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ABSTRACT

The obj ecti ve of t he paper i stodrawt echnol ogy-rel atedpolicy
| essons for the Philippines by exam ning Japan’s experience on
t echnol ogi cal i nnovati onafter the secondwor| dwar and by revi ewi ng
the present set-up of science and technology (S&T) in the
Phi | i ppi nes. The paper argues that given its present structure,
the Philippines may find it hard to attain a productivity-based
sust ai ned growt ht hrough at echnol ogi cal i nnovati on- based str at egy.
This is not only because of |ow investnments in research and
devel opnent (R&D), but al so because of institutional rigidities
inthePhilippinesaswell asinperfectionsinthetechnol ogy market .
Furthernore, the paper argues that while the ongoing economc
reforns are extrenely necessary to renove efficiencies in
production, on the whole it provides no clear direction for S&T.
As aresult the process of technol ogi cal i nnovati on can hardly gain
nmomentum and contribute significantly to a productivity-based
sust ai ned econom c grow h.

The paper exam nes t he process of technol ogi cal i nnovations
i nJapan by | ookingat thefollowngfactors: theinitial conditions,
t he econoni ¢ envi ronnment i n whi ch econony was operating, the goal s
and strategies pursued, institutions established, economc
policies inplenented, prograns devel oped, the rol e of governnent
inthe entire process, and the i nvol vement of the private sector.
The paper reviews in great detail the science and technol ogy
experienceinthe Philippines. Inthelight of the above, the paper
draws policy lessons for the Philippines. It provides general as
wel | as specific policy | essons and recomrendati ons.
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Executive Summary

Three major issues were laid out at the outset: (a) a
productivity-based growh is sustainable in the long run than a
factor accumul ati on-based growth; (b) a growth strategy that is
consistent wth productivity-based growmh 1is technol ogical
i nnovation-based; and (c) in developing countries where
institutional rigidities as well as market inperfections are
preval ent (di scussedin Sectionl) technol ogi cal i nnovati on-based
gromhstrategyisextrenelydifficult toinplenment. Thei npressive
growh of the Japanese econony after VWNI was generally a
productivity-based growh achieved through a technol ogical
i nnovat i on- based strategy. Technol ogi cal innovation as di scussed
in Section | involves a dynam c process, and it in each step of
t he process econom c growt h i nproves as experienced in Japan. In
this respect, Japan’s case provides useful policy insights to
devel oping countries like the Philippines that is struggling to
grow and develop. It was on this background that the paper was
conceptual i zed.

The objective of the paper was to draw technol ogy-rel ated
policy lessons for the Philippines from Japan’s experience on
t echnol ogi cal innovation after the second world war. To get a
cl earer viewof the technol ogi cal devel opnent in Japan, the paper
anal yzed theinitial conditions, the econom c environnent i nwhich
econony was operating, the goals and strategies pursued,
i nstitutions established, econom c policiesinplenented, prograns
devel oped, the role of governnent in the entire process, and the
i nvol venent of the private sector. To put the discussion in
Phi | i ppi ne perspective, the paper discussed in great detail the
present set-up of science and technology (S&T) in the country.
Towar ds t he end of the paper, alist of general as well as specific
policy | essons and recomrendati ons was drawn.

The revi ewof Japan’ s post war growt h reveal ed t he fol | ow ng:

(1) Japan has been accumnul ating valuable experience on
econoni ¢ grow h and t echnol ogi cal devel opnent years before the war
t hat turned out to be one of the major drivingforces that propelled
the econonmy to a rapid growth during the post war. For exanpl e,
t he practice of industrial policies, the establishnment of sone key
institutions, the energence of institutional arrangenents such as
subcontracting, etc., the increase in production capacities in
basi c i ndustries during the pre-war period were very i nstrunental
during the post-war recovery. Al told, key ingredients for an



i ndustrial take-off were al ready present. Al though t he war brought
a |l ot of danage, there were inportant |egacies that |ater becane
key factors inthe reconstruction period andinthe rapid economc
growh in the 1960s and 1970s.

(2) As t he post - war recovery progr essed, ot her
growm h-reinforcing factors energed. The followi ng are often cited
in the literature: (a) abundant supply of well-educated and
wel | -di sci plinedlabor force; (b) highlevel of savings propensity
anong the househol ds; (c) conpetitive spirit of mmjor economc
actors: (d) high-growh econom c policies of the governnent under
continued political stability; and (e) favorable international
econonm c environnent. As aresult, productivity surged. Estimates
i ndi cate that nore than 50 percent of the growth in the 1950s and
1960s was attributabletothe growthintotal factor productivity.
Along wth the rapid growth were maj or changes in the production
structure, enpl oynent, etc. Thedramati ci nprovenent i nagricul ture
productivity because of the introduction of new farmng
technologies and the rise of the industrial sector w dened
substantially the size of the mddle class, whichinturn created
t he necessary donesti c market for theearlyindustrializationphase.
Rapi d export expansion cane about after the industrial base had
been fully devel oped.

(3) Japan’ s goal right after thewar was torestoretheeconony
tothepre-war periodandtobeconeawealthy nationwithout mlitary
power through industrialization. Japan’ s growt h strategy
during the period had three najor features: (i) unbal anced growth
wherein key industries were selected for pronotion; (ii) export
orientation; (iii) introduction, assim/lation, and i nprovenent of
forei gn advanced technol ogy.

(4) The technol ogi cal devel opnent strategy in Japan
supported the whol e i ndustrialization process. Japan all owed t he
i nportation of advanced foreign technologies into the industries
that had beeninitially focusedto start the process after the war.
Because of wel | - educat ed and wel | -trai ned techni cal and scientific
manpower these foreign technol ogi es had been absorbed adequatel y
intotheindustries. Furthernore, because of sufficient absorptive
capabilities, i nprovenents were introduced on these technol ogi es.
The process did not remain static, however. In fact, a newtrend
i ntechnol ogi cal i nnovation energedinthe 1970s. Al t hough foreign
advancedt echnol ogy continuedtofl owin, greater enphasi s was gi ven
toresearch and devel opnent (R&D) t o devel op and produce i ndi genous
technol ogy. During this period | ocal manufacturers were finding
it hard to inmport advanced foreign technol ogi es when they had no



technol ogiestooffer inreturn. Thus, because of t he overwhel m ngly
positive spillover effects of R& on t he technol ogi cal base, both
Japanese industrialists and the governnent stepped up their R&D
activities.

(5) Japan’ s factor endowrents can general ly be descri bed
as | abor - abundant and i nadequate supply of raw materials. Factor
substitution therefore favored raw materials. Furthernore, the
production process increased the efficiency of limted capital by
using high and advanced technology in its pursuit of its
export-oriented i ndustrialization. I t st rengt hened t he
i nternational conpetitiveness of fewand key strategi c i ndustries
by a bold introduction and application of up-to-date advanced
t echnol ogi es devel opedin foreign countries. Factor substitutions
were ef fected t hrough changes intherelative factor pricesinthe
formof tax incentives, subsidies, and lowinterest rates. There
were al soincentivesintheformof accel erateddepreciation, tariff
protection, etc. It is inportant to note that while argunents in
neocl assi cal economcs would indicate inefficiency effects in
resource allocation from these factor price distortions, what
transpired in Japan was the opposite; these policies turned out
to be highly effective. One possible explanation may lie inits
wel | - pl anned and wel | -coordi nated i ndustrial policy. It was abl e
to successfully adopt advanced western technologies to its own
particular economc conditions. This nay have prevented the
possi bl e theoretical inefficiency effects.

(6) R&D becane t he key factor i nthe devel opnent of i ndi genous
technol ogy. While the governnment provided the necessary R&D
infrastructure, incentives, subsidi es and ot her forns of support,
the bul k of R&D activities were done by the private sector. Thus,
experinment al devel opnent becane t he key R&D activity. Experi nent al
devel opnent conprises as any systemati c work, draw ng on exi sting
know edge gai ned fromresearch and/ or practical experience that
is directed to producing newmaterials, products, and devices, to
installing new processes, systens and services, and to i nproving
substantially those already produced or installed. Furthernore,
t he pat ent systemthat started | ong before the war was i nstrunent al
in encouraging and supporting R&D initiatives fromthe private
sector and from other private individuals.

(7) Another key factor in the technol ogi cal devel opnent in
Japan is the manpower devel opnent through basic and fornal
education, vocational training, and ot her private sector sponsored
skills devel opnent prograns.



In contrast, the revi ewof Philippine S&T experi ence showed
t hat :

(a) The economic growth record is di smal as evi denced by t he
boom bust growth performance in the l|last tw decades. The
contribution of productivity to growmh is |ow or even negative.
Political as well as economc factors contributed to this growth
per formance. Uncoordi nated i npl ementati on of policiesresultedin
i nefficiencies, whichinturncontributedtothepoor growthrecord.

(b) While productivity is found to be highly dependent on
R&D, little focus and enphasisis giventothis. Wil e appropriate
R&D i nstitutions and structure are i n place, uncoordi nated effort
and lack of direction resulted in very weak institutional
arrangenments anong these institutions. Furthernore, investnents
in R&D, bothin physical and human capital, are extrenely |l ow. This
i s because private sector participationisvery mniml. Thereview
showed t hat whil eincentives areofferedtoR& rel ated activities,
very feware willing to avail of them This is because of |ack of
direction in the overall R&D activities in the country.

(c) The paper also discussed a nunber of sectoral gaps in
R&D in the Philippines. Gaps are quite evident in agriculture,
fishery, manufacturing, and education. Gaps are in the formof | ow
i nvestnents, msallocationof IimtedR&Dresources, uncoordi nat ed
pl anni ng and budgeti ng, al arm ngly poor qual ity in basic educati on,
etc.

From t he above review, the paper attenpted to draw policy
| essons and to cone out with some policy recommendations for the
Phi | i ppi nes. Some are general while the others are very specific
policy issuesinthe Philippines. Two general issues that may need
further el aborationinvolvetherole of: (i) industrial strategy;
and (ii) proper institutional arrangements.

The current debate in economic |literature puts the issue of
i ndustrial strategy that is al ong the argunents of Hi rshman (1958)
in the sideline. In fact, the current issue of the day is
gl obal i zation by “making pricesright”. Wihilethis nmay bejustified
by the failuresinsone countries which adopted i nport substitution
policies through targeting like the Philippines, Brazil, Indiato
name a few, “making prices totally right” may not be totally
realistic especially if technol ogi cal change and i nnovation is at
t he heart of the growm h strategy. The market of technol ogy is highly
inperfect and the economc environment wthin which these
devel opi ng countries are operating is adverse to technol ogy-based



institutions because of thefactors outlinedinSectionl. The case
inpoint is the Philippines. It has been exerting a |ot of effort
in inplementing economc refornms that are consistent wth
gl obal i zation. Wile the ongoing set of econonmic reforms! are
extrenely inportant and necessary to overhaul the inefficient
production structure of the econony, it |acks focus and provides
no cl ear directiontowherethe process of technol ogi cal i nnovati on
shoul d go. The recent S&T plan of the governnment |ists down 23
industries as priority areas. The list is sinply too | ong since
t he production lines of these industries are totally unrel ated.
The case of Japan, and to a great extent the case of South Korea,
is very clear: the technol ogi cal i nnovati on strategy was att uned,
synchroni zed and nmade consistent with the overall industrial

strategy. Thisisaveryinportant | essonfor the Philippinesduring
this period of economic reform The process of technol ogica

i nnovation cannot start and gai n nonmentumunl ess sone ki nd of an
industrial strategy is adopted. Activities intechnol ogy area are
sinply too risky and to a great extent capital intensive. Unless
clear directions are set, the private sector may be unwilling or
hesitant to conme in and participate no natter how attractive
governnent i ncentives are. Inthe Philippines, i ncentives are bei ng
offeredto R&Drel ated activities, but there are very fewtakers.

There i s one word of caution thoughinlettingthe government
take an activerole inindustrial strategy. To prevent the policy
failure of the past, the strategy has to be market friendly. That
is, it shoul d not go agai nst the market, but instead assist inits
devel opnent. If, for exanple, market signals indicate that it is
t he sem -conductor industry that is the | eadi ng sector bothinthe
donestic and export markets, 2 then government effort should be
di rected towar ds supportingtheindustryinterns of i nfrastructure,
manpower devel opnent, incentives, research institution, etc. The
technol ogi cal i nnovation strategy that is consistent withthisis
t he devel opnent of a system whereby the econony is able to nove
up t he production | adder fromthe present assenbl y-type activities
to activities with higher val ue added. Manpower devel opnent and
research institutions are key to the devel opnent of this system

The second issue involves institutional arrangenents. The
revi ew of S&T experience in the Philippines provides a clue that
sone key ingredients for a technol ogy-based grow h strategy nay
have al ready been present. While they may not be as conparable to

YEconomic reformsinclude trade reforms, financial reforms, fiscal reforms, exchange rate reforms, investment
reforms, and other market reforms through privatization and liberalization.
’At present almost 60 percent of the country’s export is semi-conductor.



t hat of Japan, therel ativelyl ong S&T experi ence, theinstitutions,
the policies and, to alimted extent, the manpower are present.
However, there appears to be institutional failure to exploit al

t hese because of very weak institutional arrangenments. Pl anning
and budgeting exercises are uncoordinated resulting in very poor
performance. There is al solack of focus, especiallyinattracting
and getting the participation of the private sector, through for
exanpl e the commercialization of devel oped technol ogi es.

Equal Il y rel evant specific policy recomendations focused on
thefollow ng: (1) R&Dinvestnents; (2) R&D manpower; (3) i ncentive
system (4) institutional arrangenent and S&T coordination
mechani sm (5) R&Ddel i very system and (6) statistical i nformation
and accounting system



Technol ogi cal I nnovations in Japan

and S&T Experiences in the Philippines:
(Drawi ng Policy Lessons for the Philippines)?

Caesar B. Cororaton?
l. | nt roducti on

Economic growh is determned by how well a country
mobilizes its resources in order to increase the
production of goods and services. GCenerally, resources
i nclude | abor and human skills, capital, |land and natural
resour ces.

There are two approaches to economc growh (Choi, 1983).
One approach is to increase the utilization or the anpunt
of factor inputs or resources for production. For exanple,
output from agriculture can be expanded by increasing the
utilization of available arable land, that had been
previously considered idle, for farm ng. One drawback in
this approach is that if one keeps on increasing the
amount of the sanme factor inputs into the production
process, the increase in the level of output that can be
generated wll eventually be subject to dimnishing
returns. Stated graphically in a production function,
output increases rapidly at the initial stage (around
point a in Figure 1). However, if one keeps on adding the
amount of the sane factor input, the increase in output
that may be generated may not be as nuch as in the
initial stage (novenent towards point b along production
function 1).

Krugman (1995) in a highly controversial paper that
appeared in the Foreign Affairs on “The Myths of Asia's
Mracle” argues that Singapore’s rapid growth was due to
capi tal accunulation, and certainly not a “mracle”. Its
growh path is simlar to the capital accunulation type
of gromh of the Soviet Union that first experienced

'Thi s paper was done while the author was a visiting Research Fellow
at the Japan Institute of International Affairs, Tokyo, Japan from
Cct ober 2000 to March 2001. The paper greatly benefited from the
di scussion wth Professor Ryokichi Hrono of Seikie University.
However, gaps and errors in the paper are the sole responsibility of
the author. Conments may be directed to: ccororaton@Al L. Pl DS. gov. ph.

2Seni or Research Fellow, Philippine Institute for Devel opment Studies.
Ph. D. (Econonics) 1990, Cark University, Wrcester Massachusetts,
USA.



rapid growth during the 1950s and then suffered a
significant economc slowdown |ater because limts have
been reached. “Economc growh that is based on expansion
of inputs, rather than on the growth of output per unit
of input, is inevitably subject to dimnishing returns.”

This leads to the second approach that deals wth
i mpr oved productivity t hr ough a nor e efficient
utilization of the sane anobunt of inputs. St at ed
graphical ly, this means an outward shift in the
production function (from 1 to 2 in Figure 1). Thus in
this shifted production function, for every |evel of
factor input, there is a corresponding higher [|evel of
output, indicating a higher productivity of output per
unit of input (frompoint a to point ¢, and frompoint b
to d). The productivity inprovenent could largely be due
to the introduction of the process of technol ogical
i nnovation in production. As we shall discuss below, this
process of technol ogical innovation could involve a range
of activities. For exanpl e, it could involve the
utilization of better machineries, better production
managenent and net hods, the application of best practices,
etc. It could take place in factories or in offices.

It is inportant to note at this juncture that
technol ogi cal innovation and economc growth are nutually
reinforcing (Hrono, 1985). That 1is, higher rate of
growh would tend to generate productivity inprovenent
t hrough technology innovation, and vice versa. This is
especially true when there is increasing returns to scale.
In such cases the outward shift of the production
function would have no boundaries, inplying that there
woul d be no limts to grow h.

Hi storically, the whole idea of technology affecting
econonic growh dates back to the 18" and 19'" centuries
when scientific principles, which were accunul ated since
the start of nodern science in 16'" and 17'" centuries,
were turned into technologies and applied to the process
of production during the industrial revolution in western
Europe. The steam engine, for exanple, which triggered
the start of industrial revolution, was the result of the
accurul ati on of know edge through scientific discoveries
and the application to the process of production.



However, t he rel ati onshi ps bet ween t echnol ogi cal
i nnovation and economc growmh were made evident by the
remar kabl e experiences of Japan after the Wrld War |1
(which the present paper will delve into) and South Korea
in the 1960s or after the Korea \War. Thr ough
technol ogi cal devel opnent policies that started to turn

the wheel of technological innovation process, these
countries were able to achieve rapid economc growth in a
sustained manner. In a significantly shorter period of

time conpared to the devel opnment in western Europe, these
countries were able to transform their economes from
al nrost conpletely devastated right after the war to
hi ghly advanced i ndustrial econom es at present.

The process of technological innovation that is being
referred to is shown in Figure 2. This was conceptualized
by Yamada (1964) and later cited in Choi (1983). It is
shown here to enphasize the point that it is a dynamc
process  of progressive technol ogi cal advances and
econom c growth, each one reinforcing the other. The
process continues in a sustained manner, and in each
round growt h i nproves.

General ly, technological innovation would involve two
maj or parts, the research part and the innovation part.
The innovation part would tw have two phases. In the
first part, the introduction of new technol ogy would | ead
to new products and would reduce the cost of production
These new products woul d have better quality than before.
Because of the reduction in cost per unit, for the sane
total cost of production, the quantity of output that
coul d be produced would increase. Better quality products
and greater volunme of production would result in nass
production that could attract entrepreneurs to increase
their marketing effort and could further reduce cost
because of econom es of scale. Mss production and | ower
cost could result in mass consunption. These whol e set of
activities could lead to inproved incone for the genera
public. Increased incone of the people could lead to
changes in taste, which in turn could result in higher
demand for nore quality products. This inpulse could
trigger pressure to inprove the existing technology. Thus,
the entire process repeats once nore. It goes on
repeating in circle towards econonmi c prosperity.



The performance of Japan and South Korea is indeed
out st andi ng. They have been able to <close their
t echnol ogi cal gap wth highly advanced industrial
countries in so short a period of time. From the
perspective of developing countries the question to ask
is: Can this fast catching up process generally hold for
t he rest of technol ogi cal |y backwar d devel opi ng
countries? There are two schools of thought on this issue
that ought to be reviewed briefly because of their
inplications to the Philippines case.

The first school 3, which started with Gerschenkron's
(1962) discussion of the advantageous of backwardness,
deals with the issue of convergence (Barro and Sal a-i-
Martin, 1995). The convergence school states that
technologically backward countries benefit from the
technol ogy created by advanced countries. One of the
strongest postulates of this school categorically states
that the *“.catch up growh 1is proportional to the
difference in technol ogical capabilities between a
follower and the ||eaders. This predicts an inverse
rel ati onship between technological capabilities at any
point in tine and subsequent productivity (as well as
econonmi c) grow h” (Evenson and Westphal, 1995).

Through technol ogy transfer, backward countries can
catch up with advanced nations. Wth appropriate policies
and investnments on education, physical capital, genera
managenent capability, research and devel opnent (R&D),
backward countries can l|learn the technol ogy devel oped in
advanced nations. Along wth these developnments there
wi |l be convergence of inconme and productivity |evels.

However, in the other side of the spectrumthe other
school argues that the process may not be that easy and
straightforward. Although newy industrialized countries
(NICs) * have grown rapidly in recent times and have in
fact converged to the leading countries in terns of
income and productivity, nobst developing countries are
not on a simlar path of convergence towards advanced
nations. In fact there is a divergence (Easterly, 1981

3The paper of Evenson and Wstphal (1995) provides a good survey of
l[iterature on this issue.

4 Cenerally known to include South Korea, Hongkong, Singapore, and
Tai wan.



and WIIlianmson, 1991). A whole range of factors nay be
responsible for the divergence and the wdening gap
bet ween nost devel oping countries and advanced nations.
These factors can include adverse institutions and
deficient policy regines. Choi (1983) would include a
nunber of factors like the vicious circle of poverty in
which nost developing countries are trapped. O her
factors cited by Choi are:

1. Developing countries are weak in policy fornulation
for scientific and technol ogi cal developnent. In these
countries, public interest on science and devel opnent is
low. Their traditional cultures are hostile and can pose
hi ndrances to the creation of viable science policy.

2. There is lack of a viable institutional setups and
i nadequate R&D systenms in these countries. Oten
research equipnent is inadequate, research budgets are
nil, and research budget allocation is extrenely
i nefficient.

3. There is very limted scientific manpower in these
countries.

4. Mst of these countries rely heavily on inported
technol ogy. However, there are no clear-cut policies and
prograns to develop donestic capability to be able to
nodify and inprove these inported technologies for
donmestic applications. There are no policies to address
t echnol ogy dependence.

5. There is lack of participation of relevant sectors
in these economes in the developnment of science and
technol ogy, particularly in the industrial sector to
which nost of the applied research and devel opnent
efforts are directed.

The final point that will be touched on in this
section which would again have inportant bearing |ater on
in the discussion of the Philippine case deals with the
i ssue of industrial strategy and the role of governnent.
The issue is relevant in the present context because of:
(a) countries which have perfornmed remarkably well [|ike
Japan® and South Korea have applied industrial strategy

°> Whose experience the paper wll heavily draw policy lessons from
for the Philippines.



which largely centered on technol ogical devel opnent and
with extrenmely strong governnent |eadership; and (b)
industrial strategy with strong government intervention
may seem be inappropriate in a “globalized” world market.?®

There are two schools of thought that are worthy of
review.” One is based on the argument of the neocl assi cal
school which centers on neutral government policy, while
the other is based on industrial strategists’ idea of
sel ective i ntervention by gover nient to manage
technol ogical change so as to achieve a dynamcally
efficient industrialization.

According to the neocl assical school the role of the
government is sinply to provide an econom c environnment
in which market forces wll realize the efficient
all ocation of resources. If there are market failures,
then the appropriate policy instrunents are prices and
price-denom nated policies (e.g., taxes and subsidies),
and have to be applied in a neutral manner; neaning that
policies should not selectively discrimnate. If there
are lacking institutions, then the governnent’'s proper
role is only to facilitate the establishnment of such
institutions that should function as market agents. |If
social overheads are too large and expensive for the
private sector to wundertake, then the governnent can
provide, but not with the idea of pronoting specific
industrial activities. The neocl assical advocates support
for human capital formation, but only in ways that do not
di scrimnate other activities.

On the other hand, according to the other school
“market forces alone are not responsible for the
purported market success of econom es |ike Japan or Korea.
Neutral policy reginme is not a necessary condition for
successful industrialization” (Pack and Westphal, 1986).
Furthernore, this school states that neutral policy
regime may not be generally sufficient condition for
rapid industrialization that is based on technol ogical
change. This is because acquisition of technol ogical

® The ongoing economic reforms in the Philippines are largely
premi sed on a free trade world environnent.

"The paper of Pack and Westphal (1986), which this part heavily draws
from provides a good review on this issue.



capability happens neither automatically nor costlessly.
Key elements of technology are often inperfectly traded,
or worse, in a great nunber of cases, they are not traded
at all. As we have discussed above, on top of the issue
of poverty trap, there are a |lot of institutional
bottl enecks that may hinder the growth of science and
technology in these countries. Al these factors provide
stunbling blocks to the growmh process of these countries,
especially in ternms of technol ogi cal devel opnent.

This  paper wi || att enpt to look into the
technol ogi cal innovation experience of Japan during the
early period of its rapid economc growh after WV II.
What were the initial condi tions, t he econom ¢
environnment in which the econony was operating at the
time, the goals and strategies pursued, econom c policies
i npl enented, prograns devel oped, the role of governnent,
are sone of the main issues that will be touched upon
The paper will then try to contrast this experience with
that of the Philippines and will attenpt to draw policy
| essons for the country in the light of the issues raised
above.



