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This is the final repo~t to the Aeronautics and Space Adminis- 

tration of research conducted Bur the period from June 15, 1968 through 

~e~tember 15, 1969 with ~ ~ p p l e ~ n t a l  funds to Grant Number NGL 48-002-004. 

The research team for this project was: 
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Graduate School of Business Administration 
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Professor, buagement and Organization 
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University of Washington 

John W. Stockman* 
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The Ceramic Materials Research Program is an interdisciplinary program 

t the University of W a s h i n ~ ~ o ~  f ed by Grant Number NGL 48-002-004 from the 

~ional Aeronautics and S ~ t r a ~ i o n ~  Established in June 1963 by 

iti~l award of grant f s completed its sixth year of 

o p e r ~ ~ i o n ~  5% an interdisciplinary 

research program in cer e the training of additional 

Uege of Business 



ers and s c i e n t i ~ t s  and f n t a l  r ~ s e a r ~ h  i n  

~ ~ d i t i o n a l  p se was  the d e v ~ ~  e r ec ip i en t  insti- 

tu t ion ,  of an endur 

of ceramic materials.  

Technical evaluation f the r e s e a r ~ h  e f f e c t  of t h i s  in te rd isc ip l inary  

has been made p e r i o ~ i c ~ ~ l y .  Each Fa l l ,  Mr. James J. a n g l e r ,  NASA 

t ~ c h n ~ c a l  monitor f o r  the program has d i s c ~ s s ~ d  the research with the facul ty  

supervisors and each Spring committee consis t ing of NASA and/or NASA con- 

or-personnel has reviewed the overa l l  program. In addition, s t a t u s  

repor t s  which b r i e f ly  descr ibe recent progress and fu ture  plans a r e  submitted 

emiannually. The r e s u l t s  of these v i s i t a t i o n s  and repor t s  have been 

generally favorable,  r e l a t i v e  both t o  research accamplishments and t o  the 

in te rd isc ip l inary  e f f o r t s  of the par t ic ipants .  

On June U, 1968 t h i s  pro jec t  t o  evaluate the impact of the Ceramic 

Materials Research Program was  i n i t i a t e d .  Although there had been subs t an t i a l  

technical evaluation of the program, there  had been no de ta i led  evaluation of 

i t s  organization and administration or i t s  e f f e c t  on the educational and 

research e f f o r t s  of the University 

was  t o  determine the impact of rhe 

shington. The object ive of t h i s  study 

terials Research Program upon the 

Uniyersity of Washington. 

(I) the Ceramic Engineering Divis i  

(3) the University. 

The study investigated the impact a t  three levels :  

(2) the College of Engineering, and 

During the f i r s t  phase of the stlady we i den t i f i ed  the administrative,  

a t iona l ,  and s t r u c t u r a l  r e ~ a t ~ o n s ~ i p s  ob' the CMRP from the beginning 

of the program i n  1963 through investigated the changes i n  

the program and the f ac to r s  causing those c nges. Various measures of the 

2 



f 

lv ogica l  ana lys i s  

~ f o r ~ t i ~  from 

graduate s t ~ d ~ n ~ s  . This w a s  followed 

a n t s  and with the adminis- 

trative s t a f f  i n  order t te, i n  more d e t a i l ,  questions a r i s i n g  from 

a l l ~ e ~  us t o  develop broader and deeper 

rogram. We have also i n% iewed a number of people 

w ~ t h i n  the NASA o r g a n i z ~ t i o n  t o  obtain general information concerning NASA- 

sored ~ ~ v e ~ s i t y  progr 

e f i n a l  s tage of the study the  i n ~ e r p ~ e t a t i o n  and evaluation of 

f the CMRP with spec ia l  

of the CEORP, the in te r face  

be rogress toward 

. 
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‘ A  

There have been many s tudies  which have looked a t  the technical outputs f r o m  

these programs. Bowever, there is limited information concerning the impact 

fie research programs upon the s t ructure ,  processes, and goals of a 

This study was  deaigned to invest igate  i n  d e t a i l  the impact of university.  

spec i f ic  federal ly  sponsored program-t e Ceramic Haterials Research Program 

a t  the University of Washington, funded by a grant  from the National Aero- 

nautics and Space Administration. 

the program and 

a t  provides information on the nature of 

de toward meeting the 

a l so  sheds new 
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e o f  the out of this gr ing interdependence 

grams, Before 

cQnsider i ne suc 

t ed with the 

fr k f  

t c 
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Federal Programs and Institutions of Higher Learning, 

ce '' Fortune, 
1967 9 
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BB great. Indfscrimi- 

usly jeopardize our 





rs i n  

mak 

ave developed an elabora 

ich is useful  i n  e s t a b ~ i s h i ~  nat ional  goals and programs. One of the most 

n t s  of our progress is growth i n  

stat  e state of the nation can be 

we repor t  much of our governmental i R f o r ~ t i ~ ~ ~  

udget messages employment data,  economic indicators ,  the President's 

port ,  and even the State of the Union Address by the President, a l l  

eavi ly  upon economic statistics of one s o r t  or another. 

iance upon economic fac tors  f a i l s  t o  measure many of the soc ia l  

impacts of various government programs or  services. Without an accurate re f lec-  

t ion of both the economic and soc ia l  impact of such programs, government policy 

s a t  best  incomplete and a t  worst inappropriate and misleading. The feedback 

economic and soc ia l  impacts is necessary if sound budgetary decisions 

ing t o  as tu t e  n a t i o n a ~  policy are t o  be made. 

e recently developed system now be i  

Baed by many federa l  departments is a fur ther  attempt t o  develop more 

e means for establishment of nat ional  policy and fo r  program planning 

ny new areas of national 

son ~ o i n t e d  out hat  i t  would enable government 

policymakers to  : 

sion and on a 

nes tha t  are most urgent. 
3. Search f o r  

4, year 's  cost, but 
quent years'  cost 



5 .  Measure the performance of our programs to ensure a 
dol la r ' s  worth of service fer each do l l a r  rpente6 

t glance, the PPBS system appears to be the answer t o  the  

measurement problem ident i f ied  earlier. It rspgempts to c l a r i f y  objectives;  

introduces cost-effectiveness analysis  and program competition; and relates 

this information t o  nat ional  goals. Upon closer analysis ,  however, one 

becomes wary of the semantics involved; much of the terminology is ambiguous 

and l i t t l e  is defined operationally.  

goals which the multitude of programs are designed to achieve? 

For instance, who determines the nat ional  

What techniques 

are avai lable ,  other than the t r ad i t i ona l  economic measures, t o  improve the 

measurement of performance and t o  assess the benefi ts  resu l t ing  from such 

programs? And, f ina l ly ,  how is the comparison of nat ional  goals vis-a-vis 

program output to be made? 

If an information feedback system i s  t o  be t ru ly  beneficial ,  i t  must 

make use of soc ia l  measures as w e l l  as the t r ad i t i ona l  economic approaches. 

Recently, many writers are advocating a system of nat ional  social accounting. 

They recommended tha t  we turn our a t t en t ion  toward the development of social 

indicators which w i l l  provide us with measurements of soc ia l  as w e l l  as 

economic progress. 

The area of soc ia l  accounting is so new tha t  f e w ,  i f  any, operational 

models e x i s t  t o  guide one i n  exploring the soc ia l  ramifications of a given 

ch of the i n i t i a l  work i n  t h i s  area emerged as an attempt t o  

assess the impact of the space program. Although the advances are minimal, 

%.S, Congress, Senate, Subcommittee OR National Security and Inter-  
national Operations of the Committee on Government Operations, Planning- 

, 90th Cong., 1st Sess., 1967, p. 1. 
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governmental 

QES. If we were deal5 

with a purely economic problem, we would have a vas t  array of economic statis- 

tics which could rovide adequ t e  means o f  measurement. However, in evaluating 

such a complex soc ia l  issue as the i 

we mst r e l y  ~ p o n  r e l a t i v e ~ y  incomplete and in fe ren t i a l  data. 

act of NASA's programs upon our society 

Therefore, more 

f u l  information might be gained by looking intensively a t  a spec i f i c  

i ve r s i ty  p r o g r ~ *  

This report  is concerned with a spec i f ic  NASA sponsored university 

research program--the Cer terials Research Program a t  the University o f  

rn was e s t a b l i s  iver- 

e National Aeronautics and Space 

ta ted o b ~ e c t i v e s  

.Bo s t u d @ ~ t s  i n  ceramic 

es; (2) the d@velQpme of i n t e r e s t s  of 

1 



e? n 

s of higher llearn%ng. 

order to acco these stated ~urpose~, the research funds have 

of such research. 

erhaps its most impor- 

isiting faculty members and 

ance the i ~ t e ~ a c ~ i o n  

a% of 25 re y members from 8 aca~emis 

edge 
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e s  9 nde 

f 

ramic materials, pro- 

e s t ~ a t i ~ n s ,  and the gathering of 

was  t o  become a viable  research 

a reh a c t i v i t i e s  wae necessary. 

le 13, 1963, the scope of the ove ra l l  research 

e f f o r t  the intended meaning of ceramic research w a s  delineated. A general  

on fo r  considering an acceptable pro jec t  w a s  t ha t  the studied materials 

be o f  ceramic i n t e r e s t  01: t ha t  they represent model s tudies  

r e l a t ed  t o  ceramic materials and space or ientat ion.  Hereafter, the  

esearch d i r ec t ion  of the CMRP was t o  be organized along l i n e s  of 

t ing  ceram~c terials t o  energy e f f ec t s .  The major energy forms 

h research would be pel, t ed  were: 

l; (4) ~ c h a n ~ c a l ;  and (5) radiation-other than thermal. 

(1) chemical; (2) electrical; 

ndeavsrs continued t o  follow the energy form 

c o n t i n ~ e  t o  s u p ~ o r t  a number of small pro jec ts ,  

ocus a t t e n t i Q  o r t  on a few s e l e c t  areas i n  order 

rdingly,  the development of areas of 

C areas was i n i t i a t e d .  The p r i o r i t y  

these areas was exe f i e d  by r a the r  heavy funding and re f lec ted  

a ~ o n c @ ~ v e d  research areas, 

ivers  i t y  could e f f ec t ive  l y  

1 



pment of areas of proficiency 

has is  within the chemical 

concerned research on the  zirconiume~Hygen-carbon system. %lee= 

ion of the Zr-O-C system as the subject  f o r  the general  study of the a f f e c t s  

cal e n v i r o ~ n t  upon ceramic materials was proposed t o  allow 

~ ~ ~ S c i ~ l ~ a E y  coordination and in tegra t ion  of research activities. 

the th i rd  year, the o r ig ina l  research areas were modified s l i g h t l y  

i n t o  new categories,  namely: (1) chemical; (2) surface phenomena; (3) s o l i d  

state ceramics; (4) processing; and ( 5 )  radiat ion.  

During the fourth year,  consolidation of the rad ia t ion  and so l id  state 

a ~ ~ c s  areas took place t o  fur ther  ident i fy  c losely re la ted  areas of 

Thus, the broad research areas were reduced t o  four namely: research. 

(1) chemical (Zr-0-e); (2) so l id  state; (3) surface phenomena; and (4) pro- 

cessing. Any fu ture  research su i t ab le  f o r  support, ye t  not f i t t i n g  in to  any 

~f the prescribed categories,  would be included as "miscellaneous." 

A s ign i f i can t  reor ien ta t ion  i n  research areas took place during the 

r. Because of the p r io r  success of working on a common system i n  the 

i lar  a ~ p r o a c h  to  the e n t i r e  programwas adopted. chemical areas (Zr-0-e), a s 

nge a l s o  re f lec ted  an o t t e  t8  by s t ress ing  a unique research approach, 

is broad problem area  includes 

28 



account fo r  possible overlap, and t o  a s s i s t  in a fur ther  refinement of the 

research program, the surface phenomena area was consdidatad i n t o  me of the 

other areas, and a new area-atollic and molecular--war established t o  encom- 

pass sol id-s ta te  and radiat ion activities, 

four broad research areas evolved: (1) mechanical; (2) proceaaing; (3) chemi- 

ca l ;  and (4) atomic and molecular. 

Fol lming  t h i s  res t ructur ing,  

Nearing the end of i t s  s ix th  year ,  the CMRP is continuing t o  conduct 

research i n  the areas established during the f i f t h  year. 

changes in research scope o r  direct ion have occurred during the interim period. 

