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NOTICE : The pro ject that i s  t he subject of  thi s report was approved 
by the Governi ng Board of the National Re search Counci l ,  whose members 
are drawn f rom t he Councils  of  t he Na tional Academy of Sciences , the 
National Academy of Engineering , and the Ins t itut e  of Medicine . The 
member s of  the commit tee re spons ible f or the report were chosen f or 
the ir  special compe tences and wi th regard f or ap propriate balance . 

Thi s report has been reviewed by a group o ther than the authors 
according t o  the procedures ap proved by a Re port Review Commit tee  
consisting of  members of  t he Na tional Academy of  Sciences , the 
National Academy of Eng ineering , and t he Ins t i t ut e  of Medicine . 

The Na tional Re search Council  was e s tablished by the Na t ional Academy 
of Sciences i n  1916 t o  associat e the broad communit y  of science and 
tech nology with the Academy' s purposes of f urt hering knowledge and of  
advisi ng the federa l  gove rnment . The Council  operates i n  accordance 
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bo th Academies  and the Insti tut e  of Medicine . The Nat ional Academy of 
Eng ineering and t he Insti tute of Medicine were established in 1 9 64 and 
1970 , respec t ively , under the cha rter of the Nat iona l Academy of  
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PREFACE 

The continui ng economic growth of Indonesia is lead ing to i nc reas ing 
. demands on science and technology . The country' s fut ure development 

will depend heavily on i t s  a bil ity to  use science and technology 
ef fect ively to make t he bes t  use of i t s  natural re sources . This task 
will ue undertaken by broadening tne scope of human act ivit ie s  and 
raising the quali ty of  Indonesia ' s  human resources . A bet t er quality  
of life for the majority of the Indonesian people can only be  rea lized 
through accele rated growth wi th equity . 

Growth and growt h rates cannot be viewed separa tely from t he 
direct ion of growth and pat tern of development wi t hin t he broad s ocial 
context . Deve lopment polic ie s  mus t , t he refore , be directed toward 
fulfilling basic human needs , t hus accelerating the growth process . 
The s tructure of production and u ti li zation of  product ive resource s 
mus t be arranged or rearranged wi th the a bove priori ties in mind . 

One of t he roles of re search , sc ience , and technology i s  t o  promote 
value-added processes and t he creation of jobs through indus trial 
development . �i t h  the bene f i t  of science and technology , much progress 
has a lready been made duri ng the f irst  t hree 5-year deve lopment plans 
(REPELITAs) . 

. 

During t he fi rst  5-year development plan (1969-19 74), emphasis  was 
placed on the agricultural  sector and i t s supporting indus tries . The 
second 5-year plan (1974-1979 ) again emphasized the agr icult ural sector 
while promot ing indus tries that  proces sed raw materials . The current 
5-year plan (19 79-1984) also emphasizes the agr icultural sector and 
selt-sutficiency i n food while  cont inuing to  promote raw material 
pr ocess ing industries . The fourth 5-year plan (19 84-19 89 ) will s tress  
the agricul tura l sec tor in con tinuing eff orts  t o  ac hieve 
self-s uff iciency in this  area , whi le promot ing indus tries t hat  produce 
indus trial machinery f or light and heavy indus tries ,  bo t h  of which will 
be f urt her developed in  the subsequent 5-year plan . 

These development godls pose a c hallenge to Indonesia : how t o  
produce the large numbers o f  t rained personnel required f or programs 
designed to mee t these goals . According to B .  J .  Ha bi bi e , Mini ster  of 
State for  Research and Technology, approximately 70,000 enginee rs , 
21,000 scientis t s ,  26,000 agricul turi s ts ,  11,000 accountant s ,  16,000 
economists , and 337,000 administrators and managers will be needed by 
the year 19 90. In the energy sector alone , more t han 5,000 engineers , 
sc ientists , and technic ians wil l  be needed by 1985. 

iii 
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Achieving these levels of manpower development will be d i f f icult . 
Indonesia mus t increase s ignif icantly i t s  output of  trained personnel 
and improve t he quality of their t ra ining wi t hin severe constraints on 
t ime and resources . This  problem can only be solved by making maximum 
use of exi s t ing manpower and ins t i tut ional mechanisms , by creating new 
ins t i tut ions where necessa ry , and by using t he mo s t  suitable t raining 
technologies , both  old and new . 

PURPOSE OF PANEL D ISCUS S IONS 

To examine t hese problems and needs , of f i cials of t he Minis try of 
State for Research and Technology and t he Indones ian Inst itute of  
Sciences ( LIPI)  and s taff of t he Board on Science and Technology for 
Internat ional Development ( BOST ID ) of  t he u.s. Nat ional Research 
Counci l  ( NRC) selected t he topic , " Science and Te chnology Planning and 
Forecas ting for Indonesia : Spec ial  Emphasi s on Manpower Development , " 
for d iscussions t hat  were held in Jakarta , November 8-1 0 ,  1982. ( See 
Appendix A for t he agenda of t hese discussions and Appendix B for a 
l i s t  of  part icipant s . )  

These discus sions were but one of a series of activi ties in a 
pro gram of cooperation between BOSTID and t he Indones ian government . 
Begun in 1968 , a series of workshops have focused on food policy , 
indus trial and technologi cal  re search , natural resource s , and rural 
productivity . The Indonesian Inst i t ute of Sciences and t he Ministry of 
State  f or Research and Technology invi ted t he Board on Science  and 
Technology f or International Development to joint ly sponsor t he meeting 
and provide a counterpart group of s pecialists  from t he Uni ted State s .  
BOSTID part icipat ion was made possi ble through a cooperative pro jec t  
sponsored by a science and technology loan program from t he u.s. Agency 
for International Development to t he government of Indonesia . As part 
of the program two or t hree act ivit ies are held each year such as panel 
d iscussions , workshops , seminars , or provis ion of small advisory groups . 

At t he opening plenary sess ion , part icipant s were welcomed to 
Indonesia by Sukad j i  Ranuwihard jo , assis tant to t he Minister of State 
for Researc h and Technology . H .  Tb.  Bachtiar Rifai , chairman of LIP! , 
informed part icipants t hat  t he main purpose of t he panel d iscussions 
wa s to recommend improvement s in the proces s of planning science and 
technology in Indones ia ( Appendix C ) . More specif ically , s teps s hould 
be identif ied f or enhancing Indonesia ' s capacity for manpower planning , 
collecting t he relevant data and analyzing relat ive s trengt hs and 
weaknesses , det ermining science indicators and trends , and hence 
helping Indonesia e s tablish near-term object ives and priori ties . 
Walter A.  Rosenbli t h ,  foreign secre tary of t he Nat ional Academy of 
Sc iences ,  also addressed t he plenary sess ion (Appendix D ) . 

Indones ian participants in t he di scussions t hen de scribed t hree 
aspec ts  of Indones ian science and t echnology management : science and 
technology ins t i tut iona l  policymaking , current planning of  science and 
technology manpower development , and t he science and technology 
education sys tem ( see Appendixes E ,  F ,  and G ,  respectively) . 

iv 
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Pa rt icipants were divided into f our t echnical working groups on : 

• Bio technology and agro-indus t ry 
• Water and environment 
• Indus tria l development and mi croelec tronics  
• Marine science and underwater technology . 

These groups were asked t o  g ive s pecial emphasis  in t he i r  d iscussions 
to government policies and ins t i tutional needs , educat ional needs and 
mechanisms , manpowe r planning , R&D management and planning , transfer of 
technology , and l inkages between univers i t ies , researc h  ins t i tut ions , 
and industry . 

The working groups met f or a f ull  day f ollowing t he f irst  day ' s 
plenary discussions . On t he t hird day , t he working group c hairmen read 
the recommendations and conclus ions t hat  emerged from t heir  groups at a 
plenary sess ion and solici ted comments from t he ot her  part icipants .  
These comments ,  as wel l  a s  comment s and suggestions made during the 
subsequent cros s-cutt ing plenary sess ion , were taken int o cons ide ration 
in f ormulating the f inal conclusions and recommendations . 

Detailed recommendat ions and conclusions are contained in  t he 
individual working group report s t ha t  follow . Addi t ional 
recommendat ions t ha t  resul ted from a f inal plenary sess ion devoted t o  
cross-cut ting issues are included i n  t he f inal chapter o f  this  report . 

v 
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SUMMARY OF RECOMMENDATIONS AND CONCLUSIONS 

GENERAL PLENARY 

Within t he next 5-year plan, Indonesia' s development policy will 
require a dramatic  expansion in scient ific and techni cal manpower .  
Cu rrently , t here is  no single government agency or  department that 
seems capa ble of mo bili zing society to r t his  enormous task . In  
add i t ion, t here is  a need to  s trengthen l inkages between educat ion , 
resea rch , and the user community , as wel l  as t o  inc rease scient ific  
attitudes and consciousness . 

o It i s  recommended tha t  a Na tional Counc il on Scient ific and 
Technical Manpowe r and Training be formed , composed of 
representat ives of  all relevant government departments, 
indus t ry ,  and t he several level s and types  of educational 
ins t i tut ions . It would have t he appropriate staff t o  gather 
and analyze manpower needs and trends in the context of 
development plans and ins t itut ional s t rengths and would provide 
a forum for broad-based i nput int o policy and decis ion-making 
in t his a rea . 

o To link university t raining more d irec tly to the needs of t he 
nation and to produc t ion and management problems wi t hi n  
indust ry, i t  is  recommended t hat the following measures be 
considere d :  

Create a sys tem o f  Indonesian government grants  to  be made 
to university faculty on a long-te rm ,  project-by-projec t 
bas is , ena bling t hem to emp loy half-t ime graduate s tudent 
assi s tant s .  

Provide incent ives for  private bus iness t o  fund university 
research and development . 

Supplement university budget s  to provide extension services 
to user s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Es tablish ins titut ional linkages t hrough exchange prog rams 
with private companies , universities , and research centers 
i n  developed count rie s .  

• Science is a human enterprise that , given an appropriate 
infra s t ructure , possesses an ext raordinary degree of 
self-correction . The es sent ial e lements of thi s process seem 
t o  be open communication and critical pee r review . It  is 
sugges ted that an Indonesian As sociat ion for the Advancement of 
Science and Technology be esta blished with sec tions 
corresponding to  t he f ie lds of sc ient if ic and technical 
endeavor .  Such an as sociation may wish to publish a 
peer- reviewed journal . 

• There is a clear-cut need to enhance the educat ional background 
and scient ific awa reness of the gene ral population , even those 
who have not enjoyed a f ormal education , to i ncrease the ir 
abil i ty t o  adapt to technological innova tions . It  is 
recommended that s teps be taken to improve sc ience teaching a t  
the primary and secondary leve l s  and that cons ideration be 
g iven to using new forms of educat ional t echnology , such a s  
television and othe r  media , t o  provide scientific information 
to the general population . It  i s  f urther re commended tha t  the 
rapid expansion of primary and secondary educat ion to a larger 
percentage of  the population cont inue to be s tressed . This 
provide s the broader based educat ional pyramid of 
mathematically and scientifically literate workers needed by a 
technologically based indus trial sector . This is necess ary to 
a t trac t and hold such indus try , as well as to  prevent highly 
t rained enginee rs and scient is t s  f rom migrating to other 
areas . I t  a l so g ives a larger perc entage of the popula t ion a 
s take in the benef its of science and technology , making the 
inevitable changes more accep table and popular wi thin Indonesia . 

• The higher educat ion sys tem need s to increa se rapidly the 
number of s tudent s and graduates in science and technology 
areas , but a major bo ttleneck appears to be a sho rtage of 
trained f aculty . In the short term , the only answer may be 
using exis ting f aculty more e f f icient ly . Average rat ios of 
students t o  faculty appear low by u. s .  s tanda rd s , as do average 
weekly teaching loads . The re may be possi bil it ies for 
increasing average class size and pruning curricula . If 
facul ty are asked to assume heavie r  teaching loads and�o 
devo te more t ime to  their ins t i tutions , it is recommended tha t 
a means be f ound for  significantly increasing t heir salarie s , 
perhaps by supplementation d i rectly or indirectly . This may 
involve separating facul ty salaries from t he government scales 
by excluding faculty f rom the government c ivil service 
s truc ture or providing differential salaries with hi gher 
remuneration in areas of manpower shortages . It is also 
recommended that t he current system of ranks, promotion 
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policies, and career development be generally reexamined with 
the goal of increasing incentives f or produc t ivity and me rit . 

BIOTECHNOLOGY AND AGRO-INDUSTRY 

Biotechnology promises to have an important impac t on Indonesian 
indus t ry in t he areas of agricult ure , health care and pharmaceutical s ,  
chemicals , and biomass conversion .  This working group elected , 
however ,  t o  limit i ts di scussions to food resources , with par ticular 
emphasis on produc t ivity , nutrition , and pos tha rvest technology . 
Bio te chnologies relevant to t he agro-indus t r ial sector , so-calle d  
"agro-bio technology , "  inc lude t i s sue cul ture , clonal propagat ion , 
somaclonal gene t ic variation , protopla s t  technology , and recombinant 
DNA technology . 

• I t i s  recommended that special emphasis be placed on t raining 
manpowe r in agro-biotechnology and food technology and 
eng ineering . 

Sugges ted modes of training include having individuals t rained 
abroad ; importing a f ull f aculty to t each g raduate courses at an 
Indonesian school; enrolling candidates abroad and having them return 
to Indonesia to undertake t heir resea rch ;  inviting recently re t ired 
professor s  or scient i s t s  to  Indonesia ;  e s tablishing long-term , close 
cooperative agreement s with sister universities in developed countrie s ;  
and ins tituting sabbat ical leave systems in Indonesian unive rsit ies and 
research ins titutions to  encourage study abroad . 

• To facilitate the eventual development of agro- bio technology 
indus t rial cente rs in Indonesia tha t  will link indus trial 
develo ment with both new technolo ies and university talent 
it is recommended t ha t  a Crop A&ro-biotechnology Indus trial 
Center (CABIC) be e s tablished . 

Ideally , such a center would maintain a direc t  assoc iation with an 
ins titution o f  higher learning ; serve as  a model for eventual 
replicat ion in  similar or related areas ; and focus primarily on palm 
and soybean oil , s triving initially to evolve new plant varie t ies for 
increased produc t ion ,  new approaches to  di sease and pest cont rol , and 
new innovations in pos tharve s t  t echnology and processing . 

• While a major long-term project to develop a "master plan" is 
not f avored , it is recommended that some type of a " f ood 
resource development plan" be evolved for Indonesia . 

This task would require assembling s tatis tical data in order to  upgrade 
the quality o f  inf ormation on p lants , animals , processing , credit , and 
market s  that is available to potential inves tors and t o  provide some 
assurance that courses of act ion being planned are consis tent with t he 
overall goals of  the country . 

Copyright © National Academy of Sciences. All rights reserved.

Proceedings:  Panel Discussions on Science and Technology Planning and Forecasting for Indonesia: Special Emphasis on Manpower Development: Jakarta, Indonesia, November 8-10, 1982
http://www.nap.edu/catalog.php?record_id=19507

http://www.nap.edu/catalog.php?record_id=19507


- 4 -

WATER AND ENVIRONMENT 

Wat e r  

Wa ter i s  essential to economic development . In Indonesia , the 
management o f  water i s  now excessively f ragmented admini s t r a t ively , 
resul ting in inef ficiencies and gaps in knowledge . Suf f icient data to 
permit sound water balances a re no t available . Furthermore , there is a 
lack of capability in hydrology , par t icula rly groundwate r hyd rology , 
and l imnology . 

• It i s  recommended that the f ollowing approaches to accelerat ing 
t he provis ion of t rained scientis ts , engineer s , and 
adminis t rators in Indone s ia be considered : 

Utilize specialists  f rom abroad t hr ough individual long- o r  
s hort-t erm assignment s  to  Indones ian inst i tutions . Or , 
pref e rably , arrange for university-to-unive rsity 
af f iliat ions in which facul ty member s  f rom an ins t itution 
ab road visit Indonesia . 

Send Indonesians to industrialized count ries f or S- I I I  
( Ph . D . )  programs . 

Send Indonesians f or coursework abroad but have them return 
t o  Indone sia for their f ieldwork. 

Ut ilize high-quality personnel a t  Indones ian government and 
indus trial la boratories to serve as ad junct professors and 
to conduct research of common intere s t . 

Arrange f o r  Indonesian s t udents to unde rtake their research 
a t  nearby government or indus trial laboratories under the 
joint supervision of t he uni ve rsity or educatio04l 
ins t i tution . 

Conduct f ield re search outside Java t o  address problems in 
rural areas and to stimulate research and education a t  
ins t itutions in the se areas . 

Add ress research of joint interest to the cente r s  for  
environmental studies located in 29 Indonesian universities . 

• Whereas provision of water  supplies and sanitation services for 
bot h urban and rural areas should continue to  enjoy t he highes t  
priority , it is recommended t hat s pecial emphasis be placed on 
d istribution of wa ter to  t he 13 5 million inhabitants of rural 
Indonesia . 
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• Because onl y  a few R&D ins t i tutions are addre ss ing t he problems 
connec ted wi th community part icipa t ion in water projects--a nd 
they are addre ss ing the t echnical i s sues--it  is recommended 
that far more a t t ent ion be given to the behavioral and s ocial 
sc ience s and to devising s t rategies that encourage communi ties 
to part icipa t e  in wa ter supply and sani tation programs . 

• Of t en the equipment and suppor t  services read ily available in 
the industrialized countries are not at hand in Indones ia . 
For this reason , and because Indonesia has a labor-intens i ve 
e conomy and i s  expec ted to  have one f or some years , i t  i s  
recommended t hat t he bene f i t s  o f  the t ransfer o f  technology 
f rom cap i tal-i ntens ive economies be thoroughly examined . 

• In recogni zing the importance of wa te r to economic developme nt 
and public health , i t  i s  recommended that a comprehensive wa ter 
resources agency be e stablis hed in Indones ia to address the 
wise use of this limi ted resource . 

Envi ronment 

Indonesia i s  composed of 13 , 500 i slands , each of which has unique 
envi ronmental feature s . Unde rs tanding and wi sely developing t he 
Indones ian environment is  thus a large and complicat ed task.  
Educat ional pol icy in Indonesia f or envi ronmental mat ters is  cent ered 
around the 29 centers f or environmental s tudies . These centers may not 
be as eff ec t ive as they should be , howeve r ,  because each is small . 

• It i s  therefore recommended tha t  s t eps be taken t o  encourage 
f ormat ion of consortia of cente rs wi th  common intere s t s  and 
emphas i s ,  perhaps designating one ins t i tut ion as the leading 
center for  each consortium. 

These consort ia would prepare development plans that specify priorit ies 
and serve as a basis  for long-term f inancial commi tments so t hat  
qualified manpower can be trained or acquired and s tudy programs of 
adequate  dep t h  developed . 

Solutions t o  environmental problems , including those of manpower 
development , could be hastened t hrough close r links between 
universit ies , government agenc ies , re search ins t itut ions , and indus t ry .  

• I t  i s  recommended t hat such linkages be encouraged by 
government agency development of envi ronmental t echnician 
training programs and by more use being made of an exi sting 
program whereby agency employees re turn to universities for  
postgraduate educa t ion.  
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• There i s  a c lear need in addres sing problems of envi ronmental 
quality i s sues as well as of wa ter pollut ion . Therefore it is  
recommended that a "watchdog" o r  regulatory envi ronmental 
agency be es tablished for this purpose that  is,  and is 
perceived to be1 independent of other gove rnment agenc ie s .  

INDUSTRIAL DEVELOPMENT AND MICROELECTRONICS 

Current revolutionary technological developments in 
microelectronics represent both opportuni t ies and cons t raint s for 
Indonesia' s accelerat ing industr ialization prog ram . Dealing 
effectively wi th the se will require subs tant ial expans ion of bot h  
educat ion and research in t he microelec t r onics field . There is no 
ques tion but that Indonesia mus t rap idly develop i ts capaci ty to 
utilize mi croelect ronic technology effec tively in sup port of 
indus trializat ion . Seri ous issues , however , mus t be addressed wi th 
re spec t to the desi rability and produc t iv i ty of manufacturing advanced 
microelectronic devices , equipment , and sys tems in the coming decade 
in-country in view of the capi tal-intens ive character of such 
production, rapid obsolescence of t echnology , and intense compet i t ion 
among t he indus t rialized countrie s . Unt il the latter i ssue s  have been 
re solved , t he full implicat ions of microelec tronics for manpower 
development in the indus t r ializat ion f ield cannot be reliably foreseen . 

Even if Indonesia' s nea r-term activi ties wi th respec t to  
mi croelec tronics are l imi ted primarily t o  prov iding for effec t ive 
utilization of  these powerf ul t ools in indus try (and elsewhe re in the 
economy and society ) ,  much can be done to augment what is surely an 
inadequate supply of  t rained manpower in this f ield . 

• I t  i s  recommended t ha t : 

For the next 3-5 years , educat ion pilot programs in 
mi croelec t ronics be concent rated in no more than three 
unive rs i t ies adjacent to indus trial centers , thus avo iding 
dilution of  scarce human resources and subcrit ical , 
ineffec tive "d iversif icat ion . "  

University programs in microelec t ronics be kept relevant to 
i ndustry ' s  needs by establ ishing university-indust ry links , 
primarily through joint uni ve rsity-industry research 
programs and cooperative educat ion scheme s .  

R&D ins ti tut ions ( for example , LIP I )  be used primarily for 
advanced development programs in ut ilizat ion of 
mi croelec tronics to serve def ense , government , and indus t ry .  

Pr iori ty be given to applicat ions of microelec tronics (a s  
opposed to p roduc t development ) and t o  development o r  
adap tat ion o f  software . 
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Assi s tance from donors--bilateral and mul t i late ral--be 
s ought to bring faculty f rom abroad for 1- or 2-year 
assignments to  s trengthen a designated pi lo t  university 
program in at  leas t t he formative years . 

Cont inuing education programs in t he univers i t ie s  be 
developed f or graduates to keep t hem abreas t of 
developments in t his fast-moving technology . 

To the greatest extent possible , s tudents in s econdary and 
eve n  primary schools be exposed to  concepts t hat will make 
them computer literate . 

Format ion of a computer techniques professional society be 
ini t iated , perhaps af f i l iated with t he Internat ional 
Institute of Electrical Engineers . 

MARINE SC IENCE AND UNDERWATER TECHNOLOGY 

The Indones ian seas cover an a rea of over 5 million s quare 
kilometers . Presently, i nadequate numbe r s  of technically t rained and 
skilled manpower are available t o  carry out resea rch programs t o  
develop and manage t he renewable and nonrenewable marine resource s . I t  
i s ,  therefore , i mperative t ha t  manpower development in marine science 
and technology a t  all levels be p lanned and i ncorporated int o  
Indones ia' s overall national development plan . Three general 
ap proache s to meeting t he manpower needs of thi s  plan were ident i f ied : 

• Di rect technical assis tance by foreign scienti s t s  and 
technicians 

• External t raining of Indones ian scientists  and t echnicians 
• Internal t raining of Indonesian scientists  and technicians . 

Direct t echnical assistance by hiring a fore ign scienti s t  o r  
technic ian provides an instantaneous , but ul timately temporary , 
solution t o  a manpower need . External t raining of Indonesian 
scient ist s and technicians requi re s 2-5 years , but nat i ve expertise 
resul t s  once t he t raining period i s  complete . Internal t raining of 
Indonesia n  scient i s t s  and technicians can only be carried out 
effec tively if the academic infras tructure is  already fully developed . 
Since thi s solution i s  bot h  permanent and s ignals full technological 
development , it is  a worthy objective . 

• Thus i t  i s recommended that ove rall efforts  t o  increas e 
part icipat ion in gene ral educat ion,  and thereby develop t he 
academi c infras t ruc ture, be augmented and supported as t he 
highest priority aspect of manpower development i n  Indonesia . 
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• The following priori ties f or marine scienc e  manpowe r 
development requi red to conduc t the program currently planned 
f or t he 1984-1989  period are recommended : 

Direct Te chnical As sistance 

English language ins t ruc t ion , especially for t hose applying 
t o  s tudy abroad , would increase t he ef f iciency and decrease 
the f rus t rat ion of Indonesian technicians and s cient ists  
pa rticipating in advanced technical courses taught in 
English . 

Training opportuni t ies in marine geology and geophysics and 
ocean engineering in two or more Indonesian ins titutions 
should be es tablished to develop the manpower needed t o  
asses s the geological context and specific distribut ion of 
nonl iving marine resources and to plan and a ssess coas tal 
publ i c  works as well as off shore oi l and gas s t ructures . 

Procedures should be e s tablished for developing coasta l  
a rea management planning . Buildi ng u p  indigenous expertise 
through f oreign training i s  a necessity . 

External Training 

The i mportance of  marine science f ollowing complet ion of 
Law of t he Sea nego t iat ions requi res t ha t  t he scale of 
traditional external academic t raining for marine 
scient i st s  be increased d ramat ically . 

Foreign l icens ing of companies involved in ext rac tion of  
Indones ian living and nonliving resources should be  
augmented to require a t raining component for marine 
technicians . 

Internal Training 

Exi s t ing mechanisms f or advanced t ra ining could be used 
more effectively and upgraded if incentive s  for involving 
faculty and s tudents conduc t ing research were increased . 

The curriculum of selected secondary school s or polytechnic 
ins t i tutes should be augmented to p rovide specific training 
f o r  marine and fishe ry technicians . Alternat ively , an s -o 
(nondegree) t raining program for such technicians could be 
developed ( se e  below) . 

Marine-oriented vocational t raining should be d eveloped for 
secondary schools . 
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Unive rsi ty programs should be augme nted by developi ng a 
marine extens ion component s imilar to  the agr icultural 
extension sys tems used by u . s .  land-g rant college s .  

A 2-year college diploma program ( o r  S-O program) should be 
developed to emphasize mar ine sc ience and tec hnology . Such 
a program , s imilar to the one being developed in 
agricul t ur e , could aim at at t ract ing t he sons and daughter s 
of the over 1 million Indones ian families currently engaged 
in fisher ie s and sea-rela ted ac tivitie s .  
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BIOTECHNOLOGY AND AGRO- INDUSTRY 

Biote chnology--defi ned here as the ap plicat ion of scien tific and 
eng inee ring princ i ples in the form of biologi cal agents to the 
processing of ma te rials--promise s to have an important impac t on 
Indonesian i ndus try in the a reas of agr iculture , health ca re and 
pharmaceuticals , chemicals , and biomas s conversion . Thi s worki ng gro up 
elec ted , however ,  to  l imi t i ts discussions to f ood resources , with 
pa rt icular emphasis on product ivity , nut ri t ion ,  and pos tharves t 
technology .*  

Bio technologies relevant to  the  agro-i ndust r ial sector , s o-called 
"agro-biotechnology , " include t i s sue cult ure , c lonal p ropaga t ion , 
somaclonal gene tic  variation , pro toplast  technology , and recombinant 
DNA technology--terms t hat me r i t  furt he r  explana t ion.  

Ti ssue culture involve s growing cells in a test  tube envi ronment on 
a nu trient  medium .  I t  is  pos si ble t o  selec t breeding l ines f rom plants 
regenerated f rom gene t ically modif ied cells grown in tes t  tubes . Such 
selec tion could resul t  in plant s resis tant to pes t i cides or  her bicide s , 
cereals that  f ix nitrogen , anti-leaking genes tha t  improve ni trogen 
f ixat ion , and crops wi th increased photo synthetic  effic iency , sal t 
tolerance , d isease res istance , and improved hort icultural trai t s . 
Agro-biotechnology techniques might also be applied to cellulose-ea ting 
yeast and bac teria , improved commercial yeast  strains and f e rmentation 
te chnology to enhance the synt hesi s of  tood i ngredient s such as casein ,  
ant ioxidant s ,  antimi cro bial agents ,  amino acids , pes ticides , growth 
stimulant s ,  and growth regulator s .  

In c lonal propagat ion , t i s sue cul ture i s  used for the 
high-f reque ncy produc tion of plants . Thi s te chni que allows the 
efficient c loning of plant s diff icult to  propagate us ing convent ional  
horticulture technology , as wel l as  t he ef ficient generat ion of unique 
breeding lines f o r  development of new varieties . I t  is part i cularly 
relevant to the produc tion of elite hybrids . In thi s regard , 
somaclonal gene tic variation--t he variability f ound in plants 
regenerated f rom tissue culture--also provides an opportunity f or t he 
rapid development of new breeding line s . 

*See Appendix H f o r  a l i s t  of material provided to thi s working group . 
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Protopla s t  f usion involves the enzymatic digestion of cell walls 
which render s cells more recept ive to  chemical and physical 
manipulat ion . Thi s is t he mos t direc t  method of introduc ing gene tic 
vari abi l i t y .  A unique mixture of nuclear and cytoplasmic genes i s  
obtained , whi ch may segrega te o r  recombine , resulting in a wide range 
of g enetic c ombinations that a re not possible using conventional 
hybridizat ion . In a number of plant species , protoplasts can be 
regenera ted into complete plant s . When protoplas t& are genet ical ly 
altered ,  theref ore ,  complet ely new crop var ieties can be produced f rom 
genetically mod i f ied protoplas t s . The mos t useful combinations could 
be i sola ted and incorpora ted into a br eedi ng program. 

Gene t ransf er via recombinant D NA .  Recombinant DNA i s  a t echnology 
associated wi th t he t ransf er of genes between organisms . F ragment s of 
DNA are i sola ted from one organism , at tached to a plasmid , and 
t ransf erred to a second o rgani sm . App lication of recombinant DNA 
t echnology of f ers  the a bi li ty to t ransfer genes tha t  control 
photosyn t heti c  ef f iciency , photorespiration , t ransp i ra t ion , and 
nitrogen f ixation ,  as  well as the ability to transfer genes t ha t  
regulat e  drought resistance,  cold tolerance,  salt toleranc e, and 
ef f icient nutrient uti lizat ion ,  t hereby permi t ting p lant cells to grow 
i n  adverse clima tes . Techniques f o r  the use of recombinant DNA t o 
modify crop p lant s genet ically are s imilar to  those originally 
developed for  use wi th bact eria . Gene t rans fer is accomplished by 
f irst  identifying and isolating the gene desired for int r oduction into 
a crop plant . Thi s gene is separated f rom t he donor c hromosome us ing 
restriction enzymes to f ragment the donor DNA. The f ragment containing 
the des ired gene mus t t hen be recombined with a p lasmid capable of 
entering the hos t plant cell . Upon entry , the plasmid containing the 
new DNA mus t und ergo replicat ion and gene expression to complete the 
introduction of a new gene produc t into a crop plant . The mos t 
f requently used plasmid ( small ci rcular DNA)  for t ransfer of DNA to 
higher plant s is the Ti-plasmid , which occurs naturally in the s oil 
bac terium Agrobac terium tumefaciens . 

Agro-biotechnology wil l  be used as  an ad junc t to conventional plant 
breeding f or development of special parent p lants and for cloning crops 
unable to be ef f i ciently propagated using conventional hort icultural 
technolog ies/me thodologies . Clonal p ropagation is  pres ently being used 
on a c ommerc ial basi s  f or palm ,  and i t  can be integrated immediately 
into a breeding and development program. 

SC IENTIFIC AND TECHNOLOGICAL MANPOWER NEED S 

• I t  i s  recommended t hat  special empha sis be placed on t raining 
manpower in agro-biotechnology and f ood technology and 
engineering . More specifically , thi s would requi re specialized 
training of plant breeders , ferti lizer chemists , integrated 
pes t management specialis ts , soi l  biologists , irriga t ion 
engineers ,  s eed t echnologi sts , f ood chemists , f ood 
technologists , f ood engineers ,  agricultural engineer s ,  resourc e  
economi s t s ,  and nutr i t ioni s t s . Special training can be 
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provided through linkages for work in plant cellular genet i cs 
( i . e . , protoplast technology) ,  somaclonal genetic variat ion , 
cytoplasmi c genetics , cell culture technology and molecul ar 
microbiology ( i . e . , mutagenesi s ) , recombinant DNA , and 
f ermenta t ion technology . 

Suggest ed modes of training include having individuals t rained 
abroad , importing a f ul l  faculty to tea ch a t  an Indones ian graduat e 
school , and enrolling candidates abroad and having them return t o  
Indones i a  t o  undertake t hei r research , using local problems and 
materials as  t hei r subjec t .  

The possibility of inviting recently ret i red prof essors or 
scient i s t s  to Indonesia should also be exp lored . Several Indonesian 
scient ists  could act as  counterpar t s  to t he visitors while they work in 
Indonesian educat ional es tablishment s ,  t hus allowing t he Indonesians to 
receive t raining through apprent iceship . Thi s  system may improve the 
atmos pher e f or resea rch wit hin t he universi t ies , especially since i t  i s  
f elt that t he approach t o  research work cur rently being perf ormed in 
Indonesian universi ties is  piecemeal and does no t represent a cohe rent , 
continuous process . 

Indones ian universit i es might also be s t rengthened through a 
long-t erm , close coopera t i ve a greement wi th a s is t er uni versity in a 
developed c ountry , s imilar to  the ones undertaken between t he 
Agricul tural University in Bogor (IPB ) and t he University of Wisconsin 
or the University of Sao Paulo in Bra z i l  and Ohio State Universi ty .  
Excha ng e  of facult ies and facili t ies for  graduate t raining are among 
the benef it s  of such scientif ic c ooperat ion . Similarly , the 
introduc t ion of  a sa bbat ical  leave sys tem into t he Indones ian 
university o r  resea rch ins t itution sys tem may be ano t her means of 
improving the scientific  capabi l ity of Indonesian researchers . 

Thus f a r ,  exist ing professional soc ieties in Indonesia have 
succes sf ull y  s timulated prepara tion of scientific papers f or 
pre sentation a t  seminars or congresses organized by t hese a s sociati ons 
f or thei r member s .  They , therefore,  represent impor tant tool s for 
boos ting the development of science and t echnology . Moreover , they ma� 
func tion as  a t raining ground for young scientists--t hey have cer tainly 
been useful in creating a heal thy scient if ic a tmosphere.  The potential 
of professional societies s hould be explored f urt her , especially in 
set ting norms for good quality res ea rc h .  Private companies should be 
encouraged to support these societie s .  

AGRQ-BIOTECHNOLOGY INDUSTRIAL CENTER 

The establishment of agro-biotechnology indus trial centers in 
Indonesia c ould be a means of linking industrial development with both 
new technologies and universi ty talent for "input " and t raining . 

• To facilitate this development, and to  orient i t  to  t he needs , 
cultures and societal im era t i ve s  of Indonesia it  i s  
recommended t hat a Crop Agro-biotec hnology Indus t rial Center 
(CABIC )  be es tablished . 
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Ideally , such a cente r  wi l l  maintain a di rec t  association wi th  an 
i ns t i tut ion of highe r l ea rning and will serve as  a model for eventual 
replicat ion i n  simi lar or rela ted area s or at  ot he r s i tes .  Thi s  cente r  
will f ocus primarily o n  palm and s oybean oi l ,  s t r iving ini t ially to  
evolve new plant varie ties for increased produc t ivity , new app roaches 
t o d i sease and pest  control ,  and new i nnovations i n  postha rves t 
technology and processing . A numbe r of the essent ial components f or 
such an agro-biotechnology center are a lready establi shed , including an 
Ins t i tut e f or Esta te Crops , which is  using plant tissue cul ture and 
pl ant pa thology t echniques , is exami ning plant protect ion ,  and has 
agronomi c expertis e .  CABIC could pull t hese activitie s  toge t her for 
immediate bus ines s development and manpower t raining . 

CABIC would consi s t  essent ially of approximately 2,000 hec tares of 
land , loca ted in  reasonable proximi ty to exi st ing palm plantations and 
soybean farms and a leading universi ty .  The land area would encompass 
a pi lot plantation ,  a nursery , a b iotechnology center , and a pi lot 
processing facili ty . Such a center would likely have enormous training 
benef i t s  and would s erve not only a s  t he bas is  f or replicat ion of 
agro-indus tries , but also a s  t he base f or soc ioeconomi c studies and f or 
the use of biotechnology techniques in t he years ahead . 