I1. Patterns of Technol ogical |Innovations in Japan

Initial Conditions

Before the War. Even years before Wrld War 1l (WV
1) broke out Japan had al ready enbarked on an industri al
devel opnent pr ogram | f fact, heavy and chem cal

industries already nmade remarkable growh in the 1920s,
and by the beginning of the 1930’s, these industries were
at the verge of a rapid take-off (Takafusa, 1994). The
textile industry grew rapidly, as well as heavy
i ndustries such as steel. Another standout industry was
rayon production  whose production technology was
perfected in the 1930s. In machi nery, Japan becane al nost
conpletely self-sufficient, except for special high-end
itens. This formed the basis for the developnent of
mlitary supply industries. During this period, exports
grew rapidly also. These developnments since the 1920s
al l oned the Japanese to accunul ate val uabl e experi ence on
econom ¢ growt h and technol ogi cal devel opnent that proved
to be one of the mpjor driving forces that propelled the
econony to a rapid gromh after the war.

| ndustrial policies during the period such as
government subsidies gave birth to a nunber of new
i ndustries and big corporations. These industries include
el ectric power , electric snel ting of al um num
el ectronics, and autonobile industries to nanme a few. In
fact, origins of sonme of the present-day big corporations
in Japan (such as Toyota, Toshiba, NEC, N ppon, N ssan,
etc.) can be traced back to this period.

A nunber of inportant economc |aws were passed and

i npl emented during this period as well. Anmong the
inmportant ones which started Japan’s march towards
i ndustrialization include: The G| Industry Law of 1934,

the Autonotive Industry Law in 1936, the Artificial Ol
| ndustry Law and the Steel Industry Law of 1937, and the
Machi ne Tools Industry Law and the Aircraft Mnufacturing
| ndustry Law of 1938.

A nunber of key economic institutions were
established during the period. For exanple, the Cabinet
Planning Board was organized in 1927. Oiginally, it
consi sted of the Planning Agency and the Resource Bureau.
Later on, in 1937 the Pl anni ng Agency was reorgani zed and
was tasked to inplement the Five-Year Plan for Key



I ndustries. In 1956, the Science and Technol ogy Agency
was established. During this period, the Council for
Sci ence and Technology was also created which acted as
t he policy-making body on science and technology at the
national level. Furthernore, many national as well as
i ndustry-sponsored research institutions were founded.
For exanple, the Tokyo Industrial Testing Laboratory and
Institute of Physical and Chem cal Research already
exi sted and were closely linked with industries.

Foundati ons of the Postwar Econony. And then WV ||
broke out in Europe. Wien it spread to Asia it brought
tremendous damage to Japan. It was estimated that about
one-fourth of Japan’s physical assets were |ost (Takafusa,
1994). Table 1 shows sone estimates of the extent of the
damage.

However, although the war was devastating, one
positive aspect that cane out of it for Japan was the
buil ding-up of production capacity. Capacities were
propped up for purposes of producing armnents. Heavy
industries and chemcal industries were conpelled to
increase their plant and equi pnent for the production of
mlitary supplies. According to Takafusa (1994) nuch of
t hese production capacities were spared during the war.
For exanple, steel production capacity that stood at 3

mllion tons in 1937, increased to 6.6 mllion tons
during the peak of the war. After the war it was left
with still a substantial capacity of 5.6 mllion tons.

Simlarly, copper refining, lead and alumnum that saw
maj or capacity expansion during the war, were left wth
huge production capacity after the war. Machine tool

production capacity which stood at 22,000 nmachines in
1937, increased to 60,000 nmachines at the height of the
war. After the war capacity declined slightly to 54,000
machi nes. Thus, although the war brought substantial

damage to Japan, it did not go back to square one right

after the war. Experiences and expertise were accunul at ed,
skills devel oped, and sone production capacities renai ned.
“The fact that the plant and equipnment of heavy and
chem cal industries survived the war, as did their
t echni cal specialists and | aborers, provided the
necessary conditions for the postwar econom c recovery
that was centered on these industries. This is one
i nportant | egacy” (Takafusa, 1994).
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Anot her inportant |egacy cited by Takafusa was the
organi zational structure of industry. Before the war
subcontracting in the field of machinery, aircraft, and
autonobiles were practiced. After the war, it renained
practiced by big firnms. Usually big firnms do the assenbly,
while subcontracting firnms make the materials and
conponents. Subcontracting system serves as an inportant
mechanism of transferring and diffusing technol ogy,
especially from bigger principal firms to smaller sub-
contractor firnms. 1In Japan, 65 percent of small and
medi um enterprises produce under subcontracting
arrangenments, and 82 percent of them are specialized in
the machinery and textile sectors. In the transportation

machi nery sector, 81 percent of small and nedi um
enterprises were subcontractors in 1981, and 88 percent
of them are specialized in subcontracting. |In Japan

subcontracting is extensive because there is less
vertical integration (Nagaoka, 1989).

Usual | y subcontracting arrangenent involves inplicit
contracts involving technical guidance, supply of working,
| easing of equipnent, and risk sharing by a principal
firm Al so, the system provides strong incentives and
pressures for subcontractors to innovate. Typically, the
principal firm would be responsible for devel oping
designs and specifications, and provides the necessary
technical assistance to the subcontractors, while the
subcontractors would undertake the production according
to these instructions fromthe principal. Simlar to the
principal firms, subcontractors have high technica
capabilities, thus such arrangenents do not create
serious technical problens. Subcontracting is a mgjor
feature of Japan’s developnment. This is especially true
in the machinery sector in which it enjoys strong
international conpetitiveness due to such subcontracting
arrangenents.

Al so, in the area of finance, financial institutions
were set up during the war, but largely to serve the
muni ti ons conpani es. Neverthel ess, financial experiences
wer e gai ned.

Furt her nore, during this period, Japan becane
internationally known for its “adm nistrative guidance”.
Generally, the governnment had the power to instruct
busi ness on various issues, directly or indirectly. For
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exanple, during the war the Bank of Japan exerted strong
control over private-sector banks.

Labor unions existed, but were dismantled during the
war. However, their rebirth after the war was one of the
factors that inproved the welfare of the |abor sector,
which in turn established a generally productive
rel ati onship between |[|abor and nmanagenent. Also, the
social security systens (which covered health, insurance,
and pension) that evolved during the years and which
benefited labor’s welfare greatly provided the necessary
stability in the |abor sector. Takafusa (1994) clains
that these social security systens constituted one of the
cornerstones of the postwar econom c devel opnent.

All told, even before WV Il broke out, key
ingredients for an industrial take-off were present.
Technol ogi cal experience started to accumul ate. Concerns
for planning and for identifying key industries already
became mmjor policy issues. Sonme key institutions were
establ i shed. The governnent as an institution was very
strong to manage the devel opnent process. Even during and
right after the war, the industrial base of the econony
expanded. Although the war brought a l|lot of danage, it
left inportant |egacies that |ater becanme key factors
during the reconstruction period and the rapid economc
gromh era in the 1960s and 1970s

Conditions for Rapid G owth

Table 2 shows how the econony of Japan sailed
t hrough the rapid economc growh path after the war. For
fifteen years starting 1955, Japan grew annually by 10.3
percent, nore than twi ce the annual average growh of 4.4
percent of the rest of OECD countries over the sane
peri od. Even during the second half of the 1970s when the
worl d econom c environnent was severely affected by the
second oil crisis, Japan stood out as the highest grow ng
i ndustrial econony.

| mprovenent in productivity played a major role in
the rapid gromh of Japan after the war. Evidences on
total factor productivity (TFP) conputed using the growth
accounting nethod indicate that nore than 50 percent of
Japan’s economic growh in the 1950s and 1960s can be
attributed to TFP growth and nore than 20 percent was due
to inprovenment in technical know edge. Table 3 indicates
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that the contribution of productivity to Japan’s growth
during this period was a | ot higher than those in the US,
West CGermany, France, and the United Ki ngdom

Anot her mmjor factor that contributed to Japan's
postwar growth was the high rate of capital formation
that was propped up by the continuous acquisition and
devel opnment of technology. As wll be discussed bel ow,
this high rate of capital formation canme about because of
hi gh propensity to save.

A nunber of factors were behind this extraordinarily
hi gh economic growh in Japan. H rono (1980) singled out
five of them nanmely: (a) abundant supply of well-
educated and wel | -di sciplined | abor force; (b) high |evel
of savings propensity anong the househol ds; (c)
conpetitive spirit of major economc actors: (d) high-
growh economic policies of the governnent under
conti nued political stability; and (e) favorabl e
i nternational econom c environnent.

Labor Force. There was a rapid inprovenent in
school attendance at all levels after the war that
expanded significantly the supply of better educated
wor kf orce. According to Hirono (1980) in 1945 nearly 100
percent of children between 6 and 12 years old were
enrolled in the primary schools. For those between 13 and
17 years old, 28 percent of them were in secondary
schools and 5 percent in the tertiary levels. In 1960
t hose percentages inproved to 100 percent, 74 percent,
and 10 percent respectively, and in 1975, the percentages
improved further to 100 percent, 92 percent, and 24
per cent .

Furthernore, aside from better education, Japanese
wor kers were highly disciplined, industrious, and |oya
to the enployers that provided the necessary stability in
the workplace. The stability prevailed as |abor unions
becanme stronger and |abor relations established. An
institutional foundation for industrial relations was put
in place by the government through the passage of three
pi eces of legislation: the Labor Union Law, the Labor
Standards Law, and the Labor Relations Adjustnent Law.
These laws provided the legislative franmework on |abor
i ssues.
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Three basic features of enploynent in Japan that
brought about substantial inprovenent to the welfare of
| abor include age-based seniority in wages, lifelong
enpl oynment, and enterprise-based unions. In enterprise-
based unions, unions were organized at the firm or
factory level and would conprise blue-collar and white-
col | ar, as well as skilled and unskilled |[abor.
Enterprise unions and lifetine enploynent reinforce the
solidarity and loyalty of enployees to the enployers. For
exanpl e, enpl oyees thenselves would try to prevent | abor
strikes and work stoppages. During |abor disputes, |abor,
together with the enployers, would try hard to settle the
di sput es at once i n or der to pr event further
deterioration. These were nmmjor factors that stabilized
Japanese industrial relations and nerited the envy of
ot her countries (Takafusa, 1994).

H gh Savings Propensity At the tine when personal

income was still at low levels, traditional concept of
savings as a virtue of life resulted in high rates of
savings in households (H rono, 1980). Household savings
were channeled to the banking and |I|ife insurance

institutions, which in turn financed projects both in the
private and public sectors. Goss capital formation
increased dramatically as a result, increasing productive
capacity and econom c infrastructure. Table 4 bel ow shows
how savings and capital inproved after the war. From a
savings propensity of 0.09 in 1955, it inproved to 0.23
in 1977. Likewise, from an investnent rate of 26.2
percent in 1955, it inproved to a peak of 35.8 percent in
1972, but declined marginally to 31.2 percent in 1997.

Conpetitive Spirit. One of the mjor reforns
enforced by the Anericans during their six and a half
years of occupation of Japan after the war was the
pronotion of denocratic forces to devel op organizations
in labor, industry, and agriculture. A mpjor part of this
process was the liquidation of the =zaibatsu and the
di ssolution  of the large industrial and banki ng
institutions. The four major zaibatsu, Mtsui, Mtsubishi,
Sum tono, and Yasuda were dismantled and restructured.
For exanple, the holding conpany of Mtsui that held the
stocks of its subsidiaries was dissolved and the stocks
held by the parent conpany were transferred to the
subsidiaries. The sane thing happened to the other three
and the smal | er zai bat su.
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In line with this reform was the enactnment of the
Anti-Mnopoly Law in 1947. It prohibited the formation of
trust, all cartel activities, joining of international
cartel s, crossholding  of di rect or shi ps, and even
stockhol ding by corporations (Takafusa, 1994). However,
in 1949 the bans on participation in international
cartels and corporate stockholding were |ifted because
they were believed to hinder the flow of foreign
i nvestnment into Japan.

The  Anti-Monopoly law was fol | oned by t he
introduction of a policy designed to elimnate the
excessive concentration of economc power. Table 5 shows
the inmpact of this policy on industry concentration
rati os. Except for food processing, concentration ratios
of industries went down indicating entry of nore firnms.

Competition policy is relevant in technol ogica

devel opnent because It I ncreases t he pace of
t echnol ogi cal changes in production nethods and processes,
pr oduct devel opnent, raw material s use, factor
substitution, and managenent know how. Furt her nore,

conpetition puts pressure on cost reduction and
i mprovenent in factor productivity, particularly |abor
productivity that can be shared by labor itself, as well
as by all stakeholders. However, in the case of Japan

while the goal was to maintain conpetition wthin
i ndustry, government conpetition policies that used to be
very rigid in the 1940s and 1950s on business practices
regarding cartel arrangenents, changed through tine in
response to the changing structure and requirenents of
i ndustries. Government conpetition policies in particular
allowed differences in factor intensity across industries
and took into consideration pressures from foreign
conpetition brought about by its export orientation. By
the very nature of the production process involved in
iron and steel and other heavy and chem cal industries
which is capital intensive and the risks involved in the
i ntroduction of new technologies into these industries

sone degree of cartel arrangenents were eventually
al l owed wunder governnment support particularly during
econonm ¢ downswi ngs. Also, nergers were pernmtted. There
were nergers which took place in iron and steel

autonotive industry, ship building and in banks in order
to strengthen the conpetitiveness of these industries in
the international markets. However, according to Hirono



15

(1980), in spite of these ~changes in governnent

conpetition policies, a consistent inprovenent in |abor
productivity was observed during the period. “Wile the
Fair Trade Conm ssion has been continuously active in
i npl enenting the anti-nonopoly |egislations ever since
its founding, it is not an unfair statement that the
government’s conpetition policy has undergone sone
significant nodifications during the last thirty years.

Whet her the changes observed in governnment conpetition
policy have reduced effective conpetition in Japanese
industries or not is certainly a nmatter requiring serious
study. One thing, however, is true that in spite of such
changes in the governnment’s conpetition policy there has
been a consistent rise in the level of |abor productivity
in the Japanese industry.” (Hrono, 1980). This would
i ndicate that the objective of i ncreasing | abor
productivity was achieved even though cartel arrangenents,
nergers, and the like were re-introduced into the system

This may be partly due to the governnent’s strong
presence or guidance in the system

Gowmh Policies. A nore detailed treatnent of
econom c growmh policies in Japan is done in the section
on government policies below However, generally, it was
wi dely observed that inplenented policies were formulated
towards achieving the followng objectives: to restore
the Japanese to prewar level right after the war, and to
double the national inconme. In the National |ncone-
Doubling Plan, for exanple, the governnment sought to
double either the real gross national expenditure or the
real gross national product in the space of the decade
(Takasusa, 1994). According to Hrono (1980) “all the
nmonetary, fiscal and specific policy neasures avail able
of the governnment were nobilized to increase the nationa
out put, nodernize production facilities, expand exports,
and foreign exchange earnings to ensure a continued
supply of energy and raw materials required for expanded
production at hone, facilitate the inflow of advanced
foreign technol ogy and managenment know how, inprove the
| evel of donmestic absorptive capacity towards an
effective utilization and devel opnment of new scientific
knowl edge and technologies, expand and inprove the
econom ¢ and social infrastructures including transport,
communi cations and power network to reduce the cost of
production and distribution pre wunit of output and
t hroughput, and enable banking and other financial
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institutions assist manufacturing and other corporations
to expand capital investnent.” Al this, together wth
the consensus by majority of the Japanese for building a
national wealth, resulted in the growmh mracle during
t he postwar.

Favor abl e | nt er nati onal Envi r onnent . The
international climate during the period was highly
favorable. Between 1950 and 1965, the world economc
growh was inpressively high. The world econony was
nmoving at an unprecedented average growh of 5 percent
under the Bretton Wods system and the GATT institution
Table 6 shows the growth of exports of Japan and the
other six OECD countries during the period. These
countries enjoyed high rates of growmh in exports,
resulting in substantial increases in the export share to
their respective gross national expenditure.

This favorable international environment contributed
to the steady export growth of Japan. Also, as the world
econom c progressed, the supply of materials becane
abundant which allowed Japan to increase its inports of
its raw material requirenents. During this period, Japan
enjoyed favorable terns of trade as export prices were
high and prices of crude oil and other raw materials were

on the declining trend. In terns of volune of nmgjor
export items of Japan, Table 7 indicates substantial
i nprovenment in chem cal products, net al and neta
products, and nmachinery. Incidentally, these were the

industry focus in the early postwar growth strategy in
Japan wherein bot h production and t echnol ogi cal
capabilities were substantially inproved.

In the financial sector, Table 8 shows substantia
amount of foreign capital that flowed into Japan to help
donestic savings finance huge investnment requirenents.
These inflows consisted of direct investnent, portfolio
i nvest nent, bank |oans and bonds. From US$3.2 million in
1950 capital inflow increased substantially to alnost
US$6 billion in 1977.

Patterns of Growth

Behind this rapid economic growh in Japan after the
war was the nassive transfornmation of 1its economc
structure. One clear indication of the transformation was
t he novenment of | abor across sectors. Table 9a and Figure



17

3 show how | abor in Japan had noved sectorally since the
war. In 1948, farners accounted for alnobst 46 percent of
total enploynent. Self-enployed accounted for 17 percent,
while enployees accounted for 37 percent of tota
enpl oynent. In 1963, the share of farnmers went down
consistently to just 26 percent. Wiile self-enployed nore
or less retained their share, enployees increased their
share to al nost 56 percent. In 1983, the share of farners
dropped to just 8 percent. Self-enployed did not change
much, but the share of enployees shoot up to alnost 74
per cent .

In ternms of |abor novenent across major sectors,
there was a clear novenent to the secondary sector
(particularly manufacturing) and to the tertiary sector
(particularly, wholesale and retail trade sector). The
enpl oynent share of the secondary sector inproved from
23.5 percent in 1955 to 35.2 percent in 1977 (Table 9b).
Over the sane period, the share of manufacturing
enpl oynent increased from 17.6 percent to 25.9 percent.
On the other hand, enploynent in the tertiary sector (or
the service sector) inproved from35.5 percent in 1955 to
53. 3 percent in 1977.

The [|abor novenent away from the farns did not
adversely affect the production output of agriculture. In
fact, the introduction of technology into agriculture and
the successful Iland reform program of the governnent
contri buted substantial ly to t he I mpr ovenent of
agriculture production. This was especially true in the
Northern part of Japan in terns of rice production.
Takafusa (1994) cited the case of Tohoku region. During
the prewar days, the region was only producing 30 kil os
per hectare. After the introduction of better agriculture
technol ogy, its production inproved to 45-60 kilos per
hect ar e.

Through time there was a <clear inprovenent in
productivity. Table 10 shows that the man-hours spent on
rice production declined significantly from 196 per 10
acres in 1952 to 75 in 1977. The yield however, inproved
considerably from 325 kil ogram per 10 acres to 455 over
the sane period. The factors behind this inproved rice
productivity include: (1) breading of inproved strains of
rice; (2) increased fertilizer production; (3) rationa
application of fertilizer; (4) spread of new agricul tural
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chemcals; and (5) developnent of technology for early
pl anting (White papers of Japan, 1979-80).

A closer ook at the pattern of manufacturing growth
in Japan is essential in understanding the dynam cs of
t he i ndustrialization process, as wel | as t he
t echnol ogi cal devel opnent, during the postwar. Through an
industrial policy the devel opnent process focused on few
key industries initially. Through tine as the process
progressed, the focus shifted to other industries.

Right after the war, policies were focused on
resurrecting and rationalizing four Kkey manufacturing
i ndustri es: el ectric power, st eel i ndustry, mari ne
transportation industry, and the coal industry (Takafusa,
1994). Meanwhile, during the period there was a policy to
substitute coal for petroleum as the major source of
energy during the md-1950s (Hirono, 1980). Thi s
substitution gave birth to the petrochem cal industry,
which incidentally provided a w ndow for many advanced
technol ogi es devel oped abroad to enter Japan. These
technologies diffused to other related industries and
created the favorable ripple effects. In fact, the rapid
pace of plant and equipnment investnent in the iron and
steel and the petrochem cal manufacturing industries
during the 1960s changed trenmendously the manufacturing
| andscape (Hi rono, 1980).

Detailed treatnment of this is done in the section on
growh strategies below, but at this point it is
worthwhile to note that the increasing share of machinery,
el ectrical, transportation equipnment and of iron, and
metal products in production from 1955 to 1977 is
indicative of the policy focus during the period. The
former inproved its share to the total manufacturing
production from 20 percent in 1955 to al nost 40 percent
in 1977, while the latter from 12 percent to 14 percent
(Table 11). As a result of the growmh of the
manufacturing sector, the structure of the overal
econony underwent substantial changes during the period.
The share of the primary sector went down from 18.5
percent in 1995 to just 4.9 percent in 1977. The
secondary sector’s share increased from 34.7 percent in
1955 to 42.9 percent in 1970 (Table 12). However, brought
about by the recessionary effects in the md 1970s, the
share of the manufacturing sector dropped in 1975. But
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thereafter, it recovered. Meanwhile, the share of the
tertiary sector continued to surge during the period.

Favorabl e international environment and inprovenent
in productivity in heavy and chem cal industries (because
of governnment’s focus on these industries) increased the
international conpetitiveness of Japanese products and
thus allowed it to inprove its export performance
considerably. During this period changes in the structure
of exports took place. In 1955 exports from heavy and

chem cal industries accounted for 38 percent, while
exports from light industries accounted for 52 percent
(Table 13). In a span of two decades, the structure

changed dramatically with exports from heavy and chem ca

i ndustries capturing about 85 percent while those from
light industries 12.5 percent. The change in the
structure was due to export of machineries.

Goal s, Strategies, and Directions

Majority of Japanese during the early part of the
postwar period wanted nothing but to restore the econony
to the pre-war period and to beconme a wealthy nation
wi t hout mlitary power t hr ough i ndustrialization
Takafusa (1994) calls this as a “National Consensus for
Building a Walthy Nation”. The statenent of this goal
was quite clear in the National |ncone-Doubling Plan that
was | aunched during the period. The Plan sought to double
either the real gross national product or the real gross
nati onal expenditure in a span of a decade. Thus, capital
investnments stepped up. In fact, the Wite Paper on the
Econony for 1961 enployed the phrase “investnent breeds
investnment”, to describe the acceleration of investnent
during the period.

Japan’s growth strategy during the period had three
maj or features: (1) unbalanced growh wherein key
industries were selected for pronotion; (2) export
orientation; (3) i ntroduction, assim |l ation, and
i nprovenent of foreign advanced technology. In addition
anot her very inportant feature of Japan’s growh strategy
was the “continued reliance on the part of the governnent
and the private sector alike on the role of industrial
policy in managing the long-term industrial and economc
devel opnent of the nation.” (H rono, 1980). Thus, the
overall industrial policy utilized all government policy
measures in a systematic way and in the “nost appropriate



20

conmbi nations so that industrial developnent my take
place in a nore planned fashion, noving from | ower stage
to higher stage wthout interruption, and my be
accelerated sufficiently ahead of tinme when changes in
demand appear at hone and abroad.” (Hirono, 1980).

In the unbal anced growth strategy®, heavy industries

were given nore enphasis than [light industries. These
industries include: electric power, steel i ndustry,
marine transportation industry, the coal industry, and
pet rochem cal I ndustry. During the period, maj or

bottl enecks were often pointed in the electric power.
El ectric power was in extrenmely short supply, resulting
in regular power outages. It was therefore thought that
growh could proceed only if power supplies were to be
massi vely expanded. Table 14 shows how power capacity
consi derabl y expanded during the period.

In the steel industry, the capacity was short and,
therefore had to be expanded and inproved. There were two
rationalization prograns that were instituted by the
Mnistry of International Trade and Industry (MTI). In
the first rationalization program (1951-1955) t he
enphasis was the introduction of rolling processes to
produce the steel sheet. This was the area in which Japan
was really behind during that period. In the second
program investnment was focused into rolling processes.
As a result of these prograns, production capacity was
boosted from 12.5 mllion netric tons of pig iron, 28.2
mllion netric tons of crude steel, and 140 mllion
nmetric tons of rolled steel.

8 An econoni ¢ approach to developnment first advocated by Hi rshnan,
(1958). There is also another approach called the balanced growth
strategy by Nurske (1953). Unbal anced approach states that npst
i mportant sector be given priority first because devel opi ng countries
usual ly lack the capital necessary for investnent for the devel opnent
of all sector sinultaneously. Greater investnents will therefore have
to be poured into these selected industries only. Gowh in these
sectors will consequently result in increased growmh in the other
sectors. On the other hand, the balanced growh theory states that
all sectors have to be devel oped sinultaneously. This is because al

i ndustries are linked and interdependent. |If only few industries are
selected, growmh will be hindered because their products would have
[imted market. Market linmits are reached as a result of the fact
that other industries (which contribute to the overall narket) have
not been allowed to grow as much as the key ones. Thus the unbal anced
grow h approach creates its own bottl enecks.
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WV Il wiped out alnost conpletely the nerchant
marine. It therefore had to be rebuilt from scratch.
Massive program was inplenmented to rebuild the industry.
Tabl e 15 shows how the capacity of the industry inproved
drastically during the period. It also shows how nuch
gover nnent finance was made avai |l abl e for t he
construction.

