George Washington Univer-
;--4
Cs!ity faculty at Langley is that.the areas of research are

restricted to those which NASA puipues. Fortpnately'a certain

latitude for.the faCulty's research is available since NASA's

interests are.widespread. After becoming aware of the areas-

of research at Langley the University fa6ulty has the oppor-
.

tunity and responsibility of suggesting -new research projects
.

to LRC in addition to participating in the,on-gOing research.

The,benefits from these programs aediscussed above are

many, and the potential problems,appear to be, and in general

have been, manageable. When these difficulties are overcome,

the benefits of the JIAFS and similar.programs include research

resultswin areas of national need'and the'training of highly
, ,

qualified engineers whertedome a pool of technical talent

from which the nation may draw its .futurelengineering leaders.

V. TOTENTIAL%0B) JIAFS-TYPE PROGRAMS

Basically JIAFS is a university/research

-in which the historical prerogatives of each

peFprved, but'vihich permits, even requires,

prerogatives fromLthe other institution,' andthereby-attempts

to use the best capabiilties available for graduate engineering

agency interaction

'agency have been

input to these

18
16
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eduCa'bipn and research. Some of the benefits and problems

associated with this type of cooperative venture havebeen

discusSed previously. What then.are the possibilities for

similar programs to develop in the future? 4
N. The requirements for this type, of program are, basically,

, .

a university-that is willing to discard the "ivory tower" con-

cept and adopt a, more:vractrcal approach to graduate education,

and. a research organization/with modern facilities which is

inteested in upgrading its staff and sup6rting university

research. The former requirement is becoming fairly common
.,..

.

place. Many if not mciuniversitieierecognize the,necessity
,

for engineers to have practical experience as well-.as-strong

academic backgrounds, and have begun recently to reemphasize

the more.applied aspects ofengineering. A research agency

or major company is almost always .interested: in providing
. . .

advanced 'training opportunities for its employees, but with

restricted,funding and tight budgets, it has become necessary

for educational costs to be as lowas possible and the research

or production'output of the agency,as large as possible. In

many cases it may be less expensive to establish a uniersity-

type program on-site than it is to take a number o engineers

off the job and send them to graduate schoolt elsewhere parti-

cularly ithen the increased research output obtained from the

faculty-graduate research assistant unit is coside ed.

4

19
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If a university and a research agencx_can cooperate close-
\

ly the problems that arise for each in th'i's ty joint

(e'arrangement can be overcome. The benefitsto 411 involved
,

in these programs'ar. e many, and since ,limited-funds are

available for construction of new facilities, new-faCulty

appointments, performanceof research, and graduate education

in general, it appears that these joint education and research

prograMs, as developed in the JIAFS, do indeedoffer a viabl

option.fOr graduate study in the future._.

*.
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