The professional s t af f  would have appointments i n  t he univers it y 
and would be required to t each and s upervise t heses t raining at all  
levels , whi ch would focus on technical pro blems relevant to  
agro- biotechnology indus t r i es .  CABIC would provide s tudents wi th an 
integra ted unders tanding of  hi gh-technology agriculture and 
agro-biotechnology , a s  wel l  a s  a "hands-on" approach to bus iness 
development , all i n  an enhanced scien ti f i c  and tec hnologica l  setting . 
CABIC would also nourish appropriate relat ionships wi th f oreign 
universi t ie s  f or f ood science and engineering t raining , 
agr o-b iotechnology t raining and agro-indus try management , as well as an 
ap propriat e  rela tions hi p wit h  biotechnology corporat ions for food and 
agr i cultural development . 

FOOD RESOURCE DEVELOPMENT PLAN 

• Whil e  a major long-term projec t to develop a "mas ter plan" is 
not f avored , i t  i s  recommended tha t  some type of "f ood resource 
development plan" be evolved for Indonesia . 

Thi s  task would require assembling s ta t i s t ical data in  order to 
upgrad e the quality of informa tion on plants , animals , processing , 
credi t ,  and ma rkets t ha t  i s  avai lable to potential investors , as well 
as to provid e some assurance t hat courses of act ion being planned are 
consi s tent with t he overall goals of the country. Such a plan may help 
build conf i dence i n  inves tor s  weighing inves tment opportuni ties  in 
agro-biotechnology indus t r i es in Indonesia . 

Agricul ture wil l  remain t he cent ral t heme of development in  
Indones ia over the next decade , toge the r wi t h  indus t ry which i s  now 
being promoted . To realize i t s  r ich potentia l for agro-indus trial 
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development , Indonesia must evolve unique compet itive advantages in t he 
product ion of  certain crops and special ized end-produc t s . This will 
require a renewed f ocus on i t s  unique resources for agricult ural 
produc tion and acknowledgment of t he obs tacles that mus t be faced in 
the f orm of  some t imes adverse envi ronmenta l condit ions , pes t s , 
diseases , and wa ter shortages . Indones ian needs s hould De recas t a s  
opportuni ties to  produce food , feed ,  f iber , and agrochemicals i n  an 
agro-i ndustr ial s etting , aided Dy the techniques of high- t echnology 
agricul ture and biology t ha t  are now available . 
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WATER AND ENVIRONMENT 

Tbe Government of Indonesia bas begun t o  make signif icant inves tment s 
both in urban and rural water suppl ie s ,  consis tent wi th the Uni ted 
Nat ions Drinking Wate r Supply and Sanitat ion (DWSAS) Decad e ,  and in  tbe 
protect ion of tbe environment wi th  the establishment of centers of 
envi ronmental studies at l9 ins ti tutions of highe r educa tion throughout 
Indonesia . Continued implementation of these ini t iat ives , howeve r ,  
will require the government to  addres s s eve ral  cri tica l p roblems . 

In i t s  discussion of environmental and wa ter poli cies in  
Indonesia , t hi s  working group conside red four  major  priority areas : 
(1) b asic  human needs ;  ( 2) natural resources and environment; 
( 3) indus t rial i zation ;  and (4) soc ial , economic , and cultural fac t ors , 
phi losophy , and law .  

WATER 

Water i s  essential to  economic development . In Indonesia , the 
management of water i s  now excessively fragmented adminis t rat ively , 
resulting i n  inef ficiencies and gaps i n  knowledge . Suf ficient data to 
permi t s ound water balances are not availa ble . Furthermore , there i s  a 
lack of  capa bili ty in  hydrology , part icula rly groundwate r hydrology , 
and l imnology . 

To exploi t i ts water resources effec t ively and to  prevent t he i r  
degradation , the Government of Indonesia needs to  establis h and 
implement policies that permi t a continuing inventory of i ts 
resource s .  Addi tional meteorological and hydrologi cal data mus t  be 
gathered and evaluated . Baseline data mus t be f ixed so  that  changes in  
water resource s can be  determined . For  example , well s mus t be logged , 
and the extraction of  groundwater mus t  be regula ted to prevent a 
pe rmanent los s of t hi s  valua ble resource . 

Provis ion of water supplies and sani tation services for both urban 
and rura l areas s hould continue to enjoy the highes t p riori ty , wi th  
special emphasis  on distri but ion of wa ter to the 135  million 
inhabi tant s of  rural Indonesia . Muc h  can be accomplished by p romoting 
community part icipation in the initiat ion of projec t s . 

Water is  also important to indus t ry; howeve r , withou t a 
well-d efined government policy , indus t ry can be wasteful . Much of the 
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indus tria l nee d  can be sati s fied by wa ter of lower quality , t hereby 
conserving l imi t ed resources of high-quality water for high-quali t y  
needs , such a s  dr inking . Pricing policies can encourage the us e of a 
hierarchy of wa ter q ual i ty , including recycling and reuse of 
was t ewaters . 

The provision of add i t ional energy supplies and d evelopment of  new 
agricul tural land s a lso depend heavily on t he availabi l ity of wat er . 
Power i s  costly . It may be possible to provide low-cost hydropower in 
rural a reas by t he cons t ruc tion of smal l impoundments f or water supply 
and i r rigation .  Soil-water problems , part icularly i n  semiarid areas , 
require government attention if agr icult ur e i s  to  be developed in t he 
less humid areas of Indones ia . 

Be cause a ll pollution problems cannot be addressed s imultaneously , 
monitoring of water quality must be instituted t o  permi t t he 
establishment of priorit ies f or i nves tment in t rea tment . Mos t  
imp ortant , because pollut ion a ba t ement i s  f a r  more cos tly af ter 
pollution has occurred , gove rnment policy s hould promote pol lut ion 
control as economic development takes place. 

In recognizing t he importance of  water t o  economic development and 
public  heal th , consideration should be given t o  establ ishing a 
comprehensive wa ter resources agency in Indones ia to address the wi se 
us e of thi s limited res ource. Coordinating commi t t ees and counc il s , 
involving the many agencies with an interes t  in wate r , have been 
notoriously ineffect ive in t he United S tates in resolving nat i onal and 
local water conf licts and promot ing effect ive utilizat ion of water . 

Finally , becaus e t he scarcity of human resources in t he water 
sector and i n  t he educational and scient ific insti tutions i s  so acut e ,  
a s  shown below ,  every attemp t must b e  made to engage al l public and 
private i ns t i tut ions in the effort  to make optimum use of water 
resource s i n  Indonesia . 

Manpowe r Planning 

Although the data on manpower in Indonesia are not precise,  they d o  
reveal a serious shortage of prof es s ional personnel at  all levels . 
Over the next decade , a particularly large shortage of t eachers in 
engineering , science , and admini stration/management is f orecast . This 
lack of  teache r s  ensures t ha t  t hi s  shortage will continue in t he future . 

High-quality engine ers , scient i s t s , and managers are in great 
demand inside and out s ide Indonesia . At t rac t ing such individual s t o  
Indonesian educational ins t i tut ions demands that these ins t i tut ions be 
a bl e  to compet e f or the highest quality personne l , and t his  in  t urn 
requires some changes in policy . Qualified job candidates mus t b e  
given appropriat e incentives such as  research grants , study leaves , and 
market-l evel salaries on campus so that out side employment does not 
entice them away from t heir university responsibilit ies . Thei r maj or 
commi tment mus t be to t he university and i t s  s tudent s .  Every country 
wi th out s tanding universi t ies encourages i t s  ins t itutions to compete 
for the bes t  students ;  Indonesia mus t do t he same .  
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The Second Nat i onal Workshop on t he DW SAS Decade held in Bali in 
Oc to ber 1982 f ound t hat the rural wa ter  supply program , intended to 
bring wat e r  and sani tation to 135  mi llion people by 1990 , would require 
about 13 5 , 000 t rained people at all levels . Training t hem , as well  as 
the personnel needed f or urban wate r programs in Indonesia , is a 
mammoth task . In addition , Indonesia urgent ly needs certain 
special i s t s  such as  hydrologist s and l imnologists  now , and o t her  needs 
will surely develop as the program progresses . 

Given the mass ive s hor tage of pe rsonne l a t  all levels described 
a bove and t he difficulties in  i ni t iat ing education f or the highes t 
s cholas tic  level s ,  it  i s  clear t ha t  al l ins t i tutions wi th  a potential 
contr i bution t o  the educational process  mus t be  pressed into service 
and used to  the i r  fullest  capac i ty . Expatriate organizations operating 
in  Indonesia s hould be encouraged , if not required , to  inco rpora te 
training of  Indonesian nationals into  t heir  operations . Because the 
subprofessional level has been neglec ted , special efforts  mus t  be made 
t o  es tabli s h and s trengt hen polytechnics ( in addition to what i s  
currently being done with the World Bank loan) , o ther technical-level 
t raining ins t i tutions , and the public sc hool sys tem .  T he availability 
of t echnicians wil l  f ree the more highly trained individuals to conduct 
the professional-level  work for which t hey were t rained , including R&D . 

The more pres tigious and bet ter  s taf fed universities a re on Java ; 
better  trained personnel are also needed f or t he outlying i slands . 
Cooperative training and research programs between Javanese and other 
institutions wi th  similar problems might be organized to  address 
pro blems facing the outlying rural areas while at the same t ime 
enhancing their  educat iona l  ins titutions . 

• It i s  recommended that the following approaches to accelerat ing 
the provi sion of t rained scientists , engineers , and 
administrators in Indonesia be considered : 

Ut ilize  special ists  f rom abroad t hrough individual 
long-term or short-term assignments to Indonesian 
ins t i tutions . Or , pref erably , arrange for 
university-to-university aff iliat ions in  which faculty 
members  from an ins ti tution abroad vis i t  Indonesia to 
provide t he cri tical mas s  and to  assist  with several 
Indonesian scholars simul taneously , t hereby c reating t he 
opportuni ty f or a crit ical mass . 

Send Indonesians for S-I l l  ( Ph . D . )  programs t o  
indus trialized countries . Whi le this appears to b e  the 
mos t obvious ap proach,  i t  may not be t he mos t  successful .  
Re search programs might not be appropriate t o  Indonesia 
because of  t he conside ra ble support  se rvices and equipment 
readily a t  hand in the indus t rialized world but not 
available in Indonesia . Furt hermore , research topics may 
not be relevant . When these s tudents return to Indonesia , 
t hey may lack a communi ty of scholars wit h  whom t o  interac t  
and thus may soon f ind o the r challenges more rewarding . 
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The high value of t heir  education will make t hem excellent 
targets f or employment at other than Indonesian research or 
teaching ins t i tutions . 

Send Indonesians for  coursework abroad but have them return 
to Indonesia for  t he i r  f ieldwork.  Thi s would make their  
research more relevant but  would not produce the number of 
trained personnel needed . 

Ut i lize high-quality personnel at  Indonesian government and 
indus trial laboratories t o  serve as adjunc t  professor s  and 
to conduc t research of common inte res t .  

Arrange for Indones ian s tudents t o  undertake t heir  research 
at nearby government or  indus trial laboratories under t he 
joint supervision of  t he university or educational 
ins t i tution . 

Conduct f ield research  outside Java to address pro blems in  
rural areas and to  st imula te research and education at  
ins t i tut ions i n  these areas . 

Addres s research of joint interest to t he centers for  
environmental s tudies ( see below) . 

R&D Management and Planning 

The major cons traint s  to the p rovision of a wa ter supply in 
Indonesia are no t water technology or even money ; rathe r ,  t hey are 
ins t itutions and the personnel needed at all levels to s taff them . The 
provision of a water  supply requi res t ha t  communi ties be informed of 
the benef i t s  of  wa ter supply and sani tat ion projects and t heir  active 
pa rticipat io n in these projects  be sought . Communities mus t  also be 
told which operating facil i t ies a s  well as maintenance and extension 
services they  are expec ted to provide . 

• Because only a few R&D ins ti tutions are addressing t hese 
problems, and t hey are all addressing t he technica l  i s sues , it 
is recommended that far  more attent ion be g iven to t he 
behavioral and social science s and to devising s t rategies that  
encourage communi ties to part icipate in  water supply and 
sanitat ion programs .  

Re sea rch and development efforts  i n  Indonesia should concentrate on 
applying the exi s t ing technology , which is  already well developed , and 
adapt ing it to  that country ' s  social , cul tural , economic , and technical 
condit ions . Of ten , more ingenuity is requi red in Indonesia because the 
equipment and support services readi ly avai lable in t he i ndust rialized 
count rie s are no t at hand . 
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Trans fer  of Technology 

• For the reasons ment ioned a bove , and because Indones ia has a 
labor-int ens ive economy and i s  expected to  have one f o r  some 
years ,  i t  i s  recommended that t he benef i t s  of the t ransfer of  
te chnology from capi tal-intensive economies be examined 
thoroughly. 

One of  t he bes t  approaches to  such a task i s  the participa t ion of  
Indonesians i n  regiona l  and i nternat ional profes sional and scient ific 
organizations and mee tings . The mos t appropriate technology may be 
tha t developed in India , Thailand , Singapore, or ot her countries in t he 
region . In t ime , however ,  Indonesia may well be the source of 
appropriat e  technol ogy for othe r  countries .  

ENVIRONMENT 

Indonesia i s  composed of 13 , 500 i slands , each of which has unique 
environmental f eatures . Unders tanding and wisely developing the 
Indonesian environment i s  thus a large and complicated tas k .  

The Indonesian government has undertaken t hi s  task b y  e s tabli shing 
environmental studies pro grams in 29 Indonesian universit ies ( Table 1 )  
and specif ic envi ronmental pol icies in some areas ( Ta ble 2) . The 
univers i t y  environmental studies programs are adequat e  in number but 
require increased support and d evelopment i f  t hey are t o  reach their 
full pot ential . Gove rnmental policies have yet to  be developed in 
areas lef t  blank or marked " 0" i n  Table 2. 

Eff o r t s  mus t be made to opt imize resource use ,  particularly i n  
those areas ( f isheries , forests , water supply , etc . )  whe re 
over-exploi tation is a pos si bili ty . Effec tive resourc e utilization 
maintains ecological s tability  of the env i ronment f rom which the 
resourc e  i s  extract ed .  The following factors mus t also be taken into 
account : (1 ) impacts of moderni zat ion and population growt h ,  
(2) environmenta l  management and policy issues , ( 3 )  land-us e planning 
and land t enure,  and ( 4) natural hazards . 

Manpower Develo pment 

Educational policy in Indonesia f or environmental ma t t ers i s  
centere d  around t he 29 esta blished centers . These centers may no t be 
as e f f ect ive as they should be , however , because each is small . 

• I t  i s  theref or e  recommended t hat steps be taken t o  encourage 
f ormat ion of a consor t ia of  centers wi th common interes t s  and 
emphases, possibly designat ing one insti tution a s  the leading 
center for  each consort ium .  I n  t hi s  way , scarce resources can 
be shared and inte rac t ion among ins t i tut ions encouraged . Thes e 
consort ia should prepare development plans that specify 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Proceed ings :   Pane l  D iscuss ions  on  Sc ience and Techno logy  P lann ing  and Forecas t ing  fo r  Indones ia :  Spec ia l  Emphas is  on  Manpower  Deve lopment :  Jakar ta ,  Indones ia ,  November  8 -10 ,  1982
ht tp : / /www.nap.edu/ca ta log .php?record_ id=19507

http://www.nap.edu/catalog.php?record_id=19507


- 23 -

TABLE 1 Li s t  of Centers for Environmental Studies in Indones ian 
Un iversit ies and Their Specialties 

Center Special ty 

1 .  Un ive r s i ty of Indonesia , Jakarta 

2 .  Bogor Agriculture University , 
Bog or 

3 . Bandung Ins t itute of Technology , 
Ba ndung 

4 .  Pad jad jaran Uni vers i ty ,  Bandung 

5 . Gad jah Mada Uni versity , Yogyakarta 

6 .  Di ponegoro University , Semarang 

7 .  Arlangga Univers ity , Suraba ja 

8 . Brawidjaja Unive rsi ty , Malang 

9 .  Surabaja Ins t i tute of Technology , 
Surabaja 

10 . Jember University , Jember 

11 .  Udayana University , Denpasar 

12 .  University of North Sumatra , 
Me dan 

13 . Andalas Unive rsity , Padang 

14 . Riau University , Pekanbaru 

15 . Sriwdjaja University , Palembang 

16 . Ha sanuddin University , Uj ungpandang 

17 . Mulawarman University , Samarinda 

Human ecology 

Wate rshed ecology , t idal 
agrofores try 

Se t t lement and indust r ia l  
ecology 

Envi ronmental toxicology , 
envi ronmental law 

Geographical ecology 

Ocean and mangrove ecology 

Coastal settlement 
and industrial ecology 

Brantas ups tream ecology 

Coas tal set t lement 
and indust r ial ecology 

Ups tream ecology 

Ecology of island parks 
and tourism 

Coas tal eco logy , Malacca 
St rait , Imperata , 
and t ropical fores ts 

Buki t Barisan mountai n 
ecology and regional mining 

Swamp , island , and plain 
ecology 

Tidal swamp ecology · 

Lake and coas tal ecology 

Plain t ropical 
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TABLE 1 Cont inued . 

Center Spec ialty 

18 . Lambung Mangkurat University , 
Banjar Baru 

19 . Cendrawasih Unive rsity , Jayapura 

20 . Pa t timura University , Ambon 

21 . Palangkaraya University ,  
Palangkaraya 

2 2 . Nusacendana University , Kupang 

2 3 .  Tadulako University , Tadulako 

24 . Tanjungpura Unive rsity ,  Pontianak 

25 . Jenderal Sudirman Un iversity , 
Purwoke rto 

26 .  Lampung University , 
Tandjungkarang 

2 7 . Sam Ra tulangi University , Manado 

28 . Syah Kuala University , Banda Aceh 

2 9 .  Bengkulu University , Bengkulu 

F reshwater and swamp 
ecology 

Mountain/alpine ecology 

Ocean ecology 

Peat and fores t swamp 
ecology 

Arid/savanna ecology 

Re settlement ecology 

Swamp and peat ecology 

Coastal and brackish water 
ecology 

Transmigrat ion and 
rese t tlement ecology 

Coastal , ocean , and i sland 
ecology 

Human ecology 

Agroforestry ecology 
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TAILI 2 Ma t r i x  of Envi roa.ent a l  Are a a , Prob leaa , Cove rn.ent Po l icy ( +  • e x i a t ent ; 0 • nonex i a tent ) , Pr i o r i t y ,  Foc u a  of Current Researc h 
and Deve 1 o�nt on the Prob 1 .. , and Other lna t i t ut i ona Poten t i a l l y  Invo l ved in t he Prob l .. 

Area a 

I .  Reaourc e 
Inventory 

I I .  Reaource 
U t i l hat ioa 

1 .  Dc.ea t ic 
aupply 

2. A&ricul ture 

3. Induatry /  
e lectricity 

1 1 1 .  Water qua l i ty 

Prob 1-

Me t eoroloay 
Groundwter 
Wat e r  ba l ance 
Surface runof f  
Li .. o1oay 
laael ine a t ud i e a  
llyd ro loay 

Supply of 60 1 /p/d 
For urban popul a t ion 
For rural popul a t i on 

Sourc e .  aroundwter . 
aurface runoff d . p . , 
end d i a t ribut ion 

Urben 
Rural 

Dra i aaae 
Irriaa t i on 
Boi l wter 
Watershed 

Mu l t ip l e-uae aya t ea  
( aequent i l l i q )  
Recyc l iaa 
Mic robydroe l ec t r ic i ty 

Pol l ut i on by : 
indus t ry 
d.,..s t ic 
q r ic u l t ure 
a i n i na  

Mon itor ina 

Treat-nt 

Gover .... nt 
Po l ic y  

+ 
0/+ 
0 
++ 
0 
0 
0 

+ 
+ 

+ 

+ 
0/+ 

+ 
++ 
0 
+ 

0 

+ 

+ 
aen.ral  
pol icy 

+ 
pol icy · ia not 
we l l  d i s t r i 
buted enouah 

+ 

•LGPII • Leabaaa Geo loa i dan Pert eabaaaan llaa i oaa l ( LI P I )  
U CK  • Uni veraitea Ced j ah Made 
ITI • Ina t i tute of Techno l oay , landuna 
UIIIVIRAW • Univera i t e t a  lrevidj aya , Malena 
PSL • Puaat Studi Liaakunado 

Prior i t ies 
Preaent 

1 
1 
1 

1 
1 
1 

1· 

l 
l 
1 
1 
( ' 84- ' 85 )  

Fut u re 
Reaearc h and 
Deve lo�nt 

Dept . o f  Pub l ic 
Work a ( DPMA) 

D i re c t orate of Env. 
Geol o&J 
LGPN-L I Pia 
UGII 
lTI 

UII IVUAII 

Deparaent a of A& r i 
c u l t u re and Pub l ic 
Worka (DPMA) 

DPMA 

lTI 
DPMA-PU 
Li t bana Depke a 
PSL• 

DPMA 
M i n i a t ry of Hea l t h  
Indua t r i e a  

PU-C i ptek Karye 

Ot hers 

Soc .  cc . 
Pan i t i a  loo rd i naa i Pene

l i t ian Maa a l ah A i r  
Doc .  + i nfo. 
Un iver a i t i e a  out a ide 

of Java 
Conaerva t i on pol icy 

Croppina ayatea 
Loa d  .. naa-nt 
Aq .. acul ture 

ror rur a l  coa.un i t i e a  
pot ent i a l  i a  there 

Tranaport 

N VI 
I 
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priorities and serve as a basis  for long-term f inanc ial 
commitments so that  qualif ied manpowe r can be t rained or 
a cquired and study programs of adequate depth developed . 

Manpower for the university envi ronmental s tudies centers can be 
found in  Indonesia , but external t ra ining of this  manpower may prove 
necessary . The spec i f ic type of manpower to be t rained should be 
evident from the consortia! development plans descr i bed above . Once a 
high priority manpower development need i s  identif ied , steps can be 
taken to fil l it . 

Incentives f or Indonesian s tudents or junior faculty to seek 
advanced training in the priori ty area might take the form of a 
government commi tment to subsidizing the t raining and providing 
subsequen t research grant s to assure development of  teaching / research 
programs after training is comp leted . Such support helps as sure that 
trained manpower i s  effectively utilized . Additional mechanisms t o  
assure eff icient academic use of trained manpower may b e  evident from a 
review of existing curricula and teaching loads . Incentives to  assure 
that t rained manpower devotes full t ime to university teaching and 
research mus t be es tablished to assure eff i cient use of such manpower .  

Joint Programs 

Solutions t o  envi ronmental problems , including those of manpower 
development ,  could be hastened through closer links between 
universi ties , government agencies , research institutions , and 
industry . Mutual personal respec t and concern for Indonesia ' s 
environment and development can serve as t he philosophica l basi s f or 
such l inkages . 

• It i s  recommended that linkages be encouraged by government 
agenc y development of envi ronmental technician training 
programs and by more use being made of an exi s ting program 
whereby agency employees return to universities for 
postgraduate educat ion .  

S pecifi c  instances where l inkages among diverse environmental 
ins titutions are particularly weak or s t rong can be used to identify  
high-priori ty needs and potential mechanisms for  solving them . For 
example ,  no Indonesian program i s  currently focusing on dry-land 
ecology , yet research on agri cultural soil moi sture problems is being 
addressed by a formal joint program involving universitie s , LIPI , and 
the Ministry of Agricul ture . A similar kind of joint program in 
dry-land ecology may develop from discussions now under way between the 
Team f or the Formulation and Evaluation of Nat ional Major Programs on 
Research and Technology ( PEPUNAS-RISTEK ) and the International Crops 
Re search Insti tute f or the Semi-Arid Tropics ( ICRISAT) on problems of 
the dry-land ecosystem of Nusa Tenggara Timor . Joint programs of t he  
type being conducted o n  agricultural soil moisture obviously make 
ef ficient use of scarce trained manpower resources . Such joint ef forts 
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should be a regular feature of Indonesia ' s response to envi ronmental 
problems identif ied during the period when larger manpowe r pools are 
being developed through advanced t raining . 

Transmigration 

Transmigration is one environmental problem area tha t  is both  
currently identif iable and potentially susceptible to an  
inter-insti tutional environmental research program . Ini t ial 
discussions of thi s  problem should f ocus on resources , particularly 
water , environment , and agriculture . Such discus sions would be 
enhanced by clos e r  linkages between university research centers and t he  
Directorate o f  Transmigration and Manpower . 

Regulat ory Agency 

Regard ing water quali ty ,  pollution by domestic was tewaters , urban 
and agricultural runoff , and indus trial and mining wastes i s  exacting a 
heavy toll throughout urban and rural Indonesia . Government laws 
agains t pollution are ineffective unless t hey can be implemented , and 
policies t oward that  end are urgently needed . 

A clear need in addressing problems of envi ronmental quality issues 
as well as  problems of water pollution i s  a "wa tchdog" or regulatory 
environmental agency t ha t  is , and is perceived to  be , independent of 
other government agencies . The present Ministry of S tate for  the 
Environment ,  which supports the centers for envi ronmental s tudies and 
helps obtain needed data , is  not organized to perform this  f unction.  
The centers  f or envi ronmental s tudies are not influent ial enough , nor 
are they likely to be p roperly organized to implement pollution control 
measures , since t hey are located in universities . Nongovernmental 
organizations can be useful in identifying problems that  need 
attention , but they are no t likely to be effective in rural Indonesia . 
Any such regulatory agency must be s taffed , of course , wit h  
high-qualit y  science and technology personnel . 
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INDUSTRIAL DEVELOPMENT AND MICKOELECTRONICS 

Cur rent revolutiona ry technological development s in mi c roelec t ronics 
represent both opportunities and cons t raints for Indonesia ' s  
accelerating indus trialization program .  Dealing effect i vely wi th these 
will require subs tant ial expansion of both education and research in 
the mi croelec tronics f ield . 

The driving force in this f ield is  the fact that the science and 
technology of mi croelec tronics cont inue to develop worldwide at a very 
fast rate t hat shows no signs of abating .  The numbe r of circuit 
element s that can be placed on a semiconduct or chi p  is far f rom t he 
limi ts determined by the laws of physics and continues to  grow . Since 
chips re present the basic build ing blocks of computers and telecommuni
cations systems , changes in microelectronic technology are rap idly 
reflected in changes in  t he sophis ti ca t ion and powe r of  computers and 
communications equipment . The trend i s  toward smaller , cheaper , more 
eff icient , and more intelligent device s .  The p roduc t  life cycle o f  
typical microelect ronic-based sys tems can b e  as short a s  2 years . 

Applications of mi croelec t ronic technology are having and will 
continue to  have far- reaching effects  on a variety of  processes in  
indus t ry and commerce . They are al tering many aspect s  of 
manufacturing , quali ty control , data processing , produc t dis t r i bution ,  
and i nformation handling . These developments , i n  turn , are having a 
s ignf icant impact on employment pat te rns , the charac ter of work , 
manpower compensation , capi tal requi rements ,  and o t he r  vi tal a spects  of 
indus trial activi ty . 

To date i n  Indonesia these effec t s  are mos t  appa rent in the growing 
uti lizat ion of mi croelec tronics systems i n  mi c rocompute rs , telecommuni
cations , and some consumer goods . The opportuni t ies offered by this  
new technology , in  bo th the indus trial and def ense sec t ors , to  improve 
quali ty , reliability , and produc t ivity as  well as  t o  respond t o  needs 
in new ways , are signiticant . 

There i s  no question ,  therefore , but that  Indones ia mus t  rapidly 
develop i t s  capaci ty to utilize mi c roelec t roni c te chnology effect ively 
in s upport of indust rial ization . Al though thi s worki ng group ' s  
di�cussion was di rected toward the relationshi p  of mi croelec t ronics to 
industrial development , the import ance of  microelectronics in many 
o ther fields , especially defense , where state-of-the-art applica t i ons 
are cri tical , is noted . Se rious issues , however , mus t be addressed 
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wi th respec t to the desi rability and produc t ivity of manufacturing 
advanced microelectronic devices ,  equipment , and sys tems in-country in 
the coming decade in view of  t he capi tal-intensive character of such 
produc tion , rapid obsolescence of technology , and i ntense compet i t ion 
among the indus trialized countrie s . Until  the lat ter i ssue s  have been 
resolved , the full implications of microelectronics for manpower 
development i n  t he indus trialization field canno t be reliably f oresee n .  

MANPOWER DEVELOPMENT 

Eve n if  Indonesia ' s near-term act ivi ties with respect t o  
microelectronics  a re l imi ted prima rily t o  providing for effective 
utilizat ion of these powe rful tools in indus try ( and elsewhere in t he  
economy and society) , much can be done t o  augment what i s  surely an 
inadequat e  sup ply  of t rained manpower  in t hi s  f ield . A first  practical 
step would be development of a real i s t ic , up-to-date inventory of 
manpowe r and material re sources avai lable to support intelligent 
utilizat ion of microelectronics technology to  supplement the present 
fragmentary knowledge of capa bilitie s .  On t he basis of such an 
inventory , plans can then be developed for systematic reorganization of 
educat iona l programs in elec t ronics at  universities , polytechnics , and 
vocat ional schools , necessarily including the expansion of the supply 
of teacher s at all  level s .  Moreove r ,  the s trengthening of linkages 
among universities , R&D insti tutions , and indus try i s  an indispensable 
component of  a manpower expansion s t rategy for thi s technology . 

• Wi thin these broad guidelines , i t  is recommended that : 

For t he next 3-5 years , educat ional pilot programs in 
microelectronics be concentrated in no more than three 
univers i t ies  ad jacent to indus trial centers , t hus  avo iding 
dilution of scarce human resources and subcrit ical , 
ineffect ive "diversification . " The S-I ( undergraduat e)  
level should be  i ncluded in this effort , not limi ting i t  to  
candidates for highe r  degree s .  

University programs in microelectronics be kept  relevant to 
indus try ' s needs by establishing univers ity-indus try links , 
primarily through joint university-industry research 
programs and coope rative educat ion schemes . Industry 
advisory groups should be developed in this connection . 

R&D ins t i tutions ( for  example , LIP I )  be used primarily f or 
advanced development programs in uti lizat ion of 
mi croelec tronics ( but pe rhaps in some s pecia l  cases for 
product development or adaptat ion) to serve defense , 
government , and indus try . The ir educat ional role , other 
than on-the-j ob training and projects  in the cooperative 
educat ion program , should be limited to providing 
opportuni ties f or graduate s tudent theses . 
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Priority be given to applications of microelec tronics (as 
opposed to product development ) and to  development or 
adaptation of sof tware . Development of computer sys tems 
and system archi tecture could be added later , and , af ter 
initial priorities  are satisfied , these efforts could 
expand to encompass  materials science and integrated 
circui t technology . 

As sistance f rom foreign donors--bilateral and 
multilateral--be sought t o  bring faculty from abroad f or 
1- or 2-year ass ignments  to  s trengthen a designated pilot 
university program in at  least  the formative year s . 

Continui ng education programs in the universi ties be 
developed for pas t graduate s to keep t hem abreast of 
developments in  this fast-moving technology . 

To the greatest extent possible , students in  secondary and 
even primary schools be exposed to the concepts of computer 
literacy , no t only to s t imulate a flow o f  interes ted and 
qualif ied s tudents to university and polytechnic  programs , 
but also to create greater awarenes s of orderly and 
analytical methods of t hought . 

Formation of a computer techniques professional society be 
initiated , perhaps aff i liated wi th the Internat ional 
Ins t i tute of Electrical Engineer s .  
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MARINE SC IENCE AND UNDERWATER TECHNOLOGY 

The Indones ian sea s cover an area of over 5 mil l ion squa re kilometer s . 
Kow fully and rat ionally these seas a re utilized in the coming decade 
wil l at f ec t  Indonesi a ' s economy ; i t s  ability to mee t i nc reasing demands 
for  f ood , raw mate rials , and energ y ;  its pos i t ion in t he regional 
communi t y  of na tions ; i t s  nat ional res ilience ; and envi ronmental 
quality  as a whole . 

For centuries the rich and d iversif ied life of the Indone sian seas 
ha s  been an important source of f is h protei n .  In recent year s ,  
hydroca r bons , natural gases , and minerals have been tapped f rom the 
s hallowe r pa rts  of these sea s .  The se wat ers are a�s o used inc reasingly 
f or inter- i s land and international trade . Unf ort unately , wit h  t he 
increasing utilization of the seas , t he marine envi ronment experiences 
more pre ssure s , s uch as greater incidences of pollution and gene ral 
de gradation of  c e rtai n coastal area s .  

Presently , inadequate numbers o f  t echnically t rained and skilled 
manpower are available to car ry out research programs to develop and 
manage t he renewa ble and nonrenewable marine re sources in Indonesia . 
It  i s , theref ore , impera t ive t hat  manpower development in  marine 
science and technology at  all levels  be p lanned and i ncorporated into 
Indone s i a ' s ove rall na ti onal development p lan.  

PLANNING AND FORECAST ING MARINE SC IENCE 

To provide a bas i s  t or di scus s ion of ma npowe r need s ,  the exce llent 
proposed ma rine science component of the fourth Five-Year Na ti onal 
Development Plan { REPELITA IV) was de scri bed t o  the panel .  I t  includes 
effort s that address the f ive major  prior i t ies of t he Indones ian ma trix 
on resea rch and technology ( see Ta ble 3 ) : ( 1 ) basi c human needs ; 
( 2 ) natural re sources and ene rgy;  ( 3 ) indus trial ization ; { 4 )  defense 
and securi t y ;  and ( 5 )  social , economic , and cultural fac t or s ,  
philosophy , and law . The plan proposes efforts  t o  mee t  basi c  human 
needs by means of : 

• As sessing and developing natural resources , living marine 
resou rce s ,  and aquac ul ture as a source of protein for  human 
nutri t ion 

- 31 -
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TABLE 3 Marine Sc i enc e Program in Re lat ion to t he Na t ional Reaearch and Technolog ical Matrix 

Baaic 
H..an lleeda 

• Living .. rine 
re aource a  ( aa 
a aource of 
prote i n )  

• Aquac u l t ure 
( a a a aource 
of protein) 

• Control of .. r i ne 
pol lut ion 

• Coaatal area 
management 

• Ocean 
eng ineering 

Natural 
Re aourc e a  
and Energy 

• Phy a i c a  ( OTEC )  

• Geology and 
Geophy a i c a  

• Control o f  mar ine 
po l lut ion 

• Coa � t a l  area 
manage.ent 

• Oc ean 
eng ineer i ng 

Indua t r ia l i 
zat ion 

• Mapping 

• Fi aheriea 
( pe l ag i c ) 

• Aquac u l t ure 
( ahrimp) 

• Ge o l ogy and 
Geophy a i c a  

• Mar ine 
po l lut ion 

• Coa a t a l  area 
management 

• Ocean 
eng inee ring 

De fenae 
and 
Secur i t y  

• Mapping 

• Me teorology 

• Phy a i c a l  
Oceanography 

• Coaatal area 
management 

• Ocean 
eng i nee r i ng 

Soc i a l , Economic , 
and 
Cu l tura l Pac tora ; 
Phi loaophy and Law 

• Pi ahe r i e a  aoc i a l  
atruc ture ( art i 
aana l coaa t a l  
f i aheri e a )  

• Control o f  marine 
pol lut ion 

• Coa a t a l  area 
manage.ent 

w N 
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• S t udying ma rine pollution to as sure t hat  mar ine pro tein and 
environments are safe f or human use 

• Develop ing coas tal area management plans t o  assure t ha t  mar ine 
environments wi ll be developed for t he i r  highes t  and bes t  human 
use 

• Developing ocean engineering to assist  in f ormulating saf e , 
e f f icient human uses of the marine environment . 