Since Japan at that time was heavily dependent on
coal as a source of energy, the industry therefore had to
be pronoted. However, at about the sane period, there was
a concerted effort to substitute petroleum for coal as a
source of energy. It was during this occasion when the
petrochem cal industry started to pick up and becane the
wi ndow of opportunities for advanced foreign technol ogy
to flow into Japan. As a result, the industry was one of
the fastest growing industries in postwar Japan between
the late 1950s and early 1970s. Petrochem cal conplexes
were built. New technologies were inported and further
devel oped. The growth of the industry had a ripple effect
that resulted in the birth of new industries and created
a flood of new technologies. Very inportant to note here
is that during this period Japan had the capacity to
absorb all these technol ogi es because of its well-trained
and experienced workforce. According to Takafusa (1994)
“I't was this latent strength that underpinned the rapid
econonm ¢ growth of the postwar period.”

Al though one of the major strategies of Japan was
export orientation, this was not realized until the stage
when it started to develop indigenous products and
processes (Nagoaka, 1989). Therefore, initially it relied
heavily on the domestic market. Thus, during the early
years after the war the inportation and assimlation of
foreign technology was associated with sales to the
donmestic market (i.e., either inport substitution or
devel opmrent of a new market in the donestic market).
Substantial export expansion because canme about only when
Japan started to produce indigenous products. It took
consi derable technological effort, though, for newy
i ntroduced technol ogy to generate sizeabl e exports.

Technol ogi cal Devel opnment Strategy in Japan

There wer e cl ear shifts t hr ough time in
technol ogi cal enphasis in Japan. In the 1940s and 1950s,
technologies that were inported were of prewar origin.
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These included the coking technology, vinyl chloride
resin and nylon manufacturing technol ogies (H rono, 1985).
Once these technologies were inported, they were adapted
to the needs and conditions of Japanese conpanies in
terns of manpower, machinery, managenent, and noney. They
were al so continuously inproved. These devel opnents gave
rise to new industries such as the synthetic, chem ca
fi ber manufacturing, and petro-chem cals.

In the mddle to the Jlate 1950s, i mported
technol ogies found their ways into nachinery and netal
production. Later, in the 1960s, the application of these
technol ogies spread into the manufacturing of electrica
machi nery, general nmachinery, precision mnachinery, and
shipbuilding. It was also during the 1960s when a whole
range of electronic products <cane into existence.
Furthernore, as a result of technological innovations
that took place in the chem cal industry in the 1950s,
the iron and steel industries got nodernized. In the
process, its production got boost ed. Thus, t hese
i ndustries saw consi derable growh within the period.

Thus, the technological developnent strategy in
Japan supported the whole industrialization process.
Japan allowed the inportation of advanced foreign
technologies into the industries that had been initially
focused to start the process after the war. Because of
wel | -educated and well-trained technical and scientific
manpower these foreign technologies had been absorbed
adequately into the industries. Because of sufficient
absorptive capabilities, I mprovenent s wer e al so
i ntroduced on these technol ogi es.

Figure 5 indicates the flow of foreign technol ogy
into Japan. There was a rapid inflow of technology in the
second half of the 1960s until it reached a peak in 1972.
Figure 6 also shows a clear indication of massive inflow
of foreign technologies as paynents to the flow of
techni cal know how surpassed significantly the receipts.
This was especially true in the second half of the 1960s.

The inflow of inported advanced foreign technol ogi es
went into three major industries. Fromthe period 1950 to
1977, chem cal industries absorbed 17.5 percent of the
inflow of foreign technology (Table 16). Over the sane
peri od, machi nery absorbed 25.8 percent; of  which
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specialized machineries accounted for 15.3 percent.
El ectrical equipnent also absorbed a sizeable share of
17.1 percent. There are two inportant developnents to
note here: (a) that the inflow of advanced foreign
technology canme in the form of either inported machinery
and equipment or licensing Japanese manufacturers to
produce with or wthout foreign equity participation
(Hrono, 1985); and (b) that these industries were the
initial focus of the industrial policy after the war,
t hus synchroni zing the technol ogi cal devel opnent strategy
with the general framework of industrial policy.

The process did not remain static. In fact, a new
trend in technol ogical innovation energed in the 1970s
(Hrono, 1985). Although foreign advanced technology
continued to flow in, greater enphasis was given to
research and devel opnent (R&D) to develop and produce
i ndi genous technol ogy. Also, there were pressures coning
from the fact that |ocal manufacturers were finding it
hard to inport advanced foreign technol ogies when they
had no technologies to offer in return. Furthernore,
there were clear indications that Japan had been fast
closing the technol ogical gap with advanced countries of
Europe and Anerica. Table 17 shows that while the tota
nunber of |icensed technology increased from 564 in 1963
to 952 in 1968, inports of new technol ogy declined from
366 in 963 to 282 in 1968. As a result the ratio of new
inmported technology to total licensed technol ogy
drastically went down from 64.9 percent in 1963 to 29.6
percent in 1968. Al this would indicate that the nunber
of attractive know how that can be inported on profitable
terns declined significantly during the period.

Thus, because of the overwhelmngly positive
spillover effects of R&D on the technol ogical base, both
Japanese industrialists and the governnent stepped up
their R&D activities. Figure 7 indicates the rise in R&
expenditure. Froma ratio to gross national product (G\P)
of 1.3 percent in 1962, it increased to 1.7 percent in
1970, 2.0 percent in 1980 and 2.7 percent in 1989. Aside
from governnent R&D expenditure, there was also strong
effort from the governnent to pronbte science and
technology in general. Table 18 shows the rapid increase
in the government budget for the pronotion of science and
technology. From 9 billion yen in 1963, the pronotiona
budget increased to 37.4 billion yen in 1972 (about 3.3
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percent of the total national budget). These funds were
budgeted for national universities, research institutions,
subsi di es, anong ot hers.

Anot her inportant conponent of the technol ogical
devel opnent strategy in Japan was that while the
governnment pronoted its developnment in line with the
industrial policy, it placed the private sector in the
forefront of R&D activities. As we shall observe bel ow,
the private sector accounted for the main part of R&
activities. Private sector R&D activities were pronoted
through various fornms of governnment incentives and
subsi di es.

Choi ce of Appropriate Technol ogy

Central to the economc literature in the 1950s and
1960s on how to accelerate developnment was the |engthy
debate on the choice of appropriate technology. A brief
treatment on this is presented here to put the discussion
on the choice of appropriate technology in Japan and the
governnment policy neasures that effected this choice
(di scussed in the next section) in theoretical
per specti ve.

Assunme that the initial factor price ratio is (wWr)g
in Figure 8a, where w is the wage rate while r is the

price of capital. Gven this factor price, t he
appropriate choice of technology is given at point A At
this point an output Ilevel of qo iIs produced. 1In

noderni zing the sector, effort is exerted to substitute
| abor for advanced equipnent and nmachineries, which is
equi valent to shifting the point of operation to point B.
This point represents another set of technology which is
usually arrived at by distorting the factor price ratio
to (Wr);. Normally, the policy nmeasure to effect this
factor price change is by artificially |lowering r through
governnment subsidies on interest rates or on the cost of
borrowing. Oten, this is acconpanied by another policy
nmeasure that artificially overvalues the foreign exchange
rate so that the inportation of advanced equipnment is
made |ess costly. Therefore at point B capital K; is
enpl oyed, while enploynent is reduced to L;.

However, the policy-induced shift is theoretically
inefficient. In a | abor-abundant econony, at K; of capital,
L, of | abor may be readily available. If the old choice of
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technol ogy were retained (represented by the ray in which
point A lies), then g; level of output is attainable. In
the choice of technol ogy where the factor price ratio was
distorted, (wr)i, labor represented by the |ine segnent
L;L, will be forced to work in the |ess productive and
less efficient informal sector, which is outside the
sector wherein the process of nodernization is taking

place. This informal sector wll be producing at an
output level of q;, which is less than the difference
between qo and qgi. Thus, qo + g wll be less than Q.

Therefore, the new choice of technology is inefficient.

This argunent can al so be depicted in the production
function shown in Figure 8b. Capital of ko that produces
an output of o corresponds to point A in the previous
chart. If capital in augnented to ki, which represents the
sanme |l evel of capital earlier, the potential output is q,
which is the sane level as in the previous chart. However,
with a distorted factor price, g1 is not attained. It is
gi’ that is reached, which is lower than q:. The gap
between (Qgi-qi:’) represents the loss in potential output
due to technical inefficiency. The inefficiency can be
due to a nunber of things |like the inadequacy of mastery
of the adopted production engineering and nethod, the
absence of conpetitive i ncentives due to price
di stortions by way of governnment subsidies, etc.

Thus, given this | abor - abundant econony the
appropriate choice of technology should be snmall-scale
and |abor intensive that requires a small anount of
capi tal investnment. This kind of technology would
generate the maxi mum enpl oynent effects. This is the type
of technology that is not developed in foreign countries,
but rather, it is a traditional donestic technol ogy.

It is inmportant to highlight the results of this
theory in discussing the Japan experience because, given
its factor endownents which can be generally described as
| abor - abundant and inadequate supply of raw materials,
Japan had chosen sonmething like point B as its choice of
technology instead of point A in its industrialization
process. In particular, Japan did not substitute |[abor
for capital, but for resources (Choi, 1983). Furthernore,
it increased the efficiency of limted capital by using
high and advanced technology in its pursuit of its
export-oriented industrialization. It strengthened the
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international conpetitiveness of few and key strategic
industries by a bold introduction and application of up-
to-date advanced technologies developed 1in foreign
countries. The possible theoretical results of the shift
as discussed above nmay potentially result in sone
inefficiency, but in the case of Japan, because of its
wel | -planned and well-coordinated industrial policy it
was able to successfully adopt advanced western
technologies to its own particular economc conditions in
its industrialization process and to overcone the
possi ble inefficiencies and therefore to attain a rapid

economc growth. Inported technologies were adapted to
specific industrial, commercial and nmarket requirenents
in Japan. Product developnent, including design and
packaging, were all nmade to fit |local preferences, as
well as advertising, sales pronotion, and custoner
services (Hrono, 1985). The point to enphasize here is
that the selection of the appropriate technol ogy to adopt
should fit well into the circunstances where the econony

is in. The technol ogical adaptation effort nust be within
the overall framework of industrial policy.

Gover nnment Policies

The governnment passed in the wearly 1950s two
inportant laws to re-invigorate the econony after the
ruins of the war °. The Law for the Acceleration of
Rationalization of Enterprises, and the Special Taxation
Measures Law were inplenmented. The fornmer, drawn up by
MTI in 1952, designated the followng industries to be
the main focus: iron, steel, steel rolling, oil refining,
netals, chemcal fertilizer, soda and dyes (Takafusa,
1995). Policy neasures targeted to these industries
include subsidies to upgrade technol ogy, | oans  of
governnment -owned rmachinery and equi pnent, short ened
depreciation period for experi nment al and research
facilities, special depreciation provisions for the
installation of nodern plant and equi pnent, in particular,
50 percent depreciation of the purchase price in the
first year, and reductions on excise on nodern plant and
equi pnment. According to Takafusa (1995), together wth
the reduction in excise taxes on fixed assets, this
speci al depreciation of 50 percent proved to be effective
in stinmulating corporate investnents.

°Di scussion is | argely based on Takafusa (1995).
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Furthernore, the |law had provisions for both central
and | ocal governnments to inprove roads and port
facilities where essential to further stinulate industry.
Furthernore, construction of infrastructure was basically
funded from public resources to attract industries to
nore rural regions.

On the other hand, in the Special Taxation Measures
Law, the schene of accelerated depreciated was allowed.
In particular, the law allowed 40 to 50 percent of the
value of the machine to be depreciated and counted as a
loss in the first year or so after installation, even
t hough the machine mght be expected to last for nore
than 10 years. Under this schene, when conpani es nmade big
investnents, their losses got nmagnified, resulting in
| ower profits and therefore |ower tax base.

Takafusa  (1995) cl ai s t hat t he accel erat ed
depreci ati on schene was problematic from the perspective
of “fairness”, but the law was designed in the first
pl ace to favor accunulation of capital. On hindsight, it
may be safe to argue that the incentives provided by
these laws played a major role in the postwar devel opnent
of Japanese industry in which many conpani es enbarked on
anbitious prograns of capital investnent. It was further
argued that it was in the 1950s when Japan’s policies
took their basic shape and were nost effective.

Generally within the sane period MTI realized that
machi ne and el ectronics industries would becone inportant
and woul d therefore have to be supported. Thus, it pushed
for the passage of two inportant |egislations: the Law
for Special Provisional Measures to Pronote the Machinery
| ndustry and the Law for Special Provisional Measures to
Pronmote Electronics Industry. Under these |laws, MTI was
allowed to draw up rationalization plans and to secure
funds for their inplenentation to these industries.
Furthernore, according to Takafusa (1995) these |aws
all owed the establishnent of “cartels covering the itens
manuf actured, their quantities, and technol ogy”.

Governnment continued to push for policies for the
pronmotion of technol ogical innovations. ** Hirono (1985)

10 scussion here is largely based on Hirono (1985), which in turn
was |argely based on the Science and Technol ogy Agency Wite Paper,
1982.
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grouped these policies into three main categories: (a)
tax mneasures; (b) provisions of governnent subsidies to
private i ndustry, research or gani zati ons, and
universities and other institutions of higher |earning
and specialized disciplines; and (c) provision and
i nprovenent of  economc, soci al and admnistrative
infrastructure for pronoti ng R&D  activities and
t echnol ogi cal innovations in the private sector.

Included in the tax neasures were the accelerated
depreciation allowances for pl ant, machi nery  and
equi pnent used in R&D activities in the strategic sectors
defined by the MTI. There were also reductions in rea
estate or property taxes and business taxes for R&
installations and programs in “technopolis” across the
country. In particular, partial deductions were allowed
from corporate incone tax in ~cases when (i) R&D
expendi tures beyond the maxi num reached in the past tax
years, (ii) incone is derived from technol ogy export, and
(iii) making pecuniary contributions to non-profit
research organi zati ons.

There were also local tax neasures |ike exenptions
of property tax, utilities tax and property acquisition
tax for R&D installations and assets acquired by non-
profit educational institutions. There was al so reduction
in property tax for R&D plant and equi pnment owned and
managed by mning and industrial technology research
cooperatives.

Hi gh tariffs, i ncl udi ng quantitative i mport
restrictions and other non-tariff barriers were also
utilized to shield these protected strategic sectors from
foreign conpetitions and to wden |ocal production and
i ndustrial base of Japan. Mreover, attractive export
incentives were provided to those strategic sectors that
were inporting advanced technologies in order to expand
both their output and export so that they could exploit
t he econom es of scale in production.

Table 19 shows a detailed set of fiscal incentives
for technol ogy-related activities in Japan. Incidentally,
it was shown in sone econonetric studies that indeed in
the 1950s the fiscal incentives were fairly effective in
raising the level of private investnment (Nagoaka, 1989).
In particular the accelerated depreciation schene hel ped
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conpanies not only by increasing their rate of return
from investnment but also by reducing credit risks for
banks. Furthernore, it was also observed that targeted
nmeasures, such as the tax exenptions for commercializing
new products, were ineffective 1in encouraging new
industries to grow, especially during their infancy or
initial stage. These industries were the synthetic fibers,
synt hetic r ubber, fertilizer, petrochem cal s and
anti biotics.

Apart from tax reductions and exceptions, there were
also provisions for lowinterest |oans by governnent

financi al i nstitutions. For exanpl e, t he Japan
Devel opnent Bank provided such low interest |oans to R&D
activities for devel opi ng I ndi genous t echnol ogy,

i nnovating |arge-scale conputer technology and producing
hi gh technol ogy in electronics and machinery industries.

Anot her exanple was the provision by the Small and
Medi um Enterprise Finance Corporations loans wth |ow
interest rates to smaller enterprises that conducted R&D
activities related to new developnments in technol ogies
and in electronics and nmachineries. The Center for
Devel opnent of R&D  Enterprises provi ded smal | er
industries wth guarantee for their R& I|oans from
commer ci al banks. Furthernore, coverage for insurance was
extended by the Small and Medium Enterprises Credit
| nsurance for R&D activities and for commrercializing new
t echnol ogi es.

The second category of governnent support included
the provision of subsidies to private industry and
research  organi zations and uni versities, I ncl udi ng
or gani zati ons of hi gher |l earning and specialized
di sciplines. Covered in this category were R& activities
in priority areas such as nuclear and other sources of
ener gy, space, mari ne resources devel opnent,
bi ot echnol ogy anong others. The Mnistry of Education
provided subsidies to R& prograns in science and
t echnol ogy i n t he state uni versities, research
i nstitutions, as well as in private universities.
Moreover, the New Technology Devel opnment Corporation
granted subsidies to private industry to develop new
technologies and to encourage governnent research
| aboratories to and universities to transfer technol ogies
to the private sector



30

M Tl contracted out to the private industry many of
the required R& activities for developing new |arge-
scal e industrial technol ogi es, energy-saving technol ogi es,
and new alternative sources of energy, as well as for
i nnovati ng medi cal , heal th and welfare equi pnent
manufacturing technologies and basic technologies for
future generation industries.

The amount of subsidies granted to R& related
activities was huge. For exanple, in 1980 the subsidy
from the Science and Technol ogy Agency anmounted to 307.9
billion yen, fromMnistry of Education 166.1 billion yen
and fromthe Mnistry of International Trade and Industry

119.2 billion yen. For the year, these subsidies
conprised 91.6 percent of all government subsidies for
R&D  activity in t he private sector, i ncl udi ng

uni versities, research organizations.

Table 20 lists down sone specific incentives granted
by the governnment to R&D-related activities in Japan. One
very inmportant |esson that can be gained from the Japan
experience in granting incentives is that, although these
incentives were directed to particular groups of
i ndustries, conpetitive basis in granting the incentives
was pursued. The conpetitive process of granting was done
according to the criteria set by the government. This
process greatly elimnated the possible rent seeking
behavi or.

The | ast category of governnent support involved the
provision and inprovenent of the economc, social and
adm nistrative infrastructure for pronoting R& activity
and technol ogi cal innovations in the private sector. One
of the major conponents here was the establishnment of
nat i onal net wor k on scientific and technol ogi cal
i nformation through inproved cooperation and coordi nation
anong public and private agencies collecting, collating,
anal yzi ng, eval uati ng, and publishing science and
technology information to better neet the overall and
specific needs of information by consuners in Japan as
well as in overseas. The Tsukuba Research and Devel opnent
Park that was established in 1971 accelerated the
research and education on science and technology by
bringing together gover nnment research | aboratories,
educat i onal institutions, and sonme selected private
research organi zati ons and universities.
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Anot her inportant conponent was the streamining of
techni cal evaluation procedures and systens, including
i ndustrial standards. There were significant upgradi ng of
governnent and sem -governnment research |aboratories and
testing stations.

Research and Devel opnent

Basic Structure. It was earlier discussed that there
was a substantial increase in R&D effort in Japan. This
was indicated by the rise in the ratio of R& expenditure
to GNP. From 1.3 percent in 1962, the ratio increased to
1.7 percent in 1970, 2.0 percent in 1980, and 2.7 percent
in 1989 (Figure 7). It was also discussed earlier that
this rise was mainly due to the effort of devel oping and
produci ng indigenous technology during the tine when
Japan al ready was approaching the technological limts of
advanced countries in Europe and Anerica. Initially, the
strategy of Japan was to inport advanced technol ogy from
t hese countries. However, the devel opnment in Japan was so
rapid that it was able to close the technol ogical gap in
a relatively short period.

Al t hough t he gover nnment actively pr onot ed
technol ogi cal devel opment as evidenced by the various
support and subsidies it extended to the private sector
it was the private sector that always dom nated all R&D
activities in Japan. Table 21 and Figure 9 indicate that
al nrost 70 percent of the total R&D expenditure cane from
various private conpanies. In the 1960s, research
institutes accounted for about 17 percent, but in the
1970s the share increased to nore than 20 percent. The
share of universities went down from nore than 20 percent
in the 1960s to less than 10 percent in 1980. Al this
would indicate that although the governnent exerted
subst anti al effort in pushi ng for t echnol ogi ca
devel opment in Japan, it took the back seat. The role of
the governnent was to put in place the necessary
infrastructure for technol ogi cal devel opnment and to grant
incentives to the private sector

UNESCO defined three major categories of R&D
activities. These are basic research, applied research,
and experinental devel opnent. Basic research involves any
experinmental or theoretical work undertaken primarily to
acquire new know edge of the wunderlying foundations of
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phenonena and observable facts, w thout any particular or
specific application or use in view Applied Research
enconpasses any original investigation wundertaken in
order to acquire new know edge. It is, however, directed
primarily towards a specific practical aim or objective.
Experimental devel opnment conprises any systematic work,
drawi ng on existing know edge gai ned from research and/or
practical experience that is directed to producing new
materials, products, and devices, to installing new
processes, systenms and services, and to inproving
substantially those al ready produced or installed.

Table 22 shows the breakdown of R&D activities in
Japan in terns of the three categories and of the type of
organi zation. On the whole, the enphasis of R& was on
the third category. Its share increased from49.1 percent
in 1970 to 58.4 percent in 1978. Basic or fundanental
research as well as applied research went down over the
sane period. The enphasis on third category was due to
the effort of the private sector, which donm nated the R&D
field, to focus on developnent research. Devel opnent
research of the private sector increased from 63.6
percent in 1970 to 77.1 percent in 1978. Research
institutes, which captured about 20 percent of R&D
activities, were nore of applied and devel opnent research
as indicated by the share of about 40 percent in each
category. Universities were originally into fundanenta
research, but noved into nore applied research as
i ndicated by the shares. In 1970 the share of fundanent al
or basic research in the universities was 80 percent. In
1978, it went down to 57.3 percent. On the other, the
share of applied research increased from 20 percent to
37.3 percent over the sane period.

O the CECD countries, Japan and Gernmany took a
generally simlar path in R& in which the industry took
a dom nant share, in contrast to countries |ike the USA,
France, Canada, and the United Kingdom where the
governnent sector took the conmmanding share in R&D
expenditure (Figure 10).

bj ectives of Technol ogy. The Wite Papers of Japan
on Science and Technol ogy publish regular survey results
on the objectives of the private sector on its
technol ogical effort. It is interesting to see in Table
23 that there were major shifts in the enphasis over tine.
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In the 1950s, the dom nant concerns were better quality
and performance (40 percent) and mass production (23
percent). Through tinme, however, as sone of these
objectives were realized, enphasis shifted to other
concerns |like resource conservation (18 percent) and
energy conservation (18 percent). Despite the ngjor shift
however, the objectives of better quality and performance
topped all the rest.

Public-Private Sector Link. Discussed earlier was
the fact that although the private sector played the
| eading role in technol ogi cal developnent in Japan, the
support extended fromthe public was significant. In 1961
the I aw on research associations was inplenented. The | aw
gave a legal status to cooperative research associations.
Thus, to foster further the |ink between the private and
the public sector under this law, R&D cooperatives were
installed in mjor private enterprises interested in
t echnol ogi cal i nnovati ons under the guidance and
financial assistance by the MTI. This policy proved to
be very effective in research involving high-risk, high-
cost and long-gestation R&D prograns to devel op
i ndi genous technology. In particular, those cooperatives
were very essential in the developnent of |arge-scale
conputers and integrated circuits. Likewise, in the
apparel, as well as in non-ferrous netals nmanufacturing,
such cooperatives were established. From 1961 to 1983
seventy one research associations were established. The
governnent took a leading in the establishment of these
cooperatives since they were used as inplenenting
organi zations for government-assisted R&D projects.

A nunber of concerns, however, were raised against
the establishnment of these cooperatives. For exanple,
there were issues that the cooperatives mght not
generate positive results because the participating
conpanies are in stiff conpetition against each other
both in the factor and production nmarkets, and therefore
it would be likely that they would not assign their best
capable scientists and engineers to such cooperatives
(H rono, 1985). Another concern was that such cooperative
m ght prevent free conpetition anobng the participating
firms, and therefore mght result in some inefficiency.
Furthernore, there were criticisms fromthe US that such
cooperatives mght result in unfair conpetition between
Japanese and  Anerican conpani es because of t he
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possibility that through the cooperatives, Japanese
conpani es mght be pooling their resources together and
the Japanese governnment subsidizing the participating
enterprises to enable them to be nore conpetitive in the
i nternational market.