No s igni f icant  

This br ie f  h i s t s r i c a l  account shows the f l e x i b i l i t y  and responsiveness 

of research a c t i v i t i e s  i n  the CnBp, 

the f i r s t  year,  and i n  every instance i t  occtarred primarily t o  improve the 

overal l  program. 

and unrelated, but over t i m e ,  they evolved in to  a structured and coordinated 

categorical  framework. 

Considerable change has taken place since 

I n i t i a l l y ,  research a c t i v i t i e s  were somewhat unstructured 

Responding t o  both in te rna l  and external requirements, 

the C H P  has evolved in to  what would appear t o  be a viable research program. 

Administrative Structure 

The proposal for  the Ceralsic Materials Research Program submitted t o  

NASA in March 1963 did not set: fo r th  a plan of organization and administra- 

tion. MASA requests tha t  the ive r s i ty  develop a more spec i f ic  plan of 

organization and administration, t o  be submitted a s  a supplement t o  the 

or ig ina l  proposal. It was necessary f o r  the University of Washington t o  

es tabl ish new organ zationaf a r r a  ts fo 

ment, a f t e r  substant ia l  in te rna l  discussion and adjustments was submitted 

2 1  



trat 

-adapting process 

tructure dmr% 

- First, the program w 

was rtxe ived . ere was a co 

program was new to the not have established 





SA o f ~ i c ~ ~ s  coneernhg the admiais tra- 

cipal ~ ~ ~ e s t i g a t o ~  had technical direction 

ve d i r e ~ t ~ o ~  was the responsi- 

b i l i t y  of the Ad ever, i t  was very diff icult  

1 direction and administrative 



l ~ ~ c a t i o n  of funds f o r  

funds, and the purchaee 

s f  e ~ u i p ~ n ~ ~  e development of an e f f ec t ive  

budgetary process a r t i c ~ l a r l y  d i f f i c u l t .  During the i n i t i a l  

udget waa maintained within the indi-  

vidual  research r@s  d e p a r t ~ ~ t *  This lcd t o  numerous 

budgetary centers  

the budgetary  process^ the 1967-68 academic year  these 

lack of c Q ~ r d i ~ t i ~  and control  over 

budgetary functions were transferred t o  the program o f f i ce  under 

the d i rec t ion  of t Principal  Invest igator  e 

From review of the documents and interviews with various 

par t ic ipants  who were involved i n  the program a t  tha t  time, it is 

our impression t h a t  there s lowly evolved an administrative s t ruc tu re  

which provdded more a ~ t o n  

Ceramic kter ia ls  ~ ~ e a r c h  Ccnsmittee with the Administrative Board 

f o r  the Principal  Invest igator  and the 
I 

serving as a broad policy 

gained experience 

and review board. As the  University 

the f i r s t  years,  many of these administra- 

tive and o r g a n i ~ ~ t ~ o ~ a 1  q es t ions  were resolved. 

r of the program, the 

t o r  resigned f r o  the University 

inc ipa l  Xnvestigator assumed 

a t  t ha t  time. During the next year, 

~ t i c ~ l a ~ l ~  the chair  , increased the 

f t  inc  e s t i g a t o r ~  He was given 

~ ~ g ~ a m  a u ~ o ~ o m y  and took a stronger ro l e  i n  

a t  ters. 

25 



3. 

were resolved 

oritp over the 

a ~ m i n ~ ~ t r ~ t Q ~ s ,  it is l ikely 

~ d ~ i n i s t r ~ t i v @  stx  t h a t  of a program management 

conflict and adjus cipal ~ n ~ e s ~ i % a ~ o r  became the 

al administrative 

26 



was  a l s o  c ~ ~ s i d ~ ~ @ ~  because 

a number of un ivers i ty  

s i b i l i t y  of t h i s  o f f i ce  

r, one of the p r i m  

graduate students.  

s involving severa l  

colleges.  Therefore, %t seemed appropriate that the adminis t ra t ive 

supervision re the Graduate Schoo 1 e 

current  administrative s t ruc tu re  

e o u s l ~  bat  developed t h r ~ ~ g h  a learning-adapting process. 

X t  is h p o s s i b l e  t o  document a l l  of the d i f f e r ing  viewpoinlis and conflict 

esolut ions that have occurre ce the beginning of the program. However, 

we should recognize that 

We can now tu rn  t o  a d e s c r i ~ t i  

the program, 

adaptations have occurred and w i l l  continue. 

of the current  administrative s t ruc tu re  of 

Current Administrative Structure  

The respons&bil i ty  f o r  coor rec t ion  of the CMRP rests 

i t k  two a d ~ i n i s t r ~ ~ ~ v @  s g r o u ~ s ~  the Ceramic terials Research 

t tee and the ~ ~ a ~ ~ c  oard. The spec i f i c  fume 

cts of the program. The CMR 

CsmJbttee is t i s n  of research and 

oard, representing a l l  

o ~ s ~ b ~ @  fox t 

t i o n  of research a  sed by the CMR Committee, 

27 



is that of th 

a member of the 

minis tza t ive Board ittee. The 

Fligh't Centers, con- 
centers to discuss 

or meetings of the CMR 

2 



cha i r  t h  p a l  Invest igator  supervises 

the a c ~ i v i t i e s  IB ointed by the Dean of the 

'$ s 0;6 each of the major research 

reas eo rota ti^ b a i s ,  with staggered 

p p ~ i n t ~ n t s  to  e e primary function ef t h i s  

SU dd by in te res ted  facul ty  and t o  

~ e c o ~ n d  which p r ~ ~ e c t s  s s e ~ u e n t ~ y  be supported with gran t  funds. 

Functions of the C 

ormat ion circu- 
he ~ n i v @ r $ i t y  facul ty  by means 
a group ~ c t ~ v i t i e s .  of i t s  resear 

in te res ted  m e  
the i n t e r e s t  ry  supporting areas. 

of W a s h i ~ t Q ~ ~  

for  pa r t i c ipa t ion  by a l l  
the  facul ty  while recognizing 

(4) ~ a ~ e g u a r d  the the University 

Meetings of t he  GMR i t tee  are s a year t o  assess the 

ur ren t  axtivities of the  rovide d ~ ~ e c t ~ o ~  f o r  fu ture  endeavors. 

sf the research area representat ive 

is t o  organize infor  f embers ~ ~ I B ~  various d i sc ip l ines  

n chairman of the 

group, the are d ~ ~ c u s s i n g  space-related 

research i n v o ~ v i  ea of concern, and a l s o  f o r  

r @ n d e r i ~  advice vis- esea formal research 

ials Research 

29 



i n  no way ~ o n s t i t u t e s  

ier, the poeit ion of chrirman of 

r basis.  Pa r t i c i -  

ry and it  is possible f o r  

OF more of these groups, 

the Administrative Board 

r s i t y  of Washington. Member- 

1 and includes a represen- 

. The remaining posi t ions 

College of Engineering, 

cal, and Ceramic Engineer- 

c t ion  ~f t h i s  body is 

i t t e e  concerning research 

t o  support spec i f i c  

with t h i s  body. For 

B ~ a r d  is the representat ive of the University 

all. supervision ob 

on8 of facul ty  and 

c ture  of the CMRP is  effi- 

hips to l i n k  t 

30 



s of ident i fy ing  i f l u e n t i ~ l  pos i t ions  within organizations. Based 

upon the notion tha t  upward influence and feedback are necessary ingredients  

i n  any h ie rarch ica  on, ce r t a in  pos i t ions  perform the function of 

linking the various levels of the organization together. In  t h i s  l inking 

posi t ion,  an individual  acts as a member i n  one group and leader i n  another. 

By exerting upward and d m w a r d  influence, he f u l f i l l s  a v i t a l  l inking func- 

t i o n  fo r  the e n t i r e  organization. 

It may be noted t h a t  the P 5s characterized by several d i s t i n c t ,  but 

overlapping groups. The Pr inc ipa l  Invest igator  serves as the l i nk  between the 

Administrative Board and t h e  CMR Committee. As a member of the Board he 

attempts t o  exert upward influence. 

the Chairman of the CMR Committee, and i n  t h i s  pos i t ion  exerts downward 

Me a l s o  f u l f i l l s  a leadership r o l e  as 

influence. Functionally, the Principal  Invest igator  serves as a l i n k  f o r  

comunication and feedback inf  or  t i s n  from one group t o  the other. 

In a similar manner, the representatives of the research areas serve 

as a l i n k  between the C Committee and the  informal discussion groups. As 

members of the former group they exe r t  downward influence, and i n  the lat ter 

role, upward influence. From a funct ional  standpoint, formal communication 

channels are ava i lab le ,  both upward and downward, from the informal area 

discussion groups t o  the Administrative Board, The important l inking r o l e s  

are assumed by the Principal  Invest igator  and the research area representa- 

tives. The overlapping group s t ruc tu re  of the CMRP and the important l inking 

posi t ions are depicted i n  Figure 2. 

9 1  
& A  

Rens is Likert , (New York: McGraw-Hill  
Book Company, Inc. 19611, pp. 113-115 
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'E OF CMRP SHOWING OVERLAPPING 
ING POSITIONS 
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1 requests f o r  funding submi univers i ty  are 

i n i t i a l l y  sene t o  the Office of Un 

sort ing procedures, the proposals are forwarded t o  and evaluated by the desig- 

y Affairs .  After iden t i f i ca t ion  and 

ted program o f f i c e  from w ~ i c h  funding is sought. I f  the proposal success- 

f u l l y  receives a recommendati from the program o f f i ce ,  funds 

from tha t  source are ~ e t u r n e d  t o  the Office of University Affairs  f o r  d i s t r i -  

bution t o  the University, 

University Affairs  and receives 

and Technology (OART) Semi-a tatas repor t  statements indicat ing the 

progress and a c t i v i t i e s  of the 

the Office of University Affairs  f o r  program appra isa l  and evaluation. 

ts aPf proposals t o  the Office of 

through the Office of Advanced Research 

re subsequently returned t o  OART through 

The CMRP submits a yearly proposal showing the general  research plan 

f o r  the coming year and the  budget t 

to  support facul ty ,  s tudent ,  and secretarial a c t i v i t i e s .  On 

approval of OART, a grant  do 

University Affairs  t o  the Un 

projec ts  is completed 

t is  necessary t o  provide equipment and 

Committee and subject  t o  the ap r ~ ~ a ~  of the minis t r a t i v e  Board e 

of $400,000 fo r  the period 1963 t o  

e received i n  the amount of $500,000 

0 f o r  the period 

0; $300,000 f o r  the period from 1968 

tending 1966 t o  

ocaeion of these 
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Since i ts  establishment i n  1963, the CMtP hhs received approximately 

$1.8 mi l l ion  i n  support. 

$51,546,075 i n  f ede ra l  research support. 

o r  $420,080 was from NASA. 

approximately two-thirds of the total NASA support. 

In 1968, the University o f  Washington received 

O f  t h i s  t o t a l ,  less than 1 per cent,  

The CNLZP was  funded a t  $300,000 and represented 

NASA support of research a t  the University has declined over the pas t  

NASA support amounted to $895,000 i n  1965; $560,000 i n  1966; few years. 

$658,202 i n  1967; and, as mentioned above, $420,080 i n  1968. 

been funded a t  a consis tent  l eve l  of $300,000 i n  each of these years. 

The CMRP has 

The College of Engineering received approximately $2.4 mil l ion i n  

I968 of which $300,000 or approximately 10 per cent  was represented by the 

CMRP. 

the CHRP represents  approximately two-thirds of a t o t a l  sum of $450,000 

received i n  research support. For a r e l a t i v e l y  small Division, Ceramic 

Engineering receives a subs t an t i a l  amount of research support from the 

federa l  government. Indeed, funds from other sources are almost negl ig ib le ,  

thus making the CMRP the pr inc ipa l  source of support f o r  Ceramic Engineering 

research, 

Within the Mining, Metallurgical,  and Ceramic Engineering Department, 

Graduate Education 

The CMRP exists not only t o  fu r the r  the education and t ra in ing  of 

graduate s tudents  i n  Ceramic Engineering, but a l s o  t o  benef i t  graduate s tudents  

in  associated d isc ip l ines .  

dents i n  Ceramic Engineering. 

of the Ceramic Engineering Division are shown i n  Figure 4e 

The major impact, however, is no doubt upon s t u -  

Relative var ia t ions  i n  the graduate enrollment 

The number of Ph.D. students has s t ead i ly  increased s ince the CMRP was 

establ ished,  and the estimated enrollment f o r  the coming academic year maintains 
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t h i s  trend. The sharp reduction i n  Master's s tudents  i n  1967 and 1968 was ,  

according t o  d iv i s iona l  records,  a t t r i b u t a b l e  d i r e c t l y  t o  the  nat ion 's  m i l i a  

t a r y  involvements. This decrease has leveled off  and an t ic ipa ted  enrollment 

f o r  the coming year shows a subs t an t i a l  increase. 

the development of the Ph.D. program i n  Ceramic Engineering, a goal  which NASA 

has continuously s t ressed .  

to re inforce  t h i s  claim. 