Wi th regard to  na tural resources and ene rgy , t he plan proposes : 

• Assessing the ene rgy potent ial  of ocean t hermal energy 
c onve rsion ( OTEC ) by means of a j oint endeavor wi th  foreign 
inve s t igators 

• Developing marine geology and geophysics t o  provide a f ramework 
f o r  understanding t he distribution of nonliving marine 
re sources such as pet roleum , phosphorite , t in ,  manganese 
nodule s ,  and othe r  potent ial mar ine minerals  

• Us ing marine natural resources and ene rgy saf ely , t houghtfully , 
and eff iciently through development of expe rtise in  ma rine 
pollut ion , coas tal area management , and ocean eng ineering . 

The plan include s efforts t o  develop marine indus tr iali zation bf 
means of : 

of : 

• Developing maps t o  assure saf e navigation i n  Indones ian waters 

• S tudying t he po tent ial of indus trial f ishe ries f o r  exportable 
living resources s uch as tuna f ish and an aquaculture industry 
f or shrimp 

• Conduc ting ma rine geological studies of nonliving indus trial 
mat erials ( cons t ruct ion aggrega tes , ores , etc . )  

• Developing expert ise i n  marine pollut ion , coa s tal  a rea 
management , and ocean enginee ring .  

The plan proposes effort s to e nhance def ense and s ecurity by means 

• Mapp ing the sea f loor , such as in t he Macassar S t ra i t  

• Developing expertise in marine me teorology , physical 
oceanography , and ocean engineering . 

Finally , t he plan proposes to enhance knowledge of soc ial , economic 
and cult ural fac tors , philosophy , and law by : 
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• Studying current cultural prac t ices in marine fishe rie s 

• Providing technical knowledge of marine pollut ion suitable f o r  
subsequent assessment o f  t he social , economic , cul tural , and 
legal consequences of s ome types of indus t rial development 

• Assessing t he social , economic , cul tural , and legal aspec t s  of 
c oastal area management . 

MEETING MANPOWER NEED S 

Three gene ral approaches t o  mee ting the manpower needs of efforts 
described above in Indonesi a ' s f ourth Five-Year Development Plan were 
identif ied : 

• Direct technical assis tance by foreign scient i s t s  and 
technicians 

• External training of  Indones ian scientists  and technicians 
• Int ernal training of Indones ian scientists and technicians . 

Which approach i s  selected for solving specific manpower 
development pro blems hinges on t he t ime scale wi thin which a solut ion 
is needed . Direct technical assistance by hiring a f oreign scient ist  
or  technic ian provides an instantaneous , but ultimately temporary , 
solution t o  a manpower need . External t raining of Indonesian 
scientis t s  and technicians requi re s 2-5 years , but provide s nat i ve 
expertise once the t raining period i s  complete . Internal t raining of 
Indones ian scienti s t s  and technicians can only be carried out 
effectively if t he academic infrastruc.ture is  already ful ly developed . 
Since thi s solut ion i s  both  permanent and signals f ul l  technological 
development , i t  i s  a worthy object ive . Internal t raining in marine 
science , a s  i n  all f i elds , grows f rom a well-developed educational 
pyramid .  

• Thus i t  i s  recommended t hat  overall efforts  t o  increase 
participa t ion in gene ral education be augmented and supported 
as the highes t  priori ty aspect of manpower development in 
Indonesia . 

• The following priorit ies for manpower development in t he areas 
of  marine science and underwate r technology are recommended . 
It i s  recognized , however ,  t hat a problem important enough t o  
warrant direc t  techni cal assis tance usually als o warrants 
immediate effort s to  develop expert Indonesian manpower through 
external ,  and eventually internal , t raining programs . 
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Di rec t Technical Assis tance 

Acknowledging t he present level of Indonesian expertise and t he 
immediac y of Indonesia ' s need for such expert ise , i t  i s  recommended 
that Indonesia s eek d irect technical a s s i s tance of t rained manpower in 
the following areas : 

• English language . Ins truc t ion i s  needed to  increase t he 
effic ienc y  and de crease t he f rus t rat ion of Indones ian 
technicians and scient i s t s  par t icipa t ing in advanced technical 
course s taught in English.  

• Marine geology and geophysics . Indonesia has no 
marine-oriented t raining program in geology despite t he fac t 
that 80 percent of i t s  t erri tory i s  under t he ocean . 
Es tabl i s hing such training opportunit ie s  in two or more 
Indones ian ins t i tut ions appears to be a wise inves tment in 
developing t he manpowe r needed to asses s t he geologica l  context 
and speci f ic distribut ion of nonliving marine resources . 

• Ocean engineering . The si tuat ion parallels t ha t  of ma r ine 
geology and geophysics . The need for  p lanning and assess ing 
coastal public works as wel l  as  off shore oi l and gas s t ructures 
demands an immediate remedy . 

• Coastal area management . The cont inued rapid development of  
the Indonesian economy coupled wi th populat ion pressures and 
the ar ray of potent ially conflicting uses of coas tal zone areas 
sugges t  t hat procedures be e stabl ished immediately f or. 
developing coas tal area management p lanning . Building up 
i ndigenous expert ise through t raini ng in this f ield out of 
country i s a necessi ty .  

Ex ternal Training 

Two area s o f  exte rnal t raining were cons idered : 

• Trad i t i onal academic training for advanced degrees 

• Nontraditional , apprenti ceship-type t raining coupled to  
l icens ing for f oreign indus t r ial f is hing and o f f s hore s truc ture 
repai r and maintenanc e .  

External academic training f o r  Indonesian scient i s t s  seeking 
advanced degree s has been prac ticed for many yea rs . The new impo rtance 
of marine science f ollowing complet ion of Law of t he Sea nego tiat ions 
require s  tha t  the scale o f  t his  t raining for mar ine sc ient is ts be 
i ncreased d ramatically . A s teady , long-t erm commi tment to advanced 
training of an agricultural faculty proved effec t ive in the 1960s , and 
a s imi lar inves tment in marine science in t he 19 80s would reap f uture 
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benef i t s . The concept of Indones ian t raining by a consortium o f  u.s. 
ins t i tut ions seems an idea wort hy of  fur ther s tudy . 

Foreign licensing of companie s involved in  ext raction of  Indones ia n  
l iving and nonliving resources should be augmented to include a 
t raining component for  marine technic ians . Such t raining should be 
made a prerequi site for l icensing and would lead quickly to  a coterie 
of  t rained Indonesians who could eventually man Indones ian resource 
recovery operations . 

Internal Trai ning 

Interna l  training depends upon bet te r  use of exist ing training 
mechanisms , upgrading these mechani sms , and developing nontraditional 
mechanisms . Existing mechani sms for advanced t raining could be used 
more effec tively and upgraded if i ncent ives for  i nvolving faculty and 
s tudent s conducting research we re inc reased . Some new incentives might 
include t he establishment of  a peer-reviewed research grants 
compe tition in  which modes t f unds for faculty salary augmentation and 
research s tudent s tipends , as well  as  equipment , supplies , travel , and 
publication expenses , could be o btained . Such a grant program seems 
appropriate f or t he Ministry of State for  Research and Technology , but 
it should be broadly  based by establishing a policy t ha t  the R&D budge t 
of all s tate agencies and mul tinational corporations operating in 
Indonesia  include f und s earmarked f or university research grant s . 

Nontradi tional t raining mechani sms for developing mari ne 
technicians and increased appreciation for marine t opics should also be 
developed . The curriculum of selec ted secondary schools or polytechnic 
ins t i tutes  s hould be  au mented to rovide s ecific t rainin for marine 
and f ishery technicians . ternatively , an S- nondegree t raining 
program f o r  such technicians could be developed in selected 
universit ies . u.s. ins t i tutions already offering such programs may 
have useful advice on an appropriate curriculum for  suc h technical 
training programs . In addit ion , marine-oriented vocational t raining 
should be develope d for  secondary sc hools . Curriculum materials f or 
secondary school study of marine science developed in t he Uni ted States 
could perhap s be adap ted to t he Indone sian context . 

University programs s hould be augmented by develop ing a marine 
extens ion component simi lar to the agr icul tural extension systems used 
by u.s. land-grant colleges . Sea-grant colleges have experience in 
marine extension programs and could be a source of  advice t o  Indonesian 
i ns t i tutions seeking to develop such nont radit ional ( primarily adul t )  
t ra ining programs . Es ta blishment o f  marine extension programs might be 
doubly benef icial by exposing faculty to t he cultural aspec t s  of 
f ishing , as well  as  extendi ng prac tica l  academic knowledge t o  us ers of 
the marine environment . 

A 2-year college diploma program ( o r  S-O program) should be 
developed  t o  emphasize marine sc ience and technology . Suc h  a program , 
similar to  t he one being developed in agriculture , could aim a t  
at tracting the sons and daughters of ove r 1 million Indonesian families 
currently engaged in fisheries and sea-related activities . 
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Bo t h  trad itional and non t radit iona l manpowe r  t raining wil l  succ eed 
only if they can d raw upon a populace wi t h  a solid general education . 
Current at trition ra te s in Indonesian school systems appear to preclude 
or at leas t seriously inhi bi t t he prospect of such an educated populace . 

Finally , development  by  Indone s ia of indus t rie s based on mar ine 
re sources , underwater technology , and f isheries mandates a broadly 
based pyrami d of educa ted , literate worke r s  a t  al l s kil l level s . 
Modern i ndus try ove rall can only be sustained wit h  t he support of a 
large labor f orce of per sons who have completed Junior and s eni or hi gh 
school--two levels t hat  need expans ion wi thin the s cope of  t he f ourt h 
5-year p lan . Cur rent ly , only 34 percent of I ndonesian s tudent s are 
f ini shing junior high and only 12  percent a re complet ing s enior high 
school . Thi s aspec t of t he manpowe r requirement is a part of al l 
manpower p lanni ng models . 

Expanding t he primary and s econdary education base of  t he manpower 
development p yramid i s  essential to develop an indus trial 
infrastruc ture in t he marine and o ther f ield s . It wi ll also help 
reduc e social tens ions a s  t he f ami lies of f ishermen and farmers  are 
displaced by more capita l-intens ive methods . Furthermore , it provides 
f or greate r socia l just ice and more equi ta ble income dis tribut ion a s  
development occur s . The most recent es t imates o f  t he rate of return to 
expanding educat ional opportuni t ie s  in Indonesia a t  the primary and 
j unior high school levels i s  34 percent , making i t  a very good 
investment f rom an economic growt h and development perspect ive . 
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SUMMARY OF PLENARY SESSIONS 

At the opening plenary session of t hi s  mee ti ng ,  Indone s ian participant s  
descri bed t h ree aspec t s  o f  Indonesian science and t echnology 
management : science and technology ins ti tut ional policymaking , cur rent 
planning of  science and technology manpower development , and the 
science and technology educat ion sys tem ( se e  Appendixe s E,  F ,  and G ,  
re spect ively ) .  Two panels of  u.s. participants then commented on these 
report s and discussed science and technology f orecas ti ng and planni ng 
as practiced in the United State s . At t he clos ing plenary ses sion , all 
pa rticipant s di scus sed ideas and recommendations arising f rom the 
working group discuss ions . A number of i s sues raised a t  these plenary 
sessions are presented below. 

OPENING PLENARY 

Collecting Data on t he Educa t io n  Sys tem 

It is qui te benef icial to collect sys tema tically data on t he number 
of  gradua tes of the education system a t all level s and earnings of  all  
per sons by  years of schooling and by  f ield . La ter analyses of these 
data woul d meas ure progres s being made i n  developing ma npowe r and , by 
including earning s  in the pr i vate s ector , would emi t warni ng s ignals o f  
shortage s s o  t ha t  action could b e  taken to reduc e quota s  and t o  help 
the system re spond whe re the needs are mos t acute . 

To o btain t he bes t pos si ble data , t he following s te p s  should b e  
take n : 

• Def ine the is sue as specif ically as pos sible . Good 
communications wit h  science and te chnology poli cymaker s i s  
essential to ensure that  the issue i s  appropr iate and of  value 
to them. 

• De termine the kind of data needed . 
• Dete rmine and pretest  the survey ins t rument . 
• Ob tain suf f icient funds for a survey . 
• Collec t , tabula te , and inte rpre t available data . 

- 3 9  -

Copyright © National Academy of Sciences. All rights reserved.

Proceedings:  Panel Discussions on Science and Technology Planning and Forecasting for Indonesia: Special Emphasis on Manpower Development: Jakarta, Indonesia, November 8-10, 1982
http://www.nap.edu/catalog.php?record_id=19507

http://www.nap.edu/catalog.php?record_id=19507


- 40 -

To s t imulate a posit ive response to t he data collect ion proces s ,  
the f o llowing s teps a re recommended : 

• Develop a quick f eedback me chanism. 
• Demons trate direc t impac t .  
• Have per sona l  contact wi t h  t he re spondent . 

Steps s hould then be taken t o  ensure t ha t  the ma terial i s  made 
available a s qui c kly as possible . This could include producing roug h ,  
unpublished copies of  the f i rst  appr oxima t ion of resul t s  of t he survey 
and prepar ing set s of statist ical tables and a short re port  giving 
high light s o f  t he survey . Finally , an in-depth analysis i s  made f or 
f urther use . 

Manpower Planning and Ra te-of-Re turn Analys i s  

Educa tion i s  an inves tment wi th a ve ry high payoff  for economi c 
growth and development . The 2 5 . 5  percent rate of return to  expanding 
p rimary educa tion and 15-20 percent rates of return at t he secondary 
level e s t imated f or Indonesia conf irm this fact . Rates of re turn t o  
scient i f i c  and technical manpowe r a t  t he college level have no t been 
s tudied because of i nsuf f icient data . Collec tion of data ,  t herefore , 
on earnings in private indus try at each level of school ing and in each 
f ield s hould be pa rt of the manpower planning eff ort . 

The manpower p lan developed for Indonesia by a Worl d Bank team in  
19 79 i ndicates a need for t rained manpower far beyond that currently 
being produced :  an addit ional 3 , 900 engineers pe r ye ar , 1 , 2 00 
sc ient i s t s ,  700 agr i cul tural scienti s t s , 700 accountant s ,  900 
economi s t s , and 500 t rained managers . The total of t hese needs is very 
close to  the 8 , 585  per year short fal l of scient i f ic and technically 
t rained personnel projected by t he Indones ian Insti tute of Scie nces 
( s ee Ap pendix F ) . 

Whe ther manpower planning in each of the narrow scientific f i elds 
beyond thi s level of specialization i s  nece ssary or des i rable is 
deba table . Other countries have f ound tha t  planning 5 or 10 years 
ahead and a t t empting to f orecast  overly narrow occupational needs i s  a 
mis take ; needs change , leading to a faulty f orecas t .  Furthermore , 
there may not be enough teachers to  produce the needed 8 , 585 graduates 
per year . 

A be t ter approach to manpower planning may entail looking ahead 5 
years and alleviat ing pos sible bot tlenecks by ini tiat ing or maintaining 
the scientif ic and technical t raining effort s at all levels--primary 
s chool t hrough doc torate work--requi red to maintain t he base of 
high-t ech i ndus try . Thi s approach can be augmented wi th the collect ion 
of da ta on earnings in t he private s ec tor ( gove rnment salaries can be 
misleading )  and s ome calculat ion of rates of re turn at primary , 
secondary , S-0 ( nondegre e ) , and college levels for use as warning 
signals o f  s hortage s ,  and f or use in  set ting priori ties when all needs 
indica ted by t he manpowe r p lan models cannot be met at once . Thi s  
action s hould appeal t o  the World Bank , who wi shes to p u t  i t s  money 
whe re i t  wi ll reap maximum benef it . 

Copyright © National Academy of Sciences. All rights reserved.

Proceedings:  Panel Discussions on Science and Technology Planning and Forecasting for Indonesia: Special Emphasis on Manpower Development: Jakarta, Indonesia, November 8-10, 1982
http://www.nap.edu/catalog.php?record_id=19507

http://www.nap.edu/catalog.php?record_id=19507


- 41 -

Finally , rega rding t he technical input-output methods of manpower 
planning , procedures originally developed by No bel Laureate Jan 
Tinbergen invol ve t he calculation of " tec hnical coef ficients " ( see 
Tinbergen , Economic Development Planning , McGraw-Hi ll , New York , 196 7 ,  
pp . 12 8-14 8 ;  and B .  Ahmad and M .  Blang , The Pract ice of Manpower 
Forecast ing , Jo ssey-Bass , San Franci sco , 1973 , PP • 8-18 ) . A 
coeff i cient i s  obtained by dividing t he number of workers a t  each 
educat ion level ( s tarting with  unski lled and primary school graduates ) 
i n the bes t-pract ice plants in each indus try by eac h respect ive 
indus try ' s current output . The pro jected output f or each indus try 
found in  the next 5-year plan i s  t hen  multiplied  by i t s  respective 
technical coeff icient t o  o btain the manpower requirements a t  each level 
of schooling f or t ha t  indus try and in turn t he educationa l requi rement s 
f or all i ndustries . 

The requirements both for college graduates in all scient if i c , 
social science , and technical f ields and f or mathematically and 
scient ifically l i terate junior and senior high school graduates are 
vas t ly above t he numbe rs being produced current ly . The requi rements 
mus t be f i lled if  t he transfer of science and t echnology to Indonesia 
and the development of the neces sary indus t rial base are t o  succeed . 

Four speci f ic suggestions for dealing wi t h  this problem are : 

• Esta blish a body wi thin the Indonesian development effort that 
has respons ibilities for scientific and technical manpower 
planning and rate-of-re turn analysis , and f or encouraging and 
aiding manpower development at all levels . The Ministry of 
S tat e f or Research and Technology , the Mini s t ry of Educat ion 
and Culture , and some universities should be represented in 
thi s body so  t hat manpowe r planning will no t be f ocused too 
narrowly and the impact of science and technology on the 
economy will  be considered . 

• Es tabl ish a major system of grants and contracts  from the 
Indones ian government to t he universities  designed to bring 
them into contac t with the nat ion' s scientific , social , and 
technical problems and the practica l  and technological problems 
of individual industries . This concept could be viewed as a 
system o f  land-grant ins ti tutions aut horized  t o  undertake 
research ,  manpower training and development , and extension of 
t he frui ts of  research to indus t ry .  One way t o  begin may be to 
set up pilot programs t hat  involve two or three selec ted 
insti tut ions . It may be f easi ble to make actual grant s  of  land 
in less-populated areas , and sea grants as  well , to 
universi ties f or experimental purposes . Such a program could 
be supplemented by research grants not only f or research and 
dat a  analysi s  in  agriculture , but also f or t he transfer  and 
adap tation of science , social science , and t echnology to  all 
f ields . These grant s would s t rengt hen thos e ins t i tutions that 
are relied on t o  provide a continuing flow of science , social 
science , and technically t rained manpower . 
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• Ini tiate  new financing arrangements t o  expand the number of 
s tudents t rained at the s-o ( nondegree ) and college degree 
level s . This can be accompl ished wit h  modes t addit ional cost 
by implementing a system of a bili ty-to-pay pricing , a policy 
typica l  of elec tr ic , water , gas , and other  public services in  
most  countries . Thi s  would entail : 

Higher college tuitions in Indonesia 

Tapping t he unutilized resource of intelligent young people 
f rom low-income homes by establishing a sys tem of 
need-based grants . These would necessitate creating a 
comput erized "need analysis  system . " 

Of fering such prospective s tudents a grant-loan-work/ s tudy 
package . 

Of fering a 2-year college d iploma ( or associate degree ) at  
s chools  in  or near heavily populated areas would help  reduce 
costs and therefore increase enrollment . 

• To help support indus try , broaden the base of educate d manpower 
by off ering good primary and secondary educations , which can be 
followed wi th a less costly and more success ful development of 
specif ic applied skills as Indonesians are t rained on the j ob .  
Wi thout a vigorous effort t o  expand the primary and secondary 
educational sys tem t o  more of the population and t o  t rain the 
addit ional teachers needed , t he t ransfer of science and 
technology f or economic development in Indonesia will be 
greatly hampered . 

CLOSING PLENARY 

The f i na l  day ' s plenary sessions dealt wi th a number of 
cross-cutting topics included in t he terms of reference f or the 
works hop : 

• Government policy and insti tut ional needs 
• Educat ional needs and mechanisms 
• Manpower planning 
• Re search and development management and planning 
• Transf er o f  technology 
• Linkages between universi ties , research institutions , and 

indus try .  

During this session ,  all participants were asked t o  make 
suggestion s  and comments on eac�  topic . Each comment was di scussed by 
all participants , but no formal act ion was taken on any of  them . The 
sugges tions summarized below , theref ore , should be viewed as 
recommendations made by individual part icipants rather t han by the 
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group a s  a whole . Many of them may , however , be worthy of formal 
considerat ion by u.s. and Indones ian off icials , t hus jus t ifying their  
inclus ion here . Since manpower planning was t he cent ral t heme of  t hi s  
meeting , t hat topic , whi ch was included in t he terms of reference , a s  
wel l  a s  te chnology transf er , which was not discussed in detail , are no t 
summarized here . 

Government Policies and Ins t i tut ional Needs 

Establishing a New National Council  Wit hin t he next 5-year REPELITA, 
Indonesia ' s  development policy will require a dramatic expansion in 
scientif i c  and technical manpower  at all levels of professiona l  and 
subprofessional compe tence . No s ingle mechanism or set  of incent ives 
are in sight to provide t hi s  expansion , and no s ingle government agency 
or department seems capable of mobilizing society f or this eno rmous 
task.  

It  i s  therefore recommended t hat a National Council  on Scientific  
and Technical Manpower and Training be formed , composed of 
repre sentatives of  all relevant government departments , industry , and 
the severa l levels  and types of  educat ional ins t i tutions . This body 
would monitor manpower developments , suggest  correct ive measures and 
new initiative s , and ac t as a f o rum aiming at opt imal uti lization of 
avai lable manpower by appropriate cooperative arrangements i f  
indicated . Successful examples o f  coope rat ion between government , 
private , universi ty ,  and R&D sectors ( for example , aeronautical 
indus try ) could be used as models for extension into  other industrial 
sec tors . 

The proposed nat ional council  may wish t o  reexamine how eff iciently 
science  and technology manpower is  used in the government sector . 
Si nce government salaries are far below the market price in the private 
sect or , the government ' s  demand for science and technology manpower may 
be exaggerated , resulting in ineff icient use of  such manpower . 
Furthermore , the proliferat ion of  universi ties , scientif i c  institut es ,  
and research uni t s  may be resul t ing in a large number of Indonesia' s 
better  scientis t s  spending disproportionate amount s  of their  t ime on 
adminis trative dut ies . 

The proposed national council  may also wish  t o  examine policies 
whi c h  are no t intended to di rec tly affec t  science and technology but 
which may have powerf ul , i f  hidden , ef f ects . 

The f o rmulation of science and technology policies , plans , and 
programs calls for  sound inf ormation on a country ' s  scientific and 
technological potential .  I t  i s  furt her recommended tha t  the national 
council  descri bed above have a branch dedicated to  the development and 
analysi s of a set  of comprehensive , integrated science and technology 
indicators . The branch should comprise professional analysts wit h  
specialized t raining in economics , statistics , manpowe r development and 
forecas ting , and related f ields . They should also be familiar with 
scienti f i c  and technological issue s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r o c e e d i n g s :   P a n e l  D i s c u s s i o n s  o n  S c i e n c e  a n d  T e c h n o l o g y  P l a n n i n g  a n d  F o r e c a s t i n g  f o r  I n d o n e s i a :  S p e c i a l  E m p h a s i s  o n  M a n p o w e r  D e v e l o p m e n t :  J a k a r t a ,  I n d o n e s i a ,  N o v e m b e r  8 - 1 0 ,  1 9 8 2
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The proximi ty  of  t hi s  branch to t he government ' s science  and 
technology policymaking organ would permit close contac t between 
policymakers  and analyst s , who mus t  be aware of i ssues  and policies 
under consideration and d irect their  s tudies accordingly . It would 
als o  lend the pres t ige of t he counci l and highlight t he importance of 
thi s  act ivi ty to the policy-set ting process , there by enhancing the 
likelihood of greater  coope rat ion by t hose f rom whom informa tion i s  
required . Such a branch would have n o  policymaking powers or 
responsibili ties . Ra t her , it  would collec t  and analyze  informat ion on 
the country ' s  f inancial and manpower scientif ic  and t echnological 
resource s ,  f oreca s t  long- and short-term resource supply and demand , 
and measure and a ssess t he outputs and impacts of the country ' s 
scientif i c  and technologica l activities  relative t o  na tional goal s .  

To f acilitate t he early development o f  i ndicators and t o  provide a 
means f o r  international comparisons , i t  i s  sugges ted t ha t  such 
indicators be compatible wi t h  t hose used by t he Uni ted Na tions 
Educational , Scient i f ic , and Cultural Organization ( UNESCO ) . 

Es tablishing a New Scientific  As sociation The essential elements of 
the scient i f i c  proces s  appear  to be open communication and critical 
peer review . As long as the national communities of the scient i f ic and 
technological discipline s  are below cri t ical size , howeve r ,  t hey  often 
lack the essential i ngredients t hat  scient ific  societ ies and scientific  
journal s repre sent . Presently in Indonesia , discipline s are developed 
d isproportionately . Some groups are s t rong enough to adhere to  the 
ap propria t e  unions f orming the Internat ional Counci l of Scient ific 
Unions ( ICSU ) , while o ther groups of scient ists  are s truggling for t he 
des ira ble vis i bility  t hat  a society or a journa l can provide . This 
i ssue is not unrelated to  t he development of  competent manpower s ince 
young engineers  and scientis t s  of ten gain their  rea l ap preciat ion of 
quali ty f rom a t tending meetings and f ollowing the literature . 

I t  i s  theref ore recommended t ha t  an Indonesian Association f or the 
Advancement of Science and Technology be consti tuted with sections 
corresponding to t he fields of  scient ific  and technica l  endeavor . Such 
an a s sociat ion may arrange to publish a peer-reviewed journal of high 
quali ty . I t  would also provide a measure of cohesion t o  t he growing 
Indonesian scientific  and t echnical community . 

I t i s  recognized t ha t  current programs permi t government employee s  
to  be s econded to  o ther ministries or institutions wi thout any loss o f  
benef i t s  or preroga tives . It  i s  recommended t hat greater emphasis be 
placed on thi s process to maximize the use of scient if ic and 
technological manpower . 

Educational Needs and Mechanisms 

Trained Faculty A university or higher  education sys tem is  more than 
merely an i ns t i tution for mee ting society ' s scientific  and 
technological manpower needs . It also preserve s  and develops t he 
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nat ional culture , transmi ts and expands knowledge in a wide range of  
discipline s , and enriches  the intellec tual life and pe rspectives of i ts 
students and society . In the context of Indonesia ' s development needs ,  
however ,  the higher  educat ion sys tem also has a special o bligation to 
organize i t s  scarc e  resourc es as ef fect ively as pos s i ble to assist  in 
the national development  eff ort . 

The higher education sys tem needs to  increase rapidly the numbe r of 
student s and gradua tes i n  science and technology areas . A major 
bot tleneck , however ,  appears to  be a s hortage of t rained faculty . In 
the shor t term ,  the only answer may be to use exis ting faculty mo re 
ef f iciently . Average ra t ios of students to faculty ( s ee Appendix G ,  
Table 10 ) appear low by  u.s. s tandard s , a s  do ave rage weekly teaching 
loads . There may be possi bilities for i ncreasing average class s i ze 
and i n  pruning curricula . 

If f acul ty are asked to  assume heavier teaching loads and devote 
more t ime to the i r  ins t i tutions , means mus t be  found for  i ncreasi ng 
their salaries , perhaps by supplementation direc tly or  indirect ly .  
Thi s may involve separating faculty salar ie s from the gove rnment scales 
by excluding faculty from the government civi l service s tructure or 
providi ng diff erent ial salaries wi th higher remuneration in areas of 
manpower s hortages (which would also serve to a t trac t more s t udents to  
these area s ) . Supplements could als o  be provided t hrough greater use 
of re search contracts wi th R&D organizat ions , consulting arrangements , 
and so f orth . 

The cur rent sys tem of  ranks , promotion policies , and career 
development should be gene rally reexamined with  t he goal of increasing 
i ncentives f or product ivi ty and meri t .  The current mandatory 
ret i rement age f o r  faculty appears low and conside rat ion coul d  be g iven 
t o  raising i t , perhaps on a selec t ive basis  ( by disciplines and by 
individual s ) . 

To enhance the eff iciency of  exist ing faculty , i t  may be possible 
t o  employ more advanced educat ional technology such as video cassette s  
and packaged programs , a l though t h i s  will require some training o f  
faculty  i n  t hese me thods . Othe r  sho rt-t e rm measures are : 

• Appoint ing "c linical" or  "adjunc t " profes sors from R&D 
organiza t ions , indus t ry ,  multinat ional corporations , e tc . 

• Us ing more teachi ng assis tants and subprofessional technical 
helpers to free regular faculty f rom routine tasks . For 
example , because S- I graduates mus t often wai t  a long t ime 
be tween graduation and the receip t of a permanent assignment , 
they could be employed i n  t he interim as teaching or  research  
assis tant s , tutors , etc . To  augment the number of basic 
science faculty i n  Indonesian universi ties , a program could be 
devi sed to enli s t  recent unemp loyed graduates of u.s. doctoral 
programs . 

• Developing cooperative programs among univers i t ies  located 
close to  one ano t her through an allocation of programs to avoid 
dupl icat ion , sharing of f acul t y ,  cross-registrati on of 
student s , etc . 
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Upgrading the skills of facul ty and R&D personnel is a continuing 
need . In-country workshops and summer institutes modeled a f ter those 
conducted by the u . s .  National Science Foundat ion may be the mos t 
eff icient way . 

Cooperation with Institutes Abroad Current mechanisms f or achieving 
cooperation wi th developed countries include fellowship p rograms , joint 
researc h collaboration ,  exchange programs , special training programs , 
technical assistance programs , seminars ,  and workshops .  It  may be 
useful f or Indonesia to evalua te the past experiences  with each type of 
program and subjects  covered and identify gaps . I t  would also be 
useful to have an American agency inventory the ins ti tutional and 
disciplinary di s t ribution of Indones ian students in the United State s  
i n  l ight o f  Indonesia' s needs and u . s .  insti tutional capabilities . 

Tui tion Rate Structure University tui tions in Indonesia seem too low 
(and are lower apparently than f or secondary schools) and thus 
subsidize the wel l-to-do . Raising tuitions would help increas e  
revenues f or higher education , including salary adjustment s .  A program 
of  scholarships  and loans for t he needy , combined with higher tuitions , 
would be preferable and more socially equitable , and would extend 
college education to a larger number without raising the tax cos ts . 
Furthermore , scholarships and loan forgiveness could be used to attract 
student s t o  science and technology area s . A national service concept 
f or graduates receiving scholarships f or advanced training ( overseas) 
could require tha t they return to teach f or a certain number of years . 
This may also help alleviate faculty shortages . 

Role of Basic Science A s trong argument can be made f or emphasizing 
basic and general education within science and technology programs 
rather than more nar row , specialized training , since the f ormer is more 
eff icient in using faculty resources and provides greater flexibility 
in  adjusting to unforeseen developments in science and changing 
manpower needs . Likewise , the health of bas ic science cannot be 
overlooked because of more pressing shor tages in technological areas . 
A number of basic scient ific areas urgent ly need development , f or 
example , biochemis try ,  and problems of p lacement in the basic sciences 
(outside of universi ties) should be addressed . 

At tracting and Keeping Qualif ied Students An improved counseling 
sys tem a t  the secondary level and an improved placement program at  the 
highe r educat ion leve l are needed to identify and at trac t into scieoce 
and t echnology t he ablest s tudents . The high a t tri tion rates in some 
scientif i c  and technological disciplines are a cause of concern . 
Secondary science education may need s trengthening , and degree 
requirement s should be reexamined . The requirement of a thesis at the 
S- I level , in part icular , may result in an excessive length of t ime f or 
completion of the first  degree . 
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Scientific  Awareness of the General Population The re is also a need to  
increase the  scient ific awareness of the general population , even those 
who have no t enjoyed a f ormal educat ion , to increase their interest in 
and ability to  adop t technological innovat ions . In enhanc ing the 
understanding of  science among primary and secondary students , and t he  
populat ion generally , consideration should be given to using new forms 
of educat ional technology , for example ,  professionally prepared 
television programs and videotapes , science fairs , and mobi le 
scienti f i c  exhi bit s .  

Re search and Development Management and Planning 

Research and development p lanning in Indonesia is well advanced . 
Plans are thoughtfully prepared and a re comprehens ive . Re search 
management , on the other hand , appears to need improvement . There have 
been numerous report s of  inadequate maintenance of  research equipment 
and a pervadi ng view tha t  academic R&D staff are used ineff iciently 
because low salaries forc e mos t  of  them to take second and third jobs 
to support themselves and the ir families . These problems led 
part icipant s  to make several sugges tions f or improved R&D management . 

The establishment of a federal research grants program wo uld 
provide a mechanism through which R&D personnel could obtain f unds for  
equipment and i t s  maintenance , research assistance , t ravel , publication 
expenses , and , where necessary , s upplementation of t heir  salaries . 
Such a sys tem could provide both the incentive and the means for  
research staffs  to increase their  produc tivity . This concept is  
de scribed more f ully in t he next sec tion . Funds to s upport such a 
program might come directly f rom industry . The Peruvian government , 
for  example , requires that 2 pe rcent of i ndus t ry ' s pre-tax income be 
spent on R&D or turned over to the government for R&D allocation .  

Other suggest ions f or improving R&D management include sponsoring 
re search management workshops in Indonesia , or special training courses 
in research management ,  in addition to t hose already being gi ven . Such 
workshops and courses could be s taffed by research managers f rom 
developed countries , by personne l f rom multina tional corporat ions 
operating in  Indones ia , or by senior Indones ian research management 
personnel . It  was also suggested tha t  Indonesians visit  developed 
countries t o  work wi th research management s taffs a t  appropr iate 
ins t i tutions . 

Li nkages Be tween Universities , 
Research Ins titutions , and Industry 

Grants Program A major incent ive to both more research and research 
focused on national needs might be a system of Indonesian 
government-supported research grants to university faculty and research 
ins t i tute staf f  on a projec t-by-project basis . Research conducted 
under s uch a grants program s hould be directed toward expanding basic 
knowledg e and solving problems of communit y ,  regional , or nat ional 
s ignificance . Such research  support would : 
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• Enable facult y and s taf f to  employ half-t ime graduate student 
assis tants who would thereby be t rained and brought into direct 
contac t wi th  t he pro blems of t he nat ion and o f  indust ry .  

• Provide incent ives f or faculty to s tay on t he university 
campuse s through salary supplementation to  mat ch more nearly 
marke t salaries in the same disciplines and t hrough f unding 
sabbat ical leaves used to  updat e t heir  ski ll s . 

The Minis try of State f or Research and Technology could provide 
such grants  d i rectly on problems unde r i ts purview , as  well as use i ts 
coord inating 

·
func tion wi th the R&D branches of t he 11 other 

governmenta l department s to  encourage each t o  provide a signif icant 
fraction of t heir RbD budgets  for  bui lding centers of excellence 
throughout Indonesia . Firms ope rating in Indone sia should also be 
encouraged to  have some their R&D (which involves adapting technology 
to Indonesia' s need s )  done by faculty and research  i nsti tut e  s taf f s , 
per haps through a combination of regulations and tax deduc tions . This 
s hould eliminate  the current criticism tha t  university t raining tends 
t o be too divorced f rom t he needs of t he nat ion and of indus try . 
Indus try a s  wel l  as government could t hen ,  in  t he long run , depend on 
the universities  f or a continuing f low of scientif ically and 
technically trained manpower  tuned to the need s and pro blems of 
indus try and of the nat ion . 