Anot her channel whereby the |ink between the private
and the public sectors was reinforced was through the
establishment of 19 technopolies of the MTI wherein
governnment financial resources were utilized to install
the nost up-to-date economic and social infrastructures
and facilities conducive to the activities of technol ogy-
intensive industries. The facilities included specialized
R&D | aboratories. The |ocal governnents were also fairly
active in supporting the private sector’s effort in
t echnol ogi cal innovations in these technopoli es.

Anot her very inportant feature of R& in Japan early
on was the existence of trading conpanies that
facilitated the inportation of technol ogies, both general
and specialized, nost appropriate to the requirenent of
the |ocal manufacturers. Such trading conpanies served
as the identifiers of technology needs within Japan and
of the availability of such technol ogies abroad. These
conpanies were instrunental not only in supplying
information to the buyers of technology in Japan, but
also in investing their own financial resources in
setting up their nmanufacturing subsidiaries either
unilaterally or in joint venture wth the foreign
supplier of the inported technol ogies or the |ocal buyers
of the technologies (H rono, 1985). Through tinme, however,
as the local buyers of technologies gained valuable
experience, they thenselves inported their own technol ogy
requirement. Local manufacturers were also sending |oca
engineers and managers for training abroad. Thi s
devel opment was facilitated by the assistance provided by
the Japan External Trade Organization, a subsidiary of
M TI, in providing and obtaining the necessary
information on the nature, costs and benefits of
alternative technol ogi es avail abl e abr oad.

Al so, nat i onal research | abor at ori es wer e
established and played an inportant conplenmentary role
for private R&D. These | aboratories served five
obj ecti ves: basi s research not undert aken by

uni versities; applied research involving |arge-scale



35

research equipnent; technology transfer; research that
private industry cannot adequately undertake (e.g.
pol lution issues); and research for the establishment of
standards, testing and nethods and norns. Furthernore,
t hese national research |aboratories provided basic

technological information in the planning stages of
private R&D (Nagaoka, 1989). Together with the MTI these
| aboratories pl ayed a nmgjor | eadership role in

cooperative R&. In addition, they were the major agents
of assessing private R&D projects assisted by the
governnment. Also, by accepting researchers from the
private enterprises as trainees, these |aboratories were
able to transfer skills related to R& to the private
sector.

Pat ent System Japan has a long history of patent
protection (Nagoaka, 1989). The first patent regulation
was established in 1885. In 1899, it acceded to the Paris
Convention and accepted application by foreigners. Active
patenting activities renmained active since then. One
feature of the system was the protection of a utility
model ' . Mre than 40 percent of the world patent
applications have been filled by Japanese in recent years.

Apparently, R&D activities have been encouraged
greatly by the very active patent system in Japan. Apart
from the positive inpact particularly on the problem of
appropriability of R&D benefits, it provided a vehicle
for evaluating and recognizing the technol ogical effort
of workers by the patent experts. In particular, nmany
conpanies in Japan inplenented a special incentive to
encourage enployees to <create innovations and nmake
suggestions for inproving efficiency. This w dened the
participation in inventing activities in Japan.

Manpower Devel opnent

Structure of W rkforce. One of the mgjor driving
forces of technol ogical developnent and rapid economc
grow h in Japan was the absorptive capability of its pool
of manpower . I mported technol ogies wer e adapt ed,
assimlated, and diffused because of its well-trained
| abor force. Figure 11 shows the continuous rise in the
pool of researchers; from 106 researchers per 1000

Hpat ent protection for utility nmodel was inplenmented by virtue of a
1905 legislation that foll owed the German system as a nodel



36

persons in 1962, the nunber increased to 172 in 1970, 303
in 1980 and 462 in 1989. Simlar to R&D expenditure
di scussed above, the private sector or the conpanies
enpl oyed a sizeable part (nore than 50 percent) of this
pool of researchers (Table 24). Researcher institutions
enpl oyed fewer nunber of researchers conpared to the
uni versities as a whole.

As expected in ternms of research specialization, the
researchers specialized in areas where demand existed.
Table 25 indicates that in the second half of the 1960s,
nore than 20 percent of the researchers were specialized
in chemstry and related fields, 15 percent in machinery,
about 13 percent in electrical and related fields. Those
enployed in the private sector nore than 30 percent had
specialization in chemstry, 20 percent in machinery, and
another 20 percent in electrical and related fields. One
woul d note that these were the sanme industries in which
the early industrialization process after the war was
focused. However, in research institutes researchers were
specialized in agriculture (about 30 percent) and
chem stry (15 percent), while researchers in universities
were in nedicine (about 40 percent) and chemstry (10
percent).

Formal Educational System The early educational
system in Japan can be traced back to the Meiji
Restoration that began in 1868 in which a group of
reformm nded | eaders created an educational system that
integrated various aspects of French, German, and other
Western nodels wth indigenous social and cultural
el ements. 2 However, after WA I when Japan was occupi ed by
the Anericans, the system was nodified through major
reforns. The reforns were based on a mssion report
containing the Dblueprint for the postwar Japanese
educational system submtted by a group of Anmerican
educators and other US experts. The basic philosophy of
the reform was the denocratization of education. The
reform was neant to dismantle the centralized, nulti-
track education system in Japan over the last three-
quarters of t he century into an  Anerican-style
decentralized, egalitarian, single-track system Japan
had adopted a 6-3-3-4 single track school system
t hroughout the country. Six years of elenentary schools

12D scussion here is based on Amano (1997).
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education and three years of |ower secondary school
education are conpul sory.

The other nmajor refornms in the educational system
included: (1) the introduction of public elections for
boards of education; (2) the liberalized publication of
t ext books, (3) the flexibility in planning for the schoo
curriculum (4) the consolidation of highly variegated
secondary schools into mddle and high schools, (5) the
consolidation  of vari ous institutions for hi gher
education into two-year junior colleges and four-year
uni versities.

However, when the occupation ended in 1952, there
were counter-reformation noves in reviving the old system
by certain sectors. Indeed, several changes were re-
introduced into the system but still the egalitarian,
open structure of the school system based of the Anerican
system was r et ai ned.

When Japan entered into a rapid growh in the 1950s
students who went on to the secondary schools surged. The
ratio of students who went to high school increased from
52 percent in 1955 to 58 percent in 1960, to 71 percent
in 1965, to 82 percent in 1970, and nore than 90 percent
in 1975. In 1991, the enrollnent rate for elenentary and
secondary schools was 100 percent (Table 26). These high
rates were mainly due to the conpulsory educational
system in the six years of elenmentary and in the three
years of |ower secondary school

Hi gher education was also popularized. As a result
of the increase in high school enrollnent, the proportion
of those who entered two-year or four-year colleges
surged as well. The ratio 18-years-old who went on
further to higher education increased from 10 percent in
1955 to 17 percent in 1965, to 24 percent in 1970, to 38
percent in 1975. These results were striking contrast to
the pre-war period. For exanple, in 1935 only 40 percent
of all students who conpleted elenentary schooling
continued to secondary school, and only a tiny 3 percent
went on further to higher education.

Anot her very inportant feature of the educational
systemin Japan is that it did not only provide an equa
education opportunity, as indicated by enrollnent ratio
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in all levels of education, it also ensured the sane
quality of educations in all schools, thereby reducing
regional disparities. The generally simlar quality of
education across regions where ensured by clear standards
of school facilities, and well qualified and better paid
t eachers, anong others.

Government support to the educational system was
substantial. Both the national and the |ocal governnents
were active in shaping up the system In the period 1960-
65, the cunul ative public education expenditure anounted
to 5.9 trillion yen. In 1971-75, it increased to 27.7
trillion yen. In 1981-85, it increased further to 78.6
trillion yen. The share of financial resources that cane
fromthe national government was slightly |ower than from
the |ocal governnment, about 45 percent from the fornmer
and 55 percent from the latter (Table 27). These
resources went into elenmentary and |ower secondary
schools, which are conpulsory in Japan (Table 28).
Substantial shares are also attributed to upper secondary
school and universities and col | eges.

Private educational institutions played an inportant
role in the overall system as well. In higher education
the majority of students attended private schools. Al so,
nost of the special training schools and mscellaneous
schools are private schools. Table 29 shows the nunber of
private school students and teachers, and their
proportion to the overall system

Assi stance to the private educational institutions
from the government was also significant. In 1991 for
exanpl e, the national governnment budgeted Y364 billion in
subsidies to the private schools. O this amunt, 70
percent was spent for the current expenses of private
universities and coll eges, 22 percent for upper secondary
schools. Apart from these subsidies, the governnment also
granted resources for educational and research equipnent
and facilities, which are increasing in recent years.

O her Trai ni ngs. Institutions for human resource
devel opment (HRD) and other trainings also existed. Both
the national and |ocal governnents set up vocational
institutions and centers, vocational training colleges,
ski | | devel opment centers. In these institutions,
trainings were also provided to those who are unenpl oyed
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and wanting to | ook for jobs elsewhere, those who wanted
to change jobs or Jlook for another job after the
mandatory retirenent and for the handi capped.

A major feature of the vocational training systemin
Japan that is worth noting is the active participation of
the private enterprises (Nagaoka, 1989) In fact,
vocational training is minly supported by the private
sector, unlike <countries in Europe where vocational
institutions are public entities. In Japan, training is
nostly on-the-job activities. However, these enterprises
also provide semnars or formal training courses for
enpl oyees. Many large conpanies finance graduate
education abroad or in Japan. Conpany incentives are al so
provided to those who are able to obtain certificates of
skills training. Investnment in HRD in Japan by the
private sector is supported by the wunique lifetine
enpl oynent system wi dely adopted after the war. Wth this
system the private sector is encouraged to appropriate
investnments in training and education since the enpl oyees
work for themin many years ahead. Thus, HRD practice at
the conpany level played a nmgjor role in shaping up the
pool of manpower in Japan.

Adnmi ni strative Structure

Figure 12 shows the admnistrative structure of
science and technology in Japan. Science and Technol ogy
Agency (STA) is the highest admnistrative agency on
science and technol ogy. The policy-making function
however was entrusted to the Council for Science and
Technology (CST). Wile the Japanese Science Council,
with a menbership of 210 experts in 1979, deliberated on
maj or theoretical issues and advices the governnment on
science and technology matters, the CST was entrusted
with the formulation of nore concrete policies (Choi,
1983). O her related agencies include: the Atom c Energy
Comm ssion, the Space Activities Commssion and the
Council for Ocean Devel opnent which operating under the
jurisdiction of the Ofice of the Prinme Mnister.

One feature of Japan’s science and technol ogy policy
formulation is that the CST or the STA sets only policy
directions, leaving the inplenentation to the relevant
mnistries and agencies. Another interesting feature is
the leading role of businesses in industrial technol ogy
devel opment. The government plays a limted and indirect
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role through granting of subsidies in mgjor projects, tax
incentives, and | oans.

As the policy-making body, the Council for Science
and Technol ogy proposed to the Prinme Mnister in 1971 the
following recommendations as the country' s science and
t echnol ogy goals (Choi, 1983):

1. the application of science and technology to the
country’s social and econom c needs as a neans of
pronoting their advancenent;

2. the sowing of seeds for the pronotion of science
and technology and the construction of their
f oundati ons, and;

3. the pronpotion of basic science.

In 1977, the sane council proposed the follow ng as
t he basic goals of Japan’s science and technol ogy policy:

a. the securing of a stable supply of resources and
their econom zati on;

b. the finding to environmental and industrial
saf ety probl ens;

c. the inprovenent if public health and nedical
syst ens;

d. the pronotion of pilot science and technol ogy
proj ects;

e. the fostering of technology power to pronote
international cooperation and strengthen the
nation’s international conpetitiveness.
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I11. Philippine Experience in Science and Technol ogy
Patterns of Growth

The Philippine economc growmh is described as
dismal in the last tw decades. It went through a
“roller-coaster ride” in the 1980s and 1990s (Figure 13).
The early 1980s saw the economy growing at 3.5 percent.
In 1984-1985 the econony contracted by a significant -
14.6 percent in real terns. This econom c collapse was
brought about by the political turmoil arising from the
assassination of a major political opponent of the Mrcos
adm ni strati on. When M s. Aqui no  took over t he
adm nistration in 1986, the econony bounced back strongly
with a high growth of 6.8 percent in 1988. However, this
was not sustained. The econony started to take a dip
t hereafter because of a nunber of reasons, anobng which
the major ones are: series of mlitary coup attenpts,
nat ur al calam ties, el ectric power crisis, and
unfavorabl e international econom c environnment. But when
M. Ranbs was elected to the presidency in 1992, the
econony recovered again attaining a growh of about 6
percent in 1996. The famliar problem of unsustainability
of growth surfaced anew when the econony started di pping
in the succeeding years. Miinly because of the Asian
financial «crisis that broke out in md-1997 and the
drought brought about by the EIl Nino effect in 1998, the
econony again contracted. There was a slight recovery
though in 1999, but at the rate the political situation
is deteriorating at present ' this night not be sustained
based on the last 20 years of boombust growth track
record. I ndeed, the economc prospects for t he
Phi |'i ppi nes may not be so prom sing.

| ndeed, the Philippine econony is noving along a
boom bust growth cycle. Wiile it may be true that the
political instability is a major factor behind this, the
weak econom c structure also contributed significantly to
this pattern of growh. Figure 14 shows the high

inflation rate during the period. Inflation peaked to
al nost 50 percent at the height of the economic crisis in
the m d-1980. In 1991, inflation surged again. High

inflation during the period was caused mainly by

Bn January 20, 2001 the vice president was sworn into the Ofice of
the President because of graft and corruption charges against the
el ected president whose termof office was supposed to end in 2004.
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macr oeconom ¢ m srmanagenent as i ndi cat ed by huge
governnent budget deficit and unsustai nabl e accunul ation
of both foreign and donestic debt.

Figure 15 shows estimat es of t ot al factor
productivity (TFP). Except in the second half of the
1980s, TFP estimtes were negative. In the 1990s, TFP
estimates were all negative as well. It is inportant to
el aborate further at this point the sectoral TFP analysis
of Cororaton and Cuenca (2000) as it shows a clear
exanple of uncoordinated and policy failures in the
Philippines which resulted in wunfavorable resource
all ocation effects, weak econom c fundamentals, and |ess
growm h. Their sectoral analysis indicates that it is the
service sector that pulled down the overall TFP grow h.
Furthernore, they found that although the contribution of
TFP was negative for the whole econony, there was
actually an inprovenent during the 1990s. From a negative
contribution during the 1980s, it flipped to a slightly
positive contribution during the 1990s. Based on their
sectoral TFP analysis, the pattern for agriculture was
simlar: from negative TFP contribution in the 1980s to
positive contribution in t he 1990s. For m ni ng,
manufacturing, and wutilities the contribution of TFP
growh was positive during the two decades. However,
there was a significant slowdown during the 1990s
relative to the 1980s. Cenerally, for non-tradables,
particularly t he service-rel ated sectors, capita
accurnul ati on type of growmh was evident.

Based on their TFP estimates, they concluded that
there were favorable as well as wunfavorable trends.
Sectoral estimates showed inproving TFP in the 1990s,
al though a nunber of the sectoral TFP |evels were stil
negative. However, for the econony as a whole, 1990 saw a
slight decline in TFP. This could indicate that there
were unfavorable resource allocation effects because of
the capital accunmulation type of growmh in the non-
tradable sectors, particularly the service-related
sectors, relative to the rest of the sectors in the
econonmy. One factor that could have triggered this
capital accumulation type of growh was the prolonged
real appreciation of the currency in the face of an
aggressive trade reform programin the first half of the
1990s. This kind of an economc environment is usually
not conducive to production activities, both for donestic
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consunption and exports. In a period when capital inflow
is massive (in md-1990s as wll be pointed shortly),
non-tradabl e sector like the real estate sector becones
an attractive destination of capital.

Table 30 shows the investnment pattern during the
period. Simlar to the output growh path, a dip in the
investment ratio occurred in the md-1980s. However,
there was a significant inprovenent in the 1990s. One of
the major factors behind this was the surge in net
foreign direct investnment. However, a major part of this
investnment went to the real estate sector because of
policy failure as pointed out above, and therefore the
i npact on productive capacity was mninml since sone of
these real estate investnents were speculative in nature
as they were investnents in condom nium and other high-
rise structures and buildings. On the other hand, net
portfolio investnment picked up during the sane period.
But these investnments were highly speculative as well
because when the Asian financial crisis broke out in
1977, these investnents evaporated i nmediately.

Savings are not adequate to finance investnent.
Figure 16 shows that the savings rate!® has always been
bel ow the investnent rate. It was only in three instances
when the savings rate surpassed the investnent rate: in
1986, 1988 and 1999. In these years, investnents were |ow
because of economic recession. For sure, this is one
maj or econom ¢ fundamental where the Philippines should
inprove on to nake the economc activities viable.
Certainly, this is difficult to achieve in an atnosphere
of political instability.

However, significant structural changes took place
since the 1950s. Table 31 shows that agriculture sector
captured 34.7 percent of production in 1950. Through the
years, this share declined, so that by 1998 it was only
17.4 percent. The share of industry increased during the
period when the government enbarked on an inport
substitution policy. From a share of 27.1 in 1950, it
increased to 38.8 percent in 1980. Simlarly, the share
of the manufacturing sector increased from 16.1 percent
in 1950 to 25.7 percent in 1980. Seem ngly, one indicator

Y savings rate here refers to the gross national savings conputed
using the resource gap formula, that is, gross donmestic investnent
pl us current account bal ance net of official transfers.
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of failure of i ndustrialization process in the
Philippines is the declining share of i ndustry,
particularly the manufacturing sector, in the last two

decades. The shares declined to 31.8 percent in 1998 for
industry in general and to 21.8 percent for manufacturing
in particular. Over this long period, the share of the
service sector increased from 38.2 percent in 1950 to
51.3 percent in 1998.

Table 32 shows the structure of enploynent.
Cenerally, a simlar pattern is observed in the sectora
share of enploynent. There was a clear novenent from
agriculture to the service sector. One striking thing
however is the pattern of enploynent in the manufacturing
that stagnated at around 10 percent of total enploynent
in the last 40 years. This |abor novement could have
aggravated the pressing problem of poverty in the country
because of |ow productivity in the service sector. de
Dios (1993) observed that “The decline in the share of
agriculture in enploynent has been significant; but since
the industrial share has stagnated, it is services, a
large part of which is in the so-called ‘infornal
sector’, which served as the receptacle for |abor shed by
agriculture but which industry failed to absorb. The |ack
of enpl oynent opportunities condemms the majority of the
| abor force to jobs with | ow productivity and poor pay”.

There were significant changes in the export sector
as well in the last 3 decades that are inportant to take
not of. The share of the sem -conductor industry surged
from zero in 1970 to 48 percent of total merchandise
export receipts in 1999 (Table 33 and Figure 17). |If
finished electrical machinery is included, the total
share is nore than half of the total exports. However,
the value added conponent in sem-conductor export is
very thin because it is only labor contribution that
comes from |l ocal sources. Al the rest cones from foreign
sources. In fact, the sem-conductor industry in the
Philippines is only at the assenbly stage. The production
process has to progress and to nove up the |adder for it
to contribute significantly to the econony. And there can
be sizeable room for growmh in this area because of the
present era wherein information technology is the in
t hi ng.
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Garnents used to be a major export item but its
share declined since 1990. The shares of agriculture-
based exports have also been declining such as sugar,
coconut-rel ated crops, banana, as well as mning-rel ated
commodi ties |ike copper.

Al told, the economc as well as the political
environment where the Philippines is in at present is not
general ly conducive to a sustained growth. Although major
econonmc reforns are underway, the political squabbles
anong different quarters do not seem to settle down and
are in fact taking a heavy toll on the econony.

The I nportance of R&D in the Philippines

In the Philippines, tw studies attenpted to conduct
a regr essi on anal ysi s to exam ne somne possi bl e
determnants of TFP in the Philippines: Austria (1997) and
Cororaton and Abdula (1997). It is inportant to highlight
these at this point because they put the discussion on
t echnol ogy-rel ated i ssues in Philippines perspective.

The first study considered TFP of the entire econony
as the dependent variable in the regression, while the
second TFP of the manufacturing sector. In Austria's
paper, TFP of the entire econony was regressed against
trade and investnent policy indicators. The indicators
include tariff rates, share of exports to GDP, share of
inmports to GDP, foreign direct investnents (FD), and
inflation. Both tariff and inport shares are used to

capture the trade liberalization program of t he
government through reduction in tariff and non-tariff
barriers. FDI is one mjor vehicle for transferring

technology from abroad, thus its inclusion in the
anal ysis would attenpt to capture transfer of technol ogy.
Inflation 1is a “catch-all” i ndi cat or of econom ¢
instability. Hi gh inflation means macr oeconom c
instability. Normally, economc instability discourages
productivity-enhancing prograns from being adopted (like
R&D) and i nvestnent.

The regression results show a statistically
significant effect of exports on TFP growh (Table 34).
The two nmajor exports of the Philippines are garnents and
sem -conductors that account nore than 60 percent of
total nerchandise exports. These exports are highly
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i mport - dependent in terns of raw materials and
technology. In fact, these exports are closely tied up
with the foreigner buyers through consignnment. Thus, the
gromh in exports could also be a vehicle of technol ogy
transfer.

Contrary to the general expectation, inports have a
negative effect on TFP. There are two possible
expl anations for this. First, in the regression, total
inmports were considered. I mports of machinery and
equi pnent, which usually enbody new production techni ques
and technology, are only a fraction of the total. Thus,
the inclusion of the total inports mght have captured
other effects also. Second, wunavailability of skilled
wor kers who can adequately operate the new machi nes and
equi pnent might have led to their inefficient use, thus
causi ng | ower productivity.

Tariff rate has a negative effect on TFP, although

the coefficient IS not statistically significant.
Effective rate of protection (EPR) could have been the
nore appropriate indicator of tariff liberalization, but

time series on EPR is not available. However, Austria
(1997) <cited other studies that showed that when
protection is reduced at a noderate rate, the rise in
productivity is highest; and when protection is reduced
at an excessively fast rate or when it is not reduced at
all, the rise in productivity is |owest.

Foreign direct investnents (FD) have positive
effect in one of the estimted equations but are not
statistically significant (Equation 1 in Table 35). Wile
it my take some tinme before FDI brings about
productivity effects, the result of incorporating a one-
year lag in FD yields a positive effect, (Equation 2).
However, the effect of including both total FD and FD
in manufacturing shows a significant positive effect of
total FDI on TFP growth, but a significant negative
effect of FD in mnufacturing (Equation 3). Austria
(1997) attenpted to explain the negative effect of
manufacturing FDI by citing the fact that nultinationa
conpanies are oriented towards the global market, thus
there may be less room for adaptation of technology to
the local econony in a wde scale manner. Lastly,
inflation, which is a catch-all variable of nmacroeconon c
instability, has a significant negative effect on TFP.
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In a simlar exercise, Cororaton and Abdula (1997)
conducted a regression analyzing sone possible factors
affecting manufacturing TFP. The factors included in the
anal ysis were: estimated TFP of the manufacturing sector,
exports, inports, tariff, mninmm wages, R&D, foreign
direct investnment and inflation. The variables entered
the analysis weither as ratios to GOP or in first
di fference or both.

All esti mat ed coefficients are statistically
significant (see Table 36). Exports ratio is positively
affecting TFP of manufacturing. The reason discussed
above with regard to export nmay also apply here, i.e.,
exports <could be one channel through which foreign
technology is transferred to the local econony. This is
because of the close tie-up of the mmjor exporters in the
Philippines with the foreign direct buyers. However,
simlar to the previous results, the sane negative effect
of inports on TFP manufacturing is seen in the result.?'

Tariff has negative effects on manufacturing TFP.
This would inply that a reduction in the tariff
protection would result in productivity inprovenent
(probably due to efficiency gain from a conpetitive
environment). FDI has a significant positive effect on
TFP.

M ni nrum wage, usually wage rate for unskilled | abor,
in the Philippines is legislated. The results show that
an increase in mninmmreal wage decreases productivity,
which is generally expected. Usually, a wage system that
is not based on productivity is inefficient. Inflation,
an indicator of economc instability, negatively affects
productivity. High inflation occurs in an econom c system
with lots of uncertainty. This prevents organization from
pur sui ng productivity-enhanci ng prograns.