The CMRP has a s s i s t ed  i n  

The ove ra l l  increase i n  graduate enrollment appears 

The number of advanced degrees received by students par t ic ipa t ing  i n  the 

CMBP is shown i n  Table 1. 

the type of support involved i n  a l s o  shown. 

Disciplines from which the degrees were granted and 

Current student involvement i n  the CMRP is  shown i n  Table 2. The 

majority of students  are from engineering d i sc ip l ines .  

aspect: of the CMRP is r e f l ec t ed  c l ea r ly  i n  the a l loca t ion  of pro jec ts  within 

the CMRP. 

The in t e rd i sc ip l ina ry  

Student pa r t i c ipan t s  a l s o  at tend CMR seminars t o  discuss research 

activit ies and t o  i n t e r a c t  with facul ty ,  industry representat ives ,  and v i s i t -  

ing academicians. 

mandatory. 

These seminars are held twice a month and attendance is 

Without question, the CMRP has g rea t ly  influenced i t s  graduate student 

par t ic ipants .  Objectively, i t  appears t ha t  t h i s  influence has been substan- 

t i a l .  

students-to be discussed later i n  t h i s  report .  

Of  equal importance, however, are the a t t i t u d e s  and opinions of the 

Of a l l  the object ives ,  those pertaindtng t o  s c i e n t i f i c  achievements 

seem most d i f f i c u l t  t o  appraise,  Attempting t o  place a r e l a t i v e  degree of 
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P is beyond the scope of t h i  

l y  depends upon the u t i l i t y  the research has f o r  science 

d it is  u n r e ~ l i s t i c  t o  assume t h a t  a l l  output of the CMRP i 

capable of being u t i l ~ e d  irmediately. 

t i f i c  knowledge i n  general ,  and t o  spec i f i c  aspects  of materials research, 

t y making valuable contributions.  

However, as a contr ibutor  to  scien- 

ch is t o  be useful ,  i t  must be ava i lab le  t o  other  scien- 

tists f o r  evaluation. 

ment of the research findings of the m P .  

i n t eg ra l  p a r t  of the ove ra l l  research e f f o r t .  Faculty publ icat ions i n  

respected professional  journals  and presentat ions a t  learned society meetings 

serve the  function of making ava i lab le  t o  the e n t i r e  s c i e n t i f i c  comatunity the 

r e s u l t s  of work supported by the CMRP. 

Several vehicles  e x i s t  €or the publication and disperse- 

Student theses represent an 

Table 3 i d e n t i f i e s  the various media 

hrough which research r e s u l t s  have been presented s ince the CMRP was estab- 

e quant i ty  of s c i e n t i f i c  output is impressive and represents a g rea t  

The value of t h i s  research depends to  a large extent  deal  of research e f f o r t .  

on the ~ v a i l a b i l i t y  of s c i e n t i f i c  instrumentation f o r  use by CMRP p a r t ~ c i p a ~ t s ~  

epf $20Q,OOO has been expended t o  purchase c a p i t a l  equipment f o r  u t i l i z a t i o n  

u t  t h i s  e ~ u i p ~ n t  much of the research could not  have been 

t h a t  measurement of the research contr ibut ions 

ed by the number of publications alone. not be de te r  There 

een researchers i n  the various 

t ion  is interchanged on an informal. bas i s ,  

s w a s  d e ~ i ~ ~ ~ e l y  t rue  with the CMRP where facul ty  and 
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students interchange ledge within the campu and with colleagues 

i n  other u n i v e r s i t ~ e s ~  It is impossible t o  

measure the volume of t h i s  information interchange but i t  does represent  a sub- 

s t a n t i a l  s c i e n t i f i c  benefi t .  

n t  agencies, and indu8try. 

A major goal  of the CNRP has been t o  involve facul ty  members from as 

many d i sc ip l ines  as possible  i n  ceramjic materials research. 

pl inary e f f o r t  appears t o  exist with a t  least e igh t  academic d i sc ip l ines  repre- 

sented i n  the ove ra l l  program. Table 4 i d e n t i f i e s  the number of facul ty  from 

each d i sc ip l ine  who have par t ic ipa ted  i n  the CMRP since i t  was establ ished i n  

1963. 

This in t e rd i sc i -  

Current facul ty  involvement continues t o  r e f l e c t  an in te rd isc ip l inary  

approach (see Table 21, Since the beginning of the CMRP, a t o t a l  of twenty- 

nine d i f f e r e n t  facul ty  members have been involved i n  the program. 

facul ty  members have par t ic ipa ted  s ince  the  CMRP's iuception, giving the 

Four 

e n t i r e  program needed experience and s t a b i l i t y .  

Several mechanisms exist t o  encourage and promote an in t e rd i sc ip l ina ry  

approach t o  research i n  the G W .  The adminis t ra t ive pol ic ies  of the Adminis- 

t r a t i v e  Board and the r e c o ~ ~ d ~ ~ % ~ n s  of the CMR Committee have an obvious 

e f f e c t  upon the se l@ct ion  of pro ects t o  be funded. It has been the pol icy 

of both of these groups to nclude as many d i sc ip l ines  as possible  i n  the 

overa l l  program. A c o n c e n t r ~ t ~ o  n one o r  severa l  d i sc ip l ines  would completely 

disregard the s t a t ed  obj  f both the CMRP and NASA. 

F ~ c u ~ t ~  members a l s o  part%cd;p te i n  the CMR seminars, a doubly rewarding 

n ~ e r c h a ~ e  because it encourages f ~ ~ u ~ t y  in te rd isc ip l inary  exchanges and 

provides an o p p Q E t u n i ~ ~  f o r  s t ~ d  
42 
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I n f o r ~ l  research area in te rac t ion  a l s o  helps promote exchange between 

Involvement i n  these informal d is -  facul ty  members from various d isc ip l ines .  

cussions depends mainly upon professed i n t e r e s t ,  but the opportunity t o  in t e r -  

act is open t o  a l l  par t ic ipa t ing  facul ty  i n  the  CMRP. 

Responses from student and facul ty  par t ic ipants  i n  CMRP ind ica tes  sub- 

s t a n t i a l  awareness and i n t e r e s t s  i n  the various research projects .  

nize tha t  the CMRP has been an important vehicle f o r  increased in t e rd i sc ip l ina ry  

in te rac t ions .  

They recog- 

Interornanizat ional  Communications 

The f i n a l  e x p l i c i t  object ive of the CMRP, namely to  develop and promote 

in te rac t ion  between univers i ty  personnel and in te res ted  representat ives  of 

NASA, other  federa l  agencies, industry,  and other  s c i e n t i f i c  i n s t i t u t i o n s  is  

i n  p a r t  rea l ized  through accomplishments associated with the previously d i s -  

cussed objectives.  

are interdependent and mutually reinforcing. 

In f a c t ,  a l l  of the object ives  associated with the CMRP 

Achievements r e l a t i n g  t o  one e x p l i c i t  object ive seems t o  assist i n  the 

r ea l i za t ion  of a l l  others.  For example, superior graduate students improve 

research endeavors, promote in te rd isc ip l inary  in te rac t ion ,  and f i n a l l y ,  help 

ensure program v i a b i l i t y .  

and cu l t i va t e s  superior research r e s u l t s ,  a t t r a c t s  qua l i ty  facul ty  and student 

par t ic ipants ,  and helps t o  ensure an enduring program. However, t o  be success- 

f u l ,  and t o  avoid entropic  forces ,  the CMRP must extend beyond the irmnediate 

boundary of the University of Washington i n  order t o  obtain new ideas  and 

inputs. Interact ing w i t  the  external  environment a l s o  generates feedback 

Similarly,  qua l i ty  research equipment encourages 

from the s c i e n t i f i c  community regarding the relative value of its product. 
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n s u b s ~ ~ u ~ n t  

rove the overa 

Although the r i l y  f o r  intra-program 

communications, do i 

the  major vehicle  f o r  ex terna l  co 

the inputs of v i s i t o r s  from outside i n s t i t u t i o n s ,  

i ca t ion  is the annual Ceramic Materials 

s expanded to  include outside pa r t i c ipan t s  i n  

technical  representat ive assigned t o  the 

It is designed t o  promote in t e rac t ion  between CMRP par t ic ipants  and 

1966 with the  consent: of t 

CHRP. 

others  in te res ted  i n  the work being conducted fn  the program. 

extended t o  appropriate individuals i n  federa l  agencies, t o  o f f i c i a l s  of 

Pacif ic  Coast ceramic indus t r ies ,  t o  aerospace indus t r ies ,  and t o  non-profit 

research laborator ies .  

each pro jec t  by the research su erv isor  i n  charge, followed by a discussion 

period. 

t h e i r  l abora tor ies  and are afforded the opportunity t o  discuss the research i n  

d e t a i l  e 

Invi ta t ions  are 

The two-day program format includes a br ie f  review of 

During the afternoon, attendees v i s i t  the  various facul ty  members in 

Not unexpectedly, the majority of people attending the Review are from 

s t  attendees represent ceramic or aerospace firms. the Pac i f ic  Northwest 

However, the federa l  government, other  un ive r s i t i e s ,  and non-profit i n s t i t u t e s  

have been represented. 

review i n  1966. There were 1 7  v i s i t o r s  i n  1967, and 18 i n  1968. In addi t ion 

to  pro jec t  supervise nt@rested v i s i t o r s ,  University of Washington 

adm~ni s t r a to r s  have also at tende each Review. 

gram appears t o  be t h e  0pp0 tuni ty  to  experience intimate and in-depth scien- 

t i f  i c  i n t e r a c t  on, avoiding the normal delays involved i formal presentat ion 

A t o t a l  of 21 v i s i t o r s  par t ic ipa ted  i n  the i n i t i a l  

The major value of such a pro- 
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o s i t i ~ e ~  a1 

i n  a la rger  number o 

Another means s is the recip- 

roca l  facul ty  excha . Special is  ts 

t r y ,  research l a b o r a t o ~ ~ e s ,  and g o v e ~ ~ n ~  agencies receive v i s i t  

~ ~ o i n t ~ n t s  t o  teac research i n  connection with the CMRP. In  a similar 

have spent varying periods of time in manner, f acu l ty  supervisors i n  the 

a similar capacity a t  o ther  i n s t i t u t ions .  

Final ly ,  the CMRP provides travel funds t o  facul ty  par t ic ipants  f o r  

attendance a t  learned academic and professional meetings. 

rout ine in te rac t ion  which t ranspi res  a t  such meetings, many CMRP research 

r e s u l t s  are made publ ic  v i a  formal papers and presentations.  

In addi t ion t o  the 

Views  of Par t ic ipants  

Student and facul ty  par t ic ipants  d i r ec t ly  involved i n  the #lKP ara 

drawn from many d i s t i n c t  ~ i s c i p l i n e s  on campus. Table 5 i d e n t i f i e s  the  class- 

i f i c a t i o n  of the various p a r t i c  

current ly  being funded w 

n f s  by d isc ip l ine ,  and the number of pro jec ts  

~ e ~ a ~ t r n e ~ t  v i a  the 

Questionnaires were adm s te red  t o  every student an facul ty  p a r t i c i -  

pant c u r ~ ~ n t ~ y  i 

interviewed ts obtain a d d i t i  

ch facul ty  member wa 

i n  aspects of the CMRP 

b le  i n  ~ u e s ~ i ~ n n  ther  group i n v ~ l v e d  e i t h e r  d i r e c t l y  

hey too were 
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The following material b r i e f l y  summarizes the s ign i f i can t  r e su l t8  
12 obtained from these three groups i n  t h i s  questionnaire and interview phase. 