Ex tension Services Research involvement by f acul ty members will not 
only improve t he i r  teaching capabilitie s i it wil l  also , where 
appropriate , provide a higher level of training for M . S .  and Ph .D . 
candidate s and he lp t hem extend the f ruits of scienc e and technology to  
indus try and agri culture t hrough extens ion . Re search results 
applicabl e t o national/ regional  pro blems mus t be comprehensibl e  to  the 
off icials and cit izens coping wit h  the problems . Extension programs in  
u. s .  land- and sea-grant colleges  provide t hi s  service a s  wel l  as  keep 
university faculty aware of t he problems facing off icials and 
citizens . Since  bo t h f eatures  of such an extension sys tem appear 
needed i n  Indonesia ,  i t  i s  recommended t hat s everal university and 
research institut ion budget s be  supplemented to  employ extension 
speciali sts  to  work with research workers and provide a vehicle for 
conveying research results  and advanced technical  information t o  users 
in the communi ty . This  l ink between extension , researc h ,  and 
ins truc t ion could als o serve a s  a foundat ion for upgrading the s-I 
instruct ional program , and i t  could keep S- I s tudents attuned to the 
prac tical need s of t heir  discipline . 

Li nkages Be tween Indus try and Re search Personnel Ef fective l inkages 
be twee n indus try and research personne l  are also important , and t here 
are c urrently serious problems in this a rea . For example , because 
univers ities  canno t compete wi th  indus try salaries , industrie s recruit 
faculty and potent ial faculty away f rom universities , thereby 
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eliminating prospec ts  for  future trained manpowe r .  Corporations could 
help alleviate this pro blem by : 

• Providing supplemental salaries to  university f aculty  
• Giving equipment , perhaps wi th t he encouragement of tax 

deductions 
• Lending s taff to  t each courses in a reas where no available 

university s taff  exists  
• Hiring s tudents and faculty t o  work part t ime 
• Contributing R&D funds . 

In some advanced areas of science and technology , resources  for 
advanced training may res t in R&D organizat ions outs ide  t he 
university . It might be possible in  such cases f or these organizations 
to grant degree s in cooperat ion wi th selected univers i t ie s . Whe t her 
degree grant ing or not , t he use of senior s cient i s t s  f rom i ndustrial 
R&D organizations as ad junc t professors in nearby univers i t ie s  should 
be promoted , and corporations , part icularly mul tinational , should be 
encouraged to  develop t heir  own t raining programs or pay for the i r  
employees t o  a t tend technical schools . Thi s s ystem i s  used b y  the 
Bechtel Corpora t ion in  its Indones ian heavy cons truc t ion operations . 
Perhaps the u . s .  Chamber of Commerce in Indonesia would serve as a 
forum for  s t imulating t his type of  act ivity among u . s . companie s .  

As linkages between i ndus try and t echnological manpower development 
grow , i t  may even  prove feasible for mul tinat ional corporat ions 
operating in Indonesia to provide direct support to universities  or 
research ins titutions in areas of common interes t s . 
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AP PENDIX A 

Workshop Agenda 

Opening session : 

Welcome 
Sukadj i Ranuwiha rdjo  
Minis try of State for Re search and Technology 

Re sponse 
Wal ter A. Rosenbli th 
u . s .  National Academy of Sciences 

Opening Address 
H.  Tb.  Bachtiar Ri fai 
Chai rman , Indonesian Ins t i tute of Sciences ( LIPI)  
Coordinator , Team for the Formula tion and 

Evaluat ion of Na tional Major  Programs on 
Resea rch and Te chnology 

Break 

Pl enary sess ion : 

The Scienc e  and Tec hnology Insti tut ional 
Policymaking Sys tem in  Indonesia 
- -Sukadj i  Ranuwihardjo 

Cur rent Science and Technology Manpowe r 
Development Planning in  Indonesia 
--Di din S .  Sas trapradja 

An Overview of Higher Education in Indone sia  
wi th Special Emphasis  on  Science and Technology 
--D . A.  Ti sna Amidjaja 

Review of agenda for  balance of the panel 
di scussions 
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10 : 30 
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12 : 30 

14 : 40 

15 :00 

WEDNESDAY , NOVEMBER 10 
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10 : 30 
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Lunch break 

Plenary session : 
" Forecasting and Planni ng , Including Dat a 
Collec t ion/ Indicator s "  

Break 

Pl enary session { cont inued) 

Introduct ion to t he t e �s of  ref e rence for the 
working group sessions 

Recep tion hos ted by D r .  and Mrs . Jerome Bosken 

Working group sessions : 

Biotechnology and Agro-industry 
Wat er and Envi ronme nt 
Industr ial Development and Mi croelectronics 
Marine Science s and Underwater Te chnology 

Break 

WOrking group sessions { c ontinued )  

Lunch break 

Working group sessions { c ont inued ) 

Break 

Working group sessions { c ont inued) 

Draf t ing conclusions  and recommendat ions by 
chairmen, co-chairmen , and rapporteurs 

Plenary session : 
Overview of working groups ' conclusion s and 
recommendat ions 

Break 

Plenary session : 
Cros s-cutting di scus sions 
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Lunch break 

Draf ting pri ori ties , recommendat ions , and 
conclusions by cha i rmen , co-cha i rmen , and 
rapport eurs 

Plenary sessio n :  
" Fi nal recoiiiDendations and conclusi ons " 

Clos i ng reurks 

Di nner hos ted by the Mini s ter of State for 
Research and Technology 
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APPENDIX B 

Lis t of Workshop Part ic ipants  

UNITED STATES PARTICIPANTS 

Prof . Wa lter A .  Rosenbli th ,  Fore ign Secre tary ,  Na tional Academy of 
Science s ,  Chai rman 

Dr . Jo hn Andelin , Assis tant Di rec tor , Science , Informat ion , and 
Natura l Resource s ,  Off ice of Technology Assessment , u . s .  Congres s 

Dr . Ernes t J .  Bri skey , Dean , School of Agriculture , Oregon S tate 
University  

Dr . Dirk  Frankenberg , Director , Marine Science Program , University of 
No rth Carolina 

Dr . Ro land J .  Fucns , Chairman , De pa rtment of Geography , University of  
Hawa i i  a t  Manoa 

Mr .  William A. w .  Kre bs , Vice Pre s ident , Arthur D .  Li t tle , Inc . 

D r . Jame s Marsh , J r . , Marine Scient i s t , Marine Laboratory ,  University 
o f  Guam 

Dr . Walter W .  McMa hon , Professor of Ec onomi cs and of  Educa tion , 
University  of Illinois 

D r .  Daniel A .  Okun , Depa rtment of Envi ronmental Sciences and 
Engine ering , School of Public Hea l t h ,  Univers ity of North Ca rolina 

Dr . George Schi llinger , As sociate Professor of Management and 
Operat ions Research , Management Divis ion , Polyte chni c Ins t itute  of 
New Yo rk 

D r .  Wil liam R.  Sharp , Scient ific  Di rector and Execut ive Vice 
President , DNA Plant Technology Corpora t ion 

Mr .  Wi lliam L .  Stewart , Deputy Di rector , Divis ion of Science Re sources 
Studie s ,  Na t iona l  Science Foundation 
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Mrs . Rose Bannigan ,  Staf f Off icer , Board on Science and Technology for 
International Development , Of f ice of  International Af fairs , Na tional 
Research Council 

Ms .  Sa bra Bisse t t e  Ledent , Proceedings Ed itor 

INDONE SIAN PARTICIPANTS 

Prof . Sukadji  Ra nuwihard j o ,  As sistant for Coordina t ing Formulat ion and 
Policy Evaluation f or Research and Technology Programs , Mi ni s t ry of 
State f or Re search and Te chnology , Chairman 

D r .  Alf ian , Direc t or ,  National Ins t itut e  for Cultural Studie s ,  
Indonesian Ins t i tute of  Sc iences 

Prof . Ami ruddin , Rect or ,  Hasanuddi n  Un iversity 

Dr . Ap ri lani Soegiart o ,  Director , Na t ional Ins titute of Oceanology , 
Indonesian Ins ti tute of Sciences 

Dr . Arj uno Bro jonegoro , Director , Na t ional Ins t i tute f or Chemi s t ry , 
Indonesian Inst itute of Sciences 

Dr . Di din S .  Sa s trapradja , Deputy Chairman f or Na tural Sciences ,  
Indonesian Ins t i tute of Sciences 

Dr . H. M. Ei dman , De an ,  Faculty of  Fi shery , Bogor Agriculture 
University 

Dr . Hasbi Ti rt apradja , Dean ,  Faculty  of Agri cul ture , Padjadjaran 
Un�versity 

Dr . Fred Hehuwat , Director , Na t ional Insti tute for Geology and Mining , 
Indonesian Ins t i tute of Sciences 

Dr . Ka s i jan Romimohtarto , Head , Center f or Ecological Re search , 
Nat ional Ins t i tute for Oceanology , Indonesian Ins t itute of Scie nces 

Dr . A .  A .  Loedin , Head , Agency f or Health Re search  and Development , 
Minis try of Heal th 

Mr s .  A. s .  Luhulima , Special S taf f f or R&D Management ,  Indonesian 
Ins t i tut e of Sciences 

Ms .  Luwarsih Pringgoadisurj o ,  Director , Na tional Scient ific 
Documentation Center , Indonesian Ins t i tute  of  Sc ie nce s 

Dr . Mien A .  Ri fai , As sistant Director f or Scient ific  Ma t ters , Na tional 
Biological Inst i tut e ,  Indonesian Insti tute of Sciences 
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P rof . Moerjanto Ismad i , Facul ty of Medic ine , Gad jah Mada Un iversity 

Hr. Mohammed Ri dwan , Deputy Direc tor General ,  Na tional At omic Energy 
Agency 

Dr . Muhammad! Si swo Sudarmo , Deputy Chairman f or Technology , 
Indonesian Ins t i tute of Sciences 

Dr . Ni lyard i  Ka har,  As s is tant Director f or Scient ific Ma t ters , 
National Ins t i tute f or Physi cs , Indone sian Ins t i tut e of Science s 

Ma j .  Gen.  Ot ty Soekotjo , Head , Re search and Development Center , 
Mini s try of Defe nse and Secur ity 

Dr . Pranoto Asmoro , Chairman , Na tional Coord inating Ag ency f or Surveys 
and Mapping 

Dr . Puruhi to , Department of  Surgery ,  Faculty of Medicine , Ai r langga 
Univers ity 

Dr . Purwo Ar bianto , Depa rtment of Chemi s t ry ,  Ins t i tute of Technology , 
Bandung 

Prof . Sa jogyo , Depa rtment of Soc ial Ec onomics , Bogor Agri cul ture 
University 

Prof . Samsuud Sadjat , Faculty of Agri cul ture , Bogor Agri culture 
University 

Dr . Se t i jati  Sa strapradja , Director , Na tional Biological Inst i tut e , 
Indones ian Insti tute of Sciences 

Dr . Soemaryato Kayatmo , Director , Na tional Insti tute for 
Elec trotechnique s ,  Indones ian Ins t i tut e of Science s 

Brig .  Gen. Soemi tro Soehard jono , Deputy , Re search and Development 
Cent er , Mini s t ry of Defense and Security 

Dr . Soenart ono Ad i soemart o ,  Head , Muzeum Zoologicum Bogori ense , 
Nat ional Biological Ins t i tut e ,  Indonesian Ins t itute of Scie nces 

Dr . Soetono , Fa cul ty o f  Agri cul ture , University of Brawidjaja 

Prof . Somadikart a ,  Dea n ,  Facult y  of Ma thematics and Natural Scie nce s ,  
University o f  Indonesia 

D r .  Subagj o  Soemodihard jo , Head , Bureau of Coordinat ion and Science 
Policy , Indones ian Ins t i tut e  of Sciences 

D r .  Suharso , Director , Na tional Ins titute for Ec onomic s and Social 
Research , Indonesian Insti tute of Sciences 
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Ign .  Suhart o , D i rec t or , Nat ional Ins t i tut e fo r Chemi s t ry ,  Indone sian 
In sti tute of Sc iences 

D r .  Sumard i Sa s trakusumah , Facul ty of Fi she ry , Bogor Agricul ture 
University 

Dr . Suwarto Mart osudird jo , Di rector , Nat ional Re search Cent e r , 
Indones ian Insti tute of  Sciences 

Dr . D .  A. Ti sna Amidjaja , Di rector General of  Higher Educat ion , 
Mini s t ry of Educa tion and Culture 

Mr .  Tri sura Subard i , Chief , Ag ency f or Re searc h ,  Minis t ry of Indus t ry 

D r .  F .  G .  Winarn o ,  Direc t or , Faculty of Technology Development Cent er ,  
Bogor Agri cul ture Un iversity 

OTHER PARTICI PANTS 

Dr . Jerome Bo sken , D i rector , Of f ice of Science , Technology & Energy , 
u. s .  Agency f or Interna t ional Devel opment , Indonesia 

Dr . Ka therine Schmeding , Consultant , Of f ice o f  Sc ience , Technology & 
Energy , u . s .  Agency f or Internat ional Development , Indone sia 

Dr . A. B.  Van Rennes , u . s .  Te chnical Advi ser to  t he Chairman , BPPT , 
Jaka rta , Indonesia 

WORKING GROUP MEMBERS 

Biotechnology and Agro-indu stry 

Prof . A.  A.  Loedin 
Dr . Wi lliam R .  Sharp 
Dr . Mi en A. Ri fai 
Prof . Amiruddin 
Mr s .  Ro se Bannigan 
Dr . Ernes t J .  Br iskey 

( Chairman) 
( Co-cha i rman) 
( Rapporteur ) 

Prof . Di din S .  Sastrapradja 
D r .  Has bi Tirt aprad ja 
Dr . Purwo Ar bianto 
Prof . Samsuud Sadjat 
Dr . Ka therine Schmeding 
Mr . Wi lliam L .  Stewart 
Mr . Suhart o 
D r .  Susono Saono 
Dr . F .  G. Winarno 
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Wa ter and Envi ronment 

Dr . Se tijati  Sa strapradja 
D r . Daniel A.  Okun 
Dr . Soenart ono Ad i soemarto 

( Chairman)  
( Co-cha i rman) 
( Rapporteur ) 

D r .  Alfian 
Dr . Jo hn Andeli n  
D r . Roland J .  Fuchs 
Dr . Fred He huwa t 
D r . Kuniat i 
Prof . Moerjanto lsmadi 
Prof . Sajogyo 
Dr . Soe tono 
D r .  Suharso 
Sri Suwasti  Su santo 

Indus trial Development and Mi croelec tronics  

D r . Muhammad! Si swo Sudarmo 
Mr .  William A. W .  Kre bs 
D r . Ni lyardi Kahar 
Mr . Arj uno Bro jonegoro 
D r .  F red Hehuwa t 
Mr s .  A .  s .  Lu hulima 
Ms . Luwa rs i h  Pri nggoadisurj o  
Mr . Mohammed Ri dwan 
D r . Puruhi t o 
Dr . Wal ter A .  Ro senbli th 
D r . George Schillinge r 

( Cha irma n )  
( Co-chairman) 
( Rapporteur )  

Bri g .  Gen .  Soemi tro So ehard jono 
Prof . Sukad j i  Ranuwihardjo 
Mr . Tri sura Suhard i 
Dr . A .  B .  Van Renne s 

Ma r i ne Science and Underwater Technology 
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APPENDIX C 

Opening Address 
H. T b .  Bachtiar Ri fai 

It is both an hono r and a p leasant duty for me , on  behalf of the Team 
t o r  the Fo rmulat ion and Evaluat ion of Nat ional  Maj or Programs on 
Re search and Technology ( PEPUNAS-RISTEK) , to j oin Professor Sukadj i  
Ranuwiha rdj o  in  extending my hearties t welcome to  t he openi ng ses sion 
of the Panel Di scussions on Science and Technology Planning and 
Forecasting for  Indonesia , wit h  Spec ial Emphasis  o n Manpowe r 
Development ,  j ointly sponsored by the off ice of the Mi nister of S tate 
for Research and Technology , LIP ! ,  and the u . s . Nat ional Academy of 
Sc iences . 

I also wish t o  convey Mini ster B .  J .  Ha bi bie ' s  apology for not 
being a ble to at tend thi s  very important gat hering due to  a spec ial  
governmental mission he  had to lead to Singapore . However , he 
expressed hi s very keen intere s t  in the i s sue s and outcome of the 
di scussions duri ng the coming three days , and he wishes you every 
succe ss  in your deli beration s . 

A LONG-STANDING RELATIONSH IP 

The Indones ian scientific  communit y has enjoyed a long-s tanding 
re lat ionship with the u . s .  Na tional Academy of  Sciences . One among so 
many joint undertakings , you mi ght recal l , was t he NAS-LIP I Workshop 
on Food held in  Jakarta in 1968 , t he f indings of  which we re the basic 
source for the f o rmulation of the ensui ng policy on f ood f o r  the f irst  
Five-Year Development Plan .  The Second Workshop o n  Food and 
Nut ri tion , convened by LIP! in  Bogo r i n  1978 , was national i n  nat ure , 
although i t  was attended by a number of u . s .  scient ists  sponsored by 
NAS . Meanwhile , the Coo rdinat ing Minis ter  for  the Peopl e ' s We lfare , 
anticipating the fourth 5-year plan , has asked LIP! to  convene the 
Thi rd Workshop in 1983 , and I hope it wil l also be at tended by 
NAS-sponsored u . s .  part ic ipants .  

I am indeed happy t o  note that desp ite  the many global , regional , 
and national pro blems encounte red by our respective countr ie s ,  we have 
succeeded in maintaining our cooperation . It i s ,  the refore , my 
sincere hope tha t  t hi s  existing cooperation will  eventually grow even 
stronger and cover wide r priori ty program areas . Thus , apa rt f rom 
organizing scient ific  discussions , this cooperat ion could perhaps go 
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further into identifying prominent loca l problems t o  be tackled 
j ointly i n  f ol low-up action programs . 

In terms of t a rge t se t ting , i t  was expected tha t by t he e nd of the 
second 5-year plan ( 1 9 7 9 )  Indonesia would be able t o  produce 
"ha lf-fini s hed" product s  f rom raw mat e rial s .  While agricul ture still 
plays an important role , it i s expec ted that  by the end o f  the third 
5-year plan ( 1984 ) we wil l  be a ble t o  produce a wide variet y  of 
"f inished" produc t s .  And by the end of t he f ourt h 5-year plan ( 19 89 )  
a f irm bas e  f or our indus triali zation should be completed t o  enable us 
to t ake o f f . 

SUBJECTS FOR D ISCU SSION 

Wi t hi n  t hi s  very context , f our sub- theme s have been s elec ted for 
the pre sent d i scussi ons on  science and technology planning and 
f o recas ting , emphasiz ing e specially t he manpower development a spec t s : 
( 1 )  biotechnology a nd agro-i ndus try ; ( 2 )  water and environment ; 
( 3 )  indus t ria l developme nt and mi croe lec tronics ; and ( 4 ) marine 
science and underwater technology . Another considera tion in s elect ing 
topics wa s the avoida nce of unnecess ary duplicat ion while p romis i ng 
the best perspec t ives for Indonesia and maintaining the i ntegration of  
various field s .  

To quote Wa rd Morehouse , j ust  a s  technology i s  only one variable 
among many af fec t i ng economi c and social c hange , so als o mus t 
t echnology policy be seen a s ' an i ntegral part of t he domestic and 
foreign economi c , soc ia l ,  and poli t ical policie s of a given devel opi ng 
country . The lack of effec t ive integration of  technology policy with 
overal l economic , soc ia l , and poli t ica l pol ic ie s ha s  resulted i n  the 
i neff ec t iveness t hus far of mos t  policy i ns truments devi sed by 
developing countries t o  cope wi t h  techno logical depende nce and enha nce 
technological autonomy . 

Thi s ,  then , may raise the haunt ing ques tion of  whether t echnology 
policy is a logical point f or analysi s or ac t ion , as i t  is clearl y  
constrained b y  larger economic , social , and polit ical policies and 
f orces . If t he trends of the las t 30  years continue t o  t he end of 
this c entury , t echnology--or more broadly , the capac ity to generate , 
cont ro l , and use socially signif icant and ins trumental knowledge--will 
be a c ri tical , i f  not the cri tical , factor i n  how ef fect ively 
count ries cope wi t h  their own problems and wi th one ano t her . In 
s hort , the o ld adage that control of knowledge i s  power bids fai r  t o  
be an evermore accurate description o f  the fut ure cours e of human 
affairs . 

SOC IAL EQUITY . 

There seems t o  be considerable evidence supporting a pos i t ive 
correlation between increased technological autonomy and greater 
social equi ty , although t hey may no t necessarily be causally linke d .  
Thus f a r  a l l  of Indonesia' s 5-year plans have given priority t o  the 
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achievement of social equi ty , and t he " Ei ght Paths of Social Equit y "  
have even been f ormulated . 

Social equi ty as  a nat ional goal i s  of ten def ined as having three 
basic component s :  

1 .  Mee t ing the minimum needs of mos t , i f  not all , of  the 
population 

2 .  Providing opport uni ties for produc tive employment f o r  mos t , i f  
no t all , of t he population 

3 .  Le ss unequal income distribut ion , leading t o  sat isfact ion of 
basic soc ia l  want s of mos t , if no t all , of t he people . 

There are , of course , many o ther important nonmaterial needs 
involving ident i t y and freedom t ha t  are to  be found in t he mos t  
f orward-l ooking definitions o f  basic human needs , but t he concept 
i tself is suf f icient l y  fraught wi th poss i b i lities of misunderstanding , 
misuse , and political manipulation that  i t  s eems preferable not t o  
employ i t . 

Ac cord ing to  Vo lker Ri t t berg er , bui lding indigenous capabi lit ies 
might mean , in one case , beginning wi th t he crea t ion of  a viable 
scient i f ic and t echnological inf rast ructure . Thi s would imply the 
establishment of l arge-scale and dif f e rent iated education and t ra ini ng  
faci l i t ies and programs f or t echnic ians , eng ineer s ,  and scient i s t s ; 
the ini tiation of bot tom-up ins t i tut ion bui ldi ng ; and the f ost eri ng of 
R&D ori ented toward satisf ying local users'  needs . The s uccess of 
these measure s would depend on whe t her t hey contribut e to a s ynthesis  
of t radi t ional knowledge and skills , on the one hand , and modern 
science and technology , on the o t he r .  

I n  another case , p romoting i ndigenous scientific  and t echnological 
capabilities  could mean t he adaptat ion and reorientat ion of t he 
exi st ing , relat ively advanced scient i f i c  and t echnological 
ins t i tutions and c apabili ties of  a developing count ry . F requently , 
the scient i f i c  and t echnological establishment i n  more advanced 
develop i ng countries  remains separated in it s  work and a sp i ra tions 
from i t s  national s ocieties . In s p i te of potential soc ial and 
poli t ical obs tacle s ,  i t  would , t herefore , be necessary bo th t o  reshape 
the nat i onal systems of higher l earning and academic research to b ring 
them i n  c loser contac t wi th nat iona l  problems and to  d i rec t potentia l 
local users of R&D toward potent ial domestic suppliers . 

One may conclud e  tha t t he developmental relevance of  promoting 
sc ient if ic and technological capabilities  hinges o n  the s ocioeconomic 
and pol it ica l d irection of t he proces s .  Institut ions and processes 
that ensure adequate repre sentat ion of nat ional intere s t  groups , 
al ready organi zed or ye t to be o rgani zed , vis-i-vi s the centra l  and 
regional admini s trat ions in developing countries , may be an elementary 
ingredient i n  se lf-re liant development , part icularl y in t he f ield of 
science and t echnology . 

I would l ike t o  take thi s opportuni ty to  extend my appreciat ion 
and gra t i tude to t he u . s .  government , the Age nc y f or Int e rnati onal 
Development , and t he u . s .  Na t ional Academy of Sciences f or their 
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cont inuous cooperation and support . My special thanks als o goe s t o  
the o f f ice of the Mini ster of  State f o r  Research and Technology , t o  
LIP I ,  t o  the various mini s t erial departments , ins ti tute s ,  and 
univer s i ties , and t o  all those who d irectly or i ndirectly assisted and 
cont ributed t o  the organi zation of t hi s  panel di scussio n .  The 
valuable contri but ions of all par t i cipants are hereby also gratefully 
a cknowledged . 

I am conf ident that your joint endeavor wil l  be successful and 
wil l  no t only be benef icial to Indonesia but als o  t o  o t he r  developing 
nations . In f ostering thi s s incere hope I have , therefore , genuine 
pleas ure in declaring the Panel Di scussions on Science and Technology 
Pl anning and Forecast ing for Indonesia , wi th Special Emphasis  on 
Ma npower Development , officially ope n ,  and I sincerely wis h  you every 
success i n  your deliberations . 
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AP PENDIX D 

Ope ning Rema rks 
Walter A .  Rosenbli th  

Professor Ri fai and Profes sor Sukadj i ,  i t  i s  a grea t pleasure f or me 
to have the opportuni ty and the pr ivilege t o  vi si t your count ry and to 
represent t he Na t ional Academy of Sc iences .  Thi s is  my f irst  vi s i t  t o  
Indonesia , al though several o f  my col league s have been here before . 
Fortunately , I have already had an opportunity to meet two gentlemen 
here today : President Frank Pres s L president of  the National Academy 
of Sciences j and I had the pleasure of host ing a luncheon for Mini ster 
Ha bi bie and Professor Sukad j i  in Was hington and , subsequently , we me t 
Professor Ri fai in  Rome at  the Pont if ical Academy . So although I 
canno t say that we are old friends , I have the di s t inc t f eeling that 
we will become good f ri ends . Pres ident Press  send s  hi s warm greetings 
to this joint meeting ;  he is ve ry much concerned a bout t he i ssues on 
our agenda , and he will f ollow wi th great interest  the outcome of our 
discussion s .  

A PERSPECTIVE 

Looking a bi t more historically and p hi losophically a t  the i ssue s 
before us , I s hall take the l i berty , as  one who grew up i n  Europe and 
was educated in tne F rench t radi tion , to ment ion a few histori cal 
landmarks f or the sake of perspec t ive and context . 

Engineering as  an a rt and as  a p rof ession  goes a s  far  ba ck a s  war 
and as buil t human habi tations . Thus both mi litary and c ivil 
engineering have been with us through reco rde d his t o ry . A dec i s ive 
shi f t  came a t  t he t ime of the f irst  indus trial revolut ion , when people 
sta rted to take seriously the doc t rine of the F rench encycloped i s t s , 
accord ing to  which science , knowledge , and education would be the 
engine s of progres s .  While the philos ophe r  Condorce t expressed this 
viewpoint most a rt iculately , i t  was Napoleon who began to trans late it  
into  reality  by  e s tablis hing the earlies t inst itut ions speciali zing in  
engineering education .  The so-called scient i f ic revolut ion had , of 
course , taken place quite  a bi t earlie r , but it had no t ye t 
accumulated suf f icient scientific cap i tal t o  make i ts " i ncome" 
directly relevant to  tne engineering need s of society . As we think 
back to the early 19th  century , Carnot descri bed the cycle named af ter 
him , but no one was around to say tha t  t here would be limi tations on 
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the int erna l combustion engine . Ye t a t  that time a profound 
understanding of heat eng ines began to develop . 

Today we l ive i n  a world which is  i ncreasingly wha t we cal l 
"man-made" ( we s hould , of course , understand this t o  mean man- and 
woman-mad e) . Thi s phrase does not imply t ha t  we can af ford to  neglec t 
our natural resourc es or our natural envi ronment--we would do so at  
our ri s k  and peri l--but all  nat ions , a t  whatever s tage of development , 
have t o  ask t hemselves continuously : Are we us ing science and 
te chnology adequately and appropriately?  Are we coupling them 
effectively t o  soc ietal needs?  And are we trying to assess and 
p revent unint ended consequence s ?  A man-made society recognizes two 
forms of capital : one f orm i n  t he Uni ted States we a re i ncl ined to  
cal l  "green'' ( tha t i s ,  t he color of dollar bill s) , and ano t her form of 
capi tal t hat we might call "grey" because the surf ace of t he cortex of 
the human brain looks grey . The right combination of natural 
resourc es t ogether with gre en and grey cap i tal foster t he development 
proces s .  

LOOKING AT HUMAN RESOURCES 

Since we are going to talk about manpower ,  that i s ,  human 
resources , we must  ask ourselves : What i s  t he appropr iate i nvestment 
in an organization of a count ry' s educat ional system at different 
s tages of  d evelopment?  In other word s ,  i s  a nation' s capital 
appropriately invested not jus t  at the leve l of higher education , but 
in  the various branches that  make up an educat ional sys tem .  

On e  o f  the mos t  important ways o f  evaluat ing the effects  of 
education i s  t o  assess the extent t o  which i t  satisfies a nat ion' s 
manpower need s .  One mus t  be a ble to monitor almost continuously t he  
trends i n  ord er to  know, without wai t ing decades , whether one i s  
proceeding i n  the ri ght d irection . A better  unders tanding o f  whe ther 
or not a g iven educat ion policy i s  proving successful requires several 
indicators f o r  effect ive moni toring . In addi tion to t he tradi tional 
measures s uch as  GNP , per capita income , demographic trends , and 
health s tatus , i t  i s  important to t rack how manpower need s are f illed 
and can be dealt with in the future . The needs are multiple : 
agriculture , indus t ry ,  government , and educat ion itself . In higher 
educat ion a nat ion' s  cultural fabric demands that  a ttent ion be paid to 
a balance between t he different di sciplines  and profess ions . 

These issues , together with a "work e thic , " indispensable to 
development , are too important and too complex t o  be lef t t o  a single 
discipl ine . It  i s  f or thi s reason tha t  thi s  gathering represents many 
disciplines , many social role s ,  many viewpoints , and ref lects  many 
experiences . I learned in Washing ton a saying that I am fond of 
quoting : "Where you stand depends on where you sit . " During t he next 
few days we will have a chance to t es t  thi s  f olk  wisdom , and I hope 
f ruitfully transcend i t . 

When one i s  dealing with skilled manpower , there is  a very real 
cons trai nt :  i t  cannot be produced ins tantaneously .  In spite of the 
success of s ome crash courses f or learning foreign languages , there i s  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r o c e e d i n g s :   P a n e l  D i s c u s s i o n s  o n  S c i e n c e  a n d  T e c h n o l o g y  P l a n n i n g  a n d  F o r e c a s t i n g  f o r  I n d o n e s i a :  S p e c i a l  E m p h a s i s  o n  M a n p o w e r  D e v e l o p m e n t :  J a k a r t a ,  I n d o n e s i a ,  N o v e m b e r  8 - 1 0 ,  1 9 8 2
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 0 7

http://www.nap.edu/catalog.php?record_id=19507


- 6 7 -

no equivalent to  instant coffee f or scientific  and techni cal 
manpower . You must , therefore , take account of t he necessary lead 
t imes as  you look ahead t o  t he next REPELITAs f or whi ch you want t o  
obtain t h e  cor rect  and appropriate mix of manpower . When one looks a t  
such issues from t h e  often too-nar row viewpoint o f  hi gher educat io n ,  
one can come u p  with numbers such as  4-8 years . An MIT colleague 
developed a model of manpower generation that follows about t he same 
kind of c ycle as the famous "c orn and hog" cycle in agr i culture , t hat  
i s ,  about 7 years . Among t he factors  t ha t  determine t hi s  lead time 
are s everal that  concern inf ormation : How do young people f ind out 
about the need s t ha t  exist  in a society?  How well  are t hey ( and of ten 
their parents )  prepared to act  upon this inf ormation? 

In the United States , one of these inf ormational factors can be  
fairly easily ident i f ied . It  i s  probably not decisive , but i t  
represent s ,  a t  leas t symbolically , the demand s o f  today .  The Sunday 
New York Times and o ther key newspapers print supplements listing 
advertisement s requiring various degree s of technical , scient if ic , and 
professional education for j ob openings , and many bright s tudents read 
those ad s before decidi ng what f ield t he y  are going to go into . Well , 
the Italians have a saying "s i non e vero , e bene trovato"--if i t  
isn' t true , i t ' s a t lea s t  well invented . 

The fact is  that young people experience many competing inf luences 
wi th respect to  the ir future career s .  Having been provos t a t MIT f or 
nearly a decade , I am aware of the fact that  we had a period during 
which  two-thirds of MI T' s undergraduate s were engineers , followed by a 
period in which only one-third were engineers , and now we are back to  
two-third s .  As  you  can easily realize , such shif t s  present severe 
s taf f ing , space , and tenure problems for educational ins t i tut ions as 
well  as  pro blems of intellectual balance . This represents just one 
example of our problems of development , but i t  does raise a quest ion : 
Should we remove t he f reedom f or every student entering MIT t ha t  
allows him or her ( 2 5  perc ent o f  the s tudent s a t  MIT are now women) t o  
choose  their  major?  They are among the brightest s tudent s in  the 
country , and t he ir mot ivation i s  a great asset for t he future . Thus 
ins titutions are f orced to make mid-course c orrec tions more of ten than 
they would l ike t o ,  and there is  no peaceful , s teady s tate  in 
education ,  only cont inuing adaptat ion.  

In going from the f irst  indus trial revolution to  what people now 
cal l the second or even the t hird technical revolution , we sens e  a 
continual s tate of change . Whether this change represents revolution 
or evolution ,  we have a growing ecology of knowledge ins t i tut ions . 
That e cology needs continuous readjustment which means that new 
ins titutions a re born and that societies  should also  have the 
necessary courage to decide that  c ertain ins titutions no longer play a 
useful role and give them a decent burial .  However ,  t ha t  i s  a hard 
thing to  do . 
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INSTITUT IONAL GROWTH IN THE UNITED STATES 

I would like to  speak brief ly about ins t itut ional growth in our 
country , no t as a model but jus t as a case history .  We saw earlier 
that the French s tart ed their ins titut ion bui lding in  the areas of 
science and technology in the late  18th and t he early pa rt of  t he 19th 
century . In t he Un ited States , the f ir s t  ins t i tution--which mos t  of 
you a re familiar wi th--was Ha rvard , whi ch was f ounded in  1636 . I t  is 
intere s ting to  read why Harvard was f ounded ( there were only six 
s tudent s at the beg inning) : " • • • so  t ha t  our future ( re ligiou s ) 
minis ters would not be illi terate . " Tha t  was a very special purpose , 
and I think Harvard has survived t ha t  ini tial purpose rat her wel l .  

Morrill Ac t 

Indus t rialization and its  influence upon educat ion in  the Uni ted 
States was perhaps mos t expressed in t he 18 60s . At t hat  t ime , t he 
United State s was involved in a civi l  war about t he issue of  s la very 
and yet , in  the mid s t  of  t hat  war , c ertain act ions were taken t hat  had 
far-reaching consequences .  Perhaps the mos t  far-reac hing act ion was 
the Mor ri ll Ac t ,  or the s o-called Land-Grant Ac t .  Adopted by Congress 
in  186 2 ,  and s igned by Pres ident Abraham Lincoln ,  t he ac t specif ied 
that .. . . . there s hould be a t least  in each s tate , one college where the 
leading objec t shall be , wi t hout excluding o t her scientific  and 
classical s tudies , and including military tac t ics , to teach such 
branche s of learni ng as are related to agriculture and t he mechanic 
arts  i n  order to  promote t he l i beral and practical education of the 
indus t ria l  classes  in  t he several pursui ts  and prof essions in  life . " 

That act  was respons ible f or t he creat ion of two ins t i tutions in 
ea ch s tat e .  One kind o f  ins t itution became known a s  t he "aggies " 
(a lso known a s  the "c ow" college s )  and the o ther as t he colleges of  
mechanica l arts . Those ins titutions have played an enormous role in 
transf orming the Uni ted States f rom an agricul tural into a modern 
socie ty . Our grea t private  ins t i tutions--Harvard , Yale , Columbia ,  
Princeton , and , af ter the second World War , S tanf ord--all lef t t heir  
imprint on our country , bu t t he living embodiment s  of the Mor ril l 
Ac t--t he universities  of Ca lifornia , Michigan , Minnesota , Il linois , 
Iowa , Wisconsin , etc . --made American hi gher education unique . Of 
course , t hese universi ties did not remain conf ined to  t he applied 
field s bu t followed the broader charter spelled out in  t he act . 