R&D as a percent of GDP has a positive effect on TFP.
This has an inportant policy inplication because, usually,
t echnol ogi cal change cannot be realized wi t hout

1 The negative coefficient showed up when capital inport was
included in the regression instead of total inports. Al though the
reason behind this may be unclear, the authors would attribute this
to the inappropriateness of technology adopted by industries. Such
technology that functions nerely as input, entails no significant
ef fect on donestic science and technol ogy (Yap, 1989).
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t echnol ogi cal i nfrastructure. Furt her nore, t he
effectiveness of technology transfer requires distinct
activities and investnents, and a certain level of
t echnol ogi cal devel opnent in the country to mnimze the
cost of inplenmenting the new technology and to maxim ze

its productivity once in pl ace. Nor mal | y, t he
t echnol ogi cal devel opnent of a country depends upon R&D
i nvestment s and on t he efficiency of its R&D

institutional system

Pat t er ns, Devel opnent s, and Policies in R& and
Technol ogy

Level of R& Effort. Cororaton (1998) surveyed a
UNESCO- based data on R&D indicators for 91 countries and
found that the Philippines ranks very low in terns of R&D
effort. Table 37 shows that out of 91 countries the
Philippines is at the 739 place in terns of the number of
scientists and engineers per mllion population. It has
only 152 scientists and engineers per mllion popul ation.
This is far below the maxinum of 6,736 scientists and
engineers per mllion population. In ternms of R&D
expenditure to GNP ratio, the Philippines is at the 60'
place with a ratio of 0.2 percent in 1992. This is far
bel ow t he maxi mum of 3 percent.

The low nunber of scientists and engineers is
reflective of the general tendency of the educational
system in the Philippines to produce non-technica
graduates. Table 38 shows that while the Philippine
educational system produces a very high nunber of
tertiary graduates, the post-baccal aureate science and
engi neering students as a percent of post-baccal aureate
students is low In colum 6 of the table, the
Phil i ppines ranks the lowest in the list with a ratio of
only 8.65. This is far from the second |owest of 20.76
percent, which is for New Zeal and. The highest is China
with a ratio of 74.26 percent.

There is in fact a dilenma in the present
educati onal system because of the educational “m smatch”.
Wile there is a great demand for technical and
engi neering-related graduates by | ocal i ndustri es,
private tertiary schools <continue to produce non-
technical graduates. This is indeed a big policy area
problem One of the factors that would explain this is



49

that private schools prefer not to go into these
techni cal -rel ated courses because of the high |aboratory
requirenent that s capital intensive. Non-technica
courses are |less laboratory intensive and therefore |ess
capi tal intensive.

Furthernmore, in a recent survey conducted by the
Philippine Institute for Developnent Studies (Cororaton
et al, 1998) on R&D activities of governnent agencies and
state universities and colleges (SUCs), it was observed
that nore than 30 percent of R&D personnel wth Ph.D.
degrees are in social sciences, while only less than 10
percent are in engineering and technol ogy (Figures 18 and
19). About 15 percent are in agriculture-rel ated sectors.

S&T Background, Policies and Progranms. Philippine
science and technology (S&T) has a long history. It can
be traced back to the early American colonial period with
the creation of the Bureau of Science. The Anmerican
governnent, through this Bureau, fornmed the Philippine
S&T. However, the coverage was very limted. It mainly
focused on agriculture, health and food processing. Thus,
because of the colonial economc policy, the devel opnment
of industrial technol ogy was | argely negl ected.

Moreover, the public school system was created at
about the sanme period. Through the <creation of the
Uni versity of the Philippines (UP) system and the various
S&T-rel ated agencies and | aboratories, the Bureau becane
effectively the training ground for Filipino scientists.

Maj or shifts in the direction of Philippine S&T took
place right after the proclanmation of independence in
1946. It was reorganized into an Institute of Science and
was put wunder the Ofice of the President of the
Phili ppines. Despite these changes the real effects in
terms of its inpact on the econony were nmarginal. The
Institute suffered from lack of support, planning, and
coor di nati on. In fact, in t he Bel | M ssion’s
Recommendation, it was nentioned that the Institute had
no capability to support S&T devel opnent because of the
| ack of basic information, neglect of experinmentation and
smal | budget for R&D activities.

There were also nmgjor shifts in the 1950s and 1960s
that focused on S&T institutional capacity-building. This
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was done through the establishnment of infrastructure-
support facilities |I|ike new research agencies and
manpower devel opnment. Again, the effects were not
significant. The usual problens of |ack of coordination
and planning, especially technology planning, prevented
the system from performng effectively its functions.
This was manifested in the unplanned activities of the
researchers within the agencies. Mst areas of research
were left to the researchers for themto define under the
presunption that they were attuned to the interests of
the country. They were expected to |ook for technol ogies
and scientific breakthroughs with good comercialization
potential. Wthout clear research directions, researches
were done for their own sake, leaving to chance the
commerci ali zati on of the output.

In response to these problens and to the need for
S&T to generate products and processes that are supposed
to have greater beneficial inpact on the country, focus
was re-directed towards applied research in the 1970s.
Furthernore, in the 1980s, research utilization was given
stronger enphasis. This |led a reorganization and creation
of the National Science and Technol ogy Authority (NSTA)
in 1982. One rationale for reorganization was the need
for an effective and efficient utilization of the results
of R&D activities through greater conmmercialization of
out put s. A significant i nnovati on under t he
reorgani zation was the «creation of the S&T Counci
System where an S&T council becanme responsible for the
sectoral formulation of policy and strategies for its
specific field and allocation of funds. There were 4
councils under the system PCHRD, PCIERD, PACRRD and NRCP
(Table 39 for the exact nanes of the councils and
institutes of the DOST). Later NRCP was replaced by
PCAMRD and PCASTRD. Furthernore, the NSTA had 8 research
and devel opnent institutes and support agencies under it.
In the m d-1980s, regional offices for S&T pronotion and
extension were established to further hasten the
devel opment of S&T. There was al so a conscious effort to
assist and encourage creative local inventors through
institution building and support neasures. A national
center for excellence for the basic sciences was
established in the UP canpus and the scientific career
system was created to attract scientists to a career path
that would professionalize and upgrade the status of
scientists. Furthernore, |inkage between the acadene and
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the private sector were strengthened with the creation of
institutional networks.

Thus, the creation of the councils and research
institutes under the NSTA showed a clear shift in science
policy from being a technology push to demand pul
strategy. In the demand pull strategy, user and market
demand serve as the basis for conducting R&D S&T
progranms. Thus, scientists and researchers were placed in
R&D prograns whose results were supposed to have high
dermand potenti al s.

After the EDSA revolution in 1986 the NSTA was
reorganized into what is now called the Departnment of
Sci ence and Technol ogy (DOST) under Executive Order 128.
The DOST, being headed by a Cabinet Secretary, was
mandated to continue providing central di rection,
| eadership and coor di nati on of S&T efforts and
formulating and inplenenting policies, plans, prograns
and projects for S&T devel opnent.

For a nore effective delivery of certain functions,
the DOST was further restructured which resulted in the
est abl i shment of the Technol ogy Application and Pronotion
Institute (TAPI). This particular institute was created
to serve as the inplementing arm of the DOST in pushing
for the comercialization of technologies and marketing
the technology services of other operating agencies of
the Departnment. In addition, the Science Education
Institute (SEI) was created and mandated to undertake and
formul ate plans for the devel opnent of S&T education and
trai ni ng. Mor eover , t he Sci ence and Technol ogy
Information Institute (STII) was established to serve as
the information arm of the Departnment through the
devel opnent and maintenance of a S&T data bank and
i nformati on networks.

The National Institute of Science and Technol ogy was
reorganized into the present I ndustri al Technol ogy
Devel opnent Institute in order to undertake applied R&D
and to transfer R&D results to end-users and to provide
technical, advisory and consultancy services in the
fields of industrial manufacturing, mneral processing
and energy. Entry into the advanced technol ogy areas was
formalized with the creation of the Advanced Science and
Technology Institute (ASTI). In line wth this,
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additional S&T Councils, nanely the PCASTRD and the
PCAMRD, were created to further strengthen the Council
system

Furthernore, the |eadership of DOST added enphasis
on massive technology transfer activities. Specific
interventions were initiated through various prograns
such as the Conprehensive Technology Transfer and
Commercialization (CTTC) Program The CTTC was i ntended
to serve as a nechanism for identifying and pushing
concrete results of R&D towards productive application
and utilization. The initial phase of the program that
covered the period 1989-1992 included a nunber of
technol ogi es whose utilization was envisioned to create
substanti al I mpact on the national soci o- economi ¢
devel opment process and on the lives of many Filipinos,
in general. The program covered areas such as financing,
t echnol ogy packages and training centers.

In nmost R&D institutes technology transfer wunits
were established in order to <carry out the added
responsibility of transferring conpleted researches
Provincial S&T Centers were established to help ensure
the efficient and effective transfer of technologies in
t he provinces.

S&T services were also provided in order to suppl enent
R&D and technology transfer. S&T services included the
upgradi ng of testing, standardization and quality control
services and various fornms of technical assistance and
consulting services. Assistance to investors was also
provided. This consisted of patenting assistance for
inventions with comrercial potentials; assistance in the
avai | ment of financing for commercially vi abl e
i nventions; marketing assistance; support to pilot plant
operations for selected top priority technologies for
commercialization; and lastly, support to the upgrading
of inventions, expertise and capabilities.

R&D institutes undertook contract researches to
foster the collaboration anbng the institutes, the
private sector and the acadenme. Furthernore, funding
assi stance to technol ogy devel opers and acceptors through
the tie-ups with some financing institutions such as
Devel opnent Bank of t he Phi | i ppi nes, Technol ogy
Li vel i hood Resource Center, Land Bank and Private
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Devel opnent Corporation of the Philippines were also
initiated.

| ncentives wer e provi ded under t he Omi bus
| nvestnent Law for the conduct of certain R& and S&T
activities in the private sector. Sonme of the nmgjor
incentives included were: incone tax holiday, duty free
inportation of capital equipnent, deduction from taxable
income for the necessary and major infrastructure and
facilities in |ess developed areas, access to bonded
manuf act uri ng/ tradi ng warehouse system and enpl oynent of
foreign nationals.

To facilitate the transfer of foreign technol ogy,
science parks were set up. These parks were al so intended
to serve as the vehicles for university interaction with

private industry; to develop new know edge-based
i ndustries and strengthen existing ones; and to provide a
propitious environment for innovation and contract

research. Moreover, technology business incubators were
initiated in certain areas to assist the transfer and
commerci alization of technologies by hel ping ensure the
survival and successful growmh of new technology firnms by
providing them wth appropriate marketing, financial
techni cal and managenent assi stance.

A Presidential Task Force on S&T was fornmed, in
1988, specifically to deal wth the overall problens
confronting R& and S&T devel opnent in the country, and
to fornulate an S&T Devel opnent Plan which supports the
nat i onal devel opment goal of attaining a newy-
i ndustrializing-country status by the year 2000. The task
force was conposed of DOST, DOA, DTlI, DOTC!®, as well as
the Presidential Adviser on Public Resources and three
academ c institutions directly involved in S&T. The task
force submtted a report to the President on March 1989,
enbodyi ng the devel opnent of 15 |eading edges to steer
the country to industrial developnent. These 15 |eading
edges were: aquaculture and marine fisheries, forestry
and natural resources, process industry, food and feed
i ndustry, energy, transportation, construction industry,
information technol ogy, electronics, instrunentation and
control, energing technol ogi es, and pharnaceuti cal s.

16 poA-Department of Agriculture; DTl — Department of Trade and
i ndustry; DOTC-Departnment of Transport and Comruni cati on
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To attain the objectives set in the S&T Master Pl an
(STMP), the following strategies were pursued: (i)
noderni ze the production sectors t hr ough massi ve
technol ogy transfer from donmestic and foreign sources,
(i1i) wupgrade the R&D capability through intensified
activities in high priority sector and S&T infrastructure
devel opnment such as nmanpower developnent, and (iii)
devel op information networks, institutional building and
S&T cul ture devel opnent (Tables 40 to 41).

During the Ranbs administration, the DOST initiated
a Science and Technol ogy Agenda for National Devel opnent
(STAND Phi lippines 2000) which enbodied the country’s
technol ogy developnent plan in the nediumterm in
particul ar, for the period 1993-1998. The  STAND
identified seven export w nners, eleven donestic needs,
three supporting and coconut industries as priority
investnent areas. The seven identified export w nners
are: conputer software; fashion accessories; gifts, toys,
and houseware; marine products; netals fabrications;
furniture; and dried fruits. The donestic needs include:
f ood, housi ng, heal t h, cl ot hi ng, transportation
communi cation, disaster mtigation, defense, environnent,
manpower devel opnment and enerqgy. Because of their
I inkages with the above sectors, three additional support
i ndustries were included in the list of priority sectors,
nanel y: packagi ng, chem cals and netals. Lastly, because
of its strategic inportance, special focus was given to
the coconut industry, and therefore was included in the
list.

The very recent S&T framework plan is entitled
“Conpet ence, Conpetitiveness, Conscience: The Medium Term
Plan of the Departnent of Science and Technol ogy (1999-
2004)”. Although this plan has not yet been fully
anal yzed because it has not been subjected to any
critical discussion, it is worth nmentioning the its six
flagship prograns include (1) conprehensive program to
enhance technol ogy enterprises: (2) integrated program on
cl ean technol ogies; (3) establishnment of a packagi ng R&D
center; (4) expansion of regional netrology centers; (5)
S&T intervention program for poor, vulnerable and
di sabl ed; and (6) conprehensive S&T program for M ndanao.
Al though the vision and direction of the plan is novel,
there are no specific I npl enent ati on rul es and
gui del i nes.
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Sonme Ceneral Insights. There are two key reasons why
S&T/R&D policies in the Philippines suffered ngjor
setback: (i) wunderutilization of S&T for devel opnent as
reflected in the low quality and |ow productivity of the

production sectors; and (ii) weak Ilinkage between
t echnol ogy gener ati on, adapt ati on and use.
Underinvestnent in S&T developnent is in terns of
manpower training, t echnol ogi cal servi ci ng, R&D

facilities and financial resources.

The weak linkage can be attributed to: (i) poor
I i nkage between technology generation, adaptation and
use; (ii) slow comercialization of technologies due to
weak delivery system (ii1) poor linkages of S&T
or gani zati ons W th I ndustry and ot her gover nnent
agencies; and (iv) low appreciation of R& due to short-
term perspective of private and government agenci es.

There are possible ways of inproving the delivery
system and the commercialization of R&D output. Eclar
(1991) attenpted to investigate sonme of factors that may
be inportant in inproving the delivery system and
commercialization. In particular, the study identified
user participation as one inportant factor. Successful
commercialization is pronoted when a user with a specific
need has been identified at the start of the project. The
user generally maintains an interest in the progress of
the research and takes on the commercialization of the
results at the conpletion of the research project in
order to neet his wearlier expressed need. This is
reinforced when the user’s interest in the project is
transl at ed into support or cost -shari ng. Anot her
inmportant factor, as identified by the study, is pilot
testing. Denonstration of the technical viability of the
technology in a sem -commercial scale helps convince an
industry user to start off conmercialization. Commerci al
success is pronoted when the user hinself has provided
material inputs to the pilot test.

In spite of the expressed inportance of S&T and R&D
devel opnent in the Philippines and the series of well-
intentioned strategies, the state of S& and R&D
devel opment remains far behind other Asian countries by
any neasure. One reason behind this is the low private
sector participation in R& activities. Mst devel oped
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countries achieved a healthy partnership between public
and private sectors in R&. The bulk of R&D expenditure
that originates from the private sector in Japan is 83
percent, Korea 82 percent, Taiwan 65 percent, Singapore
62 percent, Thailand 40 percent. In the Philippines, the
share of the private sector remains at 20 percent for R&D
expendi ture, or even |ess.

Aside from the problem of underinvestnment in R&D,
the Philippines also suffers from the shortage of S&T

manpower . Because of | ack  of better and quality
enpl oynment opportunities in the donestic econony,
braindrain of technical per sonnel as well as S&T
professionals results. This is one crippling problem in
the S&T manpower devel opnment process. In 1992, the
Philippines had only 15,610 personnel engaged in R&D
activities, representing 152 personnel per mllion

popul ation. The UNESCO puts the critical mass of S&T
personnel at 380 per mllion population to inplenent the
application of technol ogy.

The STMP and STAND 2000 have too many identified
areas to be supported wth too little financial
resources. It is highly doubtful as to how nmuch attention
was given to the consideration of the viability of their
i npl ementation. There was weak |inkage between planning
and budgeting, and little ~consideration of budget
availability in plan fornulation stage. Wth insufficient
budget allocation, the DOST had to cancel and reduce its
financial supports for S&T developnment progranms and
proj ects.

R&D is crucial in a country’'s devel opnment process,
yet sone econom c agents are hesitant in pursing it. This
is because there are high risks involved in R&D
activities (particularly the uncertainty involved in the
outcone of an R&D undertaking), as well as there is high
incidence of spillover or externality that is hard to
appropriate. Thus, to push R& activities to the
frontier, government interventions are critically needed.
But the formulation of what type and form of governnent
intervention to inplenent is a delicate thing to do, and

of ten tinmes controversi al, because of i nper f ect
information. Wong policy formulation could run the risk
of wasting limted government revenue and resources.

However, the experiences of Korea and Taiwan show that
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proper targeting of industries and tailor-fitting of R&D
incentive structure could work very well, if acconpanied
by a sound human resource devel opnent. In fact,
coordination in these two areas and inplenentation of a
good program for a continuous manpower training and
devel opnment, propelled and sustained economc growth in
these two Asian countries.

Aside from the fact that the Philippines has been
underinvesting in R&D, poor coordination and |ack of
coordinated planning in relation to R& are two major
probl ens confronting the innovation and technol ogy sector
in the country. At the different governnent departnents
and agenci es, surveys and interviews indicate a seem ngly
chaotic and conf usi ng system of institutiona
arrangenents because of |lack of coordinated focus in
terms of strategic sectors and progranms. Furthernore,
Magpantay (1995) has argued that the DOST has expanded
its size too much over the years and has becone too
conplicated a systemto be able to performits functions
effectively. The Departnment is doing a |lot of unfocused
and not well-programmed set of activities through the
different councils and institutions it presently has.
Certainly, this leads to institutional inefficiencies. A
reorgani zation of the structure of the Departnent is
called for.

Gaps in R&D in the Philippines

The poor productivity performance in the Philippines
as highlighted above can largely be due to the gaps in
R&D. There are national as well as sectoral gaps in terns

of expenditure, budget and nmanpower.

Gaps at the National Level

Based on an econonetric study, Cororaton (1998)
provi des sone estimates of the magnitude of the gaps in
R&D at the national level. R&D gaps are defined as those
factors that have prevented the econonmy from operating at

its full potential in terms of productivity. These
factors could be either in the form of (i) low R&D
i nvest nent s and I nadequat e R&D manpower , (i)

institutional weaknesses as a result of poor system
managenent and |eadership, (iii) policy |apses and
failures, or all three conbined. But in the estinmation
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only the first two have been considered because of data
availability.

The results indicate that the resulting R&D
expenditure gap is 0.5778. This neans that R&D
expenditure-G\NP ratio would have to increase by 0.5778
for the Philippine TFP to reach the TFP frontier. The
average R&D expenditure-G\NP ratio during the 1980s was
0.1667 percent. Thus the total R&D expenditure-GN\NP ratio
needed to reach the frontier is 0.1667 + 0.5778 =
0.7445. This is a sizeable increase from the current
| evel, but |ower than what has been proposed in S&T Bill
(House Bill no. 2214) of 1 percent of GNP

Applying this ratio to the 1997 G\P of P2,527
billion will result in a total R&D expenditure of roughly
P18.8 billion. This R&D investnent gap is substantial
considering that the present l|level of R&D spending is
approximately P3 billion. Wiile this is a significant gap,
for all intense and purposes, this could not feasibly be
financed by the national government because it wll
result in significant budgetary inpact. The governnent
has ot her equal ly inportant and pressing needs,
especially in the area of basic infrastructure |ike
mar ket roads, bridges and port, and of social sector |ike
education and health. Furthernore, it my be totally
ineffective and inefficient to re-allocate existing
limted governnment resources in favor of R&D activities
because of the institutional inefficiencies in the R&D
system as well as in the S&T structure. David (1998)
for exanple, argues that while agricultural research
continues to be underfunded, "efficiency of public sector
research funding has been significantly |owered by the
m sal l ocation of limted budgetary resources, as well as
by institutional weaknesses of the agricultural research
systenf. Thus, unless these institutional weaknesses are
addressed, additional government funding into R& wll
only go to waste and wll not result in productivity
gai ns.

In other progressive countries, the bulk of R&D
i nvestnment cones from the private sector. The challenge
therefore is how to encourage the private sector to
participate in R& activities. It is also inportant to
identify the necessary infrastructure, incentive system
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and investnent safeguards needed so as the said sector
can do its own R&D.

In terns of manpower, it was observed that the gap
of is around 197 scientists and engineers per mllion
popul ation. The average ratio for the decades of the
1980s was only 108. For the Philippine TFP to reach the
gap it should need R& manpower of 108 + 197 = 305 per
mllion popul ation.

Sectoral Gaps and Probl ens

Technol ogy-rel ated i ssues and problens are generally
simlar across sectors. They largely focus on four mgjor
problenms: (i) wunderinvestnment in R&D, (ii) lack of
adequate and technically capable R& manpower, (iii)
institutional weaknesses, and (iv) policy failures. Bel ow
is a brief discussion on the following sectors:
agriculture, fishery, manuf act uri ng, educat i on, and
heal t h.

Agri cul turel’

Under f unded Resear ch in Agricul ture. The
agricultural sector perfornmed poorly since the 1980s.
David et al (1998) attribute this poor performance to a
nunber of factors, and one of them is the inadequate
public support services particularly in agricultural
research and developnment. "The agricultural research
system has been severely underfunded wth public
expenditures in the early 1980s representing only 0.3
percent of agriculture gross value added, in contrast to
an average of 1 percent anong devel oping countries and 2-
3 percent anong devel oped countries (Table 42). In fact,
only 5 percent of the total public expenditure for
agriculture has been allocated for agriculture research
whereas the ratio of budgetary outlay for price
stabilization prograns alone was in the range of 10
percent over the past decade (Table 43)."

Apart from the problem of inadequate funding for
research, there are other equally inportant gaps, if not
nore inportant ones, in agricultural research. David et
al (1998) identified them as: (i) inefficiencies caused
by the msallocation of research resources wthin the

7 Largely based on the paper of David et al 1998.
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sect or (e.qg., across research program areas and
ecol ogi cal regi ons) and (i) weaknesses in the
institutional framework of the research system including
the organizational structure, Jlack of accountability,
fragnmentation of research, i ncentive pr obl ens,
instability in l|eadership and weak |I|inkage between

research and extensi on.

M sal l ocation of Research Resources. Using the
congruence rule, which defines the optiml research
resource allocation across comobdity program areas as
proportional to the respective comodity value added or
val ue of production shares, in other words, given a total
budget for agricultural research, the research intensity
ratio, i.e., research expenditure as a ratio of the val ue
added should be equal across conmopdity research program
areas, David et al (1998) found that the "allocation of
research expenditures across commodities and regions have
been highly incongruent to their relative econonc
i nportance neasures in terns of gross value added
contribution of the commodity. In particular, relatively
greater research budget s are provided to m nor
commodities such as cotton, silk or carabao, and too
little to major ones such as corn, coconut, and fisheries
and others. Furthernore, M ndanao regions are relatively
negl ected in terns of research budgets of the DA and SUCs
conpared to regions in Luzon and to a |lesser extent to
those in the Visayas." They further added that "while
congruency does not strictly <coincide wth optim
research resources allocation, the differences in
research intensity ratios observed anong commodities and
acr oss regi ons cannot be explained by possi bl e
differences in cost research (probability of research
success, etc.), future nmarket potential nor equity
consi derations".

O her indications of msallocation of resources and
institutional weaknesses in agricultural research are
al so discussed in David et al (1998) and Ponce (1998)
Sonme of these are:

(1) Overly H gh Share for Personal Salaries. The
expenditure for personal salaries (PS) on the average
tends to be disproportionately high at 58 percent, while
mai nt enance and operating expenses (MOE) is about 36
percent and capital outlays (CO only 6 percent. 1In
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agricultural research systens in nore devel oped countries
where salary rates are much higher, the distribution of
expenditures is 40 percent for PS, 40 percent for MXE
and 20 percent for CO

Generally, in alnost all research agencies, the
shares of PS are high; at least 50 percent. In a nunber
of commobdity research agencies and SUCs, the shares can
be as high as 70 to 80 percent. PhilRi ce, however, is an
exception. The structure of expenditure is 40 percent for
PS, 50 percent for MXE, and 10 percent for CO This
allows for a nore efficient utilization of its manpower
and physical facilities, as well as pronotes nore
systematic and | ong-termresearch pl anning.

UPLB, which undertakes the bulk of research
activities related to agriculture, has also the sane
expenditure structure wth PS share as high as 70
percent. Mreover, research projects under the different
institutes, centers and research units of the university
are primarily driven by priorities of external donors,
whi ch contribute about half of the research funding. As
such, the effectiveness of research is constrained by
uncertain and short-tern nature of funding, even though
the university may have the nost able scientists in the
country in different fields in agriculture.