Student Perspective. The general  reac t ion  of student par t ic ipants  

regarding the impact of the CMRP is  presented i n  Table 6 .  

Student response t o  academic considerations is shown i n  Table 7. 

Student opinion suggests t ha t  the CMRP has had the following impact 

upon student par t ic ipants :  (1) i t  has provided the f inanc ia l  support t o  

complete a graduate education; (2) i t  has provided equipment necessary f o r  

student research; (3) it has caused some interdepartmental in te rac t ion ;  

(4) it  has broadened students '  knowledge i n  areas of materials research; and 

( 5 )  it  has influenced primarily the a c t i v i t i e s  of students i n  the Ceramic 

Engineering Division. 

Faculty Perspective. The facul ty  par t ic ipants  ' react ions t o  questions 

concerning the impact of the CHRP upon research and in te rd isc ip l inary  considera- 

t ions are shown i n  Table 8. 

Faculty members were asked t o  ident i fy  the goals which they f e l t  the 

CMRP should s t r i v e  t o  achieve. Although expressed somewhat d i f f e ren t ly ,  most 

responses w e r e  i n  agreement as t o  overa l l  objectives.  Faculty opinion- 

suggests pursu i t  of the following goals:  

(1) The development and promotion of research on ceramic 
materials ; 

(2) The development of an in te rd isc ip l inary  approach t o  
the study of ceramic materials; 

(3) The education, t ra in ing ,  and support of outstanding 
graduate students;  

l2For a more complete presentat ion of these research r e s u l t s  see, John 
W. Stockman, An Appraisal of the Impact of an In te rd isc ip l inary  Research Pro- 

Doctoral Disser ta t ion,  University of Washington, Chapter 5 ,  pp. 93-126. 
s 
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(4) The develop 
c h r r a c t e r i t  

( 6 )  The development of a mea 

of the CMRP. 

Faculty response suggests both personal and i n  1 benef i t s  have 

resu l ted  from the CMRP. 

Administrative Perspective. Some new and in t e re s t ing  information 

resul ted from these interviews and i n  order t o  pro tec t  the ident i fy  of the 

spec i f i c  contr ibutor ,  the data  w i l l  be  summarized and t reated i n  a s ing le  

presentation. 

The administrators pointed out t h a t  a general  problem of ten  confronted 

i n  dealings with the federa government is  the inconsistency and uncertainty 

of funding. This presents spec ia l  problems such as i n i t i a t i n g  research f o r  new 

facul ty  members and maintaining cont inui ty  i n  grants  and pro jec ts  in progress. 

Ult imately,  the  uncertainty a f f e c t s  output because of ten  t takes from 4 t o  10 

years t o  achieve s ign i f i can t  and meaningful results, e u n c e r t a i ~ ~ y  SUK- 

rounding funding prevents long-range p l  and i n  turn forces 

mented approach t o  research projects .  

NASA's step-funding apps ted as an i ~ o ~ t a n t  hedge 

against  uncertainty and a de 

does not present any unique n i s t ~ a ~ i v e  probl the usual book- 

te a id  t o  the un 

keeping functions. It was note tha t  a block g 

al located on an individua pro jec t  bas i s ,  does dnvo l t i p l e  accounting 

problem. As i t  is now administered, t 
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and accounting nipulat ions tha 

pro jec t  assessments must: fircrt be extr  

then brought back together f o r  an over n c i a l  s t a t u s  of the  

e n t i r e  program. However, recent  innovations i n  the univers i ty  accounting 

system are ant ic ipa ted  t o  relieve such p r o b ~ e m ~  in  the future .  

rogram budget and 

It was  acknowledged tha t  the Principal  s t i g a t o r  should have u l t i -  

mate control  and be the so l e  indiv dual r e s p o ~ s i b l e  t o  both the University of 

Washington and to NASA f o r  the a c t i v i t i e s  of the GMBS. 

In general ,  univers i ty  administrators were favorably disposed toward 

NASA and the pa r t i cu la r  funding procedures of the agency. 

t ha t  the CMRP allows a g rea t  deal  of f l e x i b i l i t y  i n  the a l loca t ion  of funds 

and t h a t  anything t h a t  gives  more autonomy t o  the univers i ty  administration is 

viewed favorably. 

It w a s  pointed out  

It w a s  a l s o  noted tha t  u n t i l  state governments assume a g rea t e r  respon- 

s i b i l i t y  i n  supporting univers i ty  research, dependence upon the federa l  govern- 

ment f o r  support w i l l  probably continue. 

Administrative interviews indicated tha t  strong support exists for the 

Most administrators expressed the be l ie f  t h a t  i ts  primary goal  should 

Responses ve r i f i ed  da ta  

Unique problems 

CMRP. 

be the t ra in ing  and education o f  graduate students. 

obtained earlier from facul ty  and student par t ic ipants .  

associated with the CMRP are f 

and are current ly  being d e a l t  

d those which do e x i s t  appear to be 

the basis  o f  the  eva on of h i s t o r i c a l  data  the ~ u e ~ t i ~ n n a i r e  

conclusions: and interview phases of t h  s study we ca 
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1, Concerning 

a. 

b. 

C. 

d. 

act f o r  student  participant^ i n  
has been the provision of f inanc ia l  

support necessary t o  complete a graduate 
education. 

The CMRP has provided sophisticated equipment 
necessary for student research. 

The CMRP has exposed graduate students t o  the 
problems and techniques of other discipl ines  
involved i n  materials research on a formal basis ,  
but has i n i t i a t e d  l f t t l e  in€ormal interdepart- 
mental interact ion between the student par t ic ipants .  

The graduate students i n  Ceramic Engineering have 
been the primary beneficiar ies  of the CMRP through 
the development of a round Ph.D. program and a 
concomitant upgrading of facul ty  expertise and 
research capabili ty.  

2. Concerning faculty par t ic ipants :  

a. 

b. 

C. 

d. 

e. 

The major benefi t  accruing from the CMRP has been 
f inanc ia l  support of research projects  and graduate 
students . 
The CBSP has encouraged interdiscipl inary in te r -  
act ion which otherwise would not have occurred. 

The CMRP has been an h p o r t a n t  source of travel 
funds and funds f o r  summer employment. 

The CMRP has provided funds f o r  the acquis i t ion of 
expensive and sophisticated equipment which pro- 
bably could not have been purchased otherwise. 

The CMRP has a11 
cre t ion  i n  the c 
with min~mal 1 constraints.  

d maximum f l e x i b i l i t y  and dis-  
uctfon of facul ty  research 

3. Concerning U n i v e ~ ~ ~ t y  Administration : 

i n  re la t ing  funds fo r  research 
uate academic program is most 

~ n i v e r s i t ~  * s viewpoint. 

b. The CMRP has p esented no unique problem of 
administration for the Un ive r8 i t~  of Washington. 
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d. The CHIP ha not created any unusual interdapart-  
mental conf l i c t  due t o  i ts  existence,  although a 
competitive s p i r i t  exists between the d isc ip l ines  
invs lved . 

4. Concerning the Ceramic Engin@ering Division: 

a. The CMRP has been the primary impetus f o r  the success- 
f u l  development of a W.D, program and f o r  the develop- 
ment of a v i s i b l e  research program i n  ceramic materials. 

b. A withdrawal of funds would ser iously handicap the 
Ceramic Engineering Division and would cause a 
s ign i f i can t  retrenchment of a l l  a c t i v i t i e s  now 
being pursued. 

C. As one student expressed i t ,  "The CMRP & the Ceramic 
Engineering Division." 

5 .  Concerning the CMRP i n  general:  

a. The CMRP has been r e l a t i v e l y  successful i n  its 
development of an in te rd isc ip l inary  research pro- 
gram a t  the University of Washington. 

b. Evaluation of research pro jec ts  and the funding of 
new research endeavors associated with the CMRP 
have been conducted r a the r  "loosely" i n  the past .  
It is  f e l t  t ha t  a more c r i t i c a l  evaluation on an 
annual bas i s  would s t rengthe the program. 

c. The primary group t o  be affected by a withdrawal 
or cutback i n  support would be the  graduate s tudents  
par t ic ipa t ing  i n  the program. 

ment and the gradua 
in te res ted  i n  ceramic materials research. 

Secondary ramifica- 

y of d i sc ip l ines  
uate  u t i l i z a t i o n  of equip- 

d. Final ly ,  v i r t u a l l y  a l l  of the benef i t s  previously 

cia1 support of the CMRP were 
d be subs tan t ia l ly  reduced o r  eliminated 

In the following sec t ion  we w i l  analysis  and in te rpre ta t ion  

of the research findings 
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In  t h i s  see t ien  the research team has gone beyond the spec i f i c  con- 

clusions set f o r t h  i n  Par t  11, and has taken subs t an t i a l  l i be r ty  in presenting 

i ts  ana lys i s  and in te rpre ta t ions .  

t i on  of h i s t o r i c a l  information and the questionnaire and interview program, 

but a l s o  upon the accumulation of more general  information during the pas t  

15 months. 

NASA and i ts  univers i ty  programs, the s t ruc tu re  and functioning of univer- 

si t ies,  and activit ies i n  other government agencies and i n  industry. 

in te rpre ta t ions  are based upon subject ive analysis  as w e l l  a s  object ive data. 

It is ant ic ipa ted  tha t  t h i s  sec t ion  w i l l  serve as a bas is  f o r  fu r the r  d i s -  

cussion with NASA o f f i c i a l s  and univers i ty  par t ic ipants .  

These are based not only upon the  evalua- 

The findings also are influenced by the authors f ami l i a r i t y  with 

These 

This sec t ion  covers the following topics:  

CMRP program; (2) creat ion,  u t i l i z a t i o n ,  and administration of science and 

technology; (3) the univers i ty  se t t i ng ;  (4) NASA-university in te r face ;  and 

(5) areas f o r  fur ther  research. 

(1) overa l l  evaluation of the 

Our study indicates  t ha t  the has had an overa l l  pos i t ive  e f f e c t  

upon (1) the Ceraolit E ~ i n e e ~ i  of Engineering, 

and (3) the University of W a s h ~ g t ~ ~ .  Students, facu l ty  par t ic ipants ,  and 

univers i ty  administrators all res 

program. The number of graduate students has increased subs tan t ia l ly  during 

the period of the program and the c ~ n t ~ i b u t i ~ n s  t o  s c i e n t i f i c  knowledge have 

srably t o  questions concerning the 
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been  significant^ There i s  ev dence tha t  the t i s f a c t o r i l y  achieved 

objective of an i ~ t e r d i s c  earch program. Information from 

discussions with various o f f i c i a l s  suggests t ha t  the program has a l s o  been 

successful i n  acc l i sh ing  NASA's objectives . 
I f  we appear too opt imist ic  about the success of the CMRP, i t  should 

ized tha t  we had limited absolute criteria fo r  measurement of program 

effectiveness.  

make a spec i f ic  comparative analysis of similar government-university research 

programs, a t  the University of Washington or  elsewhere. However, we did reach 

some general conclusions concerning why t h i s  program appears t o  have been 

successful. 

s ta ted  objectives,  the academic or ientat ion of the program, the in te rd isc i -  

plinary nature of the a c t i v i t i e s ,  and the development of integrat ive mechanisms. 

Also, we were concerned only with t h i s  program and did not 

Related t o  program success are such factors  as the nature of the 

Objective Accomplishment 

The s ta ted  objectives of the CMRP were (1) the education and t ra ining of 

graduate students i n  ceramic engineering and associated discipl ines;  (2) the 

development of an interdiscipl inary in t e re s t  i n  research on ceramic materials; 

(3) the accomplishment of fundamental research upon the nature and properties 

of ceramic materials; (4) the development of an enduring research capabi l i ty  a t  

the ~ i v e ~ s i t y  of Washington; and ( 5 )  the development of an information in te r -  

change between the CMRP and NASA, other federal  agencies, the ceramics indus- 

tries, and other u n i ~ @ r s i t i e $  and research in s t i t u t e s .  