I t  may s urpri se you t o  learn that  MIT i s  a s trange combinat ion : a 
private  insti tution but also a land-grant college . MIT was founded in 
the early 18 60s , and Pre sident Lincoln s igned t he charter of t he 
Nat iona l Academy of Sciences i n  1863 . Thi s was a n  explos ive period 
for the b irth  of new ins t i tut ions capable of. acting as motors of 
societa l progres s ,  and much of  Ame rican industry wa s buil t by alumni 
of t hese ins t itut ions . 
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The Impac t of Gradua te Schoo l 

I t  was only toward the end of the 19th c entury and the beginning 
of the 20th cent ury tha t  graduate schools s tarted to make t he i r  
impact . American academics visited Europe , were impressed with the 
model of the German unive rsity wit h  i ts graduat e wor k ,  and adap ted 
that model to  Ameri can realit ies . That was a very important s tep . In 
1910 1 Flexner was asked t o  review t he status of Ame rican medi ca l  
schools f or the Rockefeller and the Carnegie foundations . He d id so 
and conc luded tha t  besides  o t he r  weaknesse s they were no t making 
effec t ive use of advances i n  the natural sc iences . This new knowledge 
wa s beginni ng to supplement the then-t radit ional prac t ic e  of medicine 
as an art . But pro blems of  e ducation never s tay " solved . " At t he 
Ins t i tute of Medic ine , whi ch i s  part  of the "Academy comp lex , " we a re 
undert aking a study that one might call " Fl exner revisi ted" ; looking 
a t  medical educat ion almost three-quarters of a century lat e r , one 
wants t o  be s ure that i t  i s  not only up t o  date i n  biochemi s t ry , but 
tha t i t  also e ncompasses t he populat ion science s ,  the behavio ral 
sc iences , and modern i nf ormat ion handl ing i n  o rder t o  equip the f uture 
physician f or practice in today ' s society . 

Sc ience and Government 

These were some of t he developments in higher educa t ion . During 
th i s  same per iod , the Academy expanded i t s  activi t ies . In 1916 , i t  
esta blished t he Nat ional Research Counci l t o  bring toge t he r  scientific 
and t echnical talent i n  re lation to the war effort . In 1918 , 
Pres ident Woodrow Wilson asked the Academy t o  perpetuate the Nat ional 
Re search Council to  s timulate resea rch , to " survey the larger 
possibilities of Scienc e , " to  promot e internat iona l coop e ra t ion , etc . 
The per i od af ter the Second World Wa r saw a f ur t her extension of t he 
National Research Counc i l  whi ch i s  today the operating arm of the 
Academy complex . 

The Second World War ,  w i th i ts Manhat tan Pro ject and i t s  radiat ion 
la borat ory (where radar  was largely develope d ) , gave t he nation an 
entire ly different consciousness regard ing the potent ialities of 
scienc e  and technology and the ins t i tut ions required to t ranslat e 
these p romises into reality . Vannevar Bush' s Report to the 
President , *  Science the Endless F ronti er , of the mid- 1940s spelled  out 
the vi sion f or the post-war e ra .  I t  led almos t d irect ly--but not 
wi thout considerable pulling and hauling--to the formation of the 
Na t ional Science Foundation i n  1 9 50 .  I t s  f irst  appropriat ion was 
$3 millio n ,  and i t  spec ified tha t  no money wa s t o  be spent f or social 
science . Today the Na tional Science Foundat ion has a budget of 
roughly $1 billion.  

*Requested by Pres ident Franklin Roosevel t and submitted to President 
Harry Truman . 
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Many o ther government agencies sup port science . Today , the 
Na tional Inst i tutes of Health , whose major growth occurred under 
President Dwi ght Eisenhower , contr ibut e even mo re than t he Nat ional 
Science Foundation in support of basic research ( in t his  instance , 
biomedical science ) in the United State s .  The severa l government 
agencies , mos t  of which are mission oriented , const i tute an overall 
pluralistic  s cheme which allows the research unive rs it ie s  t o  integrate 
forefront resea rch into graduate and pos tdoctoral education .  In 
addi tion , the United States has many government laboratories  and a 
large number of industrial R&D units . Government support of research 
i s  characteri zed by t he fac t t ha t  mos t of thi s  money is not spent 
intramurally ( that i s ,  i nside governmental ins t itutions ) . Ra the r ,  i t  
i s  used t o  spons or research i n  the universit ie s  and elsewhere under 
what we call "peer contro l , " that i s ,  ideally speaking , t he quality  i s  
controlled by t he bes t peers i n  t he count ry . Undoubtedly t his  system 
has weaknesses , but we have developed something like an ecology of 
knowledge ins t i tut ions ,  whi ch,  by and large , operates reasonably well 
and which i s  s trongly coupled to  the development of scientific and 
technica l manpower .  

The United States has over 3 , 000 ins t i tut ions o f  higher education 
( including j uni or college s ) ,  over 12 mi llion s tudents ,  and about . 7 5  
million faculty members . Each year , these ins t itut ions grant about 
1 million bachelor ' s degree s ,  approximately 400 , 000 master ' s  degree s ,  
and over 30 , 000 doctor' s degrees . However , only a bout 5 5 , 000 
bachelor ' s  degrees and about 2 , 500 doctorates are in engineering . As 
a c ompari son ,  Japan graduates about 6 5 , 000 engineers annually or 
one-sixth of all Japanese bachelor ' s  degree s . Our health care sys tem 
employs over 5 million people , and roughly 15 , 000 M .D . s  are graduated 
f rom our medical schools each year . We are thus dealing wi th a rather 
s ignificant number of people involved e ither directly in s cience or 
technology and in sys tems based on the us e of science and technology . 

If I may speak with s ome levity , through the ages humans--at least 
in  the Wes t--have longed f or a fountain of youth .  The American 
graduate s chool is a reasonable approach to this desire : it keeps old 
professors "al ive " ; it f orces t hem to s tay  alive--otherwis e ,  they will 
have no graduate s tudent s .  The graduate s tudents provide intellectual 
transfusions where ver  they  themselve s  go to  learn . The graduate 
school is a rather unique i ns titution s ince it has established , via 
the sponsors hi p  of research , relat ions to government and to industry . 
It  i s  not unusual t o  see a graduate s tudent act as  a c onsultant ei ther 
to an  indus try or to a government agency . Graduate and postdoctorat e 
students  t end , of course , to  make the res t  of the academic s taff 
obsolete . Sometime s we do not like t he tempo a t  which t hi s  
obsolescence occurs ; but i n  Lord Flowers ' formulat ion ,  ins t itutions of 
knowledge a re driven by intrinsic f orces ( that i s , forces coming f rom 
i nside t he d isciplines ) and by extrinsic constraints that expre ss 
societal needs .  There i s  thus a need f or compromise between t hese two 
sets  of f orc es , a compromise tha t  benef its  both society and s cientific 
and technical progres s .  
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APPENDIX E 

The Scienc e  and Technology Institutiona l 
Policymaking Sys tem in  Indonesia 

Sukadj i Ranuwiha rdjo  

Thi s s hort paper will  give background informat ion on the  organization , 
respons i bili t ie s , and working mechanisms of  governmenta l agenc ies  and 
i ns t itut ions that deal with sc ience and technology in Indonesia . 
While decisions on national policymaking i n  science  and technology lie 
in  t he hands of t he President of the Re public , which f ollows the 
Guidelines of State Policy ( GBHN )  promulga ted by the People ' s  
Consultat ive As sembly (MPR) every 5 years , i nteractions of various 
governmental agencies and ins ti tutes bear the burden of del ineat i ng  
and specifying the details  o f  science and technology policy a t  t he 
operat ional level . 

Since the modif icat ion in 19 7 8  of the S tate  Ministry of Re searc h ,  
established i n  19 7 3 , to become t he present Sta t e  Minis try f or Re search 
and Te chnology , the Minister i s  responsi ble f or the formulation and 
coordina tion of government policy in research and technology and the ir 
application f or national development . However , the development of 
re sea rch and sciences wi t hi n  the educat ional sys tem lies wi thin the 
responsi bi lities of the Minister of Education and Culture . 

The following illus trates the implementation of  re sponsi bi l i t ie s  
o f  the Mi nister o f  State f or Re search and Technology , which i s  t he 
central f ocus of t hi s  paper .  

ORGANIZATION OF  SC IENCE AND TECHNOLOGY IN INDONESIA 

Six nat ional scie nce and technology insti tute s a re no t wi thi n  the 
respons i bi l i t ies of a cert ain mini s try ( nonmini s terial government 
ins t itute s ) :  

• Indonesian Institute of Sciences ( LIP!)  
• National Atomic Agency ( BATAN) 
• Na tional Ou terspace Inst itute ( LAPAN) 
• Coordina t ive Agency for Na tiona l  Survey and Mappi ng 

( BAKOSURTANAL) 
• Central  Bureau of Stati s tics ( BPS ) 
• Agency of Development and Ap plicat ion of Technology ( BPPT) . 

- 71 -
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By p res idential de crees numbers 44 and 4 5  of 1974 , all techni ca l  
mini s tr i es were reques ted to  e s tablish a n  Agency f or Re search and 
Development ,  wi t h  the mai n  objec t i ve t o g i ve s up port f or the 
successf ul miss ion of that  individual ministry . Among these , the 
Minist eria l Agency of  t he Mi ni s try of Agricult ure has been the 
larg est . Under i t s  j ur i sdict ion , many well-establi shed research 
stations and ins t itute s are located th roughout the country . 

The re are 4 3  s tate universi t ies as  well as hundreds of  private 
higher learni ng ins t i tutions t hat ha ve re search ins t i tute s ,  centers , 
and laboratories of their own . The f ormulat ion of science policy and 
i t s  implementa tion wi t hi n  the educa tiona l system lie s completely under 
the re spons i bility  of the Minister of Ed ucat ion and Culture . 

THE SC IENCE AND TECHNOLOGY POLIC YMAKING SYSTEM IN INDONESIA 

In the context of the policymaking sys tem on science and 
te chnology i n Indones ia , spec ial ref ere nc e  shoul d be made to the 
Indones ian Insti tute of Sciences ( LIP!) . LIP! controls 1 1  nat ional 
research ins t itutes coveri ng natura l  scie nce s ,  technology , and soc ial 
a nd cultural sciences . I t  was e s tablished by pre sident ial decree in  
196 7 as a re organization of t he defunc t  Ins t i tut e of  National Research 
and the Indonesia Science Counc i l  ( MI PI ) . Its  major tasks have been 
spec i f ied a s :  

• Fo steri ng the development of science and t echnology i n  
Indonesia  f o r  the benef i t o f  human welfare and t he Indones ian 
people 

• The pursuit of sc ientif ic truth , in  which academic and 
research freedom i s  secured 

• Pre paring f or the e s tabl i shment of an Indonesian Academy of 
Science s . 

To implement i t s major tasks , LIPI . perf orms certain f unc tions , t he 
mos t  important of  whi ch are : 

• To render advice to the national government on t he f ormulation 
of a nat iona l policy on sciences 

• To g ive direct ion and guidance on the development of  exi s ting 
re sea rch and te chnology agenc ies 

• To f oster and develop research  manpower with the goal of 
c rea t i ng  a high-qua lity scientific  staf f 

• To es tablish  collabora t ion with internat ional agencies and 
f orei gn scienti f i c  ins t i t ute s . 
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The role and funct i·on of LIPI  in t he policymaking system i n  
sc ience a nd technology i s  very important . With the e stablishment of 
the office of Minister  of State f or Research and Technology in 197 3 ,  
the coord inating function o f  t he policymaking sys tem i n  science and 
technology a s wel l a s  the administra t ive and budget ary co nt rol of 
national research  and scient if ic ins t i tutes a re assumed by t he 
Mini s t er of Stat e f or Research and Te chno logy . He is  also re sponsi ble 
f or coord inat ing t he f unc tioning of governmental research and 
development agencie s in t he technica l mini strie s  to  ass ure good 
cooperation and their convergence t oward the goal of national 
development . 

In 19 78 ,  t he Minister o f  State f or Re search and Technology 
established the Team f or t he Formulat ion  and Evaluation of Na t ional 
Ma jor Programs on Re sea rch and Te chnology . The main task of t he t eam 
i s  to formulate  a nat iona l  program on research and technology and to 
continuous ly monitor and evaluate planning and implementat ion . 

The Minister  subsequently i ssued f ive maj or priorities of research 
and technology covering : 

• Basi c human needs 
• Na tural resources and energy  
• Indus trialization 
• De fense and s ecuri ty 
• Soc ia l ,  economic , and cultural factors ; phi losophy and law .  

Each o f  these covers t he catego rie s o f  land , sea and marine , a ir 
and spa ce , and envi ronment , s o  that these major priori t ies  can be 
visualized as a nat ional matrix on research and technology . Since its  
e s tablishment i n  19 78 ,  the  national mat r ix of research and t echnology 
has become t he f ramework of research programs of nonminis terial 
governmental research i ns t i tutes as  well as  mini s terial research and 
development agencie s . The content of t he ma t rix has been developed as  
a ro lling plan and revi sed or redef ined to  f ocus more s harply on 
nationa l  priorities  through consensuse s rea ched in nat ional  workshops 
on s c ience and technology which are held every 2 yea rs . 

The d i rec t leverage of t he Minister of Stat e f or Rese arch and 
Technology i s  on nonminis terial governmental research insti tutes  
through the scruti ny of  the ir  annua l budge ts . T hi s  ass ures tha t  the 
programs of those agencies will be  convergent to  the  needs of  na tional 
development and also guarantees the op t ima l  use of f inancial  
re sourc es . The coord inat ive func tion of the Minister of State  for  
Research and Technology upon Mi nisterial Agencies of  Rese arch and 
Development i s  implemented through nat ional works hops and coordina t ive 
meetings held every year .  

CONCLUDING REMARKS 

Salient point s on the mechanism of science and te chnology pol ic y  
system i n  Indonesia involves f ive major point s : 
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1 A poli tical decision on scienc e  and technology i s  p romulgated 
by the Pe ople' s Consultat ive As sembly ( MPR)  once every 5 years 
a s  a part of the Guideline s  of State  Policy ( GBHN) whi ch are 
mandatory and implemented by the Pres ident of the Republic . 

2 At the execut ive leve l ,  t he re sponsibility f or f ormulating 
science and t echnology policy i s  in t he hands of the 
President . He i s  assisted by the Minister of State  f or 
Re search and Technology and the Minister of Education and 
Cul ture in the matt ers  related to educational systems . In 
formulating the science and technology policy , the President 
also receives  advis ory input f rom the Indones ian Ins titute of 
Sciences .  

3 Under the President , t he Minister of State f or Re search and 
Technology assumes responsi bi lit y for formulating and planning 
an overall science and technology policy t o  a ssure that all 
scientif i c  and technologica l efforts will be directly geared 
toward nat ional development objectives . 

4 The Minister  of State f or Research and Technology i s  
responsible f or the coord inat ion o f  science and t echnology 
activities  of all governmental agencie s .  

5 Minis terial Agencies of Re searc h and Development work under 
the d irec t ives of the ir pro spec t ive ministers , ye t t hese 
programs s hould be convergent with the overall science and 
technology policy , which in t he last  5 years has been 
formulated in the Na tional Ma trix of Research and Technology . 
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APPENDIX F 

Current Science and Technology Manpowe r 
Development Planning in  Indonesia 

Didin S .  Sas t rapradja 

INTROD UCT ION 

As we a re already aware ,  sc ience and technology play an important role 
in the socioeconomi c development of a count ry .  Conversely , to  be a ble 
to p erf orm t he i r  roles effectively , science and technology must  
themselves  be developed . Thus the two are  reci procally dependent . 
From this s tandpoint , i t  follows tha t  developing an indigenous 
capa bility in science  and technology i s  a prerequisit e for a 
developing nat ion to achieve progres s . 

The mos t pressing pro blem conf ronting developing na t ions  such a s  
Indonesia i s  the acute shortage o f  qualif ied scientific  and 
technological personnel . This  is  a serious drawback since such 
personnel a re the key fac tor in science and technology development .  

Much eff ort has been made by the Indonesian government t o  ove rcome 
this manpower problem . During the past several years national 
educat ion at  all levels has been vas tly expanded quanti tat ively . 
State universities have been esta blished in  all but one province , and 
the numbe r of university  gradua tes has soared in  the pas t seve ral 
years . Nonetheless , all these effort s are fa r f rom adequate  to mee t  
the growing need f or qualified manpower .  

Thus i t  becomes increasingly clear that  development o f  human 
resources mus t  rece ive top priori ty . Thi s  i s  particularly t rue in the 
case of  scient ific  and technological manpower . This  paper will 
a t tempt to  highli ght some poss i ble action programs t o  remedy the 
s i tuation .  

CURRENT PROBLEMS 

De spite the growing yearly outpu t of university gradua te s , 
Indones ian research insti tutions always have a hard t ime recrui ting 
the needed resea rch staff . The Indones ian Inst itut e of Science s 
(LIPI) , f or ins tance , never has succeeded in  f illing a ll the yearly 
i ncrease of allo t ted resea rch personnel . In a way , this state o f  
af fairs sounds a b i t  controversial s ince , accord ing to  a much 
publicized report , t here are many Indonesian universi ty gradua te s who 
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remain  unemployed f or an extended time due to the limited availability 
of s ui table j obs . To some extent both s tatements  are ve rif iable . 

There i s a s t rong tendency for  the present young gene rat ion to 
think that a career i n  the f ield of science and t echnology i s  anything 
but appealing . Inadequate salary , l imited living facili t ie s ,  uncle ar 
prospects for the future , e tc . , are among the factors t hat  discourage 
young prospec t s . It  may be t rue that material gain is  not the primary 
motivation f or a career sc ient ist  or technologist , but everyone knows 
tha t  i t  i s  necessary . Thus to neglec t i t  i s  to inc i te grievous 
consequences . 

In terms of salaries and o ther facilities , pr ivate enterprises , 
especially f oreign-based private companie s ,  have much more to  of fer . 
Therefore , i t  i s  normal f or them to  become the primary targets  f or 
those seeking jobs t hat pay well . And more of ten than not , t hey get 
the best candidates , since government research and development 
ins titut ions canno t mat ch the ir salar ies . 

Al though there are many universi ties in Indonesia now, the total 
yearly output i s  s t i ll too small to mee t t he increasing national 
need . Thi s ,  of  course , reflects the limited produc tive capacity of 
the Indonesian universities . Many of these universi t ies , especially 
the ones located outside Java , are s t i ll in  t he developing stage and 
a re composed only of a limi ted number of faculties . In other  words , 
only certain b ranches of science and technology a re covered . Lack of 
laboratory facilitie s ,  shortage of teaching s taff , and inadequate 
t eaching material aggravate the a lready unfavorable s it uation . All 
these problems contr i bute to the limited product ive capacity  mentioned 
a bove . 

We are a ll aware of the importance of knowing a f oreign 
language--Englis h ,  in  the case of Indonesia--as a master tool for 
anyone engaged in  sc ience and technology activi ties . However , t he 
ability  of  a large number of Indonesian unive rs i ty graduates t o  us e 
English i s  very minimal . This s i tuation has handicapped the 
re crui tment f or and upgrading of science and technology programs . 

ACTION PROGRAM 

In light  of t he aforementioned s i tua t ion , development of 
sc ientific  and t echnological manpower will  be the f ocal point of our 
program f or the next seve ral years--not only to increase the quant ity 
but , more important , to  improve the quality  of t rained manpower . This  
i s  a tough tas k .  I t  requires coope rat ion and concerted ef f ort of  all 
ins t i tutions concerned as well as pol it ical will from the government . 

The following are some fea s i ble measures for action programs . 

1 .  Upgrading of Re search  S taff 

To some extent the upgrading act ivi ty has been carried out 
regularly . During the next seve ral years , however ,  this activity will 
be  drast ically i ncreased . Al l possi ble ways and means will be 
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explored and utilized t o  t he maximum t o  ge t the bes t result . The 
program will i nclude degree and nondegree programs and f ormal and 
nonf ormal education , in-country as well as abroad . Post graduate 
s tudies and research  s tudent ships will be part  of a regular and 
continued program f or j unior s taff . Part icipat ion in internat ional 
sc ientif ic meetings , s tudy tours , and refresher courses f or s enior 
s cienti s t s  a re to be encouraged and accelerated . 

2 .  Recrui tment 

To f ill t he immediate needs f or young research personnel , act ive 
promo t ion and talent-scouting programs are necessary . The following 
three act ion programs are considered feasible . 

• To provide scholarships for interes ted potential students 
cur rently s tudying in various universit ies abroad . Af ter 
f inis hing t heir  s tudi es , t hey are o bliged to return to  
Indonesia t o  work f or the government at  a given research 
ins titution for  a certain period of t ime . 

• To selec t t he best potent ial high school s tudents and educate 
them at government expense in unive rs i t ies abroad or  in 
country . At the t ermination of the schooling , t hey would 
serve a t  gove rnment research inst i tutions f or a predet ermined 
period of t ime . 

• To motivate Indonesian scientists  working in overseas 
ins t itutions t o  return and work in Indonesia . Adequate 
re search facilities , a good research a tmosphere , and decent 
salaries are necessary to accomplish this  goal . This s t rategy 
has been implemented successfully in South Korea . 

3 .  Making Science and Technology At tract ive 

There are ways to  make a career in the f ield of sc ience and 
technology  more at tract i ve than i t  i s  a t  t he moment . Some of t he  
important ones include : 

• Develop a St imulat ing Career Sys tem .  Presently t he career 
system in  science and technology is  regulated by Presidential 
De cree No . 2 2  of the year 1 9 7 7 . It  i s  elaborated by LIP!  and 
c i rculated in the form of document 419/Kep/J / 10/ 1980 , dated 
Apri l 2 8 ,  1980 . 

Ac cord ing to  this regulation , scientists  and t echnologis t s  
enjoy a ranking sys tem which , unlike the ordinary g overnment ' s  
employees , i s  nonstructural and open in character . That i s ,  
any research worker is  eligible f or t he top-most rank , 
irre spective of t he s tructural  staff ing format ion . Of course , 
he/ s he mus t  be very good i n  the jo b .  The re are four ranks i n  
all , each of  whi ch carries a n  addit ional monthly remuneration , 
which differs according to rank.  
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At t he moment ,  however ,  t he system is applica ble only to  
research workers  and does not  apply , for instance , to  
li brarians , s tatisticians , computer expe rts , technicians , 
etc . Since we know t ha t  without t heir ass istance research 
workers would be ext remely hampered , a similar career system 
f or support ing s taff also mus t be developed . 

• Develop a Better  Incent ive Sys tem .  To stimulate better work 
and greater productivi ty , some t ype of incentive system should 
be developed . Incentives or rewards should be given t o  
research workers  who have produced outs tanding results . It  
may be  in a material or nonmate rial form. Material incent ives 
can be in  t he f orm of hous ing fac i lities , t ransportation 
means , financial rewards , e tc . 

• Adopt a Sa bbatical Leave Sys tem .  As in  most research 
ins t i tutions in t he world , Indonesia is  contemp lating the 
adoption of a sabbatical leave system to  give Indones ian 
research workers a chance to deepen and broaden t heir 
scientific horizon . This would give them a f ree hand to 
select whatever research t hey want to do and to develop freely 
their expert ise and know-how in their  respective scient ific 
discipl ine and specialization. 

OTHER NECESSARY MEASURES 

Wi thout an adequate  inf ras t ructure and effective supporti ng 
mechanisms , i t  would be difficult for scient ists to  achieve maximum 
resul t s . Therefore , t hese two aspects must be taken into account in 
developing an ind igenous science and technology capabi lity . 

One important factor requiring our immediate attent ion is t he 
availability of  sufficient funds for scientif ic and technological 
activi ties . The budge t presently allot ted for research and 
development i n  Indones ia amounts to about 0 . 2  percent of t he GNP . To 
foster R&D act ivit ies , the budget needs to be increased to at least 
1 percent of  the GNP as recommended by the Conf erence on the 
Applicat ion of Science and Technology in Asia I ( CASTASIA I) in 1968 . 

A sui table academic atmosphere is necessary for the growth of 
national science and technology . It  includes many aspects , namely , 
better personal relat ionships , greater f reedom to select research 
topics , and more opportunit ies  for research workers to participate in 
the process of planning , programming , and directing their  
ins t i tutions . Scientific gat herings are  to  be promoted and scientifi c  
associations f os tered and strengthened . 

The principal contribution of science and technology to nat ional 
development i s  the provision of data and information obtained t hrough 
research and development activi t ies . It  is  evident t hat t he science 
and t echnology inf ormat ion system network in  this country has to be 
upgraded and expanded in t he best  possible manne r .  Capability in data 
processing and analys is  needs to  be improved . To support all these 
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ac tivities , a national computerized dat a center i s  an absolut e 
necessity and mus t be established wi thout delay . 

Ano ther possibi lity worth consideri ng i s  to take advantage of 
available senior scientists  f rom developed countries nearing 
re t irement to do  re sea rch in Indonesia . Undoubtedly such scienti s ts 
are very well versed in their f ield of specializat ion . I t  would 
benefi t Indonesia if the se scientist s could be persuaded to spend a 
year or so  i n  this country t o  do re search and , at  the same t ime ,  t rain 
as many juni or scientists  as possible . 

La st , but not l east , contracting researchers ( packet system) for 
university student s who s how promi sing t alent may be worth tryi ng . In 
this way i nterest  in research and development as  a profession may grow 
among the university student s .  

EXPECTATION AND FACTS 

As mentioned i n  the opening addres s ,  the Minister of Stat e f or 
Re search  i n  his 19 7 7  report to  the cabine t  put forwa rd a f uture 
projection of the need f or scientific  manpower up to the year 2000 . 
The f igure s adopted were the results of a 1976  workshop on the needs 
f or scientific and technological manpower sponsored by the office of 
the Minister  of State f or Re search . At i t s  conclusion,  the workshop 
projected scientif ic  manpower need s to be 33 , 650 in 197 5 ;  1 19 , 500 in 
19 85 ;  and 3 91 , 8 50 in 2000 . Thi s project ion took i nto account the 
p redicted growth of GNP , expansion of the sectoral developme nt 
program,  and population growth . 

The t otal scientific and technical personnel i n  1 9 7 5  was estimated 
to be 10 , 250 . Assuming that f igure to  be correct , it is  evident that 
to meet the pro jected f igure s ,  the manpower has to be multipl ied many 
fold , namely , 1 1 . 7  times by the year 1985 and 38 . 2  times by the year 
2000 . In view of the current l imited productivi ty of the exi s ting 
universi ties , to reach such a high leve l  i s  out of t he ques t ion . 

The Ministry of Education and Culture has optimistically predicted 
tha t universi ty graduates i n  1985 will  number around 14 8 , 120 . Past  
experience indicates that about 1 . 6  percent of these graduates will 
take pos i t ions in  research and developme nt institut ions . In o t her  
word s ,  only 2 , 3 70 of these university graduates will  enter into 
research and development a s  a profession . Thus , f rom 1975  to  1985 the 
yearly s hort age of manpower , as  compared t o  the pro jected need , would 
be 8 , 585 in the average ( see Table 1) . 

THE NEED FOR GRANTS- IN-AID 

From the above ta ble i t  i s  evident that we mus t  look for  o t her 
ways and means to  minimize the gap . Indeed , an effort has been 
ini tiated but only on a piecemeal basi s .  To be more effective thi s  
effort mus t b e  greatly accelerated and expanded . It  must also be 
carried out in an inte8rated manner involving all relevant 
ins t itut ions . Vocational schools , polytechnics , nondegree extension 
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TABLE 1 Proj ected Need and Input F rom Universities of R&D Pe rsonnel 

Projected 
Projec ted Est imated Yearly 
University R&D Manpowe r Increase 

School Year Graduates Input! { Average )� Shortage 

1980/1981 3 6 , 9 43 591 8 , 585 7 , 9 94 
19 81/ 198 2 51 , 958 8 31 8 , 585 7 , 754  
19 82/1983 7 2 , 242 1 , 15 6  8 , 585 7 , 429  
1983 /1984 91 , 381 1 , 46 2  8 , 585 7 , 12 3  
19 84/ 19 85 1 16 , 5 6 7  1 , 865  8 , 585 6 , 7 20 
1985 / 1986 148 , 120 2 , 370  8 , 585 6 , 2 15 

TOTAL 517 , 21 1  8 , 2 7 5  51 , 510 4 3 , 235 

�It is  assumed that 1 . 6  perc ent of university graduates settle for  
R&D prof essions . 

�Fi gures in  this column are d erived from the following simple 
calculation:  

Ideal manpower need in 1975 • 33 , b 50 
in 1985  • 1 19 , 500 

Shortage • 
Yea rly average • 

85 , 850 
8 , 58 5  

p rograms , and other s imilar programs have to be e stablished a l l  over 
the country .  

No twi thstanding the importance of enhanc ing education and t raining 
i n  science and technology wit hi n  the count ry , t here is no denying the 
import ance of education and training in other count ries . They serve 
to complement those organized nationally , and thus they deserve 
promotion and encouragement . The need for overseas educat ion and 
training is  fel t more s t rongly in t hose scientific discipline s  that 
are given low pri ori ty o r  a re being neglected in  Indones ian 
universi ties . 

Up to the pre sent , nearly all overseas educat ion and training are 
made possi ble by study grants and scholars hips provided by a number of 
i ndus trialized countries and i nternational bodies . Thus the 
opportuni ties f or re sea rchers to improve thei r skills and know-how by 
training outside their  own country are very minimal . To remedy the 
s ituat ion Indonesia mus t initiate act ion prog rams . A suggestion ha s 
been f orwa rd ed t o  the gove rnment t o  explore the possibility of 
locating resources of the s tate f or thi s  purpos e .  
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In the meantime , ef f orts should be init iated to obtain as ma ny 
grant s-i n-a id as  possi ble , covering as many f ields of science and 
technology as possibl e .  Those al ready at  hand mus t be utilized more 
effectively and efficiently . The grant-in-aid program s hould include 
various aspec t s ,  such as study grant s ,  rese arch grants , consul ta nts , 
scientist  exchange program , s tudy tours , laboratory facilit ies , etc . 
Grant s to  organize t raining courses f or special skills , such as R&D 
management , R&D me thodology , and on-the-job t raining , would be very 
valuable , since such t raining can accommodate a greater number of 
part icipants at  a relatively lower cost . 

Regarding the present meeti ng , i t  would be mos t  appropriate i f  i t  
uses this opport unity to dete rmine the best-sui ted cooperat ive 
programs be tween Indonesia (Mini stry of State f or Rese arch and 
Te chnology , LIPI)  and the United States ( Na t ional Ac ademy of 
Science s ) . We do hope tha t the Academy will be in a position to  
assist  us in  our effort to s t reng then our sc ientif ic and technological 
manpower by implementing the af orement ioned act ion programs . To do 
s o ,  we propose the following ways : 

1 .  Provi s ion of grants-in-a id f or manpowe r development . It may take 
the f orm of : 

• Study grants in  overseas unive rsities , covering degree and 
nondegree p rograms 

• Sponsorship for  t raining and various scient ific  mee tings in  
Indonesia 

• Funds for research in  some special aspect s  of science and 
techno logy 

• Funds f or part ic ipat ion in international scient ific  mee tings 
abroad 

• Provision of expert s and consultants . 

2 .  Promotion by NAS in order to draw the a t tent ion of u . s .  scient ific 
f oundations , government inst itut ions , and private organizat ions , 
and to invi t e  support f or Indonesi a .  

3 .  Ident if icat ion o f  appropriate universities i n  the United States 
for  Indonesian students or research workers ass igned to study 
there . Pre-regi s t rat ion communicat ion with top ranking university 
of ficials th rough NAS will hopefully facil i tate ent ry p rocedure s .  

4 .  Explorat ion o f  the possibilities o f  invit ing qualif ied and 
available u . s .  senior scientists to do  research on local problems 
in Indonesia for a couple of years . These scientists  would work 
toge ther wi t h  Indonesian scientist s ,  and the act ivi ties would 
i nclude on-the-j ob t raining f or young Indones ian scientists . 

Bea ring in  mind the facts and p ro blems described above , i t  is  
concluded that all possible means and ways must be pursued and tes ted 
in our d rive to  s t rengthen Indonesian scient ific and technologica l  
manpower resources . Since manpower development takes a long t ime , t he 
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steps ment ioned abo ve aust be taken immediate ly . If not , t he gap 
between the exi sting manpower resources and the pro jec ted ones will 
ge t even wider , and our goal to be self-reliant in science and 
t echnology may remain only a goal f or the years to come . 
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APPENDIX G 

An Ove rview of Higher  Educat ion 
in Indones ia with Special Emphasis 

on  Science and Te chnology 
D .  A.  Tisna Amidjaj a 

To o btain a clea r p icture of the s tate  of the art and the planned 
d i rections for  development of science and technology educat ion on the 
tert iary level in Indones ia , it  is  necessary to  look at  the total  
f ramework of the higher education sys tem . Thi s i s  t rue , e specially , 
due to  the fac t  that the whole system i s  still  i n  the process of  
development . In t hi s p roces s ,  the prope r func t ioni ng of  the 
insti tutions of higher learning and the l imited resources serving the 
func t ions of the ins titutions should be more closely li nked . Policie s  
of priori ty sett ing should b e  des igned s o  as t o  ascertain t he 
development of all the f ields of s tudie s needed by societ y and 
demanded by the development process  as st ipulated in the REPELITAs . 
Indeed , a new era of  planned national development i n  Indonesia , begun 
in 1 9 6 9 ,  has had a bearing on the development of higher educat ion . 

In the period between the establ i s hme nt of the f i rs t  ins titutions 
of higher lea rning in 1950 and the i ni t ial years of planned 
development in Indonesia , higher educat ion evolved  wi t hout an 
integrated cohes ive s trategy among the universities , and each tollowed 
i t s  own conceived  role and course of development . Meanwhil e ,  
development was hampered by severe shortages of funds and uncertainty 
concerning the overall development of the count ry ' s economy . 

Since the beginning of  the "new order"  i n  Indonesia , much 
re thinking has been done and many studies have been made seeki ng  
answers t o  bas ic questions about higher education . These have been 
used to f o rmulate systematic development policies for hi gher educa t ion 
in Indones ia and to derive roles and def ine func tions within and among 
the ins t itut ions of highe r  lea rning tha t  are relevant t o  the needs and 
challenges of thi s fast-developing country . Highe r educat ion has , 
since then ,  embarked upon a more sys temati c  pat tern of development . 

THE CHALLENGES CONFRONTING HIGHER EDUCATION 

Clearly , in fast-developing countries such as Indonesia , 
education ,  and pa rt icularly higher education , play an important role 
in fulf illing the demands of development f or breakthrough idea s  and in 
providing the needed manpower . In t rying to cope wi th their  missions 
at  an ever-i ncreasing pace , scope , and magnitude , while fully aware of 
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the ir  shortcomings , t he ins ti tutions of  highe r  learning are facing 
tremendous challenges covering a very broad front : 

• Cate ring to  the increas ing demands for  hi ghe r  educat ion 

• Fulf illing the demand for profess ionals and highly skilled 
technicians , created by t he fast-developing economy of t he  
country . In many cases , new programs have t o  be developed to 
respond t o  new requirement s in quality or even to new type s of 
profess ions 

• Fu lf illing the requirements of improving the nation' s research 
capabilities ,  in parti cular its manpowe r aspects  

• Ca tering to the needs of the higher education system i tself , 
in particular the provis ion of the needed manpower to  
alleviate the pre sent shortages and to meet the requirements 
f or growth and expansion 

• Fulf illing the ever-increasing expectat ions and needs of 
society f or the public services of the univers i ty . 