The inplication of the expenditure pattern in the
different research agencies in agriculture in the
Philippines is that, the overly high share of PS my
reflect overstaffing, bureaucratic rigidities and poor
pl anni ng.

(2) Unfocused Projects. An analysis of the work and
financial plans and projects conpleted indicate that
research projects are highly fragnmented and short-termin
nature. Research findings and outputs are not carried to
future researches nor used for extension to benefit the
clientele. This is because there is no adequate system or
clear nechanism whereby research findings are fully
transferred to the targeted end-users. Also, there are no
systens where researches are continued in a |long-term and
continuous basis. Thus, the analysis of the profile of
the researches indicates that, general ly, research
projects do not reflect a sense of problemorientation.
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(3) No Cdear Network Anmong SUCs. Ponce (1998)

argues that SUCs are basically "independent from each
ot her despite their hierarchical designations as national
mul ti-commodity research centers, r egi onal research

stations and cooperating stations. The national multi-
commodity research center’s (UPLB, CLSU, VISCA, and USM
linkage to the regional and cooperating stations are ad
hoc in character and project related. There exists no
institutionalized linkage resulting from clearly defined
conpl enmentary functions."

(4 No dCdear Netwrk Between DA and Attached
Agencies. In addition, Ponce (1998) also argues that the
DA research system consists of national experinent
stations operated by (i) various bureaus such as BPI,
BAI, BFAR, and BSWM (ii) attached agencies such as
Phi Ri ce, PCC, PCA, SRA and FIDA; (iii) Regi ona
I ntegrated Centers under the regional offices of the DA
and (iv) Regional OQutreach Stations. Simlar to the
network anmong the SUCs, "there exists no clear functiona
delineation between the national stations and the
regi onal experinent stations and between the region and
t he provi si onal stations. Each station exi sts
i ndependently of each other in ternms of prograns even
within the DA proper. Thus, national centers do not
exactly orchestrate the national research and devel opnent
progranms of their assigned comuoditi es.

(5 No dear Link with the Private Sector.
Furthernore, Ponce (1998) also cites the weak link
between the private sector and the l|arger community of
research stations. Mst private research centers exist
principally to mneet the needs of the conpanies that
established them As such, they do not interact with the
rest of the research community dom nated essentially by
the governnent sector, except for a few privately-
operated research centers that perform public services
such as the Twin Rivers Research Center. There is also a
mechani sm whereby this |ink could be fostered and
devel oped.

(6) OQher Institutional Gaps. Oher institutional
weaknesses cited by Ponce (1998) are (a) the lack of
wel | - defi ned and institutionalized mechani sm for
col l aboration  anong R&D  subsystens and (b) t he
inefficient funding system and |ack of accountability.
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The present funding system is still very nuch like the
ol d project-approach one where the research outputs are
essentially in the forns of research reports. This
weakens the system of program approach and leads to
distortion of national priorities. Furthernmore, the
present funding approach gives rise to a nuch-diffused
structure of research inplenmentation where it becones
difficult to pinpoint responsibility.

Manpower Gaps. In ternms of R&D manpower profile in
agriculture, the authors found that the problemis not in
terns of the nunber, but in the relatively |low |evel of
scientific qualification of the agriculture research
system This is particularly true in both the DA and DENR
research agencies. The very low ratios of technical
manpower resources w th advanced degrees at the DA and
DENR conpare quite unfavorably with simlar institutions
of some of the Asian countries |ike Mlaysia, |ndonesia,
and even Bangl adesh.

On the other hand, the quality of research nanpower
in SUCs is not uniformy nor always significantly better.
Al t hough share of manpower in SUCs may be higher than in
agencies, there is a big and worsening problem of in-
breedi ng. Furthernore, local scientists who were trained
and educated abroad, are not generally attuned to recent
devel opments or frontier international know edge. Al so,
there is a big gap in the quality of faculties and
researchers in UPLB and ot her SUCs.

Fi sheri es Sector?®

One of the sectors included in the R&D study is the
fisheries sector. This sector is inportant not only
because it has direct inpact on national health and
nutrition (fish is the source of about 75 percent of the
total animal protein requirenent of the country, in fact
nore than poultry and |livestock conbined) but also
because its structure, particularly supply side, is
directly affected by what has been happening in the
environment. To a certain extent, the fisheries sector
can be one output indicator of what has been happening in
t he environment.

8Based on the paper of Israel (1998).



64

|srael (1998) has pointed out that the weak
performance of the fisheries sector has been the result
of several interrelated problens which include the top
three inportant ones: (i) resource depletion in coasta
waters due to overfishing and destructive fishing, as
mani fested by the deterioration of inportant fish stocks
and species and the degradation ecosystens; (ii) |arge-

scale environnental damage, as evidenced by the
destruction of coral reefs and nmangroves in nmarine areas
and pollution of maj or river | akes; and (iii)

proliferation of industrial, agricultural, comercial and
donmestic activities which discharge pollutants into
marine waters, contributing to the deterioration of
ecosystens and rendering narine food potentially harnfu

for consunption.

R&D is inmportant to the devel opnment of the fisheries
sect or, particularly to its | ong-term  survival
Primarily, R&D is crucial to generating new information
and technologies that can increase output above the
current low and dwi ndling |evels.

The responsibility of mnaging and coordinating
fisheries R&D in the Philippines has been the task of the
Phi l'i ppine Council for Aquatic and Mrine Research and
Devel opnent (PCARVRD). The Council, which is under the
DOST, is tasked to plan, nonitor, as well evaluate
fisheries R&D. The paper of Israel (1998) discusses the
R&D structure of the fisheries sector.

Furthernore, PCAMRD interacts wth two governnent
agenci es whose R&D scope covers the fisheries sector
These agencies are the Bureau of Agricultural Research
(BAR) of the Departnment of Agriculture (DA) and the
Ecosystem Research and Devel opnent Bureau (ERDB) of the
Departnent of Environment and Natural Resources (DENR).
These agencies are mandated to coordinate all researches
of the regional offices and line agencies within their
respective departnments. The BAR covers fisheries research
because fisheries are admnistratively classified under
the agricultural sector. The ERDB does so since aquatic
resources form part of the natural resource base and
therefore, falls under DENR

Institutional Gap and Issues. Israel (1998) found
that one of the biggest gaps which results from the
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pr esent i nstitutional arr angenent is t he weak
coordi nation and poor collaboration anong government
agencies. PCAVRD is the agency tasked to mnmanage and
coordinate overall fisheries R& while the BAR and the
ERDB coordinate fisheries research of the regiona
of fices and line agenci es of their respective
departnments. Because of the simlarity in functions and
constituency, potential overlapping existed anong the
three agencies. To address this problem they delineated
their functions through existing Menoranda of Agreenents

(MJAs). Inplenentation of these agreenents, however, has
been hanpered by poor collaboration. In particular, in
violation of the MOAs, the agencies do not actually
jointly review all research proposals subnmtted for

funding. Furthernore, collaboration is weak or does not
exist in several activities and strong only in one
aspect.

Aside from poor collaboration, another crucia
institutional problem deals with a possible duplication
probl em between PCAMRD and the Bureau of Fisheries and
Agquatic Resources (BFAR) arising from the existing
Fi sheries Code. The Code reconstituted the BFAR from a
staff to a line bureau under the DA and assigned it the
function of formulating and inplenenting a Conprehensive
Fi shery Research and Devel opnent Program To effect this
program the |law created a new agency within BFAR the
National Fisheries Research and Developnent Institute
(NFDRI'), which becones its main research arm Anong the
functions of this agency are the establishnment of a
national infrastructure that will facilitate, nonitor and
i npl ement various research needs and activities of the
fisheries sector and the establishnent, strengthening and
expansion of a network of fisheries-related comunities
through effective comunication |inkages nationw de.
These functions of the BFAR and the NFRDI may duplicate
those of the PCAMRD. For one, the responsibilities of

formulating and inplementing an overall plan for
fisheries R& and coordinating its inplenenting are
mandates of the Council. Likewise, the Council has

al ready established a network of research institutions
the NARRDS, to serve as inplenenting arm for fisheries
R&D. At a larger scale, the duplication of functions in
the R&D prograns in the fishery and agriculture sectors
has been noted by the Agricultural Conmm ssion.
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Under whi ch agency and departnment should the task of
managi ng, coordinating and inplenenting R& fall is a
long running issue that has a life of its own in
fisheries circles. At present, this question is far from
settled and creates a |lot of bureaucratic and institution
i nefficiencies.

Capability Issues. Capability issues surroundi ng R&D
in fisheries include (i) Jlow investnment (including
public, private, as well as foreign investnents); (ii)
funding problens; (iii) manpower shortage, and (iv) poor
mai nt enance of existing capital.

(1) Low Public Investnent. The  nost gl aring
resource-related problem in R& is historically |ow
governnment funding that agriculture as a whole receives
(Tables 44 and 45). 1In developed countries, average
public spending on investnent in agriculture R& is about
2 percent of their agricultural GVA In contrast, only
about 0.019 percent of GVA is allocated |ocally.
Regional Iy, the Philippines has the |owest R&D all ocation
for agriculture in Asia.

For fisheries, in particular, allocation averages
only about 0.102 percent of fisheries value added which
is close to what agriculture is getting. However, the
fisheries R& budget is only about 3.6 percent of the
total expenditure for agriculture and natural resources
R&D conbi ned. Thus, conpared to agriculture and natura
resources, the fishery sector is getting the worse end of
the deal in the sharing of governnent funds.

A |l ook at disaggregate data indicates not only the
| ow governnent funding for fisheries R& but also the
uneven government allocation anong institutions. In 1996,
anong the NARRDS nenbers, the budget in total nagnitude
and as ratios to nunber of researchers and projects
differed widely (Tables 46 and 47). It can be seen also
that the ratios of budget to nunber of researchers and
projects were low for many institutions, including sone
zonal centers.

To address the problem of | ow budget for agriculture
and fisheries R&D, the AFMA stipulated that allocations
be increased to at |east one percent of GVA by year 2001.
For its part, the Fisheries Code |egislated the creation
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of a special fund for fisheries R&D in the initial anpount
of P100 mllion. The AFMA is mute regarding the sharing
of funds between agriculture and fisheries. Assum ng that
allocation will be proportionate to output contribution,
the budget for fisheries should junp substantially from
its current levels. There is already doubt that the
pl anned increases in allocations will fully materialize
soon given the nmounting fiscal deficits.

Low Private Investnent. Data on private investnent
in fisheries R&D are scarce. This is understandable given
the natural aversion of the private sector to divulge
information. This notwthstanding, it is known that
private entities have been involved in one way or another
in R&D, especially in applied research and technol ogy
verification activities wher e t he i kelihood of
generating new technologies for imrediate conmercial
application is high.

A lot of the private sector involvenent in fisheries
R&D is in aquaculture. During the rapid devel opnment of
this industry in the last twenty years, private firns
have been collaborating with national institutions and
locally based international research agencies in the
conduct of applied research covering many comodities
including prawn, tilapia, mlkfish, crab and other
commercially profitabl e species.

In the conmmerci al fisheries, private sector
participation in R&D is limted since research in capture
technologies wusually requires larger investnents and
results are difficult to patent. Also, a lot of the
research activities, such as stock and resource
assessnents, have social externalities that go beyond the
private interests of private operators and, thus, are
better left to government and international research
agencies to conduct. The common practice in the
conmer ci al fisheries has been to use I mported
technologies outright or nodify to sone extent said
technol ogies to suit |ocal requirenments and needs.

In the nmunicipal fisheries, private investnment in
noney ternms is |ow because the poor econom c position of
the municipal fishermen practically prevents them from
doing such investnment. However, manpower involvenment in
R&D is substantial anong fishermen and their famlies by
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way of participation in the conduct of numerous coasta
resource managenent and simlar projects undertaken by
governnment and international agencies.

Avai |l able data show that the share of private
investnent in fisheries R&D is |low (Table 48). To pronote
this type of investnent, the AFMA encourages governnent
research agencies to go into co-financing agreenents with
the private sector provided that the terns and conditions
of the agreenents are beneficial to the country. For

reasons already cited, the possibility of t hese
agreenents actually happening wll be  higher in
aquaculture than in the comrercial and fisheries

subsectors.

Low Foreign Investnent. Figures show that the
contribution of foreign funding for fisheries R&D was
nore than half of total funding (Table 48). In recent

years, however, this share has gone down (Tables 49 and
50). By 1996, only 7 percent of the total funds of NARRDS
institutions cane from foreign sources (Table 51).
Furthernore, funding was concentrated only in a few
concerns, nostly the environnment and OPAs.

Foreign funding is inportant because it i's
essentially a signaling nmechanism Low outside investnent
for donestic R& could nean that | ocal research

institutions and their prograns are not internationally
conpetitive and vice versa. Furthernore, in this tine of
econom c crisis, foreign noney nay be the only viable way
of increasing allocations. The AFMA and Fisheries Code
did not address the issue of international funding for
R&D.

(1i) Untimely Release of Funds. Aside from the |ow
allocations, a comonly cited fund-related problem in
fisheries R&D is the untinely rel ease of governnent funds
to institutions, prograns and projects. In fact, this
constraint is true not only for R& but also for other
activities depending on governnent support. In fisheries,
it is acute because of the inportance that tinme and
season play in the conduct of activities. Although there
are no data that can be used to validate this, research
activities are reported to be cancelled or haphazardly
conducted because of the delay in the release of funds.
The review of the FSP pointed out other problens related



69

to the nmanagenent of governnent funds (PRI MEX and ANZDEC
1996). These include the excessive control by the
Departnment of Budget and Managenent (DBM) over a |arge
proportion of program funds; the diversion of sone funds
to other activities not necessarily directly related to
the program the |ack of coordination between the DBM and
program adm nistrators regarding fund utilization; and
the lack of a financial nonitoring systemfor the funds.

(iii) Shortage of Manpower. Earlier figures show
that the NARRDS institutions relatively have Iimted R&D
manpower at all levels (Table 50). They also indicate
that personnel capability varies greatly between regions
and prograns and that senior personnel, especially those
with doctorate degrees, are concentrated only in a few
institutions (Table 52). The limted nunber of doctorate
degree hol ders has been conpensated, in sone cases, by
masteral degree holders. Wiile this is so, it cannot be
deni ed that nore doctorate degree holders are required in
NARRDS institutions to provide the organizational and
resear ch | eader shi p.

A conparison of selected NARRDS and NARRDN
institutions suggests that the manpower in fisheries R&D
is no nore than 10 percent of that in agriculture
al t hough the percentage of Ph.D. holders is a bit higher
(Tabl e 53). This proportion is highly uneven and not
reflective of the higher ratio of fisheries output to
total agricultural production (Table 54). The graduate to
undergraduate ratio of fisheries R& staff appears to be
significantly | ower conpared to that of agriculture also.

The problem of limted nmanpower in fisheries R&D,
especially in institutions located in the provinces,
deserves attention because of the rural nature of many
fisheries activities. Researchers  worKki ng in the
countryside are nore exposed to the actual problens in
fisheries and are in a better position to correctly
identify priority research areas for inplenentation
More of them should be recruited then to enhance the
capability of the sector to conduct hands-on and
meani ngful , instead of “ivory tower”, research.

The Fisheries Code did not address the problem of
l[imted R&D manpower in fisheries. The AFMA, on the other
hand, stipulated the creation of a science fund to
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sustain career developnment. Since, the manpower problem
is directly related to funding, the planned increases in
the total R&D allotnent, should they materialize, will go
a long way towards addressing it.

(iv) Low Level and Poor Mintenance of Capital
Assets. Wiile the data presented here concentrate only on

funding and personnel resources, capital resources, in
particular, buildings, facilities and equi prent also help
determ ne the success or failure of R&D. In fisheries,

the capital resources for R& have been wanting, nore so
in provincial institutions which receive smaller shares
of the research budget. The probl em of inadequate capital
assets is worsened further by poor nmaintenance. There
have been reports that proper naintenance is sonetines
sacrificed by institutions to neet nore immedi ate
expenses, such as salaries and wages. In sites close to
the sea, the faster deterioration of capital assets
brought about by salt nakes the problem of poor
mai nt enance very serious.

Li ke the manpower problem the inadequate and poor
mai nt enance of capital assets is function of funding. If
the NARRDS institutions get a raise in their allocations,
they coul d purchase enough capital assets and spare noney
for maintenance. Again, the solution rests a lot on the
mat eri alization of the increased allocations prom sed by
t he AFMA and Fi sheries Code.

Manuf act uri ng

One of the mmjor factors that hindered the study
team to conduct a thorough and a detailed study on the
manufacturing sector R& is the lack of historical
information that can help track down R&D devel opnents in
the sector. As nentioned in Section Il, the breakdown of
R&D expenditure that is available up wuntil 1992 is
entirely different from the sectoral breakdown in the
PSIC. As such, historical information is not consistent
with what is available in the NSO data system This is a
maj or hurdl e because usually R&D activities, in the form
of investnments and manpower availability, are analyzed
against indicators of sectoral output performance. For
exanple, in the congruence rule discussed in Section III
optimal allocation of R&D budget should be proportional
to the respective commodity value added or value of
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production shares. While the latter is available fromthe
NSO data, the fornmer is not. However, David et al (1998),
after a tedious task of gathering and assenbling
information from alnost all sectors in agriculture, were
able to apply the analysis in a prelimnary way. Based on
the analysis, they were able to conclude that R&D
allocation in agriculture is far from opti nal

However, the sane analysis cannot be done in the
manuf acturing sector because of the absence of R&D dat a.
What was done, instead, was to conduct a small survey
(Macapanpan, 1998 and Hal os, 1998) on selected industries
in the manufacturing sector, and conpany interviews
(Nol asco, 1998) within those selected industries,
including the BAO. The discussion here is largely based
on these papers.

The paper of Macapanpan (1998) is focused on
Phi | i ppi nes’ private sector innovation activities. It was
based on a survey of selected conpanies from five
i ndustry groups: (1) food processing, (2) textile and
garnents, (3) netals and netal fabrication, (4) chemcals
and (5) electronics and electrical machineries. The major
concl usi ons of the study are the foll ow ng:

(a) Only big firms do engage thenselves in
i nnovation. These are industry |eaders. Smaller firnms my
just be ‘'along for the ride', not even considered
"fol |l owers".

(b) "lnnovations activities are perceived by the

firmse to inprove their conpetitiveness through inproved
quality, lower production costs and enhanced narketing
performance. CGovernnment standards and regulations and
environnmental concerns are not inportant drivers for
innovation activities. As predicted by literature and
studies, firnms will fornmulate their technology strategy
to support their overall business strategy.

(c) "The steel industry has not acquired any
significant new technology, in spite of recommendations
from various studies. The sane is true for the textile
industry, which has fallen behind in nodernizing their
equi pnent to remain conpetitive, quality- and cost-w se."



72

(dy "O the total respondent firnms (nore than 60),
only seven firns enploy Phds and only about 20 have
masteral degree performng any innovation activity. A
majority enploy only college graduates or lower in their
innovation activities, inplying a very low |level of
i nnovation activity."

(e) "CGovernnent research institutions rank very |ow
as a source of innovation ideas. From interviews, the
perception  of the firms is that these research
institutions | ag even in noni tori ng t echnol ogy
devel opnents in their respective fields. Internal R& is
not relied upon, except by the firms in the electronics
and electrical industry. ldeas for innovation activities
are wusually sourced from the outside in the form of
consul tancy services, information on conpetitor activity
generated by nonitoring, purchase of technol ogy, tangible
and intangible, and the recruitnent of manpower with the
required skills."

(f) "Financial constraints such as risk and rate of
return, lack of financing and taxation are the nmjor
hi ndrances to innovation. Technical constraints such as
lack of information on new technol ogies, deficiency in

ext er nal t echni cal servi ces, i nnovati on costs, and
uncertainty rank next as barriers to innovations. Qhers
mentioned include difficulty in obtaining patents, |ow

t echnol ogi cal standards, |ack of skilled personnel, and
lack of opportunities for cooperation wth other
conpani es. "

(g) "Philippine firns are deficient in experience
and organization to fully exploit technology as a source
of conpetitive advantage. This situation is not hel ped by
the | ack of governnent assistance and support. Governnent
has been rem ss in aligning the educational system toward
a globally and technologically conpetitive econony. The
requisite technical and technol ogi cal skills and
knowl edge are not provided by the Philippine schools.
Governnment research institutions have not diffused their
findings to the private sector.”

Based on a survey, Macapanpan (1998) therefore was
able to identify mmjor gaps and stunbling blocks that
prevent the private sector from fully exploiting the
benefits of being technological-attuned and -updated
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productive units. Moreover, based on interviews, Nolasco
(1998) identified further gaps and major |oopholes in the
system

(i) The overall systemis |oose and chaotic in the
sense that di fferent gover nnent agencies do have
different set of prioritized sectors. Furthernore, sone
of the goals are unaligned. For exanple, NEDA, DTl and
BO have different set of strategic sectors. DFA and NEDA
have conflicting interests wth the BQO I ndustry
pl anners, especially in terms of granting incentives. In
particular, DOE is looking into the possibility of
devel oping wind energy while DOST is eyeing the solar
energy.

(ii) Governnent, with such Iimted anount of budget
allotted to R&D, limts the ampbunt of expenditure on R&D.

(iii1)Support facilities |ike testing centers, either
governnment-run or governnent subsidized, standardization
institution and support industries |ike casing and others
are |l acking or non-existent. Access to recent and state-
of -the-art technologies is |acking due to poor databases.

(iv) System only reaches out to a handful of firnms,
usually the larger ones. Small and nedium scale firns
have m ni num access to the system

(v) People and staff in the incentive pronotion
desk are not too famliar wth the system of incentives.
For exanple, sone of them are not even aware of (a) the
contents of the R&D incentives scheme LOPA and (b) the
fact that R&D incentives existed for nore than six years.
Most of them would recall that R&D has been integrated
into the IPP LOPA only in the past two years, when in
fact, it has been there since early 1991.

(vi) CGovernnent and private sector |inkages are very
weak. Thus, commercialization of devel oped technol ogies
has not well been pronoted.

As a result of these gaps and problens, only 11
conpanies or a total of 13 projects were granted
incentives during the period 1991-1997.
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Meanwhil e, the results of Halos (1998) on the survey
and interview wth private firnms in the chemca
i ndustri es, whi ch produce chem cal i nputs into
agriculture (such as fertilizer and pesti ci des),
indicated that there has been a considerable reduction in

R&D i nvest nents. The exceptions are in the sugar and
coconut industries where research funds have been
mandated by governnment. In fact, the intensity of
research activities by the private sector, except

sugar cane and coconut, appears to have declined from the
level in the 1980s. Information on R&D are scarce and
hard to cone by, but there are clear indications of this
sl owdown. For exanpl e, a nunber  of mul ti nati onal
pesticide conpanies used to nmaintain research groups
distinct from marketing group but only two have remai ned
to do so at present. The regional research station of a
mul tinational agri-chemcal firm has reduced not only the
nunber (from 5 to 3) but also the rank of its research
staff (from2 senior and 2 junior |evel).

Anot her observation of Halos (1998) deals with the
governnment policy. For sure, the government has adopted a
policy of pronoting |local innovations and R&D activities.
This is manifested in a major |egislation, RA 7459, which
was signed into law in April 1992. The |law provides
mul ti-incentives package to encourage the devel opnent of
inventions and facilitate their conmercial application.
For exanple, "the law provides for presidential awards,
tax/duty exenptions, | oan assistance and invention
assi st ance devel opnent in pr ot ot ypi ng, pi | oti ng,
training, study tours, attendance to conferences/sem nars
and | aboratory tests and analyses. Various councils of
the DOST provide counterpart R& funds to private
conpani es. Al though respondents agreed that tax exenption
for R&D equipnment is conducive to their R& initiatives,
interviewees found the procedures too cunbersone.
Simlarly, they found the avail nent procedures and equity
requi renents for t echnol ogy-comrerci al i zati on | oans
cunbersone and too steep for small entrepreneurs.” In
fact, producers of organic fertilizers bewail the data
required for FPA registration.

In general, Patalinghug (1998) argues that small and
medi um enterprises face several problens to acquire
technology or to engage in R&D. "Among these problens
are: (1) lack of funds, (2) insufficient information, (3)
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lack of skills in evaluating alternative technol ogies,
(4) lack of technical knowhow to shift to nore advanced
technol ogies, (5) inadequate nechanism for transfer of
technol ogies and (6) inertia of entrepreneurs because of
no perceived or actual need for technol ogy."

Educati on

The Philippines ranks low in ternms of the nunber of
R&D personnel. In 1992, the ratio of the nunber of
scientists and engineers per mllion population was 152.
From the supply side, this low level of S&T and R&D
personnel is a result of the country’ s educational system
that produces very |ow science and engineering-related
graduates. Wiile the nunber of students at the tertiary
level is high in the Philippines, the nunber of tertiary
students taking wup science and engineering-related
courses is low There is in fact a dilenmma in the present
education system because of the educational “msnmatch”:
while there is a great demand for technical and
engi neering-related graduates by | ocal i ndustri es,
private tertiary schools <continue to produce non-
techni cal graduates.