Underlying these spec i f ic  objectives fo r  the CMRP were some overal l  

goals of NASA and the U n i v e ~ s i t ~  of Wash e of NASA's broad goals as 

defined by the Space A c t  is t expand and develop the ~ a t ~ o n ' s  s c i en t i f  is and 
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et  c h a ~ i n g  regu take advantage of 

hing t h i s  goal 

has sponsored res cress a broad spec t r  o f  the  sciences and t h e i r  

technical  appl icat ions with many univers i t ies .  More spec i f i ca l ly ,  U S A  

joined with other  governmental agencies i n  1959 i n  sponsoring univers i ty  

research i n  materials sciences. This program cal led f o r  the establishment of 

a number of in te rd isc ip l inary  m a t e ~ i a l s  research labora tor ies  i n  various 

univers i t ies .  NASA is current ly  funding three such laborator ies  a t  Rice 

University, Rensselaer Polytechnic I n s t i t u t e ,  and the University of Washington. 

The primary purpose of t h i s  federa l  interagency program w a s  t o  increase the 

output of researchers t ra ined i n  the science of materials and to  expand the 

knowledge i n  these f i e l d s .  

NASA overa l l  object ives  and within the spec i f i c  framework of the in t e rd i sc i -  

Thus, the establishment of the CMRP f i t  within 

terials research laborator ies  program. 

The University of Washington a l s o  has overa l l  goals which set the frame- 

work for the  establishment of the CMEtP program. These are:  (1) the dissemi- 

nation of knowledge t o  s t u d e n t s a ~ p r i ~ r i ~ y  t ough the teaching of undergraduate 

and graduate students;  (2) the creat ion and advancement of knowledge--accom- 

plished through the research activities of the facul ty  and special ized s t a f f s ;  

and (3) service t o  s o c i e t ~ o - a  r e s u l t  which o ~ v i o u s l y  is  r e l a t ed  t o  the f i r s t  

e Wniversi~y of 

remised upon i ts  contr on t o  the a c c o ~ l i s h m e n t  of these three organiza- 

the meshing of the goals 

ted i n  the more spec i f i c  

the f i v e  objectives delineated above, It is evident t ha t  these 

5 



1 goals are r e l a t i v e l y  compatible and t h a t  the spec i f i c  object ives  are 

complementary. However, i t  is d i f f i c u l t ,  i f  not impossible, t o  measure the 

r e l a t i v e  degree of accomplishment of these f i v e  objectives.  

from our discussions with various par t ic ipants  i n  the CMlP t h a t  d i f f e r ing  

emphasis w a s  placed upon these object ives .  They were not completely com- 

pa t ib l e  and might even be i n  conf l ic t .  

It became evident 

Consequently, i t  is our view t h a t  the 

tended to achieve sa t i s f ac to ry  accomplishment of multiple object ives  

r a the r  than optimal s a t i s f a c t i o n  of a s ingle ,  e x p l i c i t  objective.  The diver- 

s i t y  of i n t e r e s t s  of the various par t ic ipants  suggests t ha t  complete satis- 

fac t ion  of a l l  object ives  would be impossible. For example, from some facul ty  

members' viewpoint a grea te r  a l loca t ion  of resources toward meeting the ob jec- 

t i v e  of creat ing new knowledge (and publication of findings) would have been 

desirable .  

upon t h e i r  spec i f i c  educational program. University administrators envisioned 

possible conf l i c t  and advocated a more balanced e f f o r t  toward object ive accom- 

plishment. 

upon the various object ives  of the CMRP. 

However, graduate s tudents  thought more emphasis should be placed 

In  our discussions with NASA we a l s o  discerned d i f f e r ing  emphasis 

We therefore  concluded tha t  success i n  the CMRP depended upon sa t i s fy ing  

the needs of the various par t ic ipants  i n  order t o  ensure t h e i r  active and con- 

t inuing contribution. 

t ionship t o  ensure s a t i s f a c t i o n  of par t ic ipants .  

ce r t a in  mechanisms f o r  in tegra t ion  of object ives  which reduced possible 

This required a continual bargaining-negotiating rela- 

However, the CMRP did adopt 

Many facul ty  par t ic ipants  and univers i ty  administrators s t ressed  the 

view tha t  the  CMRP was successful because i t  merged the research f o r  knowledge 
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with an academic p ~ o g ~ a m .  ny requests  f o r  research t o  be undertaken by 

t y  are d i f f i c u l t  t o  accomplish in re la t ionship  t o  academic pro- 

While they may o f f e r  i n t e re s t ing  research opportuni t ies  they do not grams. 

t i e  i n  d i r e c t l y  with the t ra in ing  of students.  In fact, there is some fee l ing  

tha t  they may de t r ac t  from the teaching function. The current  image of the 

high-priced professor engaged i n  research and consulting and neglecting h i s  

students is overemphasized, but the danger is present. Research programs which 

u t i l i z e  the knowledge and energy of the facul ty  but have l i t t l e  o r  no re la t ion-  

ship t o  an academic program can create subs tan t ia l  con f l i c t  within the 

university.  

One of the major values of the CMRP is t ha t  i t  avoided t h i s  conf l ic t .  

It provided f o r  the clear in tegra t ion  of the research e f f o r t s  with an academic 

program. One of the major object ives  w a s  t o  improve the academic program. A 

usage of funds is f o r  support of graduate students.  Substant ia l  e f f o r t  

i s  devoted t o  ensure t h a t  students are active par t ic ipants  i n  many phases of 

the program. 

the knowledge of many facul ty  members. 

As we perceive i t ,  the W P  w a s  spec i f i ca l ly  organized and administered 

They are encouraged t o  take p a r t  i n  many seminars and can tap 

t o  encourage the in tegra t ion  of the academic and the research e f f o r t s  and 

this is one of the prime reasons for i ts  success. 

One of the object ives  of was t o  develop an in te rd isc ip l inary  

i n t e r e s t  i n  research on ceramic ials. This object ive appears t o  have 

l ished t o  a f a i  gree. However, unavai lab i l i ty  of compar- 

able information o ams and the lack of a de f in i t i on  of the 
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~ ~ i n t e r d i s c i p l i n a r ~ "  

precisely.  

It: impossible to measure accomplishment of t h i s  

The concepts of interdiscipl inary and multidisciplinary team research 

Both terms imply bringing together convey a similar meaning t o  many people. 

divergent d i sc ip l ines  t o  study complex problems and of ten are used in te r -  

changeably t o  describe such an e f f o r t ,  However, a d is t inc t ion  appears t o  

exist between them, and the ultimate success of team research may depend upon 

which approach is selected t o  confront a given problem area. 

Approaches t o  s c i e n t i f i c  inquiry can be viewed from a two-dimensional 

perspective. F i r s t ,  i t  e i t h e r  involves only one s c i e n t i s t  working predomi- 

nately i n  i so l a t ion  or  i t  involves two or  more s c i e n t i s t s  working i n  a coopera- 

tive manner. 

d i sc ip l ine  to approach the problem or  combines the knowledge of two o r  more 

Second, the research method u t i l i z e s  the perspective of a s ingle  

scipl ines ,  These dimensions, as shown i n  Figure 5, can be combined t o  repre- 

sent  a continuum of possible approaches to research. 

Many Scien t i s t s  One Sc ien t i s t  
Many Disciplines One Discipline 

Figure 5 

CONTXNUUM OF APPROACHES TO 
SGIEW1cWIC INQUIRY 

The concepts o f  i n t e r d i ~ c i p l i n a r y  and multidisciplinary research are some- 

where t o  the l e f t  nary posit ion,  but where? The d i s t inc t ion  

i n l ~  i n  the amount of interact ion or 

individual researchers. coupling tha t  takes plac 
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lvea several r searchers working on 

l i t t l e  in te rac t ion  between 

the p a r t i e s  regeirdi rogress,  spec i f i c  methodological approaches 

employed, o r  s ign i f i can t  p r~b lems  encountered i n  the process of the  research. 

en research team members is m i n i m a l ,  and the f i n a l  product is 

by a series of i n d i v i d ~ a ~  research repor t s  o r  by a s ing le  repor t  

r e l y  combines the i n d i v i d ~ ~  e f f o r t s .  

t e r d i s c i ~ ~ i n a r y  research, on the other hand, encourages in te rac t ion  

and dialogue among the pa r t i c ipa t ing  researchers.  Luszki defines i t  as 

follows : 

An in te rd isc ip l inary  team is a group of persons who are 
t ra ined i n  the use of d i f f e ren t  too ls  and concepts, among 
whom there  is an organized d iv is ion  of labor around a common 
problem, with continuous intercommunication and re-examination 
of postulates  i n  terms of the l imi ta t ions  provided by the work 
of the other members, and of ten  with group respons ib i l i ty  f o r  
the f i n a l  product 13 

ere appears  t o  be several  degrees of in te rd isc ip l inary  e f f o r t  t h a t  

can be a t ta ined .  In the extreme, an attempt is made t o  fuse the goals,  values,  

and techniques of the representat ive d i sc ip l ines  i n t o  a s ingle  approach t o  a 

blem. Thds process leads t o  60 in te r re la t ionships  and more time is 

robably spent on in t eg ra t  Sntenance functions than is spent i n  

esearch a c t  i v  duct is i n  p a r t  dependent upon 

dual differences i n  f a group of scie 

order t o  search agreement, f t i m e  are needed t o  mold a smooth 

~ ~ n c t i o n i n g  ~ e s @ a ~ c h  whether an i n t e r d i s c i p l i ~ r y  
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scientists i n t o  

not attempt 

c ip l inary  team e f f o r t .  Par t ic ipants  

jects conducted i n  conjunction 

area of ceramic materials. However, no 

o r t s  i n t o  a s ing le  team, nor are the  

product. Consequently, more time can 

be devoted t o  research and t ra in ing  of students,  and less to  the in tegra t ion  

and maintenance functions,  

w a s  paid to the need f o r  in tegr  t ion ,  primarily by the Ceramic Materials 

Research committee and the Principal  Investigator.  

is tha t  all, members of the CMgP team--faculty and students-were not required 

to  spend a grea t  deal  of t e on in t eg ra t  e a c t i v i t i e s .  

However, i n  the CMRP a grea t  dea l  of a t t en t ion  

The point of emphasis here 

There were a number of fac tors  which did help t o  in tegra te  CMRP i n t o  a 

11 one of the major devices providing f o r  

cs research f o r  con- 

unstructured and 

t ~ u c t u r e d  and coo+- 

~ ~ ~ n e a t ~ o n  of s p e c i f i ~  research areas 

jor i ~ ~ e ~ e s t  he 

apping groups and the 

nd Kesea~ch g ~ o u p s  helped provide 

gator  and the researc r e p ~ e s e n ~ a ~ i v e $  

e r f  o 
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s d i  

our observations over the past 

teractions and exchanges of ideas 

students and faculty are encouraged 

t the degree of interdisciplinary integration 

to the active efforts of the CMRP 

Committee, the research area representatives, and in particular, the Principal 

Investigator. We noted many informal persuasions to ensure that the indi- 

vidual researcher shared his ideas and communicated with others on the project. 

e National ~ r o n a u ~ i ~ s  and Space Administration and universities have 

ny features in common. ar they are among the primary institu- 

tions in our society engaged in utilization, and administration 

of science and technology. 

empirical phenomena and the resul~an~ bodies of knowledge. 

Science denotes the systematic, objective study of 

relates 

to the application of knowledge for the performance of certain tasks or cactivi- 

machines and relates to the utilization of 

all types of kn ledge for the rationa accomplishment of human objectives. 

chines are mere artifacts of technology. 

Science and technology have become ervasive forces in modern society. 

the ce the beginn ng of the industrial revolution, tech- 

nology and its parent, scient esearch, have had. a profound imp 

social s t ~ u ~ ~ u  e and culture, 
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nd e f f ec t ive  u t i  

lex o r g a n i z ~ t  ions A p h e n o ~ n o ~  

e development of large-scale, complex 

t of spec i f i c  purposes. 

over the pas t  century. 