THE PROBLEMS OF HIGHER EDUCATION 

In entering the new phase of planned development in the early 
19 70s , we realized in general that our higher education was hampered 
by many shortcomings f rom meeting the new challenges and demands of a 
growing s ociety . No relevant data on a nationwide scale exis ted , 
howeve r , to identify the p roblems more s pecif ically and for  further 
s trategic planning of development . If data were available , they would 
have to be processed to reveal ce rtain pe rformance ind ices of our 
higher educa tion in  genera l .  This would , in turn , convince the 
univers i t ies of t he necessity for a systematic ap proach in the total 
development of higher educat ion ,  in which each institut ion of higher 
learning should consider i tself as one link in a single chain , each of 
which has a specif ic task in conf ront ing the t remendous problems in 
concert . To identify t hese shortcomings , surveys were conducted in 
19 74-19 7 5 ,  and were analyzed to f ormulate bas ic solut ions and the 
necessary correc t ive action s .  

Institutions o f  higher learning face many problems , a number of 
which s tem f rom the cent ral problem of low internal eff iciency . 
Internal inefficiency diminishes higher education' s ability to 
contribut e ef fect ively to nat ional development . Below are some of t he  
f eature s o f  low i nternal eff ic iency : 

• Low produc t ivi ty . This is manifested by high dropout and high 
repeater rates . Repeaters prolong normal s tudy t ime , inf late 
the total numbe r of students ,  and , in a vicious c i rcle , 
contribute t o  a d iminut ion of ins t i tut ional eff ic iency . 
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• Low abs orption capacity in meet i ng t he expanding needs created 
by the development of an expanded secondary educat ion system .  
Thi s ampli f ies problems o f  student select ion a t  t he tertiary 
leve l .  

• Inadequate budgets . These adversely affect all aspect s  of  the 
teaching-learning proces s .  

• Unequal distribut ion of ins t itut ions among t he different 
regions . There is too high a concent ration of ins t itut ions of 
higher educat ion on Java . 

• Levels and types of f ields of study are not s truc tured to meet 
the real needs of Indonesia . Too much emphasis has been 
placed on the "f irst degree" level of t raining and "academic " 
educat ion which fai ls to relate t heory into pract ice . Too 
lit tle at tent ion has been given to o ther levels and more 
pract ical types of post-secondary education.  

• Rap id expansion of the system has made i t  diff icult to  recrui t 
highl y  qualif ied and dedi cated staff . This  is  exacerbated by 
the l imi ted resources available to pay sat isfactory salaries 
and maintain  a high level of personal p rofessional d evel opment 
t o  serve the nat ional interest .  

THE BASIC ISSUES OF HIGHER EDUCAT ION 

In formulating solutions and long-term programs , we have to face 
certain basic issues of hi gher education .  

• How to  uti lize scarce  resources as eff iciently and effectively 
as poss ible . 

• How to devise an academic struc ture and courses of  s tudy that 
cope wi th the needs of a rapidly changing society . 

• How t o  interpret and implement the principle of regional 
equi t y  and balanced growth in t he sys tem. 

• How to  keep human resources abreast of new developments and 
nurture the i r  personal interes t and commi tment to national 
development . 

• How to  i ncrease the absorp t ion capacity of higher learning 
insti tut ions in order to deal justly in t he select ion of 
students from the expanded secondary system while serving the 
need s of  national development . 
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To be a ble  t o  respond to these issues , a " systems " development 
approach to problem-s olving has been adopted . The pat tern of random 
growth among the universities has been left behind . In t he 
development process , each institution of higher learning is  considered 
one link in a single chain . Toge t he r ,  t hey conf ront mounting problems 
while moving toward a common goal . 

The system i s  "mission" oriented . Having identif ied roles and 
func tions within the sys tem ,  each insti tut ion is assigned part icular 
tasks relevant to the ins t i tution and t he nat ion as a whole . The 
programs of each ins t itut ion are developed wi th a certain degree of 
autonomy . These mis sions aim at t he sho rt-term as well  as long-term 
goals of higher educat ion. 

To es tablish t he new sys tem ,  higher education has t o  face the 
problem of  developing t hree processes s imul taneously :  

1 Improving the perf ormance of the prevailing "sys tem" 

2 Searching for  met hods of changing to a more relevant nat ional 
system of higher education 

3 Increasing insti tut ional growth in  order to increase 
absorp tion capaci ty to meet the growing demands of higher 
educatio n .  

BASIC  POLICY ON THE DEVELOPMENT O F  HIGHER EDUCATION 

Based on the findings of t he 1974- 1975 surveys , the Minister  of 
Education and Culture decreed the "Basic Policy for the Deve lopment of 
Higher Education. " Thi s  policy ins t ructs and guides t he development 
of higher education and post-secondary education i ns t i tut ions . These 
policie s include : 

• The roles and functions of insti tutions of education : 

Play the role of development agents , int roducing the 
modernization process to effect nat ional development . 

Have three unif ied func t ions which are specified in the 
TRIDHARKA. Thi s  trilogy consists  of t eaching , researc h ,  
and public service , cons t i tuting a n  integrated whole . The 
unity funct ion i s  considered fundamental . It  is envisaged 
tha t ins titut ions of higher  education will become 
eff icient only insofar as they apply thi s  unif ied concept 
to  the perf ormance of their roles as agents of developme nt . 

• As signments of roles and tasks . Within the "mission-oriented 
system , "  specif ic  roles and tasks are assigned to particular 
i nsti tutions . When making assignments ,  special consideration 
i s  given to using t he resources of a particular institution , 
especially i n  relation t o  i ts manpower ,  while maintaining 
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balanced development among t he var ious ins t i tut ions located i n  
the regions ( i slands ) .  

• Ba sic princ iples on which the ins t i tut ional undertakings in 
higher educat ion are performed . These have been stipulated 
and e luc idated . They include : responsible academic f reedom , 
democrat iza t i on of the teac hing and learning p rocess ,  
l ife-long educa t ion, inf ormal as well as formal education o f  
s tudents ,  and development o f  a campus and academic community . 

• Management princ iples wi thin and between the higher educat ion 
inst i tutions as well as t he relat ionship between t he 
government ( s tate)  and the ins ti tut ions . These principles aim 
at  developing a " sys tems management " pat tern to serve as a 
guide to  higher educat ion ins t itut ions exercis ing a certain 
degree of autonomy . However ,  i t  ass ists  in establishing 
complementary linkages between the ins t itut ions and i s  
orche s t rated i n  a nat ional framework o f  long-range 
development , with the basic  policy guidance of the government . 

• Wo rk program . Short-term ,  medium-term ,  and long-term work 
program policies a re out lined . These conce rn key i s sues of 
prime importance which must be dealt with in o rde r of priority 
if  we are to  improve higher educat ion accord ing to a 
systematic s t rategy . 

TOWARD THE IDEAL NATIONAL SYSTEM OF HIGHER EDUCATION 

Basic development policy is geared toward t he establishment of a 
national system of higher educat ion , cons ist ing of public  and private 
ins t i tutions and operating under a single management pat tern . Wi t hin 
such a sys tem ,  the possi bi lity exists  of assigning particular roles 
and funct ions t o  each ins t i tut ion. In t his  way , institutions serve 
nat ional purp oses a s  well as those related to  their  local 
environments . As envisaged in t he "Guide to t he Implementation of 
Ba sic Deve lopment Po licy , "  the national system of higher education 
wil l  evolve in line wi t h  t he following operat ional polic ies : 

• A well-f ormulated enrollment allotment will be given to each 
insti tut ion for the next 10 years , relating i t s  part icular 
roles and funct ions to the service of national as  well a s  
local need s .  

• Academic d isciplines of each ins t i tut ion will be restruc tured 
in the next 10 years in accord wi th  its  assigned roles and 
func tions . 

• A general policy on educat ion will govern t he work of  t he 
sys tem wi th  regard to standardizing educational processes and 

I 
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s tudent requi rements and ensuring cooperat ion among the 
uni ver s i t ies . 

• Administrative commitments  will be made to ensure program 
support f or the long-te rm development plan . 

• Univers i t ies will be commi tted to  s taff development , and 
infras tructure support wil l be given to programs tha t  t he 
administrat ion has determined conform with agreed s trategies . 

These policies mus t  be pursued if  the system i s  to be establis hed . 
From these operat ional policies a program structure was developed , 

comprising maj or program categor ies , maj or  programs , and p rograms 
serving as the " Framework f or Long-Range Development of Higher 
Educatio n . " Each institut ion of highe r  learning der ives its annual 
and long-range development plan from thi s  f ramework by means of t he 
generally adopted "PPB Sys tem" and through the guidance of the 
so-called " Coord inat ive Program Memo" of the Director General of 
Hi gher Educa tion , indicating the budget ceilings for t he maj or 
programs f or the fol lowing year , while indicating the t rend for  3 
consecut ive years and program prioritie s .  

Pri ori ty i s  being given t o  mit igat ing the bottlenecks experienced 
in the present system .  Policies a r e  aimed a t  solving problems i n  
order to  improve the product ivity of higher education .  Because these 
policie s aim at  immediate effects , they are conside red short-t erm 
measure s .  In view of the nature and scope of l imitat ions faced by the 
system ,  even these s hort-term policies need about 5 years to be 
effected . 

It i s  anticipated , therefore , that efforts should be undertaken to  
implement s imultaneously :  

• Measures aimed at  improving the perf ormance of higher 
education whi le at t he same t ime laying t he foundations for 
more controlled growth 

• Measures a imed a t  restructuring higher educat ion and d irect ing 
growth and evolving the sys tem of higher education of t he 
future . Development of the basic features of the new system 
and their  subsequent manifes tation are estimated to take 8 
years . 

Implementat ion of both short- and long-range policies should be 
cons idered agains t t he background of realities in a developing 
society . This background is  characterized by its  ever-increasing 
demands , i n  particular ,  its  demand for more educat ion.  

• Wi thin the s t ruc ture of the academic disciplines , priority has 
been assigned to : teac her education ,  engineering ,  sciences , 
management , and accounting . Agriculture and health are also 
f ield s t hat  still need pushing . At present , relat ively good 
programs exist in both , however ,  through f ore ign part icipatory 

\ 
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programs . An academic s tructure t hat consists  of nondegre e ,  
undergraduate , and graduate degree programs will requi re 
s truc turing academic  disciplines into 3- and probably 4-d igit 
classif icat ions in  the nea r future . These will be developed 
at later s tages . The l imited resources f aced present ly , and 
in the foreseeable future , dictate that resources be allocated 
to  programs having high prio r i ty .  The fundamental aspects  of 
structuring academic f ields to meet the nat ion' s priority 
need s requires further study and e laborat ion i f  prio r i t ies are 
to  be assigned rationally . 

• The i ssue of enrollment i s  pressing and mus t be faced 
realistically by the administration . I t  i s  both socially 
sens i t ive and cons titutes one of the most important var iables 
in the planning of t he budget structure . No easy solut ions 
are in sight , but it must  be coped wit h  innovat ively in the 
years to come . 

• The enrollment problem cannot be solved by the public sec tor 
alone . It  is , t he ref ore , of major importance tha t  t he private 
sector become a viable contributor to  the mi t igat ion of 
enrollment p ressure s .  Part icipat ion of t he privat e sector i n  
the na tional sys tem o f  higher educat ion will bring enrollment 
pressures wi thin manageable bounds .  

A meaningful sum out o f  t he nat ional educat ional budget  i s  
se t aside f or use by t he pr ivate sect o r ,  o n  a "matching-fund" 
principle , t o  support t he development of t he public sector . 

• P rivate ins titutions as well as t heir  public counterparts 
should design effec t ive nondegree and d iploma programs t o  
supplement t heir  present unde rgraduate degree programs . These 
programs should be oriented as closely as pos sible to the 
labor market . 

For this nondegree program to be meaningful within the 
sys tem of higher education ,  large investments are needed , 
preceded by careful planning and preparation .  Important 
nondegree pro grams that are now in  t he pilot p rojec t  stage 
include the polytechnic programs and diploma programs f or 
teacher s .  

• One of t he major program categories to be implemented wi thin 
the next 4-5 years is designed to inc rease ins t itut ional 
productivi ty . Within this program ,  efforts will be made to 
improve s taf f product ivity by sharing resources .  Mobility of 
teaching s taff will be s trongly encouraged to permit s tronger 
institutions to assist weaker one s ,  t hus enhancing 
produc t ivity .  Up grading facilit ies and training staff in the 
use of  new methods are also seen as ways to improve 
produc t ivity . 
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To improve the produc t ivity of students , s t rong meas ures 
will be taken to control the s tudent body by adopting and 
implementing s tricter academic rules . Without providing 
alternat ive nondegree courses , however , t hi s  opt ion seems to 
have limi ted applicabili ty . 

Improvement in s taff mobility , facilities and met hods , and 
s tudent discipline are thus expec ted to improve product ivi ty . 
It i s  anticipated , however ,  t ha t  the process of  improvement 
wil l  be somewhat slow , in particular during t he f i rst  years of 
thi s program . 

• Bringing regional balance to t he development of higher 
educat ional ins t itutions requires t ime and t he development of 
sound concept s .  Through t he distribution of academic 
discipline s and part icular roles and functions to each 
institut ion , it is hoped to bring about more balanced growth 
among the ins ti tutions . Thi s  is in accord wi th t he principle 
of regional equity in  development ,  a major concern in the 
design of the nat ional development system .  The balanced 
approach , however , mus t  be oriented to improve perf ormance and 
t he growth of the educational system. Regional universi ties 
should be encouraged to develop major academic programs t hat  
are simultaneously relevant to the region and can be d eveloped 
into a national center of s tudy for other regions experiencing 
the same need s .  

As a f irst s tep toward rectifying the imbalance among 
ins t i tutions , improvement of present basic undergraduat e 
courses leading to the intermediate degree { Sa rjana Muda ) i s  
planned for t hose ins t i tutions t hat do not yet have t his  
capability . It i s  expec ted tha t  within 3-4 years all 
insti tut ions of higher educat ion in t he public sector will at 
leas t be up to s tandard wi th regard to  basic education .  

• As noted , the pressure exerted by the need f or high-level 
manpower to implement nat ional development programs has had a 
profound effect on the higher  educational system .  Studies 
have been and are being made to develop satisfactory 
ap proaches to solving t he problems t hat have arisen . Several 
pilot pro j ects are under way at  both the pos tgraduate and the 
undergraduate nonde gree levels , f or example , polytechni cs , 
t eacher educat ion . It is  expected that these programs will 
have matured and will have become regular features of the 
educational system by the end of the third 5-year plan { 1 984 ) . 

The assumptions underlying these programs are two-fold : 

• Bo th quantitative and quali tat ive improvement of t he higher 
education staf f are necessary for ins titutions to reach t he ir 
full growth potent ial in relation to meeting national manpower 
need s .  
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• The es tab�ishment of postgraduate t raining programs f or hi gher 
educat ion s taff i s  imperative if  s taff  capable of creat ing and 
implementing degree and nondegree/diploma p rograms t hat  mee t 
most high-level manpower needs are to be available . 

THE ADMINISTRAT IVE SETTING 

Pos t-secondary or tert iary education in  Indonesia encompasses a 
broad spec trum of f ields of s tudies implemented in several types of 
institut ions , which can be classif ied as public or pr ivate . 

Authority for al l educat ion catering to t he gene ral labor market 
and t he needs of society res ts  with  t he Minis try of Educat ion and 
Culture . Wi t hi n  t he Mini s t ry , t he Direc tor General of Higher 
Education {DGHE ) controls 51 public i ns t i tutions of higher learning 
comprising 3 0  universi ties , 14 ins t i tutes , and 7 academies of arts . 
Through d irectorship of t he private ins t i tut ions of higher learning 
and the nine coordinators f or private insti tutions , t he DGHE also 
over sees the operations and quality of 360 nonpublic programs in 
universities and s o-called academies .  These nonpublic programs also 
inc lude insti tut ions of higher learning and academies set up by 
minis trie s o ther than t he Minis t ry of Educat ion and Culture and 
catering to their own needs f or manpower { see Ta ble 1) , except f or 
those ins titutions under the Minis try of Rel igion and t he armed forces .  

As the chief admini s trator for higher educat ion , the Director 
General of Highe r Education is  assist ed by : 

• Eleven consortia or board s of academic disciplines , i . e . , 
Consortium for Educat ion i  Consortium for Social Sciences and 
Humanit ies i Consort ium for Medical Sciences ; Consortium f or 
Engineering ; Consortium f or Mat hema tic and Natural Science s i  
Consort ium for Lawi Consort ium for Economics i Consort ium f or 
Agriculture Sciences i Consort ium for Literature i Consortium 
for Psychology ; Consort ium for Interdisciplinary Fields of 
Studies 

• A s tanding advisory s taff cons ist ing of expert s  on secondment 
f rom universities  

• Ad hoc commit tees convened t o  consider special issues . 

Wi thi n  hi s execut ive func t ion,  t he DGHE works through 
directorates , each headed by a d irector : Direc tor for Academic 
Infras tructure , D irec tor f or Private Ins t i tut ions , Director f or 
Re search and Communi ty Service Development , and Director f or Student 
Af fairs . 
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TABLE 1 Type s of  Pos t-Secondary/Tertiary Educational Ins t i tutions 
Es tablished by Ministries  o ther t han t he Ministry of 
Education and Culture 

Minis try Insti tution Years of study 

Trade Academy of Trade 3 

Ac ademy of Metrology 3 

Indus try Academy of Busines s 3 
Ma nagement 

Academy of Chemical 3 
Analyses 

Academy of Leather 3 
Indus try 

Academy of Technical 3 
Indus try 

Co llege of Indus trial 2 
Management 

Inst i tute of Text ile 5 
Indus try 

Communication Academy of Meteorology 3 
and Geophysics 

Health Academy of Health 3 
Supervi sion 

Academy of Anaesthetics 3 

Academy of Roentgen 3 
Technology 

Academy of Nur sery 3 

Academy of Physiothe rapy 3 

Social Af fairs Co llege of ·social Welfare 3 

Jus tice Academy of Immigration 3 ( pending)  

Academy of Socialization 3 { pending ) 
( of pri soners )  
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Four ma j or kinds  of insti tut ions provide highe r  education : 

• Un iversi t ies with s everal semi-autonomous facult ies 

• Ins ti tutes wi th  a number of facul ties in a single professional 
f ield , i . e . , t he Bandung Inst i tute of Technology ; the 
Inst i tute of Agriculture , Bogor ; the Insti tute of Teac her 
Tra ining and Paedagogical Sciences 

• Hochschule in a single f ield of s t udy , i . e . , Techni sche 
Ho chschule 

• Academies in  a single professional f ield . 

THE SYSTEM OF STUDY 

The Old System of Hi gher  Educat ion 

Unt il 1 9 7 9  the predominant features of the sys tem were a f ramework 
for s tudy ( 5  years  af ter 12-13 years of pre-university educat ion) and 
phasing of s tudy ( 3  years Sarjana Muda , f ollowed by 2 years a t  the 
Sarjana leve l ) , according to  the old pattern of t he Dut ch higher 
education sys tem .  The i nternal arrangements and regulations of s tudy 
followed the American pattern ( credi t sys tem,  assignments , tutor ials , 
e tc . ) .  The sys tem turned out gradua tes on one level of competence 
(monos tratum system) : the Sarjana . 

The New Multistrata Higher Educat ion Sys tem 

A new sys tem of educational s t ratif icat ion was int roduced in 197 9 , 
and s ince mid-19 79  t he gradual introduct ion of a credi t system wi th 
course requi rements has been in ef fect . Ea ch program of study 
consists  of required and elec t ive courses .  The new sys tem cons i s t s  of 
programs in  ( 1 )  t he academic/unive rsity s t ream , and ( 2 )  the 
vocational/ profess ional s tream , known as the S-O or diploma programs . 

The academi c s tream compr ises three strata : 

• Stratum I ( S- I ) , wi th a s tudy load of 140-160 credi t s ,  to be 
comple ted wi thin a minimum of 4 years and a maximum of 7 
years . Thi s  i s  the Sa rj ana level of s tudy . 

• S tratum I I  ( S-I I )  wi th a study load of 30-60 cred i t s  af ter 
S- I , to be completed wi thin about 2 years af ter Sarjana . Thi s  
i s  the Pasca Sar jana leve l of study . 

• Stra tum III  ( S- Ill) , wi th a s tudy load of 60-80 cred i t s  af ter 
S-II ,  to be finished wit hin about 2 years af ter S-I I .  Thi s i s  
the doctorate level o f  s tudy . 

Copyright © National Academy of Sciences. All rights reserved.

Proceedings:  Panel Discussions on Science and Technology Planning and Forecasting for Indonesia: Special Emphasis on Manpower Development: Jakarta, Indonesia, November 8-10, 1982
http://www.nap.edu/catalog.php?record_id=19507

http://www.nap.edu/catalog.php?record_id=19507


- 94 -

The voca t ional/ profess ional s t ream (diploma program s )  comprise s : 
D- I , 1 year ;  D-II , 2 years ; D-I ll , 3 years ; and D-IV , 4 years . 
Examples of the di ploma program are : 

• Teachers education ( D- I , D-II , D-I l l )  
• Cartography/ phot ogramme try s chool ( D- I) 
• Surveyor school ( D-II)  
• Po lytechni cs ( D-Il l) . 

A Sarj ana can enter a specialist  program ( Spl and Sp2 ) , for  
example , i n  te chnical f ield s such as  hi ghway engineering for c ivi l 
eng ineers , and a variety of specializat ion programs in  the medical 
science s .  A Pasca Sarjana or an Spl holde r can enter the 
super-special izat ion program , Sp2 . 

For academicians who would like t o  e nter the tea cher/ lect urer 
profess ion , i t  i s  obligatory to take the relevant Akta program , which 
will  confer  to them t he licens e of compe tent teachi ng . Thi s  program 
has f ive levels ( Akta I-V) . Akta I and I I  confer competence for 
teaching i n prima ry schoo ls to D- I ,  D-I I ,  D-Il l graduates of t he 
insti tutes f or teachers training or  to Sarj ana Kudas f rom o ther 
faculties  ( f ield s of s tudy) . Akta I I I  and IV g ive competence for 
teaching i n  the secondary j unior and senio r high schools re spect ively , 
f o r  D-I I I  and Sa rjana graduates of t he ins titute for  teacher t raini ng  
o r  f rom o ther faculties ( f ields o f  s tudies ) wi th supplementary 
course s . Akta V gives comp etence for teaching in  the universities  
( t ert iary educat ion) , f or Sa rjanas . 

The abilities  of S- I , S- I I ,  and S-II I graduates are as follows : 

• S- I ( Sa rjana ) has the ability to : 

apply knowledge ( relating to  hi s profession)  in product ive 
activi ties and providing services to society 
f ollow the development of his f ield of sc ience through 
s c ientif ic li tera ture 
apply t he concepts of his f ield of science to effort s  tha t  
will  rais e ( improve) hi s p rofess ional performance 
analyze and comprehend (make conc lusions) facts or  events 
re lating to hi s profession or f i eld of scienc e .  

• S- I I  ( Pa sca Sarjana ) has the abi l i ty t o :  

improve t he services  o f  hi s profession through 
deve lopmental research 
partici pate i n  the development of hi s  f ield of science 
deve lop his professional perf ormance in a b roade r 
spec trum ,  through li nkage s wi th similar field s  of science 
or professions 
formulate approaches for solving problems in society 
through scientific  reasoning . 

Copyright © National Academy of Sciences. All rights reserved.

Proceedings:  Panel Discussions on Science and Technology Planning and Forecasting for Indonesia: Special Emphasis on Manpower Development: Jakarta, Indonesia, November 8-10, 1982
http://www.nap.edu/catalog.php?record_id=19507

http://www.nap.edu/catalog.php?record_id=19507


- 9 5  -

• S-Il l ( Doctor ) has the ability  t o :  

develop new concepts i n  his f ield of profession o r  science 
execute ,  organi ze , and supervise ( lead )  research programs 
take interdisciplinary approaches for profess ional 
applica t ion . 

SALIENT F IGURES OF HIGHER EDUCATION 

To bring the problems of higher education more realistically t o  
the forefront , the f ollowing Tables 2-1 1 should b e  considered , keeping 
in mind the following observation s .  

The participa t ion rate o f  the respective age groups i n  higher 
educa tion is still  low ( 3 . 7  percent ) .  However ,  the abs orpt ion 
capacity of the institut ions is very low (about 20 percent of the 
applicant s could be absor bed by public ins t i tutions of higher 
learning ) , while the private ins t i tutions nurt ured by non-Educat ion 
and Culture Departments can only accommodate 25-30 percent . 

The mos t  serious cons traint to  increas ing the absorp tion capac ity  
i s  academic manpower . The teacher/s tudent ratio i s  in general very 
low ( per universi ty or per f ield of s tudy ) : 1 : 18 f or the technical 
faculty and 1 : 8  for t he science faculty . Of the total number of staff 
members , only about 14 percent have enjoyed a pos tgraduate  ( Sarjana ) 
education . The same situat ion is  t rue if  we consider rank (whi ch is , 
in a way , an indicator of competence for responsible teaching ) . Only 
6 p ercent have the s tatus of lektor to professor . By t he end of 
REPELITA IV we will have to  t riple the number ( from 21 , 000 t o  6 5 , 000) . 
Of those , a t  leas t 50  percent should have a pos t-Sarjana degree . 

The need f or graduates of cert ain f ields of s tudy to  serve the 
economic growt h is very great . We need to double or triple t he annual 
output of engineering , science , agri culture , accounting , economics , 
and management graduates . 

The expanding primary and secondary educat ion sys tem also demands 
a t remendous increase in t he supply of teache rs , a task that rests  
with the insti tutes of teacher educat ion . 

SPECIF IC OBJECTIVES 

1 . The government aims to develop ins t i tut ions of higher learning as 
a support ive element to nat ional development by producing a 
suf f icient number of well-educated graduates . Among the 
disciplines ,  priori ty is  given to : 

• Education/ t eaching ( s upply of t eachers for secondary education) 
• Technology 
• Basic sciences 
• Management 
• Ac count ing 
• Agriculture 
• Health 
• Social sciences/humani t ies . 
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MULTI SRATA STRUCTURE OF FORMAL EDUCATION 
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TABLE 2 School-Ace Popu l a t ion ( ia Thous and s )  and Percent Part ic ipat ion ia School Proar ... , 1 979- 1 982! 

Number o f  Schoo l /  Buaber o f  Pup i l s /  Perc ent of 
Univers i ty AI• Studen t s  Pa rt ic ipat ion 

1 979- 1 980- 1981- 1 9 7 9- 1 980- 1981- 1 9 79- 1 9 8o- 1 98 1 -
Type a nd  Leve l of Educ a t ion 1 980 1 981 1 982 1 980 1 981 1 982 1 980 1 981 1 982 

Pri-ry School 2 3 , 858 24 , 49 7  2 5 , 4 5 6  1 7 , 836 1 8 , 855 20, 2 74 74 . 8  76. 9 79 . 6  
Mad raaah Ibt id a iyah 2 , 149 2 , 074 2 , 61 3  9 . 0  8 . 5  1 0 . 3 

Secondary Junior Hiah Schoo l 1 0 , 41 9 1 0 , 707 1 0, 758 2 , 895 3 , 329 3 , 731 2 7 . 8  31 . 1  34. 7 
Secondary Junior Voca t ional 

Hi&h Schoo l  8 6  84 74 0. 8 o . 8 0. 7 

Secondary Senior Hiah School 9 , 1 68 9 , 522 1 0 , 052 543 1 , 03 6  1 , 262 9 . 2  1 0 . 9 1 2 . 6  
Secondary Senior Voca t ional 

Hi&h School 489 486 460 5 . 3 5 . 1 4 . 6 
Secondary Sport School 242 2 3 2  2 1 4  2 . 7 2 . 4  2 . 1  

Tert iary Educat ion 1 5 , 3 74 1 5 , 930 1 6 , 298 
0 Dearee Proar- 420 49 7 559 2 . 7 3 . 1 3 . 7 
0 Bondearee ( Dipl�) Proar- 22 2 8  3 8  0. 1 0 . 2 0 . 3 "' 

" 
I 

�Tot a l  Popu lat ion ,  1 98o-1 981 : 1 4 7 , 490, 298 ; 1 981-1 982 : 1 50, 9 1 2 , 070. 
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TABLE 3 Buaber of App l ic ant s aDd Buaber of Accepted Mew Students in Pub l ic Ins t i tut ions of Higher 
Learn i ng ,  1 9 79-1 982 

1 9 79-1 980 1 98o-1 981 1 981-1 982 
Pi lot Proj ec t 
for Se lec t ion App l icant s Accepted App l icants Accepted App l ic ants Accepted 

I 96 , 2 30 1 4 , 300 1 3 9 , 52 5 1 5 , 01 5  1 56 , 556 1 6 , 1 61 

I I  

I I I  48 , 1 3 9  2 2 , 376 71 , 959 2 1 , 601 96, 3 3 2  2 5 , 31 7  

IV 48, 866 1 2 , 1 02 5 7 , 9 74 3 1 , 028 6 7 , 636 1 4 , 84 7  

I It I 631 5 54 961 656 1 , 1 6 7  768 

'l'OTAL 1 93 , 866 49 , 3 3 2  2 70 , 41 9  50, 300 3 2 1 , 691 5 7 , 093 

BOTI : We see in Tab l e  2 that part ic ipa t ion of the respec t ive age groupe in higher educat ion 
i e  low ( 3 . 7  percent ) .  The p l an ie to inc rease the s t udent popu l at ion un t i l  5 perc ent o f  the 
age g roupe are enro l l ed by the year 2000. To achieve t h i s , the absorpt ion c apac ity o f  the 
ins t i tut ions of higher l earning should be inc reased . The above tab l e  above a c apac i ty o f  on ly 
about 1 8-20 percent for pub l ic ins t i tut ions . 

\C) co 
I 
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TABLE 4 Numbe r  of S t uden t s  Who Gradua t ed S a rj ana Hud a ( 3-Year Program) a a  a Pe rc ent o f  t he Tot a l  S t udent Body , Ac c o rd i ng t o  F i e l d  of Stud y ,  
f o r  Pub l ic I n a t i t u t i o n a  o f  H i ghe r Lea rn ing:-19 7 9 - 1 982 

1 9 7 9 - 1 980 1 980- 1 98 1  1 9 8 1 - 1 982 

Number o f  Numbe r  o f  Number o f  
F i e l d  o f  S t ud y S t ud e n t  a Crad u a t e a  Pe rc e n t  S t udent a Graduate a Pe rcent S tudent a Gradua t e  a Pe rc e n t  

Ps yc h o l ogy 1 ,  2 1 5  3 6  3 . 0  1 , 2 54 5 9  4 . 7 1 , 896 5 1  2 . 7 
Soc i a l Sc i enc e a  1 4 , 3 2 7  7 5 5  5 . 3  1 6 , 000 1 , 3 3 1  8 . 3 1 8 , 1 39 1 ,  7 1 4  9 . 4  
Ma t hema t ic and 

N a t u r a l  Sc i enc e s  7 , 789 3 5 7  4 . 6  8 , 054 5 3 6  6 . 6 9 , 449 3 2 2  3 . 4  
Ed uc a t i on 6 0 , 1 7 3 6 , 2 6 3  1 0 . 4 69 , 682 7 , 989 1 1 . 4  7 7 , 0 7 8  7 , 89 2  1 0 . 8 
Tec hno l og y 24 , 5 9 2  1 ,  7 1 3  7 . 0  2 7 , 4 2 8  1 , 88 1  6 . 8 2 8 , 7 7 9  646 2 . 2  
He a l t h  Sc i enc e s 1 1 , 8 7 3  7 7 9 6 . 6  1 2 , 5 3 9  6 7 2 5 . 4  1 2 , 94 3  2 6 6  2 . 1  
Law Sc i e nc e a  2 5 , 982 1 ,  2 5 7  4 . 8  2 7 , 4 64 1 , 960 7 . 1 3 3 , 1 94 1 , 01 9  3 . 1  
Ec onom i c  a 2 6 , 069 1 , 54 3  5 . 9  2 7 , 5 8 1 2 , 670 9 . 7 3 0 , 658 1 , 9 5 2  6 . 4  
Ag r i c u l t u re 2 1 , 3 7 5  1 , 201 5 . 6 2 4 , 984 1 , 6 7 1  6 . 7 2 8 , 81 6 1 , 7 2 6  6 . 0 
Le t t e r a / Ph i 1 oaophy 6 , 86 7  363 5 . 3  7 ,  7 3 3  8 5 5  1 1 . 0  9 , 389 632 6 . 7 
I n t e rd i sc i p l i nary 1 , 2 74 1 8 6  1 4 . 6 1 , 702 1 7 2 1 0 . 1 2 , 1 83 1 64 7 . 5 

TOTAL 2 01 , 5 3 6  1 4 , 4 5 2  7 . 2  2 24 , 4 2 1  1 9 , 7 9 6  9 . 0  248 , 5 2 4  1 6 , 3 5 8  6 . 6  

\C) 
\C) 
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TABLE 5 Numh e r  of S t ud en t s Who Grad u a t ed S a rj ana as a Pe rc en t o f  the Tot a l  S t ude n t  Bod y , Ac c o rd ing to F i e l d  of S t udy , for Pub l i c 
I n s t i t ut i o n s  of Hi ghe r Learn i ng , 1 9 7 9-1 982 

1 9 7 9 - 1 980 1 980- 1 9 8 1  1 981 -1 982 

Number of Numbe r o f  Number of 
F i e l d o f  S t udy S t uden t s Gradua t e s  Pe rc ent S t uden t s  Graduates Pe rce n t  S tud ents Gradua t e s  Pe rc en t  

P s y c ho l ogy 1 ,  2 1 5 1 1 2 9 . 2 1 , 2 54 1 20 9 . 6 1 , 896 1 , 896 6 . 6 
Soc i a l  Sc i e n c e s  1 4 , 1 2 7  6 7 0  4 . 7 1 6 , 000 909 5 . 9 1 8 , 1 3 9  1 , 2 0 2  6 . 6  
Ma t hema t i c  a nd 

N a t u r a l  Sc i en c e s  7 , 789 634 8 . 1 8 , 0 54 705 8 . 7 9 , 44 9  700 7 . 4  
E d uc a t i on 6 0 , 1 7 3 1 ,  744 2 . 9  69 , 682 2 , 2 3 9  3 . 2  7 7 , 0 7 8  3 , 048 4 . 2 
Tec hno l ogy 24 , 5 9 2  1 ,  7 7 2  7 . 2 2 7 , 42 8  2 , 1 1 9  7 . 7 2 8 , 7 79 2 , 400 8 . 3 
He a l t h  Sc i e nc e s  1 1 , 8 7 3  1 , 1 3 2  9 . 5 1 2 , 5 3 9  1 , 2 54 1 0 . 0 1 2 , 94 3  1 , 2 1 3  9 . 4  
J.aw Sc i e nc e s  2 5 , 982 932 3 . 6 2 7 , 4 64 1 , 2 76 4 . 6  3 3 , 1 94 1 , 5 7 5  4 . 7 
Ec onom i c s  2 6 , 069 1 , 03 9  4 . 0  2 7 , 5 8 1  1 , 1 7 2 4 . 2 3 0 , 658 1 , 201 3 . 9  
Ag r i c u l t u re 2 1 , 3 7 5  1 , 5 3 2  7 . 2 24 , 984 1 , 583 6 . 3 2 8 , 81 6 1 ,  9 5 7  6 . 8  
Le t t e r s / Ph i l o s op hy 6 , 86 7 1 4 3  2 . 1  7 , 7 3 3  2 54 3 . 3 9 , 389 3 1 7 3 . 4  
In t e rd i sc i p l i na ry 1 ,  2 74 1 7  1 . 3 1 , 702 2 5  1 .  5 2 , 1 83 1 8  0 . 8 

TOTAL 2 0 1 , 5 3 6  9 ,  7 2 7  4 . 8 2 24 , 4 2 1  1 1 , 6 5 7  5 . 2  2 48 , 524 1 3 , 7 5 7  5 . 5  .... 0 0 
I 
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TABLE 6 Number o f  S t udent s in Private Ins t i t u t ions o f  Higher Learning , 
Dis tributed Over Seven Reg i ons 

Program 
--

Reg i on s-o S- I s- I I  S-I ll TOTAL 

I - 2 3 , 034 - - 2 3 , 034 

I I  75 7 7 7 , 934 71 8 7 8 , 7 70 

I I I  4 42 , 482 1 6  6 42 , 508 

IV 638 3 5 , 081 7 3 3 5 , 7 2 9  

v 1 67 2 5 , 9 3 1  9 9 2 6 , 1 1 6  

VI 1 , 1 03 54 , 961 13 6 5 6 , 083 .... 0 
.... 