This is, indeed, a big policy area problem One of
the factors that would explain this is that private
schools prefer not to go into these technical related
courses because of their high | aboratory requirenment that
is capital intensive. Non-technical courses are |ess
| aboratory intensive and therefore |ess capital intensive.

The pool of R&D nmanpower is dom nated by people with
basic college degrees and generally have very limted
advanced technical training. This in itself presents a
big stunbling block because new technol ogies avail able
are already in advanced state and require special
technical skills. Thus, the |lack of adequate R&D manpower
places the country in a very disadvantaged position
because it does not have enough technical capability to
adopt, through R&D, devel oped technol ogies in the market.
In other words, with inadequate technol ogical capability,
the Philippine may find it difficult to catch-up in terns
of access to and nmastery of the key energing or |eading-
edge technologies. This, in turn, negatively affects
future growth and international conpetitiveness.
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Furthernore, in a recent survey conducted by the
Philippine Institute for Developnent Studies (Cororaton
et al, 1998) on R&D activities of governnent agencies and
state universities and colleges (SUCs), it was observed
that nore than 30 percent of R&D personnel wth Ph.D.
degrees are in social sciences while only less than 5
percent are in engineering and technol ogy (Figures 18 and
19). About 15 percent are in agriculture-rel ated sectors.

This inadequacy of supply of R&D manpower can be
traced back to the problem in basic education that is at
the nonent in a poor state. The bad shape in the basic
education is rooted to the teacher training policy of the
country and the status of teaching profession (Magpantay,
1985). "To be able to teach in high schools, teachers
nmust have BSE with a major and mnor field. This degree
program is short on the content and heavy on the
nmet hodol ogy of teaching. 1In the end, teachers are
know edgeable in the standard way of teaching but do not
know what to teach. And worse, the students, who enter
t he education colleges, are generally not very creative
and imaginative due to low status afforded the
profession. In any famly, the intelligent anong the
children are encouraged to take up nedicine, law and if
mat hematically inclined, engineering while the |east
academically capable are asked to take up BSE or BSEE
programs. It is no wonder then that the science and math
educations in the primary and secondary levels are in bad
shape. Students are taught by the |east academcally
inclined people who went through a program that
enphasi zes nore on the formthan on the content”.

The poor S&T educational system results in |ow
supply of skilled manpower (Sachs, 1988). “In particul ar,
there is a severe shortage of science teachers at the
school level. The quality of science education at the
college level is also poor. A substantial fraction of
hi gh school science teachers have no training in science
and mat hematics (but rather have degrees in education).
Hi gh school math and physics curricula are badly in need
of reform A Wrld Bank funded engineering and science
education project has provided scholarship for nasters
and doctoral training in science and engineering but the
scope of the project is limted. In general, there is a
lack of <capacity to do research, which wll becone
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particularly problematic in the future when fornms wll
have greater demand for adopting and innovating existing
technologies. Increasing the supply of science and
technol ogy education is probably the npbst crucia
investnment in science and technology that needs to be
made now.”

Heal t h

The present study did not have the opportunity to
include an analysis on the health sector R&D. However,
the Center for Econom c Policy Research (CEPR), under the
funding fromthe Departnent of Health, recently conducted
an analysis of the funds flow of health research and
devel opnent in the Philippines. Among the major
objectives of the analysis were to: (a) trace the flow of
health R&D resources; (b) assess the system for setting
health R&D priorities; and (c) determine if health R&D
funds match with the priorities of the research agenda.

Sonme of the major insights derived from the CEPR-DCH
findings, which are relevant to the present R&D gaps
analysis in this section, include:

(i) "O the P394 billion government budget for

1996, health resources accounted for P75 billion or 19
percent while R&D resources had a neager share of P3
billion or | ess than one percent.

(1i) Resources for health R& anmounted to P421
mllion; this was wequivalent to 17 percent of R&D
resources and one percent of health resources. The l|atter
is below two percent of the national health expenditures,
the proportion recomended by the Conmm ssion for Health
Research and Devel opnent for health R&D"

O her I nportant Gaps

Eclar (1991) discussed the long history of S&T and
R&D in the Philippines. In fact, its beginnings can be
traced back to the Anerican colonial period. There were
significant changes since then, including changes in the
structure, system | eader ship and adm ni stration
Recently, prograns and plans have been |aunched |ike the
Sci ence and Technol ogy Master Plan (STMP) in 1990 and the
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Science and Technol ogy Agenda for National Devel opnent
(STAND) in 1993. However, there are no successes that can
be cited. There are, however, clear indications of
failure (Patalinghug, 1998). For exanple, the S&T sector
faces the following major problens: (a) underutilization
of S&T for developnent as reflected in the low quality
and productivity of the production sector and heavy
dependence on inports; (b) underinvestnent in S&T
devel opnments in terns of manpower training, technol ogical
services, R& facilities and financial resources; (c)
weak |inkages between technology generation, adaptation
and utilization; and (d) slow comercialization of
technol ogi es because of very weak delivery system which
inturn is the result of weak |inkages especially between
governnent research institutes and the end-users.

Pat al i nghug (1998) further cited that "there has
been a general failure to use technology to gain
conpetitive advantage. Resource-based exports (tinber,
copper) are basically in raw naterial or unprocessed form
Traditional agricultural exports (coconut, sugar, and
banana) are also exported w thout infusing technol ogy-
based processing in the val ue-added chain. The shift from
primary exports (coconut, sugar) to nmanufactured exports
(garnments, electronics) has sinply reflected the changing
factor conposition of exports (that is, from resource-
intensive to labor-intensive). The shift from | abor-
intensive to skill-intensive or technology-intensive
manuf act ured exports has not yet occurred.”

I nstitutional Waknesses. There are a nunber of
clear institutional gaps. Sonme of these include:

(1) Failure in Executi on and | mpl enent ati on.
Pat al i nghug (1998) nmde a conparison between the S&T
systemin the Philippines and in South Korea. One of his
observations was that, "basically, in form and intent,
the Philippine S&T devel opnent plan is conparable to that
of Korea. Thus, the basic weakness of the Philippine
experience is in its execution and inplenentation
Al though there are some weaknesses in the plan-
formulation process in the Philippines because the
pl anni ng exercise is detached from the budgeting exerci se,
the nore decisive factor is the weakness and organi zation
arrangenent to ensure tinely and correct inplenentation.”
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There are big defects within the existing intra-
governnment coordi nation system In particular, the system
of performance nonitoring and evaluation is |acking or
defective. "In fact, t he governnment's I nvest ment
Coordination Conmttee (I1CC, chaired by NEDA) has been
lengthily reviewng projects intended to address the
adverse effect of the financial crisis. But basing from
t he | CC s i nefficiency in eval uati ng devel opnent
projects, it is nore likely that these projects wll be
approved at a tine when the econom c conditions they are
supposed to address are no longer there. The ideal
institutional arrangement is definitely to establish a
coordi nati on mechani sm between S&T plan, the budget plan
and the Medium Term Philippine Devel opnent Pl an.
Unfortunately, prospects of establishing this Iinkage in
the Philippine bureaucracy, in the short run, are not
prom si ng".

(i) Oher Causes of Institutional Failure. Sone
argues that Korean |eadership has the political will and
the consensus anong its stakeholder to give top priority
to S&T developnment in the allocation of resources.
Magpantay (1995), on the other hand, clainmed that the
DOST is a highly inefficient structure |argely because it
"is doing too many S&T activities, charged with too nmany
functions, operating in a bureaucracy wth too nany

constraints and given too little support". This is
mani fested in the DOST's STMP 15 | eadi ng edges and STAND
22 R&D priority areas. These areas are all-inclusive and
practically cover all industries and all technol ogies

with too little financial resources. This is a clear
exanpl e of poor planning and poor budgeting. Patalinghug
(1998) in fact concluded that "the nost reasonable
conclusion that can be nmade is that both STMP and STAND
cannot be inplenented. Their defects are the follow ng

(1) budgeting and planning were not harnonized in the
drafting of the S&T plan; (2) capabilities of
i npl enenting agencies were ignored; (3) solid support
from various stakeholders was |acking; and (4) therefore
resources for S&T devel opment were insufficient. By any
standards, the anobunt actually used for R& in the DOST
budget is absolutely too little".

(i) Failure of Industrial Policy. There are
renewed attenpts to formul ate i ndustri al policy
(Patal i nghug, 1998). This is a reiteration of the vita
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role of industrial progress to sustain future economc
growh in the country. "However, ad hoc or de facto
i ndustrial policies (as forrmulated by EDC, 1I1DC, and
SMEDC) have not stressed the need for active pronotion of
t echnol ogy to build a strong f oundat i on for
industrialization'. The STAND has identified what is
called "export w nners" or "industry/product w nners".
Pat al i nghug argues that identifying these wi nners w thout
technology is like a vehicle w thout an engine.

There are at least twelve priority sectors that have
been inplicitly identified in the recent pole-vaulting
strategy. However, the technologies in support of these
"must-do" prograns have yet to be identified.
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IV. Policy Lessons for the Philippines

Three major issues were laid out at the outset: (a)
a productivity-based gromh is sustainable in the |ong
run than a factor accunul ati on-based growth; (b) a growth
strategy that is consistent wth productivity-based
gromh is technological innovation-based; and (c) in
devel oping countries where institutional rigidities as
wel | as market inperfections are preval ent technol ogica
i nnovati on-based growmh strategy is extrenely difficult
to inplenment. The inpressive growh of the Japanese
econony after WANI was generally a productivity-based
growm h achieved through a technol ogical innovation-based
strategy. Technol ogi cal i nnovation as discussed in
Section | involves a dynam c process, and it in each step
of the process econom c growth inproves as experienced in
Japan. The experience of Japan could therefore shed |ight
and provide useful policy lessons for devel oping
countries like the Philippines that is struggling to grow
and develop. It was on this background that the paper was
conceptual i zed.

The paper attenpted to review the growh process in
Japan after WANI. It went to analyze the initia
conditions, the econom c environment in which econony was
operating, the goals and strategi es pursued, institutions
establ i shed, economc policies inplenented, prograns
devel oped, the role of governnment in the entire process,
and the invol venent of the private sector. Since the main
obj ective was to draw policy |lessons for the Philippines,
t he paper analyzed in great detail the S&T experiences in
the Philippines to provide sonme conpari sons.

The anal ysis of the experience of Japan provided the
following lessons: (1) accunulation of technol ogical
experience is extrenmely inportant, and in the case of
Japan this has been started years before WA I through its
pre-war industrialization policies; (2) key institutions

which proved to be very crucial in the process were
established (like the Science and Technology Agency,
research institutions, I|abor unions, patent office,

etc.); (3) industrial strategy pursued was seen as
managi ng the process of technol ogical change in order to
achieve a dynamically efficient industrialization (this
was quite evident in the phasing in and phasing out of
priority industries and the rapid increase in R&D during
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the period when the technological gap wth devel oped
countries in Europe and Anmerica was closing); (4) the
i nportance of inportation, adaptation, assimlation of
foreign technology; (5) the inportance of incentives and
subsidies to pronote and encourage private participation,
which in a neoclassical sense is inefficient but in
reality is effective if granted in a conpetitive manner
through a set of criteria laid out by the governnent; (6)
manpower devel opnent through basic and formal education

vocat i onal traini ng, and conpany sponsored skills-
enhancing prograns; (7) sound nacroeconom ¢ managenment
and stable econony (extrenely essential for private
participation); (8) political stability through strong
| eadership; and (9) shared devel opnent through the rapid
expansi on of the mddl e class.

The details of each this are discussed in Section
1, but it is inportant to elaborate further two
inportant issues that are particularly relevant to the
Phil i ppine case. These are the role of: (i) industrial
strategy; and (ii) proper institutional arrangenents.

The current debate in the economc literature puts
the issue of industrial strategy that is along the
argunents of Hi rshman (1958) in the sideline. In fact,
the issue of the day is globalization through *“making
prices right”. Wiile this my be justified by the
failures  of sone countries which adopted inport
substitution policies through targeting |I|ike the
Phi | i ppines, Brazil, India to nane a few, “making prices
totally right” may be unrealistic especially if
t echnol ogi cal change and innovation is at the heart of
the growmh strategy. The market of technology is highly
i nperfect and the econom c environnent wi thin which these
developing countries are operating is adverse to
technol ogy-based institutions because of the factors
outlined in Section |. The <case in point is the
Philippines. It has been exerting a lot of effort in
i npl ementing economc reforns that are consistent wth
gl obal i zati on. Wile the ongoing set of economc reforns?®
are extrenely inportant and necessary to overhaul the
inefficient production structure of the econony, it |acks
focus and provides no clear direction at all to where the

¥ Economic reforms include trade reforms, financial reforns, fiscal
reforms, exchange rate reforns, investnment reforns, and other market
refornms through privatization and |iberalization.
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process of technol ogical innovation should go. The recent

S&T plan of the governnent lists down 23 industries as
priority areas. They are just sinply too many since the
production Ilines of these industries are totally

unrel ated. The case of Japan, and to a great extent the
case of South Korea, is very clear: the technol ogical

i nnovation strategy was attuned, synchronized and nmade
consistent with the overall industrial strategy. This is
very inportant lesson for the Philippines during this
period of economc reform The process of technol ogica

i nnovation cannot start and gain nonmentum unless sone
kind of an industrial strategy is adopted. Activities in
technology area are sinply too risky and to a great
extent capital intensive. Unless clear directions are
set, private sector would be unwilling or hesitant to
cone in and participate no nmatter how attractive
governnment incentives are. In the Philippines, incentives
have been made available to R&D-related activities since
the early 1990s, but thus far there have been very few
t akers.

The second i ssue I nvol ves institutiona
arrangenments. The review of S&T experience in the
Phi | i ppi nes provides sone clue that key ingredients for a
t echnol ogy-based growh strategy nay be present already.
Wiile they may not be as conparable to that of Japan, the
relatively long S&T experience, the institutions, the
policies and, to a limted extent, the manpower are
present. However, there 1is an institutional failure
because of very weak institutional arrangenents. Planning
and budgeting exercises are uncoordinated resulting in
very poor performance and project failures. There is also
| ack of focus, especially in attracting and getting the
participation from the private sector, through for
exanpl e t he conmer ci al i zati on of sone devel oped
t echnol ogi es.

The I|essons discussed my have sone inportant
inplications to the policy fornmulation exercises in the
Phi li ppi nes. However, they are general. There are equally
rel evant specific policy recomendations that are
inmportant to consider also. These include inprovenents
in: (1) R&D investnents; (2) R&D manpower; (3) incentive
system (4) i nstitutional arr angenent and S&T
coordi nati on nmechanism (5) R&D delivery system and (6)
statistical information and accounting system
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R&D | nvest nent s

There are convincing pieces of evidence show ng
significant underinvestnent in R& in the Philippines.
This is true at the national, as well as at the various
sectoral l|evels. For exanple, Cororaton (1998) estinated
a gap in R&D expenditure of 0.5778 percent of GNP at the
nat i onal | evel . David et al (1998) also observed
significant underinvestnent in agriculture. Israel (1998)
also found the sanme thing in the fisheries sector.
Underinvestnent in R& is also very apparent in the
private, manufacturing sector as observed by Macapanpan
(1998) and Halos (1998). The recently conpleted study on
the flow of R& funds in the health sector by CEPR-DOH
(1998) also found significant underinvestnent in R&D

There are also equally convincing set of facts
indicating high rates of return to R& investnents. This
being the case underinvestnent in R& and high rates of
return may inply high opportunity cost. Wile it is
extrenely difficult to conpute this opportunity cost
because of lack of information, it is manifested in other
indicators |ike productivity. Productivity performance in
the Philippines has been very poor. In fact, this has
been the mmjor factor behind its unsustainable growth
path. In principle, R& activities |ead to innovation, to
technol ogi cal progress and finally to econom c growh and
prosperity. There is a huge body of literature that would
support this.

The biggest issue at hand is: Wio would fill in the
gap? Rough calculations indicate that there is a gap of
about P14 billion at «current prices. For sure, the
governnment sector cannot fill in this gap because of
financial constraints. Furthernore, the governnent has
ot her equally inportant concerns such as basi c

infrastructure and other social sector needs. Naturally,
it has to be the private sector (either local or
foreign). However, the private sector responds to proper
incentives. Further discussion on this is given later in
t he section.

Par t of the gap <can be attributed to the
inefficiency of allocation of resources. In fact, in
agriculture, David et al (1998) argued that m sallocation
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of public sector research funding is an equally inportant
consideration as underinvestnment. They cited specific
exanples. Using the congruence rule, they found that
"relatively greater research budgets are provided to
m nor comodities such as cotton, silk, or carabao and
too little on major ones such as corn, coconut, fisheries
and others. Furthernore, M ndanao regions are relatively
negl ected in terns of research budgets of the DA and SUCs
conpared to regions in Luzon and to a |lesser extent to
those in the Visayas. While congruency does not strictly
coincide with optinmal research resource allocation, the
differences in research intensity ratios observed anong
commodities and across regions cannot be explained by
possi ble differences in cost of research (probability of
research success, etc.), future market potential nor
equity consi derations”

O her manifestation of misallocation of resources is
in the allocation of budgetary resources by type of
expenditure. David et al (1998) also observed that "too
little resources are available to perform research
activities and to properly maintain the physical
facilities, after the salaries of personnel have been
pai d. |Indeed, the average share of personal services to
direct budgetary outlays is close to 60 percent and as
high as 70 to 80 percent in many cases. Consequently,
either the research manpower is wunderutilized or the
research agenda is driven by donors' priorities".

Due to lack of information because of extrenely poor
dat abases on R&D activities, msallocation of research
resources in other sectors |ike the manufacturing cannot
be conducted. However, given the nature and the extent of
problens in the R&D systemin the Philippines, the issues
on agriculture seem generic to all sectors of the
econony.

Aside from wunderinvestnent and msallocation of
research resources, there 1is another big problem of
untinmely release of funds to institutions, prograns and
projects. In fact, this is true not only in R&D, but also
in other activities that are dependent upon governnment
fundi ng and support. Israel (1998) nentioned this as one
of the major concerns in the fisheries sector. "In
fisheries, it is acute because of the inportance that
time and season play in the conduct of activities.
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Al though there are no data which can be used to validate
this, research activities are reported to be cancelled or
haphazardly conducted because of the delay in the rel ease
of funds". Patalinghug (1998) has recommended that DBM
must be involved wth DOST in the S&T and R&D pl anni ng
formul ati on stage so that S&T and R&D resources are nade
available to inplenent such plan wthout delays. This
issue wll also be touched upon later in the discussion
on institutional arrangenent.

R&D Manpower

The issues surrounding R& manpower are equally, if
not nore problematic. This is because the problens in
this area can be traced back to the educational system
which is not only difficult to reform but also, its
effects would take a long tine to be realized if ever
refornms are successfully inplemented. Lag tinme would
usual ly take about 15 to 20 years - the required tinme to
properly educate and equip the <children wth the
necessary skills and talents before they enter the
wor kf or ce

Cororaton (1998) estinmated that the gap in the R&D
manpower is about 197 scientists and engineers per
mllion population. In agriculture, David et al (1998)
observed that the R&D manpower is not so nmuch in terns of
the nunber, but in relatively low level of scientific
qualification of agriculture research. They, in fact,
gave a warning that there is an urgent need to strengthen
manpower capability in DA and DENR research agencies.
| srael (1998) also observed a severe shortage of
qualified personnel in the fisheries sector. The sane is
true in the private mnufacturing sector (Macapanpan,
1998 and Hal os, 1998). In fact, in the recent PIDS survey
(Cororaton et al, 1988), it was observed that majority of
R&D personnel have only basic college degrees. A snal
percentage has doctoral degrees nostly in social
sciences. A very tiny percentage of Ph.D. holders are in
engi neering and technol ogy.

Wil e the Philippine educational system produces one
of the biggest nunbers of college graduates, conpared to
other countries, it generates one of the smallest nunber
of graduates wth science and engineering skills
(Cororaton, 1998). There are a host of factors behind
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this. At the tertiary level there is a dilemma in the
present educational system because of the educational
“msmatch”: while there is a great demand for technica
and engineering-related graduates by |l|ocal industries,
private tertiary schools <continue to produce non-
technical graduates. One of the factors that would
explain this is that private schools, which dom nate the
tertiary level, prefer not to go into these technical
related courses because of their high | aboratory
requirenent that 1is capital intensive. Non-technical
courses are |less laboratory intensive and therefore |ess
capital intensive.

At the secondary or high school level, a substanti al
fraction of high school science teachers have no fornal
training in science and mathematics (Mgpantay, 1995 and
Sachs et al 1998). Rather, they have degrees in
education. There is, therefore, an urgent need to reform
hi gh school math and physics curricula. This problem also
holds true at the primary |evel

In alnost all sectors, the |ack of adequate manpower
surfaces out. Thus, for the country to sustain a |ong
termgrowh there is an urgent need to reformthe science
and technol ogy education system |In fact, investnent in
science and technology education is the nost crucial
i nvestnent that needs to be made now (Sachs et al 1998).
O herwse, it wuld be too late since returns to this
i nvestnment have wusually very long gestation period or
time | ag.

Pat al i nghug (1998) offered specific recommendati ons:
(1) Strengthen S&T education at the elementary and

secondary school |level. The quantity and quality of
el ementary and secondary teachers of science and
mat hematics  nust be addressed in the MediumTerm

Phi l'i ppi ne Devel opnent Plan: 1999-2004; (2) A strong
sci ence and engineering programis also needed to support
an expansion of science and engineering enrollnment at the

tertiary |Ilevel. Expand the facilities of science and
engineering institutions. Encourage the hiring of
qualified faculty from abroad; (3) Intensify the

effective recruitnment of Filipino scientists and
engi neers working abroad by designing an incentive
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program that matches the cost of ESEP?°; and (4) Expand
the Philippine Science H gh School system

I ncentive System

People, especially the private sector, respond to
i ncentives. Incentives that are deened particularly
inmportant to R&D activities include: (1) stable econony;
(2) institutional protection; (3) access to capital and
fi nanci ng, especially by the SMEs; (4) good R&D
infrastructure; and (5) fiscal incentives.

Normally, there are high risks involved in R&D
activities. In particular, there are uncertainties in the
outconme of an R&D undertaking. Positive and favorable
results of an R&D undertaking will not emerge 100 percent
or with certainty. In fact, there are great possibilities
of failure. Furthernore, there is high incidence of
spillover or externality that is hard to appropriate. In
this regard, gover nnent intervention is critically
needed.

There is anmple literature and enpirical evidence
that support the fact that a stable nacroeconony hel ps
encourage productivity-enhancing activities like R&D
especially by the private sector. Therefore, conducive
macr oeconony is one of the major incentives that can be
offered to private investors. The role of the governnent
is particularly inportant in being able to nanage the
econony so that inflation rate, interest rates, risk
prem uns and etc. are kept at the m ni num

There are also clear indications fromthe literature
that institutional protection 1is critically needed.
I nstitutional protection cones in the form of patents and
intell ectual property rights. These issues have not been
addressed in detail in the present paper, but certainly
there are problem areas that need to be ironed out here.
To be sure, there are indications that the nunber of
patents granted declined through tine.

Macapanpan (1998), Halos (1998) and Nol asco (1998)
observed through conpany interviews and surveys that one
of the mmjor constraints preventing sone of the firnms,
especially the SMEs, from conducting and pursuing R&D

20 South Korea did this in the early 1960s with great success.
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activities and plans is the lack of access to cheap
capital and financing. The cost of <capital in the
Philippines is traditionally high because of distortions
in the financial system

R&D and S&T infrastructure is also one crucial
incentive that could attract the private sector to pursue
technol ogy-related activities. Pr oper infrastructure
could cone in the formof (1) a strengthened educationa
system which can produce a workforce wth adequate R&D
capabilities, good and updated data bases and information
system (2) w de and easy-to-access network on technol ogy
devel opnments; (3) a mechani sm whereby Filipino scientists
and engi neers working abroad can conme back home to work;
and (4) a nechanism whereby research results and out put
of research institutions and universities can be
delivered to the end-users, anong others.

Macapanpan (1998), Halos (1998) and Nol asco (1998)

also noted that fiscal incentives are inportant in
attracting the private sector to go into R& activities.
Cororaton (1998) I|isted down sone of the major fiscal

incentives in the Philippines and noted that these are
generally simlar to the ones offered in other countries.
However, fiscal incentives have to be handled properly,
as these would have significant budgetary inplications.
Furthernore, although fiscal incentives are inportant,
results woul d i ndi cate t hat t here are maj or
inefficiencies in the granting of incentive in the BO.
For exanpl e, Nolasco (1998) noted that from 1991 to 1997,
only 11 conpanies or a total of 13 projects were granted
with incentives. Patalinghug (1998) therefore suggests
that there is a need to "design an incentive package,
with strict qualifying requirements on what constitutes
R&D activities, to encourage private sector R&. An
external peer review commttee is recommended to act as
the screening nechanisni. The granting of fiscal
incentives may be conducted in a conpetitive basis
through a set of performance criteria that may be defined
by the governnent.