This r e l a t i v e l y  

Throughout most 

r i l y  on an informal face- 

ut ion,  with i ts  demand f o r  concentration 

urces and grea te r  seafe ,  fostered la rger  economic and other organiza- 

t i ona l  un i t s .  

evelopment of arge organizations is closely re la ted  t o  s c i e n t i f i c  

and t@chnologica~ advancements. "Large-scale organizations have evolved t o  

the capac i t ies  of the individual o r  the small 

appl icat ion of mapy and diverse s k i l l s  and 

s which are beyo 

make possible t 

resources to  complex systems of producing goods and services.  Large-scale 

o ~ ~ a n i z a ~ i o ~ s ,  therefore,  are t i c u l a r l y  adapted t o  complicated technolonies, 

a t o  those sets of 

des i red  good or  service e '* 
hine a c t i v i t  es which together produce a 

14 

Both un ive r s i t i e s  and have unique ro l e s  i n  our society f o r  the 

creat ion and u t ~ l i z a t i ~ Q  of science and t e c h n o l ~ g y ~  Since t h e i r  development 

continually expanded 

w a s  created l i t t l e  

a decade ago, reat importance i n  t h i s  

~ g a n ~ z ~ t i Q n ~  
1957, p.  325. 

65 



unique manager 

Complex organizati~~s ara the primary means in our society for the 

of knowledge. They are making increasing use 

of scientists and other p si~nals in acco~lishing their objectives. NASA 

iversities are prim e x a ~ l e s  of complex organizations which employ large 

numbers of scientist~/professionals and this creates many problems of conflict 

and accommodation. 

The distinguishing characteristic of scientists/professionals is their 

high level of technical expertise and adherence to professional rather than 

organizational norms. 

scientists/professionals in our society. 

There appear to be certain role definitions for 

These are: 

1. Professions have a systematic body of knowledge in which 

is achieved through a lengthy process of training. 

Preparation must have an intellectual basis as well as 

practical experience. 

They have authority based on superior knowledge which is 2. 

etyY. 'Ehirs authorfey is highly specialized 

to the professional sphere of competence. 

3. There is broad sacial sanction and approval of the exercise 

of this a ~ ~ h o r ~ t y .  

4. mere is a co of ethics regulating relations of pro- 

th col~~agues @ 
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5 .  tu re  sus taine 

ese r o l e  de f in i t i ons  ind ca te  tha t  the task  of s c i e n t i s t s  and pro- 

fess iona ls  is  i n t e l l e c t  P in nature. Their function i primarily one of 

~ r ~ v i d i n g  knowledge. Increa ss iona ler are "organization 

f f  i l i a t e d  with businesses n t a l  agencies large 

firms, and other  comple r the pas t  several  decades the 

a l a r i ed  s c i e n ~ i s t s / p ~ o f e s s i o n a l ~ r ~  has increased many times faster 

than has the number of independent s c i e n t i s  ts /professionals  e 

they need the  resources of complex organizations t o  accomplish t h e i r  work. 

More and more 

There are cha rac t e r i s t i c s  of scientists/professionals which set them 

apar t  from other  occupational groups. 

personal i ty  fac tors  which are instrumental i n  the individual ' s  se fec t ion  of a 

pa r t i cu la r  l i f e ' s  work, 

experiences. 

soc ia l iza t ion ,  inextr icably ~ n ~ e ~ o ~ e n  with the values and norms of the pro- 

fess iona l  group. t i ona l  methods~ auton i n  the pursuft  of work and the 

search f o r  t ru ths  become a ue system. These are strongly 

influenced by co l l eg ia l  relat 

Many of these are re la ted  t o  inherent 

~ ~ ~ e t s  are cu l tu ra l ly  determined by educational 

The values of the individual become, through the process of 

s with other  members of the profession. 

takes on an o r g a n i z a ~ i o n a ~  ese values are 

ey c o n t i n u ~ l l ~  a f f e c t  nd a ~ t f t ~ d e s  regardf 

~ e l a t i ~ ~ s h i p .  "These values a re  no t i s t i c  of the ordinary submissive 

s u b o r ~ i n a t e  force h i s  r ~ w a r d ~  i n  terms of 

C l i f f s ,  New Jersey: 
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n t  and s e l ~ - ~ u t  

the f r  work a t of knowledge f o  

i t s  ke . eY by problems which have an i n t r i n s i c  

t ner directed r a the r  an motivated t h r o ~ g ~  

ex p u n i s ~ ~ n t s ~  

ny of these c ues, and m o t i ~ a t i o n s  of s c i e n t i s t s /  

prQf@ssionals are i n  c o n f l i c t  with r o l e  requirements i n  complex organizations.  

Scott  suggests two primary reasons for t h i s  conf l i c t .  "Firs t ,  professionals  

pa r t i c ipa t e  i n  two systems-the profession and the organization-and t h e i r  

~emb@rship places import t r e s t r i c t i o n s  on the  organization's attempt 

t o  deploy them i n  a r a t i o n a l  nner with respect  t o  i ts  own goals.  Second, 

rofession and the bureaucracy r e s t  on fundamentally d i f f e ren t  pr inc ip les  

of organization, and these d i ~ e r ~ e ~ t  pr inc ip les  generate conf l i c t s  between 

professionals  and t h e i r  e 
1 7  

layers  i n  ce r t a in  spec i f i c  areas." 

A l l  par t ic ipants  i n  system are subject  t o  some form of control  

ch ensures the proper i ~ t e g ~ a t i o n  of t h e i r  a c t i v i t i ~ s  i n t o  the t o t a l  system. 

eaucratjbc o r g a n i z ~ t ~ ~  ~ s t r a t i v e  authori ty  and contr  

y mec~anism f o r  ensulrhg ~ n ~ e g ~ a t i o n .  r ssiengists/professionafs, 

imaty means f o r  ach is ~ ~ t e g r a t i o n  are self-control ,  

lmer and Donald 



ssao 0 

f the  o r g a ~ i z a t i ~ ~  

1 of colleagues, i d e n t i f i e s  
1 recognition. 

: The s c i e n t i s t /  

o mves  away 
er ia l  function. 

etween the s c i e n t i s t s /  

i za t ion  might lead one t o  bel ieve tha t  any accoamo- 

a t i s n  is  i m ~ ~ s s ~ b ~ e ~  n increasing number of 

e m  are working w i t ~ ~ n  o r  are making important contributions.  

In essence, t h  hrough changes on both 

h i s  des i r e  f o r  autono 

and ion away from strict h ie rarch ica l  

y governed by professional 

uc ra t i c  controls  e " 

ocess 

has required subs t an t i a l  modi- 

f i c a t  ions 

18 
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i ~ n a l ~  Various 

p a r t i c i ~ a ~ i ~ e  leadershi  

igh degree of c o l l e g i a l  ~ e l a t ~ Q n -  

aissez-faire  leader- 

y ~ r e ~ e r  t o  have frequent inter-  

h immediate colleagues - 
ive  means for in tegra t -  

aire approach. Scien- 

t i on  under a strong, 

a c t i v i t i e s  frequently 

tween s c i e n t i f i c /  

rements. He is  the 

organizational system. 

e ~ a n a g ~ r i ~ ~  system f o r  research and development administration requires  

tic-mechanistic approach. 

rganization dealing with 

a d ~ a n c i ~ g  science and technology must subs tan t ia l ly  modify i ts  s t ruc tu re  and 

oaeh from the 

ence t h a t  orga perating i n  a turbulent envi 

es need s t ruc tures  and ~ n ~ g e r ~ a ~  systems 

onment and techno ogy. me hfgh 



for permanent, 

2 ,  

3.  

4, 

5 ,  

In the creative or ation, power is widely distributed and 
is based upon the ledge of the various participants. 

nd authority of position are deemphasized. 
struct~ra~ looseness. The 
formation and communication 

re is freedom to discuss new ideas 
upward as we11 as 

such that indiv~dua1s p 
p ~ o ~ e s s i o ~al growth. organization 
vations and aspiration 

ceie the organi- 

f its knowledge- 

ons system which provides the 
owledge necessary for the genera- 
tive e x ~ ~ r n a ~  c o ~ n i c a t i ~ n ~  
t. 
strong professional loyalti@s and 

ft provides a climate where 
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6 ,  

7, 

9 .  

f 
roduc t ion 

o drive out 

i a l l y  different om traditional 
adherence to 
is  a long feed- 

f l ex ib i l i ty  and autonomy of 
es tablished guide 1 

and change is  

. The creative organization has many role 

conflicts and t e ~ s i o ~ ~ ~  ze creativity. 

tR its emphasis 

ation has a more 

must pay a price in terms of 

our view that 

a of @xpan~ion 

8 ,  have very wide 
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several  forces.  Goal elaboration has caused these organizations t o  increase 

t h e i r  scope, and the development of new knowledge and technologies have caused 

them t o  encompass addi t iona l  a c t i v i t i e s .  

environmental uncer ta in t ies  by expanding t h e i r  domain and bringing in to  the 

system of in t e rna l  cont ro l  those forces creat ing uncertainty.  

t ha t  NASA and un ive r s i t i e s  a re  creat ive,  change-oriented organizations stimu- 

lates boundary expansion. 

t h e i r  newly developed knowledge and ideas through taking on new a c t i v i t i e s .  

The expansion of the boundaries of an organization creates many new and 

d i f f e ren t  problems f o r  management. 

mental u n i t s  increases and the organization must be more responsive. 

expansion increases in t e rna l  complexities and crea tes  problems of control.  

As an organization expands i ts  a c t i v i t i e s  i t  cannot continue t o  use the 

t i g h t  bureaucratic form but  must develop a snore dynamic and less s t ructured 

sys t e m .  

Organizations frequently respond t o  

The very f a c t  

Par t ic ipants  i n  these organizations seek t o  apply 

The number of interfaces  with environ- 

Boundary 

The CMRP and Science and Technology 

Much of the foregoing general  discussion has d i r e c t  relevancy t o  the 

CMRP, i ts  organization and administration. 

fxo organizations with a strong sc i en t i f  ic /professional  or ientat ion,  NASA and 

the University of Washington. Many of the problems of creation, u t i l i z a t i o n ,  

and administration of science and technology are seen i n  microcosm in t h i s  

program. 

in te rd isc ip l inary  team e f f o r t ,  of facul ty  members with strong and diverse  

sc ien t i f ic /profess iona l  or ientat ions.  

i n  the creat ion and appl icat ion of knowledge. 

CMRP is a t  the in te r face  between 

One of the major administrative problems is the integrat ion,  i n  an 

The object ives  of CMRP stress innovation 
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been profoundly a f fec ted  by 

ey have a l s o  expanded t h e i r  a c t i v i t i e s  

There are other  forces  fa the  univers i ty  

advan~ing  science and t e c h  

i n t o  many new and expanding f i e l d s ,  

s e t t i ng  which relate t o  the development of in te rd isc ip l inary  research pro- 

grams, and i n  pa r t i cu la r  t o  

During the second half  of the nineteenth century there  were major 

transformations i n  h r i c a n  higher education-the rise of the t r u e  univers i ty .  

This was a fundamental change from the t r a d i t i o n a l  co l leg ia te  pat tern.  

American univers i ty  took i ts  form from the German un ive r s i t i e s  which placed a 

strong emphasis upon scholarship,  creat ion of knowledge, and t ra in ing  f o r  the 

learned professions. 

incorporation of profe n a l  schools within the univers i ty .  In  f a c t ,  the  

ungvessit ies helped redefine the concept of professions. Universi t ies  recog- 

nized the need f o r  professionalized t ra in ing  i n  a wide var ie ty  of f i e l d s  such 

as engineering and other  applied sciences,  teaching a t  the elementary and 

secondary leve l ,  and business administration, 

providing formal professional  e 

The 

e developed a new s p i r i t  of vocationalism with the 

"In assuming respons ib i l  

on, the univers i ty  revealed the degree t o  

r i c a n  higher education had now broadly entered i n t o  the l i f e  of the 
19 

people e " The American 

has provided professional 

e r s i t y  system, more than any other  i n  the world, 

people f o r  a wide var ie ty  of a c t i v i t i e s  

an advanced ~ ~ d u s t r ~ a l  society,  

ederick Rudolph (New York: 
Alfred A, Knopf, 1962) p. 3. 
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The support which the Un y of Washin~ton has given t o  the develop- 

t of the fi&d of ceramic e 

ersity r o l e  i n  our soc ie ty  

t en t  with t h i s  genera 

es another f ace t  of 

t h i s  issue.  With the g r e a t  expansion of science and technology, pa r t i cu la r ly  

s ince the end of World Wa rsities have been hard pressed to  develop 

new academic programs i n  The need f o r  expansion w a s  

g rea t  but the resources were limited.  The u t i l i z a t i o n  of federa l  funds t o  

a id  i n  development of new academic programs was v i t a l .  

did not have the resources t o  develop a l l  the new f i e l d s .  

as the in te rd isc ip l inary  materials research laboratories-and more spec i f i ca l ly  

ing areas. 