VII - 2 5 , 085 6 2 2 5 , 093 

TOTAL 2 , 66 9  2 84 , 508 1 2 2  34 2 8 7 , 3 3 3  

Copyr igh t  ©  Na t iona l  Academy  o f  Sc iences .  A l l  r i gh ts  rese rved .

P roceed ings :   Pane l  D i scuss ions  on  Sc ience  and  Techno logy  P lann ing  and  Fo recas t i ng  fo r  I ndones ia :  Spec ia l  Emphas is  on  Manpower  Deve lopmen t :  Jaka r ta ,  I ndones ia ,  November  8 -10 ,  1982
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TABLE 7 Nuaber of Student• in Priva te Inat i tut iona of Hiaher Learning , and Number of S tudenta and Graduatea in the Depart•enta o f  
Ka t h  ... t ic and Natural Sc ience• and Engineering 

Kath ... t ic and Natural Sc ience• Engineering 

Graduatea Graduate• 

Sarj ana Muda Sarj ana Sarj ana Muda Sarj ana 
--

a .... ber of HUIIIbe r  of State State N .... ber of State State 
Ilea ion Student a S t udent a  Local Ex- Local Ex- Student a Local Ex- Loca l  Ex-

I 2 3 , 034 - - - - - 3 , 516 144 73 2 

I I  7 7 , 934 - - - - - 1 4 , 284 438 344 1 29 241 

III 42 , 482 2 56 1 7  - 8 - 9 , 41 7  61 5 1 63 3 2  2 

IV 3 5 , 081 3 76 1 1  - - - 8 , 630 758 226 50 1 0  

v 25 , 93 1  - - - - - 2 ,  714 1 1 9  56 91 

..... 
VI 54 , 961 - - - - - 6 , 750 430 3 7  3 7  1 8  0 N 

VII 2 5 , 085 - - - - - 3 , 863 1 4 7  9 5  

TOTAL 284, 508 632 2 8  - 8 - 4 9 , 1 74 2 , 651 994 341 2 71 
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TABLI I a..ber of Acad.-ic Stef f ,  Spec i fiad Accord iaa to Acad•lc O.Cree Obte luad lu Publ ic lue t i tu t i one of Blaher Leerul .,. , 1 9 79-1 912 

1979-1910 1 91G-1 911 1 911-1 912 

11..-.r of recu lty II..Uer of rec u l ty .....,.r of reculty 
Publ ic of Tee II- Pub l ic of Tech- Publ ic of Tech-

Ac ad•lc dqree Iue t i tut ioue Pllyeice uolou Iue t i tutioue Pbyeice DOlCIIJ Inetitut ioue Phyeice DOlCIIJ 

lerj eue llude - - - 1 , 226 16 n1 341 26 62 

lerjeue 1 4 , 639 ISl 1 , 3 1 2  16, 101 162 1 , 343 1 9 , 1 53 940 1 , 473 

Doc t orete 4 1 1  61 4 7  4 7 3  6 7  4 9  691 91 11 

lleeter ' e ,  etc . 213 33 33 396!. 34 34 lOS - 6 

TOTAL 1 5 , 340 945 1 , 392 1 1 , 103 979 1 , 564 2 1 , 290 1 , 064  1 , 622 

!.Iuc ludiaa 16 -ior lli&ll ecllool-araduetad iuet ruc tore of t he 
Surekerte Acad_, of Deuce Arte .  

..... 
0 c..» 
I 
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TABLE 9 Acadeaic Staff on the Fac u l t ies of Phy s i c s  and Eng ineering , Spec i f ied According to Rank , in Pub l ic 
Ins t i tut ions of Higher Learning , 1 9 79- 1 982 

1 9 79-1 980 

Facul ty II III 

Physics 71 640 

Eng ineering 1 2 5  1 , 081 

KEY : II • Technical Ass i s tants 
I I I  • Inst ruc tors 

Ass i s tant Pro fessors 
IV • As sociate Professors 

Professors 

IV 

1 72 

248 

1 98o- 1 981 1 981-1 982 

II I I I  I V  II III 

60 738 1 81 34 828 

1 38 1 , 1 72 2 54 68 1 , 2 84 

IV 

202 

2 70 

..... 0 � 
I 
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TABLE 10 Ra t io of Teachers  t o  Students in  4 0  Publ ic Ins t i tutions of 
Higher Learning 

Ratio of  
Ins titution of Number of Number of Tea chers 
Higher Le arning Teachers Students t o  Student s 

UI 1 , 7 39 1 1 , 7 32 1 7 
IPB 598 3 , 369 1 6 
ITB 6 30 6 , 263 1 10 
UGM 1 , 402 17 , 276  1 12 
UNAIR 967 4 , 7 58 1 5 
UN PAD 1 , 326 10 , 6 81 1 8 
IKI P Ja kart a 463 4 , 654 1 10 
IKIP Bandung 384 8 , 503 1 2 2  
IKI P Ma 1ang 347 3 , 245 1 9 
usu 894 9 , 17 5  1 10 
UNAND 527 3 , 746 1 7 
UNS RI 532 7 , 423  1 14 
UNLAK 352 4 , 996  1 14 
UNMUL 131 3 , 008 1 2 3  
UNHAS 720 8 , 502 1 12  
UNUD 515 6 , 995  1 14 
UNSOED 234 1 , 945  1 8 
UNDIP 548 6 , 610 1 12 
UNS 682 7 , 989 1 12 
UNIBRAW 609 5 , 288 1 9 
ITS 296  3 , 455  1 12  
UNEJ 280 5 , 549 1 20 
UNSY IAH 425  3 94 1 13  
UNRI 2 15 2 , 656 1 12  
UNJA 67 1 , 483 1 2 2  
UN ILA 174 2 , 850 1 16 
UNTAN 12 9 3 , 694 1 2 9  
UNPAR 96 835 1 9 
UNSRAT 438 5 , 546 1 13 
UN RAM 110 1 , 97 2  1 18 
UNDANA 215 2 , 3 58 1 1 1  
UNPATTI 205 2 , 707 1 13 
UNCEN 101 1 , 556  1 15  
!KIP Medan 485 5 , 107 1 11  
!KI P  Padang 339 1 , 81 1  1 5 
!KIP Semarang 328 3 , 500 1 1 1  
!KIP Yogyakarta 383 4 , 938 1 13 
IKIP Sura baya 410 3 , 27 3  1 8 
l1<I P U j ung Pa ndang 3 29 3 , 7 38 1 11 
IKIP Manado 349 3 , 220 1 9 

TOTAL 18 , 9 74 201 , 9 30 1 11  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r o c e e d i n g s :   P a n e l  D i s c u s s i o n s  o n  S c i e n c e  a n d  T e c h n o l o g y  P l a n n i n g  a n d  F o r e c a s t i n g  f o r  I n d o n e s i a :  S p e c i a l  E m p h a s i s  o n  M a n p o w e r  D e v e l o p m e n t :  J a k a r t a ,  I n d o n e s i a ,  N o v e m b e r  8 - 1 0 ,  1 9 8 2
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 0 7

http://www.nap.edu/catalog.php?record_id=19507


TABLE 1 1  World Bank E • t i  .. te• of the Supp ly and O...od for Ce rtain Technical Manpower in Indone•ia , 
1 9 79 and 1 990 

Annual Addit iona l Meed • 

�nded 
by leona.-

1979 1 990 ic Growth At trit ion 

Engineer. 1 5 , 000 69 , 000 5 , 000 300 

Sc ient hu 5 , 000 2 1 , 000 1 , 600 1 00  

Agriculturhu 8 , 000 2 6 , 000 1 , 800 200 

Accountant • 1 , 600 1 1 , 000 900 -

lcon•h t •  5 , 000 1 6 , 000 1 , 100 1 00 

M•inhtrator./ 
Mana& en lo data 3 3 7 , 000 - -

MOTE :  The calculat ion wa• ba•ed on 7 percent econ•ic growt h ,  an increa•e 
of e.pla,.ent of 3 percent , and an attrit ion rate of 2 percent . 

Output of 
Higher Educ a-

Tot a l  t ion 0 9 79) 

5 , 300 1 , 400 

1 , 700 500 

2 , 000 1 , 300 

900 200 

1 , 200 300 

- 500 

.... 0 0\ 
I 
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For technology , a so-called " boos ting program" is  under way for 
the f ields of  c ivil engineering , and elect rical , mechanical , and 
chemical technology . To achieve these aims , efforts  are being 
made t o  improve productivity by : 

• Expanding and improving physica l fac i l i t ie s  and staf f  to 
accept more s tudent s  

• Improving s tudent services  and we lfare 

• Strengthening the management and organi za t ion o f  universi t ies . 

2 .  A new sys tem of educational s t ra t if icat ion was introduced in 1979 : 

• The S- I s tra ta will be s tandard ized by 1986 , will be based on 
a core/minimum curriculum for ea ch f ield of study , and will 
i ntroduce the semester-credit-sys tem .  The s tandard curriculum 
will  be supported by certain criteria , i . e . , teache r-s tudent 
rat io , basic facilities , and ins tructional materials . 

• Diploma programs will  be expanded . For t he coming REPELITA 
IV,  much eff ort i s  demanded t o  es tabl ish 6-12 new polytechnics 
(D-Il l ) , which are ve ry capital-intensi ve investments . Yet 
the univers i t ies a re encouraged to explore o ther d iploma 
programs (D-1 , D-I I ,  D-Il l) , whi ch are not so capi tal 
intensive but have a high absorp tion capaci ty ,  such as  d iploma 
programs in  t he comme rce sec tor and se rvices and agricult ure 
( f ield extens ion workers , interpreters , e tc . ) .  

• The S-1 1  and S-Ill programs , now under way as pilot  projec t s  
in  ins t i tut ions o f  higher learning ( they s hould al ready be 
es tablished ) in t heir  def ini t e  f orm , will  serve mainly to 
improve the quant i ty of the university s taff . 

• The Spl , Sp2 spec iali st programs ( nondegree)  will  be developed 
e specially f or the medical f ield , and for certain 
special ization in engineering , for example , highway 
engineering , high-r ise bui lding , pro ject management . 

3 .  Univers i t ies  which mee t certain requi rements will  be given 
administrat ive support to es tablish an ins ti tut ion for research . 
Each universi ty is  encouraged to formulate i t s  own "Ma j or 
Scient ific  Orientation" ( Po la Ilmiah Pokok , or PIP) . 

4 .  Each univers i t y/ ins t i tute s hould submi t i ts master plan f or 
development over the next 10 years which will be implemented , t ha t  
i s ,  by "phase and turn , " i n  REPELITA IV . Certain univers i t ie s 
will be developed as  the center of growth in a region and will 
also support t he growth of  other  ins t i tutions in t he region . Two 
univers i t ies that will serve this  purpose are : 
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• Hasanuddin Unive rsity for the eastern island universitie s  

• Un iversity of North Sumatra and University of Sriwdjaja for 
the western universities . 

The Un iversity of Indonesia and Bogor Agr icultural University will 
move t o  t he new campus (at  least a greater part of the facul tie s )  
i n  REPE LITA IV.  

5 .  "Di stant-Le arning" techniques will be used for  upgrading teachers 
and lecturers and to overcome t he s hortage of experienced staf f 
member s .  

PRESENT AND FUTURE TRENDS OF THE TECHNICAL EDUCATION 
AND TRAINING SYSTEM IN INDONESIA 

Ba sed on the envisaged s tructures of modern indus tries and 
t rad i tional one s ,  the following d iagrams depic t t he exist ing 
educational and t raining structure i n  Indonesia . 

23-30 
H i gher 
Ed . 
4-1 1 
years 

1 9  SI , S I I ,  
S i l l ) . 

1 9  

Sen i or 
Sec . Ed .  

3 yea rs 
1 6  +'--....... -.-1 

16  

13  

7 

Polytec 
3 years 

School Ladder Structure 

Un i vers 1 �  Graduate/ 
Profes s i ona l 

Tradesman 

Semi -Sk i l l ed 
( operator) 

Unsk i l l ed 

( Operator As si stant )  

Labour Force Pyr•1 d . 
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The enginee r ' s  educat ion follows t he pat tern and t he average study 
load a s  descr i bed earlier . To obtain more practical experiences ,  
linkage s and cooperat ion a re being and will be establ ished with  
industries or with  o ther users . 

A good example i s  the des ign of t he s tudy program f or electrical 
power engineers , where the curriculum and facilities were developed 
through tripart ite cooperation be tween ITB-PLN-EDF.  An add i t ional 
semester ( tenth semester )  was fully devoted t o prac tical t ra ining 
relevant t o  PLN' s needs . 

The polytechnic educat ion is  intended to tra in higher 
technicians . It  includes a well- balanced , indus t rial-oriented 
training program , 4 5 percent of which is practical and laboratory work 
and 55 percent is theoretical educat ion dur ing t he 3 years of t raining 
that totals about 5 , 000 hours . The educational program s tresses t he 
l ink between applied engineering and commerce theory and i ts pract ical 
use in  indus try or enterprise . At pre sent t here is  one government 
polytechnic f o r  mechani cs in t he Bandung Ins t i tute of Technology , as a 
result of  Swiss and Indonesian Government Technical Cooperation , and 
i t  has been i n  operat ion since 1976 . Six more are being built  wi th 
credit f rom the World Bank, and t hey will s tart in operation on 
September 20 , 198 3 ,  off ering mechanical , electrical , elec t ronic , and 
civil engineering . These s ix new polytechnics are l ocated at  Medan , 
Palembang , Jaka rta , Bandung , Semarang , and Malang . 

Eleven more are being planned and will be located in t he 
provincial cap ital s . Thei r  p rograms will include basic eng ineering in 
c ivil , electrical , electronics , telecommunication , chemical 
processess , power and energy , ref rigerat ion and ai r condit ioning , 
aeronautics , shipbuilding , foundry , and commerce . I t  i s  expected tha t  
they will begin  accepting students by 1986 . Agricultural polytechnics 
are also being planned f or future development . 

Vocat ional educat ion is a skill-oriented educat ion t o  fulf il l  
the i ndus trial demand for skilled craf tsmen , and consists  o f  about 
50 percent prac tice and 50 percent related applied theory , covering 
eng ineering vocations , art s and craf ts , music , traditional dance , 
social wor k ,  home economics , and comme rce . These schools , mainly t he  
public ones , are being developed and rebuilt by the development budget 
and loans from t he World Bank , Asian Development Bank,  and othe r  
bilateral f inancial credit  or technical cooperation . 

There are more than 500 public schools at  present which have to be 
improved and updated , with about 2 2 , 500 graduates each year . 

Limited skill t raining to serve t he need for operators or limi ted 
skill workers is mos t ly done by the Ministry of Manpower through the 
establishment of f ixed or mobile t raining centers throughout the 
country . These centers offer programs that range from indus trial 
vocations and agriculture to home economics and busines s vocat ion s .  
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Thi s training i s  l imi ted in t ime , ranging f rom 2 to  6 months per 
package , and has cont inuity in i t a  progressive packages . This i s  
�ntended particularly for t he inf ormal sector t o  t rain and re t rain 
the exist ing industrial personnel as well  as to t rain new j ob seekers . 

Other minis tries also of fer limi ted skill t raining ei t her  for 
youths or adults , including the Ministry of  Public Works , Mini s t ry 
of Agriculture , Minis try of Youth,  and Mini s t ry of Educat ion and 
Culture . On-the-j ob t raining is conducted by industry i t self . 

THE CRITICAL PROBLEMS OF TECHNICAL EDUCAT ION AND TRAINING 

The moat c r i t ical problems of t echnical educat ion and training are 
teachers and ins t ructors . Indus trialized count ries can af ford to  have 
technical t eachers and instructors f rom the ranks of t echnicians o r  
engineers who have had years o f  industrial expe rience in t heir  s ystem 
involved in t eacher formation .  For Indone s ia as a developing country 
to adop t such a pat tern is an i llusion rat her t han a solut ion for 
several reasons : 

• The indus tries , especially t he modern ones , are s till  in t he i r  
infancy . They had been es tablished only s everal years when 
Indonesia embarked upon ita 5-year plans , and they s till have 
problems i n  recruit ing qualified pe rsonnel to run t he i r  
operation .  Skilled personnel remain scarce , and they s t ill 
nee d on-the-job training . The labor t urnove r is  hi gh ,  since 
hi jacking of scarce qualif ied personnel among indus tries takes 
place , creating spiraling salary compet i t ion among t he 
industr ies . 

• In general , the salary scale in industry is  much higher than 
in the educational sec tor . However ,  experienced people are 
s t ill scarce in indus try despi te the bet ter salary scales . 
Adopting the indus trialized count ry ' s teacher  f ormat ion 
system ,  although o bviously des irable , in the end will be 
counterproductive . 

A di ff erent system ,  t herefore , has to be created to f orm a sound 
starting point for  t he long-term future of teacher f ormat ion in a 
sp iraling progre ssive process of indus trial and e conomic development . 

In general , the present teacher f ormat ion sys tem in higher 
education i s  as f ollows : 
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ACADEMI C  DEGREE 

Professi ona l 

UN I VER· 
SITY 

Teacher 

TEACHER 
COUEGl 

3-5 years 

t - - - - - - - - -

SEN IOR 
H IGH SCHOOL 
3 years 

VOCATIONAL 
HIGH SCHOOL 
3-4 years 
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Open opportun1 �  to 
- apply for entran ce test . 

Li•i ted opportun i �  only 
for the bri l l i ant one 
to apply for entran ce test . 
Th i s  l i•1 tat1on i s  i n  
thei r  fi na l  ex .. average 
•rk of 6 , 5  - 1 to be 
el i g i b l e  for entrance 
test or at least 2 years 
i ndustrial experi ence . 

Senior high school  graduates could take the program for high school 
teachers as  well  as  that for vocational high school teachers , while 
graduates of  senior vocational high schools are mos tly in line fo r 
vocat ional t eacher training . The programs for high school as  well  as 
f or vocationa l  high school teachers are theoretical or academi c in 
nature and lack proficient ski ll training facilit ies . Mos t  of the 
programs , i f  not all , are classroom-based theoretical teaching . Only 
recent ly two new technical teacher colleges ( 4-year)  oriented to 
craf tsmanship teacher t raining were e s tablished wi th assis tance of a 
Wor ld Bank loan . The f ir s t  500 graduates will join the vocational 
educat ion system in 198 3 . Although they are st ill i n  an academi c 
environment , we hope that  the outcome will be better , yet they will 
still  need f urther improvement . 

Since t eacher needs in  high schools and vocational high s chools 
a re far beyond the present sc heme ' s capacity , a new scheme was 
recently developed as follows : 

Pro fes s i onal ( Academi c Deg ree ) 

t Non Deg ree Non Degree 
Techn i c i · Techn i c i a n  

UN I VERS I ·  an t t TV 
Poly tech D I PLOMA l l l C  

1 - Jyea rs 3 years 

" 1'  rr T �- - -

SEN I OR 
H IG't SatOOL 

3 yea rs 

VOCATIONAL 
SCHOOLS 

3 • 4 yea rs  

Teacher ( Academic Degree ) 'f' 
Teacher 
Col l ege 

lt 

Non Degre 
fofi gh 

e Teacher 
School 
either aca 
delli c o r  
pre -voca
tional 
teach i n g .  

Di pl oma 
1 -3 yrs . 

T 
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Since t he provi s ion of  vocational teachers i s  not me t  
quant i tat ively by the pre sent scheme , and the level o f  their  technical 
and vocational skills is still  far f rom expectations , a new scheme of 
vocational teacher training integra ted wi th total vocat ional school 
development has been created through the Voca tional Education 
Development Center ( VEDC) , simi lar t o  t he Polytechnic Education 
Development Cent er ( PEDC) . The VEDC has the following functions , 
among o thers : 

• Studying the needs for applied technology in  indus try and i t s  
manpower need s to  ens ure cur riculum relevancy 

• Developing curricula for the schools 
• Developi ng educational facilitie s  and equipment for t he school s 
• Developing educational technology 
• Providi ng teacher t raining and educat ion 
• Developing school management systems and t raining 
• Providing indus t rial pe rsonne l wi th formal and informal 

training i n  specific f ields 
• Adopting and developi ng applied technology for disseminat ion 

to  the schools or industries . 

( 3 years Dtpl OMa I I I )  

Sentor Tech nt cal Voca-
ttonal 
lttJh School � years 

Thi s scheme of  vocational school teacher educat ion i s  a 3-ye ar 
Diploma- III program compri sing three odd semesters in VEDC training of 
2 , 640 hour s and three  even semester s  of 2 , 400 hours of supervi sed 
teach i ng  practice in the vocat ional schools . The t h ree semesters in 
institution educa tion ( VEDC ) i s  heavily oriented toward craftsmans hip 
training and related applied theory ( 7 5 perc ent ) and t oward teaching 
me thodology and didacti cs , including mi c ro teaching/ins t ruct ion 
( 2 5 perc ent ) . Thi s scheme currently is i ntended for workshop 
ins tructors as wel l  as f or applied theory teachers . Al l student s are 
on a bound scholarship . 
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Three suc h VEDCs t or engineering wil l be e s ta blished : one is  
already in operation in Bandung under Aus tralian-Indonesian Technical 
Cooperation and two are unde rgoing planni ng and cons t ruct io n ,  one in 
Medan with an As ian Development Bank (ADB) loan and UNESCO Fund in 
Trus t Agreement and one in Malang under an ADB Loan wi th 
Swiss- Indonesian Te chnical Coopera tion which is  s t ill being f inalized . 
Wi t h t hese three  enginee ring VEDCs we expec t t o  fulf il l our present 
need f or 13 , 500 technical teachers/ i nstructors within 9 years . 

One VEDC for  art s and craf t s  i s  be ing planned in Yogyakarta wi th 
an As ian Development Bank loan , and another f or agr iculture to be 
located in Cianj ur is being studied by the Japanese team f rom the 
Japan Internat ional Cooperat ive Agency (J ICA) before i t s  planning and 
design . The agricul tural V£DC has 4 5  hectares  of farmland f or 
practical farm training which may be part ially f inanced by an ADB loan . 

There are three types of polytechni c teacher s :  

1 .  Graduate  eng ineers  have t o  undergo adaptation t raining for 
1 year i n  a Polytechni c Education Development Center ( PEDC )  to 
supplement t he ir t echnological knowledge and skills ( academi c )  
wi t h the more prac t ical knowledge and skills needed to  mee t 
indus trial needs . They mus t also follow the teaching 
me thodology course . Af te�  the 1 year of training , these 
engineers become the lecturers for appl ied engineering theory 
a s i t  i s  used in indus t ry and also supervise some related 
laboratory work . 

Po lytechnic teacher educat ion and training in PEDC has three 
levels  of input at the development staae : 

• 

Graduates Engineers 

I 
Poly and AcadeMi c  

UN IVERS ty 1 ar-•uU.WI 

POLYTECii ACADEM IC 5 ,ean fUC ---11 
3 wars 3 )ears 

t t .. .... l.T t 0 
r STM Graduates l r 

Sln1or �n 1or 
General Techn i ca l  
Hi gh School Vocati onal 
3 years Hi gh School 

3 - 4 .rears 

Level 

I 
• 
• • . 

· - - - - - - .  
t 
I 
I 
' 
I 
• 

: 
I 

i • 

Polf teaCher for 
apP ied eng ineering 
thlo1'1 and Nlated 
labs . 
Po]{ teacher for Lib 
..o s and Nlatld 
theory. . 

I .. Po� teacher for 
., Shop practi ce  l 
tutori al : 

1 2 3 ' ean 

P E D C  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P r o c e e d i n g s :   P a n e l  D i s c u s s i o n s  o n  S c i e n c e  a n d  T e c h n o l o g y  P l a n n i n g  a n d  F o r e c a s t i n g  f o r  I n d o n e s i a :  S p e c i a l  E m p h a s i s  o n  M a n p o w e r  D e v e l o p m e n t :  J a k a r t a ,  I n d o n e s i a ,  N o v e m b e r  8 - 1 0 ,  1 9 8 2
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 0 7

http://www.nap.edu/catalog.php?record_id=19507


- 115 -

2 .  The polytechnic or academi c g radua te s have to und ergo 1 ye ar 
of t raining to brush up on t he ir engineer ing knowledge and 
s ki l l s  and to o btai n  indus t rial-ori ented knowledge and s kills 
and to improve the ir laboratory work . They a lso must  f ollow a 
teachi ng me thodology course and teaching pract ice . Their 
major dut ies af ter f inishing thi s  t raining are  to supe rvise 
the laborat ory experiment s ,  teach related theory , and conduct 
practical workshop training . 

3 .  The technica l vocationa l schoo l graduates have to take 3 ye ars 
of training in VEDC to  reach a t  least the level o f  the 
Di ploma- I l l  polyte chnic . The ir major program i s  more 
professional workshop practice , laboratory experiments ,  and 
�he ory . Af t er traini ng ,  the i r  major duties are teaching 
workshop practice , supported by workshop theory and laboratory 
experiment tut orial s .  
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AP PEND I X  H 

BACKGROUND MATERIAL D I STRI BUTED TO THE WORKING GRO UP ON 

BIOTECHNOLOGY AND AGRQ-INDUSTRY 

Bio t e c hn o l og y : Ind one s i a n  Biolog ica l  

Re sourc e s  Deve lopmen t  P rogramme 
Indone s i an Ins t i t ut e o f  S c i e nce s 

T h i s  d ocument r e pr e sent s a proposal on t he e s t a bl i s hme nt of an 
Indone s i a n  Biolog i c a l  Re s ource s Developmen t  Programme . The mai n 
o bj e c t ives o f  t he programme a re t o  i nc r ease t he benef i t , the eco nomi c 
value and t he y i e l d s  o f  Indone s ian b i o logical re source s ,  e s pec i a ll y 
those which have no t been deve loped a s  economi c c ommod i t i e s  but have 
the po t e n t i a l  a nd a re a l r e ady be i ng use d  by the c ommuni t y  o n  a small 

scale . 
Indone s i a  has r i ch and d i v e r s e  b i o log i cal resourc e s . Many 

indi genous pla nt s , animals and mi c ro o rgani sms could be explo i te d  as 
s ourc e s  o f  c a r bo hyd ra t e s , pro t e i n , o il s , f a t s , v i tami ns and many o t her 
c hemica l s  for med ical and i ndus t r ia l purpos e s . Thes e commod i t i e s  
could c on t r i bu t e  t o  t he growth o f  t h e  d ome s t i c  c omme rc ial a nd 
indus t ri a l  s e c t or s , e s p e c i a l l y  in t he rura l areas , becaus e many of the 
sourc e s  o f  these c ommod i t i e s  a re f ound i n  rural a reas and have been 
used by tne c ommun i t y . The i nc reased u t i l i z a t i o n  o f  b i o l ogi ca l 

re s ourc e s  would gene r a t e  s econdary economi c a c t ivi t ie s , s uch a s  
proc es s i ng and o t ne r i ndus t r ia l  and comme rcial ac t ivi t ie s  c l os e  t o  t he 
s ourc e o f  raw ma t e r i a l s . Al l  of t h i s  will s t reng t hen and d i ve r s i f y  
the economi c ba s i s  i n  t h e  rura l  a r e a s . O n  t he o t he r  hand , t he new raw 
ma t e r i a l s  would f o rm i np u t s  in t he p r oduc t i on of new c ommod i t i e s  a nd 

the s t imul a t ion o f  new ec onomi c ac t i vi t ie s  i n  o t he r  regions and i n  

c i t i es . 
On e  o f  L I P I ' s ( t he Indone s ian I n s t i tu t e  o f  Sc ienc e s ) ta s ks i s  

d i re c t e d  t owa rd t he d e velopme nt o f  s c i e nc e  and t e c hnolog y and the ir 

appl i c a t i o n  i n  the p r o c e s s  o f  na t iona l e conomi c d evel opment . Some 
re search ins t i t u t e s  of LIPI a re a l read y worki ng on inve n t o ry , 

i dent i f i c a t i o n  and evalua t ion a s  we ll a s  deve l o pmen t  o f  ways o f  
imp rovi ng t he use of unde rdeve l oped biological reso urce s . T he resul t s  
a r e  expe c ted t o  be u s e f u l  f o r  t h e  pr oduc t i on d i ve r s i f i c a t ion o f  plant 

and a nima l  s o u rc e s  f or f ood , heal t h  and indus t ry .  I n  t ur n ,  t hi s  wil l 
a l s o  d ive r s i f y  a nd e xpand j o b  oppo r t uni t i e s . 

To extend t he e f f o r t  o f  improving t he us e o f  var i ou s  
underd eve loped c ommod i t ie s , an i n t eg r a t ed development progr amme 
includ i ng re s e a rch , development and manpowe r t ra i ning s hould be 
e s ta bl i s hed . Ma np owe r developme n t  s hould be g i ven s p e c ial a t t en t i o n  
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if thi s programme i s  to be realized fast e r . On t he macro bas i s  t hi s  
programme will require the recrui tment and advanced training o f  some 
400 scienti s t s , technicians and research managers . 

Re search  development and training activi t ies of this  programme 
will be focussed i n  the area of food , feed , energy subs ti tutes and 
chemicals which can be extrac ted from the indigenous f lora and fauna 
of Indonesia . To fully develop these t hemes it  will be necessary to 
complement the innovative work of LIPI and i t s  ins t i tutes wi th 
additiona l f inancial and technical assis tance . The es t imated co st  of 
manpower training ,  research and experimental product ion facilities and 
technical assistance i s  ap proximately $32 mi llion for 10 years , 
excluding the cost of land which has been provided by the Government 
of Indonesia . The budget is expected f rom bilateral  or inte rnat ional 
aid in  the f orm of grant s as  well as loans . 

BACKGROUND INFORMAT ION AND JUSTIFICATION 

The objec t ive of the proposal for the establ i shment of an 
Indonesian Biological Resources Development Prog ramme will be to 
diver sify and enhance the product ion and utilizat ion of Indonesian 
biological resources , especially t hose which have not yet been 
developed into economical commod i t ies . 

The application of science and investment in  research t o imp rove 
the national capability in science and technology and t o  facilitate 
the development of Indonesian natural resource potentials i s  a 
well-e stablished principle of past  and current Na tional Development 
Plans . Emphasi s has been placed on s timulating t he development of 
pr imary resources such as  oil , natural gas , t imber , and f isheries , as 
wel l as  the intensif ication and t he extension of agriculture into new 
areas out side Java to facil i tate transmigration .  

Thi s ha s led t o  increased product ion o f  primary resources and food 
suppl ies and the expansion and divers i f i cat ion of economic activity . 
Further efforts  are being made to dive rsify t he economic base and to 
broaden employment opport uni ties through s t imulation of secondary 
economic ac tivi t y  based upon t he proces sing of raw materials into 
f inished produc t s  for export and as input s  into the domestic  economy . 
However , many indigenous renewa ble natural resources remain 
undeveloped and could offer further opportuni t ies for maj or economic 
development and t he improvement of t he welfare of the I ndones ian 
people . 

The populat ion of Indonesia i s  est imated at 150 million and i s  
expected t o  increa se to over 200 million by the year 2000 . Wi th t hi s  
large and rapid growth in population ,  the development and 
diversification of biological resources can play a crucial  role in 
expanding economic growth , catalyzing economic ac tivi t ies for domestic  
production  and expert s ,  expanding and improving food supplie s ,  and 
generally cont r i buting to enhance s tandards of nutri tion ,  health and 
social welfare . 

Our exist ing knowledge of biological resources indicates that  many 
plant s , animal s and mi crobes offe r themselves as sources of 
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carbohydrates , protei n ,  oil , fats , vitamins , minerals , medicinal bases 
and other materials , and have high potent ials to be developed to have 
a value to comme rce and indus try . Various mi croorganisms also offer 
benef its  to  agriculture and agri culturally based indus trial 
activities . Theref ore , these biological resources are potential 
foreign exchange earners .  

Ba sed upon the current level of development and utili zation ,  the 
biological resources in Indonesia can be grouped into four broad 
categories : 

1 .  Re sources that  have been utilized , cultivated and intensively 
developed through agricul tural methods ( e . g . , rubber , cof fee , 
ri ce , cows ) ; 

2 .  Resources that have been utilized and cult ivated , but have not 
ye t been intensively developed ( e . g . ,  indigenous fruits , 
mushrooms , local chicken) ; 

3 .  Re sources that  are known and utilized by harvesting directly 
from the wild cultivation management ( e . g . , medicinal plants , 
tengkawang , wild f ruit species , marine algae ) ;  

4 .  Biological resources that are st ill relatively unknown : 
( e . g . , microorgani sms , plants and animals of economic 
significance ) .  

The f irst  group i s  represented by commodities which are already 
economically very important . The second group is made up of materials 
which are constantly utilized in the immediate surroundings of human 
se ttlement s ,  bu t have not yet been developed intensively to become 
commodities of economic importance . In contrast ,  the third and fourth 
groups constitute the major unde rdeve loped biological resources in 
Indonesia . 

If the resources potent ials inherent in groups I-IV are to be 
fully realized , gaps between the current ac tivities of basic , 
development and applied research agencies mus t be bridged . Based on 
the above considerations , a programme has been init iated by LIP I  ( the 
Indonesian Insti tute of Sciences )  to develop the economic potent ial of 
biological resources of groups II , II I and IV , and to enlarge the 
d iver sity of group I .  This  programme proposes the development of 
biological resource s as an extension and rationalization of the 
re search act ivi ties of the ins t i tutes within LIPI .  

Research insti tutions wit hin LIPI , i . e . , the National Institut e  
f o r  Chemistry ( Lembaga Kimia Na sional ) and the Na tional Biological 
Ins ti tute ( Lembaga Biolog i  Nasional ) ,  are already carrying out work 
related to biological resources . For example , the Na tional Biological 
Insti tut e  has undertaken a ma jor invent ory and evaluation of potent ial 
biological resources . Likewise , the Na tional Institute for Chemistry 
has helped to ident ify chemical substances which can be extracted from 
biological sources and has developed techniques for their extraction . 
However ,  further actions in the f orm of integrated development efforts 
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should be establi�hed . In t hi s  programme , efforts to inte grate t he 
activi ties could be developed to result in  data and biological 
resource s ready f or development and app licat ion management . 

As the programme evolves i t  will act as  a clearinghouse for  
inf ormation and will offe r data , materials , and advice on  new 
procedures and processes , and ultimately will  s timula te the 
government , commerce , and i ndus try to start produc t ion . As links are 
strengthened between the programme and agencies such as the Na tional 
Resource Survey and Mapping Agency ( BAKOSURTANAL) ,  the scope of  
inf ormat ion on the availability and utili ty of  biological re sources 
wil l  be increased . 