Universit ies simply 

Thus such programs 

P--funded by f ede ra l  agencies, are e s s e n t i a l  i f  the univers i t ies  are t o  

continue t h i s  function. 

ser iously depreciate t h i s  ro le .  

Major cutback of federa l  funds i n  these areas w i l l  

With the development of the t ~ u e  universi ty ,  the problems of s t ruc tu re  

s i t y  model brought g rea t e r  complexities due became mote important, The un 

t o  increased spec ia l iza t ion  and the emphasis upon research and knowledge 

ere was a l s o  8 d ~ v e t s ~ t y  of objectives.  This process of 

spec%alizat ion c ~ n t  rsi t ies expanded in to  the various d i sc i -  

pl inary f i e l d s  and added new subjecf: 

It became necessary t o  develop a more complex and elaborate s t ruc ture .  

ate colleges or schools based upon a demfc d isc ip l ines  were establ ished.  

These were fur ther  divided i n t o  departments with even more academic spec ia l i -  

zation. This created a st a1 %zed d i sc ip l ine  or ien ta t ion  throughout 

the univers i ty  system. Each cl sc ip l ine  developed i ts  own goals fo r  academic 
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of te to  very closed ad parochial  view- 

he n r i e n t a t i o n  of 

Research has come t o  be as r i t u a l i s t i c  as the worship 
f a pr imit ive t r i b e ,  and each establ ished d i sc ip l ine  has 

r i t u a l .  As long as the administrator operated with- 
r i t u a l s  of the various d i sc ip l ines  
But l e t  him challenge the adequacy of r i t u a l i s t i c  be- 

ter with everyone. 
of the  research s p e c i a l i s t  i s  t h a t  

he is  r e l a t ive ly  
safe ,  

ored i n  such a way t h a t  his pa r t i cu la r  

t ion,  he w i l l  t r y  t o  redefine the 
i ~ ~ r ~ a n t  aspect.  

t h a t  he can s t a y  within the boundaries 

I f  he has d i f f i c u l t y  

of h i s  r i t u a l .  I f  a l l  else f a i l s ,  he w i l l  argue tha t  the 
problem is  not 'appropriate e ' Research s p e c i a l i s t s  , l i k e  
a l l  other  l iv ing  organisms, w i l l  go t o  grea t  lengths t o  main- 
t a i n  a comfortable posit ion.  Having invested much t i m e  and 
energy i n  becoming s p e c i a l i s t s  i n  a given methodology, they 
can be expected t o  esist  e f f o r t s  t o  expand the boundaries of 
the methodology o r  t o  wrap the methodology i n t o  an unfamiliar 
framework.20 

is high degree o€ disc ip l inary  spec ia l iza t iou  and the d i s t i n c t  sub- 

cu l tures  of the various academic areas has created major problems of integra- 

t ion  f o r  the U n i v e r s i t ~ ~  is r l y  t rue  for research a c t i v i t i e s  

and academic programs wh ch cut  across t r ad i t i ona l  d i sc ip l ines .  

e of the primary means %OS achieving integrat ion i n  the bureaucratic 

e h ie rarch ica l  au t  c ture .  91he authori ty  s t ruc tu re  within 

the u n i v e r s ~ t y  is  not s lar t o  tha t  of t e bureaucratic model. There is  no 

early defining sca om top t o  bottom of the hierarchy. 

One ~ n ~ v e r s i ~ y  president ed the u n i v e ~ s i t ~  t o  a co l l eg ia l  partnership 

be imself and 2,000 facu the u n i v e ~ s ~ t y  there  is a wide 

e P u t t ,  " ~ d m ~ n i s t ~ a t i ~ n  of Research i n  a 
esea December, 1956, 

pp. 329-330. 
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e author i ty  of 

rest exclusively 

i n  the scaler h i e r a r c h y ~  

ams rests a t  the departmental (dis-  

d i sc ip l ines  must r e l y  upon the 

terchanges and not upon the organiza- 

e development of mechanisms f o r  the 

horizontal  in tegra t ion  of a c t i v i t i e s  across  departmental l i nes  becomes obvious 

when c o n s i ~ @ r i n g  in t e rd i sc ip  inary programs. 

The s t ruc tu ra  character is  t ics and d isc ip l inary  spec ia l iza t ion  within 

the univers i ty  suggests t h a t  there are a number of inherent d i f f i c u l t i e s  f o r  

in te rd isc ip l inary  research programs. 

represent the f u l l  extent  of such obstacles ,  but they do appear t o  be the most 

The following cons t ra in ts  by no means 

ser ious : 

1. e univers i ty  S % K U C ~  
l l eges ,  Departments 

e l f ,  based upon a hierarchy of Schools, 
i v i s i s n s  of ten  makes in te rd isc ip l inary  

e f f o r t s  d i f f i c u l t .  Fur the breakdown of knowledge in to  speci- 
n leads to competition and antagonism 

ways the t r a d i t i o n  and p o l i t i c s  en- 
nvdronment do not provide the most 

nary research e f f o r t s .  

~ n t ~ r d i s c i p l i n a r y  and m l t i d i s c i p  fnary research e f f o r t s ,  by 
design, involve many researchers.  Problems associated with 
differences i n  s t y l e s  of research, with the composition of the 
research team variances i n  the time and energy 

esearchers are of ten  encountered, 
nd antagonism among the 
~ f o ~ e m e n t i o ~ e d  problems are 

acute e 
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have l i t t l e  o r  
t h a t  commonly 
and e f f o r t .  

4. Goal determination is of ten  a d i f f i c u l t  task when imputs 
from many a i sc ip l ines  must be considered. Many times, the 
determination o f  the precise  goals which in te rd isc ip l inary  
and m u ~ t i d i s c ~ p l i n a r y  research are t o  achieve is the most 
formidable obstacle  t o  be overcome. In the extreme type 
of in te rd isc ip l inary  research espec ia l ly ,  the goals may 
ult imately determine the d i sc ip l ines  involved and the 
methodological approach t o  be employed. 

5. In  some instances,  the univers i ty  administration represents 
a de ter ren t  t o  in t@raisc ip l inary  and mult idiscipl inary 
research programs by requir ing excessive paperwork, by 
imposing budget cons t ra in ts ,  and, i n  some cases, by influenc- 
ing the d i r ec t ion  and focus of the research e f f o r t ,  

6. The agency funding the research program may es t ab l i sh  po l i c i e s  
and cons t ra in ts  which de te r  in te rd isc ip l inary  research e f f o r t s .  

With these many obstacles  t o  in te rd isc ip l inary  research it  becomes 

evident t h a t  such an e f f o r t  w i l  not occur spoRtaneously~ Integrat ion 

Some group o r  individual must be wi l l ing  t o  

devote the necessary e f f o r t  t o  achieve  integration^ Unfortunately, t h i s  r o l e  

is not f u l l y  recognized i n  most of our u n ~ v e r s i t i @ ~ ~  

It is our view t h a t  t ese obstacles  t o  in te rd isc ip l inary  research have 

been subs t an t i a l  y overcome i n  t h  e CHRP has responded t o  

many of these problems successful F ~ r t h e ~ m o r e *  i t  has ~ c c o ~ l i s h e d  t h i s  

without excessive resources being cated t o  the integ a t i v e  function. 

e of a univers i ty  could be 

changed t o  accommodate t o  the ~ @ ~ u i ~ e m ~ ~ ~ s  of a spec i f i c  in te rd isc ip l inary  
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research program. on of the prog~am should be 

designed to  transce s imposed by t ersity s t ructure .  

rogram or projec n t  i n  g ~ v e r n ~ n t  and industry has evolved 

t o  accomplish objectives that are similar t o  the goals o f  in te rd isc ip l inary  

d i sc  i p  1 inary e f f or t s 

e major purpose of integrated management of a 

spec i f i c  program on a systems basis .  

of integrat ing the diverse  a c t i v i t i e s  required f o  

"The pro jec t  manager acts as a foca l  point  f o r  the concentration of a t t en t ion  

on the major problems of the project .  This concentration forces the channel- 

ing of major program considerations through an individual who has the proper 

perspective t o  in tegra te  r e l a t i v e  matters of cost ,  t i m e ,  technology, and total  

project  manager has the primary r o l e  

program accomplishment. 

product compatibil i ty.  t,2 

The pro jec t  manager is usually superimposed upon the functional organi- 

zation, creat ing new and comple elat ionships ,  This s t ruc tu ra l  approach 

requires organizational modifications, emphasizes the integrat ive aspects,  and 

requires the development of e f fec t ive  ho izonta l  and diagonal information- 

decision networks. 

upon the formal authori ty  of h i s  posit ion.  

h i s  a b i l i t y  t o  i fluence other 0 g ~ n i z a t i o n a l  members. 

point of the operation, he does have informat onal inputs which provide him 

with a strong bas is  of influence,  

The manager cannot operate e f f  e l y  i f  he relies so le ly  

Success is  l ike ly  to  depend upon 

Because he is a foca l  

e program manager's authori ty  and 

"David I. Cleland, ' s 
i n t e r ,  1964, p. 83. 
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nfluence flow ns which are d i f f e r e n t  from hierarch ica l  authori ty .  

They flow h o r i z o n ~ a l l y  across  v e r t i c a l  sup 

ex is t ing  with 1 o r g a ~ i z a t i o  Throughout the program, per-  

sonnel a t  various levels and i n  

For each new program lateral i n f o ~ ~ t i o n m d e c i s i o n  networks must be establ ished 

which d i f f e r  s ign i f i can t ly  from the ex is t ing  networks based upon the estab- 

l ished s t ruc ture .  

f o r  evolving re la t ionships  and ne 

o r~subord ina te  re la t ionships  

ny functions must contr ibute  t h e i r  e f f o r t s ,  

The organization should be su f f i c i en t ly  f l ex ib l e  t o  allow 

aks as program requirements change. 

In many ways there  are similarities between the pro jec t  management faam 

and the administration of in te rd isc ip l inary  research, 

research o f t en  requires  tha t  a hybrid form of organization s t ructured be de- 

veloped t o  compensate f o r  obstacles  inherent i n  the univers i ty  se t t i ng .  

f l ex ib l e  "free-form" s t ruc tu re  allows a more responsive react ion t o  changes. 

The ba r r i e r s  of departmental l i n e s  should be minimized. Team members should 

have access t o  each other  and must i n t e rac t  i f  in te rd isc ip l inary  research is 

to  be successfu 

In te rd isc ip l inary  

A 

We see similarities be r o l e  of a pro jec t  manager and t h a t  of 

the Principal  Invest igator  of t inc ipa l  Invest igator  is  not i n  

a superior r e l a t i o ~ $ h i p  t o  the team members. He does not possess the formal 

authori ty  t o  d i r e c t  the a c t i v i t i e s  of the par t ic ipants  t o  any s ign i f i can t  

degree. Only n rare instances does a Investigator have control  

over the formal academic reward system; %.e,, salary, promotion, and tenure. 

o t  have strong a u t  of posit ion.  ajl. order t o  be e f f ec t ive  he 

evelop a high degree of ~ n t ~ ~ p e r s ~ n a l  nfluence with team members. 

r i nc ipa l  h v e s  t i ga to r ' s  p imary function is integrat ion of the 

e f f o r t s  of scien ofessionalism t o  provide a form 
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s e l f  -imposed 

r e s e ~ r c h  a c t ~ v ~ t i e s .  

He does have a t  h i s  d i s ~ o ~ a l  ce r t a  nd i rec t  i ncen t ivea~  Access t o  

funds f o r  t r ave l ,  f o r  the p ~ r c ~ a s ~  of e q u ~ p m e n t ~  and for graduate student 

~ u p ~ o r t  are important i n ~ e n t i v e ~  within the academic environment. 

a l s o  the opportunity t o  gain 

There is 

v i s i b i l i t y  within the academic community 

ishing the r e s u l t s  of ividual  research e f f o r t s ,  Used wise ly ,  these 

Con- incentives can motivate par t ic ipants  and reward excellence i n  research. 

versely,  the withdrawal or withholding of such incentives can provide a 

deter ren t  t o  an ind i f fe ren t  research e f f o r t .  