In addition to this very important role of increasing our 
awarenes s and understanding of potential biologica l resources and the 
development of methods of increasing their produc tion and 
availability , the programme will complement other  ini tiat ive s  
stimulated by the Government o f  Indonesia ; among others i t  will 
facilitate important inputs to t he ac t ivit ies of "PUSPIPTEK" at  
Serpong which i s  responsi ble f or develop ing the technology so  that it  
can be  produced economically . Benefi t s  f rom t hi s  new programme will 
also be experienced by various Mini s tries , such as those of Health , 
Indus t ry , and Agriculture t hrough improvement s  i n  the supply of 
medicinal subs tances or biofert ilizers . The programme will also , in 
time , be able to accommodate speciali zed research on problems faced by 
other government agencies , industry and commerce . The programme 
should theref ore be seen as bridging gaps  between existing programmes 
which indicate the possi bility of developing new forms of utilization 
of potential biological resources and programmes on produc tion 
enlargement and d iversification of economic commodities from plant , 
animal and mi croorganism sources .  

Fore ign donor assis tance will be required t o  help i n  accelerating 
the development of the programme , especially funds for manpower 
training and research assistance , which will complement the ini tiat ive 
di splayed by the Indonesian Institute of Sciences and i t s  member 
institutes . When completed , this programme will have helped in  
achieving a bet t er understanding of  the potent ial domestic commercial 
and indus trial uses of hitherto underdeveloped biological resources . 

OBJECTIVES OF THE BIOLOGICAL RESOURCES DEVELOPMENT PROGRAMME 

In accordance wi th Indonesia' s Five-Year Plans , the main objective 
of the programme is to diversify and enhance the p roduct ion and 
utilization of  underdeveloped biological resources . The programme 
will  contribut e to t he development of materials and processes which 
could furt her s trengthen the nat ional economic base and the sectors of 
Agriculture , Indus try ,  Public Health and Rural Development . 

a .  Long-range object ives ( 2 5-30 years ) 

1 .  To increase economic growth through the st imulation of 
various forms of primary and secondary economic activi ty ,  
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expans ion of employment oppo rtuni t ies , increased 
efficiency of product ion and the d ivers if icat ion of 
domestic  mate rials and expo rts 

2.  To improve s tandard s of l iving and welfare of the society 
through the development of  indigenous biological resource s 
for new f ood sources , improved nutri tion and health and 
the dive r s ification of the economic commodity  base . 

a .  Immediate object ives { 5  years)  

1 .  To e s tablish a core gro up of scient i s t s  to  ini t iate t he 
research and development programmes of  the center 

2 .  To formulate a 5-year programme in order to conve rt t he 
potential biological resources i nto new sources of  f ood , 
med icinal , comme rcial , indus trial , and dome s t ic material s 

3 .  To develop and implement a training programme t o  build up 
t he skills of the core group of scient ists , and to 
facilitate the i ncrease of  the avai labil i ty of  manpower by 
means of integrating the R and D ,  training and educat ion 
ac tivi t ies 

4 .  To rationalize and improve the facilit ies for research and 
development in order to i ncrease eff iciency 

5 .  To implement development act ivi ties of the approved 
pro jec ts 

6 .  To i ni t iate and expand cooperation wi th established 
Indone s ian regional and inte rnational i'ns t i tute s and 
univers i t ies with a view to bridging the implementation of 
the programme and to avoid unnecessary duplication 

7 .  To accelerate the utilization of research f indings through 
the disseminat ion and exchange of informat ion and through 
further development o f  the f indings . 

SCOPE OF ACTIVITIES 

a .  Area s 

The main activ i t ies of thi s programme wi ll  be in  development and 
i ncreasing the skills of t he manpower .  Fields of act ivities  will 
focus on : 

1 .  Human foods { t o increase the availability of 
carbo hydrates , prote in , oils , vi tamins , mine ral s ,  etc . )  
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2 .  Anima l feed ( development of the resources , uti lizat ion of 
agr icultural was tes , processing of protein sources , e tc . )  

3 . Chemical bases for i ndustry ( s teroids , acetic acid , ci tri c  
acid , vitamins , essential oils , anti-bac terial subs tances , 
organic binders , biofertilizers , etc . )  

4 .  Energy substi tutes ( i nclud ing nonconvent ional product ion 
of  methanol , et hanol , thermo-combus t ion , and bioga s )  

5 .  Flora , fauna and microorganisms o f  economic importance 
( including comme rcial greenhouse plants , new dome s ticated 
animals and microorganisms of s ignificance to  indus trial 
and agricultural processe s ) . 

b .  Projec ts 

The project to be undertaken will be in the form of integrated 
act ivi tie s of development and education/ t raining so t ha t  two purposes , 
solving certain problems and increasing capability/knowledge of the 
manpower , could be reached simultaneous ly . There are 10 kinds  of 
re search ac tivit ies to be carried out , alt hough the implementation 
could be done in s tages in accordance wi th t he avai lability of  
manpower , facilit ies , budgets and the exist ing needs . The 10 project 
activi t ie s  are : 

• Development of rhizobia! inoculants as  biofert ilizers 

• Development of low-cost , non-waste producing technologie s 
based on the bioconversion of agri cultural and agro-industrial 
residue s for human f ood or anima l feed 

• Development of technologies for producing methanol , ethanol , 
bioga s and charcoal from agricultural and agro- indus trial 
re sidues 

• Improvement of the technology and nutritional quality of 
tradi t ional f ermented foods 

• Implementation of an agro-f orestry sys tem for developing 
op timum ut ilization of kitchen gardens 

• Development of agricultural product ion and processing of 
Cos tus as a raw material for the cont raceptive industry 

• Quality improvement and resource development of indigenous 
chickens and ducks 

• Development of a nursery of various aquatic animals as food 
reso urce s 
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• Development and refinement of edible oils processing 

• Development of processing and pre servation of ind igenous 
fruit s .  

INSTITUTIONAL FRAMEWORK 

The management and the development of t he Indonesian Biologica l  
Re sources Development Programme will come under the direction o f  LIP I  
and wil l take place i n  LIP I ' s complex a t  Ci binong , Bogor .  Thi s  is  a ·  
development programme and i s  a s tep further in the effort to integrate 
the invent ory and evaluat ion activities done by LIP I ' s research 
institut ions . This  programme is  aiming also to  bridge the activi ties 
done by research  institutes doing basic research and those working for 
the applications of the f indings . The relat ionships between the 
Biological Resources Development Programme and othe r  insti tutions are 
shown in Annex 1 .  

MANPOWER 

Due to a shortage of trained scientific manpower ,  care mus t  be 
taken in t he establishment of the Bi ological Resources Development 
Programme i n  order to : 

• Make the bes t  pos si ble use of staf f which can be drawn from 
wi thin the LIP I  organization to create the core s taff needed 
to get the programme under way 

• Train new scientists  and technicians ( in packaged systems ) 
• Make the best possi ble use of executive manpower in research 

ins ti tutions and unive rsi ties in Indonesia as well as abroad 
based on scientif ic cooperation . 

Manpowe r development must be seen as a continual process to be 
done through educat ion in the country and abroad , as well as  through 
the programme ' s research and development ac tivi t ies . 

Manpower Availability 

In the f irst  phase , it is expected that several senior scient ists 
from the National Inst itute for Chemi stry and the National Biologica l  
Insti tute will b e  assigned as  the core group. o f  the programme . They 
would funct ion as programme leaders for t he main fields of research.  
Several M . Sc .  and D i ploma holder s taff from the National Biological 
Insti tut e and the National Insti tute for Chemistry and some 
technicians and administrative staff would also be assigned to the 
programme . 
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The members oi  the core group should be appointed from the date of 
the programme' s inception . Their  knowledge and s ki lls  would be 
extremely valuable in es tablishing laboratory lay-outs ,  speci f i ca t ion 
of equipment ordered , designing research experiments ,  executing 
routine research work,  and preparing project documents and reports and 
so  on. 

In addition to the people drawn from the existing institutes , 
ano ther regular set of scientists and technicians will  be required to 
make the programme f unction properly . The qualif ication needed would 
range f rom Ph.D . de gree holders to well-trained technicians .  Based on 
the current number of graduates from Indones ian universities , 
technical colleges ,  and special training courses , it  will  take 
approximately 10 years to train the required manpower . The manpower 
recrui tment and development programme i s  theref ore divided into two 
major t ime periods of f ive years each ( s ee Annex 2 ) . 

i .  First Five-Year Period - Phase I 

Within the f irst f ive-year period the major objective i s  to  
re crui t and/or train t he cri tical mass of  205  scient if ic , 
technical and admini strative personnel required to create a fully 
operational programme that addresses the five principa l  f ields 
identif ied above . For this  purpose , a maximum total of 2 5  
scientific  staf f and 5 adminis t rat ive personnel could b e  drawn 
from the Na tional Biological Institute and the Na tional Institute 
for Chemi s try and other  appropriate research bodies in the LIPI 
organization . The remaining 17 5 people will have to  be recruited 
or drawn from other institutions elsewhere in  Indonesia . Wi th t he 
current s hortage of skilled scientists  i t  i s  assumed that the 
majority of the scient ific manpower requi red will have to be me t  
by providing fellowships to  f inance a n  active programme o f  f ormal 
academic training and upgrading of  profess ional skil l .  

The s taff ing of the programme during the f irst f ive-year per iod 
should be considered in the following three sub-stages : 

Sub-stage 1 - Core s taff are identif ied , formed and drawn from 
exi sting LIP I insti tutes comprising 5 senior scientists  with  Ph.D . or 
equivalent qualif icat ions appropriate for the direct ion of the 5 
principal research programmes . These programme leaders would be 
supported by 8 M . Sc .  or Di ploma scient ists wi th appropriate skills and 
by 13 senior and junior technicians with a basic degree or similar 
appropriate training . In addition , some administrative s taff would be 
required ( Sub-stage 1 duration : 2 years f rom the launching of the 
project ) , and new recruitment as well as sending them for f urther 
study . 

Sub-s tage 2 - Staf f  who completed their Ph .D . ,  M . Sc . ,  Di ploma and 
technical course s  are coming in and will be integrated wi th  the core 
staf f  and additional staff recruited from outside the LIPI network . 
The staff ing complement at this point will  be ap proximately 71  persons 
with the following qualificat ions : 10  Ph .D . s ,  17  M . Sc .  Di plomas and 
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3 6  seni or and junior technicians . The administ rative s taf f would be 
increased by a further 3 persons ( Sub-s tage 2 :  end of 2nd to end of 
4th year s ) . 

Sub-s tage 3 - First  f ive-year comp lement is expected to reach the 
bas ic , critica l  level of 205 persons compri s ing : 20 senior scient ists  
with Ph .D .  degrees , one of whom will  be  the Direc tor of  t he Programme , 
supplemented by 6 5  M . Sc .  and Dip loma s taff , and 1 10 senior and junior 
technicians with an administrative support group of 10 ( Sub-stage 3 :  
end of 4th  year t o  end of 5th year) . 

A detailed list  of the skills required i s  pre sented in Annex 3 .  
Throughout t he f i rs t  f ive years an act ive programme of  recruiting 

young people wi th the required skills for furt her degree training and 
te chnical  educat ion and t hen sponsoring t heir  training will be 
undert aken . I t  would be wise to  start to  identify such people and 
ap propriate training opportuni t ies now and not to wai t  unti l  formal 
approval of t he programme . Thi s  would avoid unnecessary delays in 
sending people t or training once the programme is launched . 

During thi s period training opportunit ies and funds should also be 
made avai lable to  t he core s taff who have helped to es tablish the new 
programme . As new s taff returning from training enter the programme 
i t  wil l  be possi ble to release members of the c ore staf f  to enable 
them to upgrade their skills and qualif ications . 

In addi tion , some foreign advisors wi ll be recrui ted f or 1-2 year s 
during this f irst  phase . They will be ass igned to  do some aspect s  of 
researc h and development , and to t rain t he Indonesian scientists  and 
t echni cians . The de tailed expert ise and duration of t he foreign 
advisors projected for t he programme is outlined in Annex 4 .  

i i . Second Five-Year Period - Phase I I  

The second f ive-year per iod wi ll allow the completion of  t he 
manpower development programme . The "cri tical mass " of people 
es tablished during t he fi rs t  f ive years will be supplemented by 
the additional manpower returning from training . This will  allow 
the adopt ion of additional research fields and increased 
versatility and output of the programme . 

WORK PLAN 

The Indones ian Biological Resources Development Programme has been 
designed into 5 phases (a phase of preparation , plus 4 subsequent 
phases )  as outlined in Annex 5 .  

i .  Preproject preparat ion phase 

Pri or to  the commencement of t he programme , effort s will 
be exerted to identif y :  ( 1 ) qualif ied candidates to be 
further trained and upgraded ; ( 2 )  candidates to form core 
technical personnel to be recruited from wit hi n  the LIPI 
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framework and/or ot her sources .  In the meantime , t he 
cons truction of a hous ing complex and other basic  facilities 
development will be kept ongoing to anticipate t he 
commencement of the programme , so that by t he time of the 
off icial start of the programme , these facilities wi ll have 
been in funct ion f or the core personnel and t heir 
admini s t rat ive staff . 

ii . Phase I ( up to 2 years af ter programme approval ) 

Up to  30 core scientific/ technical personnel wil l be 
recruited during this phase . These technical personnel will  
accep t t he responsibilit ies of : ( 1 ) select ing the candidate s 
to be further trained ; ( 2 )  planning the development of 
laboratories and other requi red facilit ies , developi ng  
special s i tes for conduct ing special act ivi t ies--s uch a s  
mi crobial culture collection , inoculation chamber ,  chemical 
analys is laboratory and room f or special laboratory 
equipment--f ormulating spec i f ication of equipment requi red , 
ordering and supervising the installat ion of equipment , 
designing t he greenhouses and experimental farms including 
the required facilities ; ( 3 )  planning and commencing 
resea rch activi ties and development in 5 main identi f ied 
re search f ields , planning programmes/activi t ies in training 
for manpower development , arranging exchange of experts , 
recruiting short- and long-term f oreign consul tants ,  and 
coordinating rout ine research act ivi ties and development 
with the planned programme f or the future . 

ii i .  Phase I I  ( up t o  2 years following Phase I )  

Thi s  phase i s  charac terized by the commencement of 
activi ties on research and development covering explorat ion , 
i nventory , ident if icat ion , preservation and chemical 
analyses of underut ilized biological resources . The results 
will be used further as  inputs or starters f or conducting 
research act ivi t ies covered by 5 main programme area s . 

In this phase the trained candidates are expected t o  
have been ready for placement in t he programme . Other 
activities that will be carried out in this phase are the 
greenhouse experiments and t raining of t he extension and 
f ield personnel . 

iv . Phase III  ( up to 1 year following Phase I I )  

This  phase marks t he completion o f  the f i rst  5-year stage 
of t he programme . At the end of this s tage , it i s  expected 
tha t the cr itical  mass in manpower will have been fulf illed . 
Meanwhi le , ac tivi ties in research and development wi ll have 
been in progress and t he recrui tment will be continued . 
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v .  Phase IV ( up to 5 years following Phase II I )  

This phase i s  marked by the full  operat ion of the 
programme , which results in : ( 1 ) publication and 
dissemination of the programme activi ties to the users , 
( 2 )  extension of technologies to be developed further by the 
industrial and commerc ial c ircles ; ( 3 )  execut ion of training 
pro gramme for f ield or extension pe rsonnel to  t ransfer 
knowledge on the utilization of biological resources and 
technology of processing ; ( 4 )  moni toring and assessing t he  
progress o f  the programme in line with the people ' s needs . 

FINANCIAL REQUIREMENTS 

The t otal estimated budget for operat ing the entire Biological 
Resources Development Programme will be US $32 , 000 , 00 0 .  This amount 
does not include the value of land and other counterpart funding by 
the Government of Indonesia . A major part of the funding wil l be 
sought from f oreign aid . On top of t his budget ,  the operat ional cos t 
in aaintaining the development of the project already planned still 
has t o  be met . 

The budget may be broken down in the f ollowing major items : 

1 .  Personnel 

i .  Full-t ime s taff salaries , retirement pay and other 
benefits  will be met by the Government of Indonesia 
( LIPI ) . 

ii . Fe llowships or scholarships for manpower t raining 
( doctorates ,  post graduates , graduates  and technicians) 
are estimated a t  US $6 , 437 , 12 5 . This amount is  required 
to cover tui t ion f ees , pocket money , healt h  insurance , 
book allowance , school equipment and other related 
needs . The details of t his budget are listed in Annex 6 .  

iii . Recruitment of short-term ( up to 6 months ) and long-term 
( up to 2 years)  foreign expe rts . It  is suggested that 
the assignment of foreign experts be included as an 
integral part of the programme . It is estimated that 
the foreign expertise required is 185 man-months (Annex 
4 ) at  US $3 , 500 per month or a total of US $64 7 , 500 f or 
the entire programme . These funds will be provided by 
the programme through bilateral aid . Housing f or t he  
exper t s  will be provided by the programme as well . 
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2 .  Physical Facilities 

i .  Land . Selec ted site  of 200 hectares has already been 
provided by the Government ( LIP I) . 

i i .  Costs  f or building , equipment , other facili ties and 
maintenance are estimated at US $17 , 910 , 000 (Annex 7 ) . 

i ii .  Annual maintenance cos t covering repairs and up-keep  for 
the buildings , equipment servic e ,  replacement of  fuel 
chemicals and o ther disposable materials , and 
depreciation rate of 15 percent of t he capi tal , amount 
to a total of US $12 9 , 000 . 

Implementation plan of the facil i t ies development i s  scheduled a s  
listed in  Annex a .  

3 .  Execution of the Development Programme 

Budge t f or t he execution of the operational activities o f  the 
development programme will be provided by the Government ( LIPI ) . The 
following s tandard will be applied f or the estimation : a Ph . D .  or 
Ma s ter/ Sarjana holder will be needing US $9 , 550 annually ( for 
laborat ory and field activities , supplies and individual facilitie s) . 
For the f irst  5 years an amount of US $1 , 5 75 , 650 i s  required , and for 
the following 5 years of t he Phase I I  the amount will be US $6 , 255 , 000 . 

4 .  Contingency Funds 

For unforeseen and emergency mat ters contingency funds wil l  be 
provided by calculating 10 percent of the total coa ts  and capital or 
0 . 1  X US $17 , 910 , 000 . • US $1 , 7 91 , 000 . 

Further Phases 

Af ter 10 years , thi s programme is expected to be in full 
operation;  theref ore , substant ial capi tal investment will not be 
required . The only rout ine and operational budge t will be met by LIPI 
and state revenue s .  

It i s  also expected that the programme will be recognized among 
the indus tria l circles and will  be able to overcome the arising 
problems . In this respec t ,  contract research can be developed , from 
which income can be obtained to meet the running cos ta . Patent rights 
and other royal ties may be expected to rai se funds for the operation 
to  further activities on t he biological resources development . 
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A B RIEF H ISTORICAL BACKGROUND OF THE PROGRAMME SITE 

The proposed Bio log ical Re sourc es Development Programme wi l l  take 
place i n  Ci binong , on a p iece of land owned by LIPI wi th a tota l  area 
of 19 3 , 19 4  ha . L IPI  i nheri ted thi s land f rom the Mini stry of  Na tional 
Resea rch i n  19 6 7 . Based on t he Preside nti a l  Decree of the ye ar 1963 , 
thi s l and has been des ignated t o  be used by the Na t iona l  Re search 
Center f or t he devel opment of national la borat orie s to  conduc t 
re search tha t i s  long term , cro ss-sectional in  nature , and 
mi ssion-oriented . However ,  f o r  t hi s  pu rpose there has been a t ransfe r  
of s i te , while Ci binong has been lef t as  i t  i s  t oday . 

Because of  t he exi s t i ng need s t o  develop biological resource s 
potent ials i n  Indonesia , LIPI  has decided t o  develop t he Ci binong s i te 
as  a ce ntre f or the development of  biological resource s .  Cons idering 
the activi t ie s  of BAKOSURTANAL ( Na t ional Coord inat ing Body f or Surveys 
and Mappi ng) , tha t  also  requi re s  a s i t e  to accommodate t he ir  bui ldi ngs 
s i nce the i r  ac t ivi t ies are c losely i n  accordance with the scope of the 
programme of biologica l re sou rces development L IPI al lowed t he 
cons truction of  a BAKOSURTANAL complex in  Ci binong . 

At present , in  line wi th  the mas t e r  plan for the programme o n  t he 
development o f  biological re sourc es ,  cons truc tion o f  the hous ing 
complex and improveme nt and new cons t ruction of service roads and site 
drainage have been s tart ed . Ot her activi ties  have been carried out i n  
developing experimental o rchards and plant i ng high-qualit y varie ties  
of f ru i t  tre es which have been f inanced t hrough special Pres idential 
Grant s .  
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ANNEX 1 Int erre l a t ionships Between Biolog i c a l  Resourc es Deve l opment Programme and 
Re lated Ins t i t u t i ons 
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ANNEX 2 Manpower Planning ( Number of Persons ) 
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ANNEX 3 Requirement of  Manpower in  t he Programme 
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ANNEX 4 Requirements i n  Foreign Expe rts  ( in Man-Month s )  
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ANNEX 6 Scholarshi p s  Required for  Personnel Traini ng 
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ANNEX 7 Es t imated Budge t f or t he Developme nt of Facili tie s and 

Inf ra s tructure s  of t he Programme of the Deve lopment of  
Biologica l  Re sources 

1. x.!:matorx and a&-dnistratim bdldinsa 
2 1. ChEII'Jit:zyLaboratory, 3 atmwya, 2.100 • 

2 Pirst floor 700 m 21 lp. 213, 000. 00  
Sec:r:lld flcor 700 ! • lp. 251, 340, 00 
nnm floor 100 m • 1p. 251, l4o. oo 

IA1m'atory facilities and � 
- Bquip:&lt, 1001 X lp. 496, 936,000. 00 
- Furniture& , Rp. 50, 000. 00/lri 

• lp. 149, 100, 000.00 
• lp. 173, 938 , 000. 00  
• lp. 173, 938, 000. 00  

lp. 4H, 976, 000. 00  

• Jp. 496, 976, 000. 00 
• lp. 100, 000, 000. 00  

lp. 1 ,  1C3, 152, 000. 00  
2 

2.  Microbiology laboratory, 3 atareya, 2 , 100 m • lp. 1 , 1C3, t52 , 000. 00 
2 3. Aquatic laboratmy, 3 8tcny8, 2,100 Ill 

4. Biotec�l.ogy laboratmy, 3 Kenya, 
2, 100 Ill 

2 5. Pilot plant, 2,  000 m 
2 

- Building Rp. 182, 00(),/Jft 
- EqWpnent 2 - Fuznitures, lp. SO, OOOJD' 

2 1. Green �'j .. 2 , 000 m 1 1p. 112 , 000 . on  
7. Pish and aqustic zaources pcl'¥!a 

20 ...Uta I lp. 1, 100, 000. 00 
2 a.  Elcperiml!!ntal fum, 100 hD I Jp . 500. 00/lft 

'· OUd:at, duck .-d ..Ul bird c:r:qm 
2C ...Uts @ P-1"· 3,  750 , 000. 00  

10. lb'bhcp, 1, 600 rl 
2 

• Bu11&ng Rp. 182 1 000. 00/ID 
- Bquiplalt 

11. Mnini.trat.Jcn b.1ildinga, 1�0 m2 

- Building, lp. 135,000.00,.W. 2 - ruznitures, lp. 25, 000. 00/111 

-

• lp. 1 ,1C3, 152 , 000. 00  

• lp. 1 , 143, 952 , 000. 00 

• lp. 

• Jp. 

• lp. 

lp. 
• Jp. 

• Rl; .  
• Rp. 

• "*'· 

- �· 
• Rp. 

lp. 

• lp. 
• Jp. 

Jp. 

364 , 000, 000. 00  
364 1 000, 000.00 
100, 000, 000. 00 

828, 000, 000. 00  

364 1 0001 000.00 
x, ooo, ooo.oo 

500, 000, 000. 00 

75, 000, 000. tlO 

291 1 200, 000. 00  
2!'1,200, 000. ('()  

582 , 400, ooo. oc 

135, 000, 000. 00  
25, 000, 000. 00  

110, 000, 000. 00  
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ANNEX 7 Cont inued 

!I .  lfous1ng 9CI!I?lex and infrastructures 
1. Housing CXIIplex 

Type A, 2 ' Rp. 28 I 750 I 000 
!'ype B 
Apartment, 3 storeys 
- First f1cor 
- Secc:nd floor 
- '1'bizd floor 
Electricity 
Water, other facilities 
Fu:mitures 

2. other facUi ties and infrastructures 
Sport�hall. and recreatial facilities, 
1000 m I Rp. 162 , 000. 00 

Heal�eal. flllt:Uities, 
100 m I Rp. 162, 000. 00 

Waste process1nq2\mits, 10, 000 m2 ' blil.dinqs, 200 m I Rp. 162 , 000. 00 
Other equipnalt 

2 2 Jbld, 2, 000 X 5 Ill @ Rp. 6, 000/ft\ 

Parks 
Draina9e 8Yftan, 20 Jan, �- 2 , 000,in 

Eleetricity, 78 kva 

Gas 
Water cleaner prccesd.ng \mit 
'l'eleplxne � 
Fences, 18 , 000 m @  �. 25, 0CO. OO 

Grand total 

• Rp. 57, 500, 000. 00  
• Rp. 26,880, 000. 00  

• lp. 182 , 000, 000. 00  
• Rp. 214 , 000, 000. 00 
• Rpo 2141 000, 000. 00 

• Rp. 
• Rp. 
• Rp. 

41 , 000, 000. 00  
75, 000, 000. 00  

208, 770, 000. 00 

Jp. 1, 020, 070, 000. 0D  

• lp. 162, 000, 000. 00  

• lp. 16, 200, 000. 00  

• lp. 324, 000, 000. 00 

• Rp. 300, 000. 000. 00  
• ap. 600, or.o, ooo. oo 
• lp. 100, 000, 000. 00  

• Rp. 400, 000, 000. 00  

• Rp. 250, 000, 000. 00  
. �- 1oo, cno, ooo. oo 

• f'f). 3oc, ooo, ooo. oo  
- R{'. sc, c:oo, ooo. oc 
. � .  4Sr,  o:·;c, ooo. oo  

l1f . 3 , 052 , 200, 000. co 
• �.4 , 0'n . 870, 000. 00  

• Rp. 11 , 1� , 078 , 000. 00 
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ANNEX 8 Summary o f  Schedu le  o f  Phy s i c a l  Fac i l i ty Deve l opment o f  Biolog i c a l  Re s ourc e s  Prorramme 
Deve l opment Ac cord ing t o  Ac t ivi ty Item ( in Area Uni t ,  Pe rcent age o f  Comp l e t ion ,  and 
Mi l l i on Rup iahs ) 
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Single-Ce ll Protein ( S�P)  
From Cas sava 

Indonesian Ins titute  of Sciences 

Mo re t han 60 percent of the Indones ian popula t ion l ives on Java , whi le 
the island i tself  rep resent s only 7 pe rcent of  the total Indonesian 
land a rea . Thus , the re i s  practically no possi bili ty to  expand 
agricultural land on this is land . Such an undertaking should take 
place on the o ther i slands and s hould also be coupled with the effort  
t o  dis t ri but e  the popula tion more evenly . In t hi s  way food p roduct ion 
could be i ncreased both by  the improvement of  food crop cult ivation on 
Java as  well  as by the expans ion of food c rop cult ivat ion i n  t he new 
agr icultural a reas on the o the r islands . Moreover , t h i s  approach also 
opens the pos s i bility  to  boos t the produc tion of  food c rops o t he r  than 
rice , and t hus help t o  reduce the dependency on rice as t he s taple 
f ood . 

Whereas the targ et of  an average calorie requirement  of 2 , 100 
calories per day f o r  every Indonesian has been met , t here rema ins a 
s igni f icant gap wi th  respect to  the protein need : of the 4 6  g of 
protein required per person pe r day , only 39 . 8  g has been met .  Of the 
latter , only a bout 6 g comes f rom animal sources , while the rest comes 
f rom plant s .  Because of its  s uper i or amino acid s  prof ile , animal 
protein i s  be t te r  than that of plants . Hence , the product ion of 
animal protein should be highly inc reased . For the present t ime and 
near future , the mos t promising way to close the gap of  animal protein 
def iciency i s t h rough the enhancement of  poul t ry hus bandry wi th the 
help of modern technology . Fo r thi s  purpose a good s upply of t he 
prope r feed , particularly i t s  protein component , i s  a neces s i ty . 

Ca ssava i s  an impor tant tropical f ood crop , pa rt icularly in  areas 
where the soi l i s  rela tively poor and in time of food scarcity . This 
plant  i s  widely and easily cul tiva ted throughout the country in  a 
monocul ture of a mul t i ple-cropping sys t em.  Wi th the openi ng of new 
agri cultural lands and transmigration from Java and Ba li to t he other 
island s whe re the soils  are generally les s fertile and the irriga t ion 
sys tems a re less developed , cassava has become one of the maj or f ood 
cro ps . Considering the relatively low number of people livi ng i n  
these new places , overproduction of cassava of ten occurred . Because 
of i t s high suscep t i bi l i ty to spoilage under humid trop i cal 
condi tions , preservation of cassava by sun-drying would not help much 
in keeping i t  f or a long time . Meanwhile , the deteriora t ion p rocess 
which takes place during i t s  s torage may bring a bout a decrease in  i t s  
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economi c value . Obviously , an ap propriate technology whi ch could keep 
cassava f or a long t ime and , preferably , could also i ncrease i t s  
economi c value would b e  hi ghly desi rable . Conver ting cassava i nto 
single-c ell protein { SCP) seems t o be one of the answers  s ince under 
sui tabl e cond i t ions it no t only could be preserved for a practically 
unlimi ted t ime but the economic value of the cassava i t self is  also 
cons ide rably i ncreased . 

Io explore the poss i bility of  producing SCP f rom cas sava , s tudy 
has been ini t iated at the National Biological Ins t i tute to select 
high-y ielding microbial cultures which are capable of utilizing 
cassava f lour or cassava s tarch { tapioca) . 

A total of 14 mold and 4 yeast  cultures  which are amylolytically 
ac t ive have been screened by cult ivating a single cult ure or a 
combination of a mold and a yeas t culture in a liquid basal medium 
containing 2 percent cas sava f lour or starch in shaking f lasks , and at 
room tempera ture { ca .  2 7 ° C ) . These cul tures were i solated from 
various traditional f ermented products  such as " tempe " { fermented 
soybean) , " kecap " { Indonesian soysauce ) ,  " tauco" { Indonesian "miso" ) , 
" tapai " { f ermented glut inous rice or cassava) , and " ragi " {a 
traditional s tarter ) . The reason f or utiliz ing t hese cul tures i s  that 
should there be a need to use the SCP for human consump t ion , 
psychological constraints f or i ts acceptance could be minimi zed 
because these cul tures are already consumed . 

The cassava f lour was p repared by grinding sun-dried chips of 
peeled cassava root s .  Sun-drying peeled cassava root chunks i s  the 
most  popular pre servation method employed by the farmers . Cassava 
starch or tapioca i s  widely sold in the markets ; i t  i s  prepared by 
water extrac tion of the s tarch f rom f resh cassava root  pulp followed 
by sedimentat ion and drying .  

Re sult s  o f  t he s tudy showed tha t  when used a s  cultures the molds 
generally were more product ive t han t he yeasts in converting cassava 
flour as well as cassava s tarch into biomass .  While there was ,  
re spect ively , two and one mold cul tures capable o f  yielding maximum 
biomass from cassava f lour and cassava s tarch in 24 hours , there was 
none f or the yeas t s .  In the case of the mixed cultures , none of t hem 
could produce a maximum yield of biomass  from either cassava f lour or  
cassava starch i n  less  than 48 hours . In terms of the wei ght of the 
biomass , however ,  higher f igures were obtained by a number of the 
mixed cultures . In all cases t he growth of t he cul tures was 
characteri zed by an increase , f ollowed by a decrease i n  t he reducing 
sugar content , the disappearance of starch content , and t he de crease  
of  the pH  o f  the medium .  Re sult s  of the s tudy also  indicated tha t  
cas sava f lour i s  apparently a be t ter raw material f o r  SCP produc tion 
than cassava s ta rch . However , more detai led studies of the 
promising/potential cultures in a f ermenter are necessary to conf i rm 
results  of this s tudy . 
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APPENDIX I 

Bi bliography of Mate rial Reviewed by the NRC Pane l  

I .  General Inf ormation 

o "Background No tes , " u . s .  Department of S tate 
o " Indonesia , " Pan Am World Guide ,  198 2 
o " Indonesia , " Europa , 19 81-8 2  
o " Indonesia , " Wilson Quarterly , Spring 1981 
o Re public of Indonesia : Third Five-Year Development Plan 

( REPELITA Il l)  
• "Bapak Bappenas , " Far Eastern Ec onomic Review ,  June 1 1 , 1982 
o "Asia ' s Economic D ragons , Indonesia , " Christian Science 

Moni tor , August 17 , 1982 
o "Excerp t s re Indonesia , " 1982 World Bank Report  
o " Indonesia in  Trouble De sp i te U . S .  Aid , " u . s .  News and 

World Report , Augus t 9 ,  1982 
o "Drought Port ends Big Pro blems in Indonesia , " New York 

Time s , August  8 ,  1982 
o " U . S .  and Indonesia , Long Close , . Drift  Apart on Several 

Issue s , " New York Times , July 28 , 1982 
• " Is lam in  As ia , Toward s an Islamic Society , " Economist , 

Sep tember  4 ,  1982 
o " Is lam in Modern Indonesia , " Change and the Muslim World , 

Syracuse University Pres s ,  19 81 

I I .  Science and Technology Inf ormat ion 

o "De scription of Mini s t ry of State  f or Research and 
Te chnology" 

o "De scription of the Agency for the Development and 
Applicat ion of Technology" 

• Rose Bannigan memorandum of Sep tember 2 9 , 1982 , re recent 
reorgani zation of t he BPPT 

--

o De scription of Indonesian Inst i tute of Sciences ( LIP! ) 
o " Research and Technology in Indonesia , " Country Paper 

submi t ted to 1st meeting of ASEAN Mini s ters of Science and 
Technology , Pat taya , October 2 7 -28 , 1 982 

o "Country Re port , CASTASI·A, " Manila , March 2 2-30 , 1 982 
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• " Science , Tec hnology and Nat ion-Building , " speech by 
Minister  Ha bibie , March 2 7 , 1982 

• Indonesia Country Paper presented at  U . N .  Confe rence on 
Science and Technology for Development , Vienna , Austria , 1 9 7 9  

• " Indonesia Towards t he Year 2000 , " by D r .  Sumi t ro 
Dj ojohadikusumo , Jakarta , Fe bruary 1 9 7 5  

• " 5  Yea rs of Agricultural Research and Development for 
Indonesia , 19 76-1980 "  

o " Reconc iliation of Man and Na ture , " Indonesian Observe r , by 
Emil Salim , Minister of State for Development Supervision 
and the Environment , May 1982 

o "Ne twork of Scientific Information and Documentation" 
o " Single-Ce ll Pro tein ( SCP) from Cassava , " Indonesian 

Ins t i tute of Sciences , 1982 

I I I .  Other Ma terials 

e " Se ttling Coas tal Swamplands in Sumatra : A ca se Study f or 
Integrated Resources Management " 

• "Preliminary Planning Study for  PUSP IPTEK Energy Research 
Labora tory , " July 1980 

• " Biotechnology : Indonesian Biological Re sources Development 
Programme , "  Indonesian Ins t itute of Sciences , 1982 

o " Te chnical Services to Indonesia in the Field of R&D 
Management Development , 1 November-30 April 1982 , "  Denver 
Re search Insti tute 

o "ASAIHL Human Ecology : Education for Environmental Welfare 
and Posterity , " Indonesia , 1 982 

o " Re port on the Second Na tional Workshop , Drinking Water 
Supply and Sani tation Decade 1981-1990 , "  Denpasar , Bali ,  
Se ptember 2 9-0c tober 2 ,  1982 

• " Report  of Ac tivi ties , Five Years , 197 7-1982 , "  Food 
Technology Development Center , Bogor Agriculture Universi ty ,  
1982 
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