There is  no doubt t h a t  much of the success of an in te rd isc ip l inary  

research e f f o r t  depends upon the influence and in tegra t ive  s k i l l s  of the 

pr inc ipa l  invest igator .  

He is  the catalyst tha t  makes things happen. 

between a l l  the par t ic ipants  and i t  is h i s  respons ib i l i ty  t o  channel informa- 

t ion  t o  those involved. He a l s o  serves as the most important in te r face  

He must encourage in te rac t ion  among the par t ic ipants .  

He is  a communication l i nk  

between the research team and the sponsoring agency. 

whose a c t i v i t i e s  span several  organizations. P a r t  of h i s  function is to  

He is a "boundary agent" 

create a research climate t h a t  encourages in te rac t ion  among the researchers.  

To do t h i s  he must gain the respect of the par t ic ipants  not only f o r  h i s  

leadership and in tegra t ive  ab l i t i es ,  but also f o r  h i s  technical expert ise .  

Given tha t  the univers i ty  has es tabl ished research and academic com- 

petency i n  the necessary f i e l d s ,  i t  appears t ha t  the se lec t ion  of the prin- 

c i p a l  invest igator  and the es tab  ishment of an e f f ec t ive  mechanism f o r  

coordination is one of the most cr i t ical  decisions i n  the development of an 

in te rd isc ip l inary  program. J u s t  as the governm~nt and industry frequently 
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r o l e  of p ro jec t  

er, so a l s o  are there  d i f f  op r i a t e  pr inc ipa l  

invest igator  f o r  an i n t e ~ a i ~ c i ~ l i n a  rch e f fo r t .  It seem8 apparent t o  

tha t  t h i s  r o l e  and i t a  r t c lea r ly  understood e i t h e r  

n the u n i v ~ r s i t ~  01: b agency. There are, however, ce r t a in  

person with an ex is t ing  

dean or dep~r tmen ta l  chairman could fu l -  

f % l l  t h i s  r o l e  e f f ec t ive ly ,  He f ~ e ~ u e n t ~ y  has so many diverse  r e spons ib i l i t i e s  

t ha t  he could not devote s u f f i c i e n t  e f f o r t  toward achieving integrat ion.  He 

would not have the t i m e  nor the m o t i ~ a t i o ~  t o  perform a l l  the in te r face  func- 

t ions.  Again, it is unlikely t someone in the cen t r a l  administration, 

such as vice president of research, could perform t h i s  r o l e  e f fec t ive ly .  Fie 

has many research pro jec ts  t o  monitor and could not give enough de ta i led  a t ten-  

t ion  t o  a s p e c i f i c  program. 

These l imi ta t ions  would seem t o  ind ica te  t h a t  the most l i k e l y  pr inc ipa l  

invest igator  would be a s ~ ~ i ~  

disc ip l inary  area and who has the respect of h i  

mber who is well-established i n  h i s  

colleagues i n  other  depart- 

ments. However, he would a l s o  need t o  be motivated toward subs t an t i a l  e f f o r t  

t o  make the team e f f o r t  go. 

i n t e r e s t s  and academic d 

o v e r r i a ~ ~ g  comcern w i t h  h i s  o m  research 

e might p r e ~ @ n t  him from performing these 

y necessary i n t e g r ~ t i v e  f ons * 

P was € o r t u n ~ t @  i n  developing a f l ex ib l e  group s t ruc tu re  which 

allowed f o r  communication and age of  participant^ and i n  the se l ec t ion  of 

ngness and a b i l i t y  t o  perform many 

n t ~ g ~ a t i v e  func t io  sessed the techmic 1 competence necessary t o  

dinate  the program, bu the  interpersonal  competence 
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ge in te rd isc ip  l i n a  i n t e r ~ c t i o n ~  He es tabl ished per- 

nshipr with %very ~ ~ b @ ~  of s leadership s t y l e  

encourages par t ic ipa t ion .  

in te r face  with the sponsoring agency, NASA. 

He a l s o  has another major function--maintaining the 

There are many problems associated with the in te r face  between NASA and 

the un ive r s i t i e s  within which i t  is  sponsoring research programs. These 

problems relate t o  a broader issue in  our society of interorganizat ional  rela- 

t ionships.  

greater  awareness of the problems of interorganizat ional  analysis .  The lack of 

emphasis on the study of organizational in te r face  is due primarily t o  the 

t r ad i t i ona l  emphasis i n  both organization and economic theory. Organization 

theory w a s  concerned p r i m a r i l y  with in te rna l  s t r u c t u r a l  re la t ionships  and with 

problems of integrat ion and improvement of task performance. 

considered in t e r f ace  and coordination between organizations as being accom- 

With the growing importance of complex organizations we should have 

Economic theory 

plished through the pr ic ing mechanisms of the marketplace, 

In the future  there  will. be increasing emphasis on interorganizat ional  

re la t ions .  

been used as subs t i t u t e s  f o r  or  complements t o  marketplace coordination. This 

has occurred i n  re la t ionships  between the government and the nat ional  defense 

industr ies  and i n  the NASA programs. Pn the fu ture ,  even more administrative 

coordination between complex o ~ g a n i z ~ t i o n s  w i l l  be necessary. Galbraith sees 

a closer  in te r re la t ionship  between business and government i n  the fu ture ,  and 

the continued development of a complex indus t r i a l  system based upon cooperation. 

Administrative coordinating processes between organizations have 

3 



Given the deep dependent@ of the  ~ n d u s t r i a l  system on the state 
and the  nature of i t s  ~ t i v a g i o n a l  r e l a t i ~ ~ h i p  t o  the state, 

these t o  i ts  needs, the i n d u s t r i a l  system w i l l  not long be 
regarded as something apa r t  from government. Rather i t  w i l l  
increasingly be seen as p a r t  of a much la rger  complex which 
embraces both the  indus t r i a l  system and the s ta te .22  

e e e 3  i ts  i d e n t ~ f i c a t i o n  with public goals and the adaptation of 

While we may not agree f u l l y  with Galbraith about the  extent  of the  mergence 

of the i n d u s t r i a l  complex with the state,  we do foresee a subs t an t i a l  increase 

i n  the in te r face  between government and business. The same thing is t rue  

between government agencies and univers i t ies .  

Again, we see t h i s  general problem of interorganizat ional  in te r face  

represented in microcosm i n  the CMRP. We have two complex organizations, 

U S A  and the University of Washington, which have t o  e s t ab l i sh  some means 

f o r  in tegra t ing  t h e i r  activit ies r e l a t ed  t o  CMRP. It is  usually more d i f f i c u l t  

t o  achieve in t e r f ace  between organizations than i t  is  t o  achieve coordination 

within a given organization. There are many b a r r i e r s  t o  interorganizat ional  

coordination and some means fo r  bridging these is  necessary. When faced with 

problems of interorganizat ional  coordination, "boundary agents" are frequently 

used, In  the CMRP the Principal Invest igator  serves as the primary boundary 

agent f o r  the  University of W ~ s h i n g ~ o n  and the Technical Monitor serves  as 

the boundary agent f o r  NASA. These two individuals have the primary r o l e  of 

interorganizat ional  interface.  It is v i t a l l y  important t ha t  they e s t ab l i sh  

e f f ec t ive  interpersonal  r e l ~ t i o n s h i p s  and are ab le  t o  "speak for" t h e i r  per- 

spective organizations. i l e  they are supported by review committees within 

each organization they must serve B the  cen t r a l  point  of interorganizat ional  

communications. 

*2JO Indus t r i a l  S ta te  (Boston: Houghton 
Miffl in Company, 1967), pa  392. 



o f  the evolv ect  of c s r  

ess F ~ ~ ~ ~ ~ y ,  t h i s  is 

~ c ~ m p ~ i s h e a  throug ews and the semiannual s t a t u s  

NASA centers,  Also, i t  w a s  suggested by some of the par t ic ipants  t ha t  the 

annua 1 review f and supe r f i c i a l  opportunity fo r  

of r e s u l t s  an t i ~ n s  between in t e re s  ed parties,, A more 

comprehensive annu is issue of proviain8 

n i c a t ~ o n  of %h s one o f  the unresolved 

problems i n  the program. 

acb w a s  a he 

tracts created less pape 

concern over proposals. nts from a federal  agency of ten  

85 



B t o  t f t  nd energy i 

grants  are feasible .  

hdrawal of funds for the C ould have severe repercussions upon 

terials sciences a c t i v i t i e s  a t  the University of Washington. This would 

be par t icu lar ly  t rue fo r  graduate students and facul ty  i n  Ceramic Engineering. 

i s  program has been e f f ec t ive  

and activities as being sustained 

tha t  creat ion of an e f f e c t  t does take time, energy, 

ould be subs t a n t i a l l y  

ng i ts  objectives and i n t e r e s t s  

r observations suggest 

reduced o r  e ~ i m ~ n a t @ d  i f  support of the CMlzP were d is -  

continued by 

e research team c t  of the Ceramic 

on has found p a r t i c i p a t ~ o n  i n  

a relatively unexplored area and 

had t o  c rea te  a new resea ch design. We e sized tha t  t h  n exp~oratQKy 
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e However, we recog- 

ny new issues  which 

udy r ~ p r e s e n t  

~ c h .  The back- 

he research team 

t h i s  study e the basis  f o r  fu ture  rese 

spec i f i c  research areas which can build upon 

s d t s  of t h i s  study. Severa of these are discussed below. 

1. Comparison of C P with other NASA-University programs. NASA is 

$ p ~ Q S O ~ ~ Q g  nu rous u n i v e r s ~ t y  programs. Xt would be in te res t ing  to  compare 

the organization and a d m i ~ i s t r a t i o n  of these programs with our findings from 

ive study of GMRP with the two 

I research programs a t  

be of in t e re s t .  

t these three vide valuable i n f o ~ ~ t i ~ n ~  

2. A fur ther  extensio ~~~a~~ t ive s tudy 

of the in t e rd isc ip  l i n  @search l a b ~ r a t o r i e s  sponsored by t h e  

athg Committee on 

se programs cou 
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ation and administration of 

research would 

envolve a comparative analys 

in the physical sciences at the University of Washington. 

of other in~erdisciplinary research programs 

In addition to the 

there are four other i~t~rdisciplinary programs currently operating: 

the Geophysics Researsh Program; (2) the Bio-Engineering Research Program; 

(3) the Sea-Grant Research Program; and ( 4 )  the Aerospace Research Program. 

A comparative study of the go nization and administration, and rela- 

ve success of these programs could provide important information for future 

interdisciplinary research efforts on the University of Washington campus. 

nature and complexity of today's research problems indicate that progress is 

increasingly dependent upon the skills and knowledge of many distinct disci- 

plines. Information concerning effective organization and administration of 

interdisciplinary research would ultimately benefit every academic institution. 

The 

4 .  More detailed investigation of the NASA-university interface. We 

have suggested that there are major problems of coordination and communication 

between government agencies sponsoring research and universities. What 

channels exist to communicate the problems of NASA to universities and vice 

versa? 

to the appropriate individuals within NASA? 

means for interorganizational communication and integration is important if 

research efforts are to be uti1 

What means exist to transfer research findings from the universities 

The development of more effectixe 

5 .  Investigation of the project management form for university research 

teams, 

in many ways to that of a project manager in government and industry. How- 

We have indicated that the role of a principal investigator is similar 

e has been little rec t h n  ~ithin the university of this function. 



is  of ten  achieve ance and the administrativ@ causes of f a i l u r e  

l y  recognized. ~ n v e s t i g a t i o n  of t h i s  r o l e  in various un ive r s i t i e s  

would lead t o  grea te r  understanding and could provide valurble  normative 

guidelines.  

6 .  Final ly ,  we see major problems facing un ive r s i t i e s  i n  organizing 

ny types of research and academic e f f o r t s .  The strong d isc ip l inary  

ien ta t ion  (frequently on r a the r  a r b i t r a r y  bases) makes in te rd isc ip l inary  

e f f o r t s  d i f f i c u l t .  

together the various d i sc ip l ines  t o  dea l  with many of our s c i e n t i f i c  and 

soc ia l  problems. Invest igat ion of univers i ty  organizations t o  determine what 

has been done and what might be done t o  c rea te  an environment more conducive 

to  in tegra t ive  in te rd isc ip l inary  e f f o r t s  could be of v i t a l  importance. 

Universit ies must f ind  more e f f ec t ive  means f o r  bringing 
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