O her i mport ant I ncentive issues, which need
attention, are discussed in Israel (1998). In particular,
it was noted that in nobst cases, researchers conducting
research wusing the funds of their own agencies are
granted with mnimal financial incentives. Remunerations
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from projects funded by other governnment sources have
been inconpetitively low As a result, many researchers
tend to do odd jobs not related to research, or
consulting wrk for the private and internationa

organi zations. The results of the PIDS survey on R&D
manpower, particularly on R& personnel wth Ph.D

degrees, would also indicate this trend (Cororaton et al

1998).

The Magna Carta for the Government Science and
Technol ogy Personnel (R A 8439) was recently passed to
address the problem of |low incentives, but it remains to
be seen whether this wll solve the problem In
particul ar, the law allows for the ©provision of
honoraria, share of royalties, hazard all owance and ot her
benefits to science and technol ogy workers.

Furt her nore, Pat al i nghug  (1998) has additional
recommendations that can inprove the S&T incentives.
These include: (1) allocation of an annual funding for
the inplenmentation of the Scientific Career System (SCS).
However, entry into SCS should be limted by giving top
priority on the target groups, natural scientists and
engineers; and (2) inplementation of a conpetitive
bi dding, strictly based on nerit, in the awarding of
research projects by pooling a major portion of the
country’s R & D resources to be adm nistered by an NSF-
t ype agency.

Institutional Arrangement and S&T Coordi nati on Mechani sm

From all indications, there is no doubt that the
entire R&D system as well as the general S&T system is
in a state of disarray because of |ack of |eadership,
direction, and coordination. There are systens, as well
as admnistrative failures, t hat resul t in wong
i npl enentation of the plans, projects and prograns. There
are also policy failures due to the lack of focus in
technology in the overall developnent strategy. To
address these problens, Patalinghug (1998) recomended
the following reforns: (a) DBM nust be involved wi th DOST
in the S&T plan fornul ation stage so that S&T resources
are available to inplenent the plan; (b) STCC nust draft
a Medium Term Science and Technol ogy Devel opnment Plan a
year before the drafting by NEDA of the next Medium Term
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Phi | i ppi ne Devel opment Pl an. An inter-agency joint
commttee must integrate the Medium Term Science and
Technol ogy Devel opnent Plan into the Mdium Term
Phili ppi ne Devel opnent Plan by deconmposing them into
annual budget plan, annual S & T plan, and annual
econom ¢ plan, and then harnonizing its goals, projects,
pr ogr amns, strat egi es, resource requirenents, and
timetabl es; (c) DOST nust establish a Project and Program
Monitoring Unit staffed by at nost three persons whose
main job is to coordinate the selection, through
conpetitive bidding, of external evaluators and reviewers
for the different projects and prograns inplenented under
the S & T plan; and (d) An STCC chaired by the President
must neet at |east once every three nonths to address
current probl ens t hat pose obst acl es to t he
i npl ementation of the S&T plan. An MOT unit attached to
DOST (just like PIDS is attached to NEDA) will act as the
t echni cal secretari at of STCC  under the direct
supervi sion of the DOST Secretary.

R&D Del i very System

Eclar (1991) has noted that there is very slow
commercialization of technologies in the Philippines.
This is largely due to the very weak delivery system and
poor |inkages of S&T organizations wth industry and
ot her governnent agencies. To inprove the I|inkages
Pat al i nghug (1998) has a nunber of reconmendati ons:

(1) Reorganize the governnment-supported R & D
institutes into a new corporate structure that gives them
flexibility as well as responsibility to gradually
develop its fiscal autonony.

(2) Establish funding schenes through DOST and CHED
to support consortium or network of schools to maxim ze
use of resources.

(3) Focus funding support for developing core
conpetence in targeted regional universities. For
instance, University of San Carlos can specialize in
chem stry and chemi cal engineering; MSU-IIT in nechanical
engi neering, and Xavier University in biochemstry and
agricul tural engineering.
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(4) Pronotion of S & T culture by giving
Presi denti al Awar ds to out st andi ng sci ence and
engineering projects selected through a nationw de
conpetitive search. Encouragenent of science TV and radio
prograns, fairs, plant tours, and apprenticeship.

(5) Install a scanning and nonitoring schene of
world technological trends for dissemnation to |ocal
i ndustries, research institutes and universities.

Ecl ar (1991) conducted a conprehensive analysis of
factors affecting commercialization of technologies. Her
st udy identified user partici pation. Successf ul
commercialization is pronoted when a user with a specific
need has been identified at the start of the project. The
user generally maintains an interest in the progress of
the research and takes on the commercialization of the
results at the conpletion of the research project in
order to neet his wearlier expressed need. This is
reinforced when the user’s interest in the project is
translated into support or cost-sharing.

Anot her | mpor t ant factor IS pi | ot testing.
Denonstration  of the technical viability of t he
technology in a sem -commercial scale helps convince an
industry user to start-off the commercialization process.
Commerci al success is pronoted when the user hinself has
provi ded material inputs to the pilot test.

Statistical Information and Accounting System

Good and accurate analysis of R&D opportunities is
one of the mpjor factors that would help encourage
private, as well as public, investnment into R&D and S&T-
related activities. This is because, nornmally, there are
high risks involved in R& investnents (particularly the
uncertainty in the outcone of an R& undertaking), as
well as there is high incidence of spillover or
externality that IS hard to appropriate. These
uncertainties and other market failures can be mnimzed
if the statistical information and accounting system is
wel | established. A good information system|eads to good
analysis on the structure and nature of R&D activities
If there are significant market failures, wth good
anal ysis, then appropriate and correct policy neasures
can easily be fornmulated to correct these market Kkinks.
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However, t he pr esent statistical i nformation and
accounting system is extrenely poor. It generates very
inaccurate information of the variables of particular
interest in policy. This assessnent is based on the
recent R&D survey conducted by PIDS (Cororaton, et al
1998). Thus, there is an urgent need to overhaul the
statistical information and accounting system on R&D and
S&T activities. The first major step involves making the
survey questionnaire consistent wth the accounting
system of the institutions so that information can flow
i medi ately fromthe information system of the respective
institutions into R& database. The next mmjor step
i nvol ves reconciling the variables in the questionnaire
consistent with the NSO PSIC sectoral breakdown. The
third recommendation deals wth institutionalizing the
data system in NSO,  because of their expertise in
gathering information and their extensive nationw de
network, so that regular information is generated and
regul ar nonitoring and anal ysis are conduct ed.
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Table 1: Destruction of National Wealth in Japan (billion yen)

Estimated National National Wealth in
Total Value of Wealth Remaining| Perentage | 1935 calculated at
Damage|Undamaged State at War's End of Damage |value of War's End
Gross value of national assets 64 253 189 25 187
Buildings and other structures 22 90 68 25 77
Industrial machinery 8 23 15 34 9
Ships 7 9 2 82 3
Electricity and gas supply facilities 2 15 13 11 9
and equipment
Furniture and household effects 10 46 37 21 39
Production goods 8 33 25 24 24

Source: Quoted from Takafusa (1994). Original source is Economic Stabilization Board, Taiheiyo Senso
ni Yoru Wagakuni Hokokusho (Comprehensive Report on Damage to Our Country in the Pacific War), 1949




Table 2: Average Annual Growth Rates (%) of Real GNP of Six Major Industrial Countries

Country 1955-60 | 1960-65 | 1965-70 | 1970-75 1976 1977 1978 1979
France 2.0 5.8 5.8 3.9 4.6 3.0 3.0 35
Italy 5.6 5.3 5.9 3.8 5.7 1.7 2.0 35
Japan 8.9 10.0 12.1 6.8 6.5 5.2 5.8 43
United Kingdom 2.7 3.4 2.4 2.3 2.3 1.6 3.0 2.3
United States 2.2 4.8 3.3 25 5.7 4.9 3.3 2.0
West Germany 6.6 5.0 4.8 2.2 5.7 2.6 3.0 4.0

Note: GDP growth for France, Italy, and United Kingdom

Source: Quoted from Hirono, 1980. Original sources: OECD, National Accounts of OECD Countries, 1955-75,

and OECD, the OECD Observer, No. 96 January 1979, Table 2, p. 20




Table 3: Source of Economic Growth

Japan USA W. Germany France United Kigdom
Measures 1953-71 1948-69 1950-62 1950-62 1950-62
Standardized Growth Rate 8.81 4.00 6.27 4.70 2.38
Total Factor Input 3.95 2.09 2.78 1.24 111
Labor 1.85 1.30 1.37 0.45 0.60
Capital 2.10 0.79 1.41 0.79 0.51
Output per Unit of Input 4.86 1.91 3.49 3.46 1.27
(Standardized)
Advances in knowledge & oth 1.97 1.19 0.87 1.51 0.79
Improved resource allocation 0.95 0.30 1.01 0.95 0.12
Economies of Scale 1.94 0.42 1.61 1.00 0.36

Source: Denison and Chung, 1976




Table 4: Savings and Investment in Japan

Year Savings Proponesity’ Investment Rate’
1955 0.09 26.2
1960 0.16 38.7
1965 0.17 27.9
1970 0.2 35.5
1972 0.22 35.8
1974 0.24 33.3
1975 0.23 32.7
1977 0.23 31.2

Source: Hirono, 1980.
Notes: (1) savings propensity for worker household; (2) gross capital formation
as percent of gross national expenditure computed using 1975 prices.



Table 5: Trends in Concentration Ratios for the Top Ten Firms in
Manufacturing Sector of Japan, by Industry Groupsl

Textile, Chemicals Metals
Food Pulp & Petroleum and Metal All
Processing Paper & Ceramics Products Machinery | Manufacturing
1950 100.0 100.0 100.0 100.0 100.0 100.0
1952 104.7 82.7 99.5 97.9 89.9 97.6
1954 106.7 73.4 98.9 98.0 84.6 96.3
1955 106.7 69.0 98.3 99.5 91.9 96.4
1957 110.5 65.9 93.6 98.1 87.7 94.8
1959 115.3 63.0 92.3 99.3 85.3 95.2
1960 119.7 62.9 90.6 98.7 83.1 95.5
1962 124.9 62.7 89.4 99.5 90.2 97.1
1964 123.7 64.7 89.1 98.7 97.5 97.4
1965 126.2 63.0 89.0 98.9 99.7 98.0

Source: Hirono (1980). Original Sources: Fair Trade Commission, Nihon no Sangyo Shuchu
(Concentration in Japanese Industries), 1963-66 and 1979.

1 Note: 43 industries are selected for the 5 industry groups; 11 for the food processing,

6 for the textiles, pulp and paper, 15 for the chemicals, petroleum and ceramics,

8 for the metals and metal products, and 3 for machinery groups. The concentration ratios
are computed on the basis of output rather than sales, assets or employees




Table 6: Average Annual Growth of Exports and Exports as Percent of GNE of Six Major Industries Countries’

Average Annual Growth Rate

Exports as Percent of GNE

Year 1950-60 1960-70 1965-70 1970-76 1960 1963 1970 1975 1976
France 6.4 7.6 11.7 15.0 13.0 16.0 20.0 20.0
Italy 10.5 13.4 2.7 15.0 15.0 19.0 25.0 25.0
Japan 15.9 17.2 18.0 14.3 11.0 9.0 11.0 13.0 14.0
United Kingdom 4.8 3.0 0.6 21.0 20.0 23.0 27.0 29.0
United States 5.1 5.7 9.4 5.6 5.0 5.0 6.0 9.0 8.0
West Germany 16.6 12.6 15.1 19.0 18.0 21.0 25.0 26.0

Source: Hirono (1980), Original source: United Nations, UN Yearbook of Statistics 1977 and IBRD, World Development Report, 1978.
1.Growth rates of exports are in real terms, whereas exports as percent of GNE (gross national expenditure) are calculated
on the basis of current market prices




Table 7: Quantum Indexes of Exports of Japan, by Major Commodity Groups

Textile Chemical | Nonmetallic Metal
Year Total Products Products Products Metals Products Machinery Misc.
1965 31.0 67.9 26.1 89.3 33.1 46.5 18.9 52.2
1970 62.5 955 73.2 101.7 61.7 85.7 49.7 96.5
1972 79.8 108.6 105.9 109.2 74.3 104.3 70.4 91.8
1974 99.7 95.8 95.3 93.3 113.2 103.9 94.8 103.9
1975 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1977 132.9 115.7 117.0 131.4 121.1 138.7 143.3 133.2

Source: Hirono (1980), Original Source:

Bureau of Customs, Ministry of Finance, Foreign Trade Statistics, 1979




Table 8: Long-Term Foreign Capital into Japan (million US dollars)

Direct Portfolio Bank loans Total

Year Investment Investment & bonds Inflows

1950 2.6 0.6 3.2
1952 7.2 3.0 34.6 44.8
1954 2.5 15 15.3 19.3
1955 2.3 2.8 47.1 715
1957 7.3 4.2 124.1 135.6
1959 14.6 125 127.9 155.0
1960 31.6 42.5 137.5 211.6
1962 22.6 142.1 514.2 678.9
1964 30.6 54.2 827.9 912.7
1965 44.6 38.7 4451 528.4
1967 29.8 130.0 687.9 847.7
1972 135.9 3,894.5 1,180.7 5,211.1
1974 133.7 1,455.5 2,304.3 3,893.5
1975 141.8 3,361.3 3,429.0 6,932.1
1977 192.6 3,028.6 2,744.1 5,965.3

Source: Hirono (1980), Original Source: MOF, Monthly Report on Financial Statistics,

in EPA, Summary, 1969 and 1979

1. on approval basis




Table 9a : Labor Movement in Japan

(20,000) Percentage Distribution(%)

Farmers| Self-Employed Employees Total| Farmers| Self-Employed Employees Total
1948 1,586 598 1,274 3,458 45.9 17.3 36.8 100.0
1953 1,558 807 1,572 3,937 39.6 20.5 39.9 100.0
1958 1,422 850 2,050 4,322 32.9 19.7 47.4 100.0
1963 1,201 830 2,577 4,608 26.1 18.0 55.9 100.0
1968 900 950 3,148 4,998 18.0 19.0 63.0 100.0
1973 628 1,008 3,614 5,250 12.0 19.2 68.8 100.0
1978 560 1,041 3,800 5,401 104 19.3 70.4 100.0
1983 453 1,059 4,208 5,720 7.9 18.5 73.6 100.0

Source: Takafusa, 1994. Original Source: Labor Force Survey
Note: Farmers - self-employed operators of farms or forestry businesses and family-member employees
Self-employed - self-employed operators on nonfarming or forestry businesses and family-member employees
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Table 9b: Employment in Japan, by Major Sectors

Thousands of Persons

Percentage Distribution(%)

1955 1960 1965 1970 1975 1977 1955 1960 1965 1970 1975 1977

Primary Sector 16,111 14,240 11,738 10,060 7,354 6,137 41.0 32.6 24.6 19.3 13.8 115
Secondary Sector 9,220 12,762 15,242 17,651 18,098 18,697 23.5 29.2 32.0 33.9 34.1 35.2
of which: Manufacturing 6,902 9,542 11,507 13,442 13,236 13,797 17.6 21.8 24.2 25.8 249 259
Construction 1,783 2,679 3,403 3,993 4,729 4,772 4.5 6.1 7.1 7.7 8.9 9.0
Tertiary Sector 13,930 16,717 20,653 24,325 27,689 28,343 35.5 38.2 43.4 46.7 52.1 53.3
of which: Wholesale and Trade 5,473 6,910 8,563 10,014 11,381 11,622 13.9 15.8 18.0 19.2 214 21.9
Total 39,261 43,719 47,633 52,036 53,141 53,177 100.0 100.0 100.0 100.0 100.0 100.0

Source: Hirono (1980), Orginal source: BS/OPM, Population Census, in EPA, Summary, 1979, and BS/OPM, Japan Statistical Yearbook, 1978




Table 10: Improvement in Paddy Rice Productivity

Man-hours Yield (kg) per

per 10 acres Per 10 acres
1952 196 325
1956 195 325
1960 174 368
1965 141 400
1970 121 431
1975 80 450
1977 75 455

Source: White papers of Japan, 1979-80




Table 11: Structure of Manufacturing Sector

Trillion yen, current prices

Percentage Distribution (%)

1955 1960 1965 1970 1975 1977 1955 1960 1965 1970 1975 1977

Food, Beverage, Textile, Clothing 0.9 15 24 3.8 5.9 9.0 37.1 26.4 220 15.7 15.8 17.4
Wood, Furniture, Paper, Printng, leather, rubber 0.4 0.6 13 34 4.8 74 15.0 111 12.2 13.7 12.7 14.4
Chemical, coal, ceramics 0.4 0.9 2.0 3.9 6.6 7.8 15.6 16.8 18.4 16.0 175 15.0
Iron, nonferrous, metal products 0.3 0.9 15 3.9 5.6 7.2 12.0 15.6 14.2 16.0 14.8 13.8
Machinery, Electrical, Trans Misc 0.5 1.7 3.6 9.5 14.8 20.4 20.2 30.1 33.2 38.6 39.3 395
Total 2.4 55 10.7 24.6 37.7 51.8 100.0 100.0 100.0 100.0 100.0 100.0

Source: Hirono (1980), Original source: EPA, Annual Report on National Accounts, in JERC, Showa Roku Junen no Nihon Keizai

(Japanese Economy in 1975), and BS/OPM, Nihon Tokei Neukan (Japan Statistical Yearbook) 1971, 1976,1978




Table 12: Structure of Production

Trillion yen, current prices

Percentage Distribution (%)

1955 1960 1965 1970 1975 1977 1955 1960 1965 1970 1975 1977

Primary 1.6 2.1 3.1 4.5 8.2 9.3 18.5 12.6 9.3 5.9 5.3 4.9
Secondary 3.0 6.8 13.6 32.6 57.3 69.1 34.7 40.9 40.7 42.9 37.3 36.3
of which: Manufacturing 24 5.5 10.7 26.3 37.7 52.9 27.5 33.1 321 34.7 245 27.8
Construction 0.4 1.0 2.5 5.7 135 15.2 5.0 6.2 7.4 7.5 8.8 8.0

Tertiary 4.0 7.8 16.8 38.9 88.4 1121 46.8 46.5 50.1 51.2 57.4 58.8
Total 8.6 16.7 33.5 76.0 153.9 190.4 100.0 100.0 100.0 100.0 100.0 100.0

Source: Hirono (1980), Original source: EPA, Annual Report on National Accounts, in JERC, Showa Roku Junen no Nihon Keizai
(Japanese Economy in 1975), and BS/OPM, Nihon Tokei Neukan (Japan Statistical Yearbook) 1971, 1976,1978




Table 13: Structure of Export of Japan, by Major Commodity (percentage share)

1955 1960 1965 1970 1975 1977
Heavy & Chemical Ind. Products 38.0 44.0 62.6 724 83.5 85.0
Metal & Metal products 19.2 13.8 20.3 19.7 19.2 14.2
Iron & Steel 12.9 9.6 15.3 14.7
Machinery 13.7 25.3 35.2 46.3 57.1 65.2
Vessels 3.9 7.1 8.8 7.3
Chemical Products 5.1 4.5 6.5 6.4 6.9 5.3
Light industry products 52.0 475 31.8 23.2 14.0 13.0
Textile products 37.3 30.0 18.7 125 5.8 5.2
Nonmetallic minerals 4.9 4.4 3.1 1.9
Others 9.8 13.1 10.1 8.8
Raw Materials 6.8 2.2 15 1.0 1.1 0.9
Foodstuffs 3.2 6.3 4.1 3.4 1.4 1.1
Total 100.0 100.0 100.0 100.0 100.0 100.0

Source: Hirono (1980), Original Source: MITI, Tasusho Hakusho (White Paper on International Trade)

in BS/OPM, Japan Statistical Yearbook, 1966 and 1978




Table 14: Completion of Electric Power Development Projects
in Japan (10,000 kilowatts)

1951-55 1956-60 1961-65 1966-70
Hydroelectric 247 384 378 390
Thermal 174 584 1510 2246

Source: Qouted from Takafusa, 1994. Original source: Nihon Kaihatsu
Ginko Nijugonen Shi (A Twenty-Five-Year-History of

Japan Development Bank), 1976

Note: In addition, 10,000 kilowatts of nuclear power were completed in
1961-65 and 1,320,000 kilowatts in 1966-70.
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Table 15: Japan's Shi

pbuilding Program

Contract Price for

Number of  |Gross Tons Vessel by governmer]Percent

Vessels (10,000 tons)  |(Y100 million) Financed
1947-50 164 69 581 57
1951-55 159 132 1,776 44
1956-60 140 136 1,654 50
1961-65 164 449 3,129 66
1966-70 290 1,136 6,921 69

Source: Quoted from Takafusa, 1994. Original source: Nihon Kaihatsu
Ginko Nijugonen Shi (A Twenty-Five-Year-History of
Japan Development Bank), 1976




Figure 5: Technology Inflow Into Japan
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Figure 7: R&D expenditure/GNP (%)
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Figure 8: Analysis of Appropriate Technology
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Table 16: Destination of Inflow of Foreign Technology into Japan, by

y Sector (Percentage distribution, %)

Sectors 1950-70 1971 1972 1973 1974 1975 1976 1977 1950-77
Textiles 4.9 6.5 9.1 12.2 11.6 12.3 134 13.1 8.5
Chemicals 21.0 19.1 154 13.9 16.7 134 115 13.9 175
Fibre 0.4 0.3 0.2 0.1 0.1 0.1 0.1 0.3 0.3
Pharmaceuticals 2.9 3.6 35 3.2 3.8 3.6 2.7 4.1 3.2
Organic & Inorganic 9.3 6.3 4.3 3.8 4.5 3.4 4.3 3.4 6.4
Plastics 4.8 4.7 4.7 3.6 4.3 2.7 1.2 35 4.1
Others 3.6 4.3 2.7 3.3 4.1 3.7 3.1 2.7 35
Coal & Petroleum Products 1.8 3.3 2.6 2.1 2.4 11 1.0 1.0 19
Ceramics & Clay Products 2.3 3.0 1.8 2.4 2.2 1.6 14 1.6 21
Basic Metals 5.2 2.8 2.7 2.3 21 3.2 13 15 35
Metals Products 3.2 2.7 2.7 2.2 2.7 3.6 3.0 3.7 3.0
General Machinery 28.0 27.4 24.7 24.4 22.4 22.8 24.8 22.7 25.8
Milling Machinery 2.8 34 3.3 24 24 2.2 1.3 2.2 2.6
Specialized Machinery 17.0 144 14.2 14.0 13.9 125 15.2 143 15.3
Other Machinery 8.2 9.6 7.2 8.0 6.2 8.1 8.3 6.1 7.9
Electrical Equipment 18.3 14.2 16.6 15.7 135 16.5 15.6 22.1 171
Power Transmitter 2.9 14 1.3 11 2.2 1.9 14 14 2.1
Communication Appliances 6.3 6.2 10.8 7.3 6.0 6.1 4.7 14.3 7.3
Eletronics Equipment 1.9 45 3.3 6.1 4.3 8.1 8.1 5.2 4.0
Other Equipment 7.1 21 1.3 1.3 1.0 04 14 1.3 3.7
Transporation Eqquipment 5.4 5.3 4.8 55 5.9 4.8 5.3 4.4 5.3
Precision Machinery 2.6 25 3.7 3.0 4.0 3.7 5.0 3.0 3.1
Miscellaneous 7.3 13.3 16.0 16.2 16.4 16.9 17.8 13.0 121
Total 100 100 100 100 100 100 100 100 100.0

Source: MOF, Monthly Report on Financial Statistics, in EPA, Summary 1979




Table 17: Imports of New Technology

Machinery

Electrical Machinery
Metals and products

Chemistry
Atomic Energy
Others

Total

1963 1966 1967 1968
New New New New
Total number| technology Total no. of | technology Total no. of | technology Total no. of | technology
licensed developed licensed developed licensed developed licensed developed
(@) (b) (b)/(a) % @) (b) (b)/(a) % (@) (b) (b)/(a) % @) (b) (b)/(a) %
274 175 63.9% 182 7 42.3% 189 86 45.5% 313 97 31.0%
122 75 61.5% 83 30 36.1% 96 33 34.4% 192 26 13.5%
16 8 50.0% 43 23 53.5% 30 15 50.0% 56 13 23.2%
93 58 62.4% 140 55 39.3% 165 49 29.7% 229 91 39.7%
2 2 100.0% 3 3 100.0% 3 0 0.0% 5 3 60.0%
57 48 84.2% 74 41 55.4% 71 15 21.1% 157 52 33.1%
564 366 64.9% 525 229 43.6% 554 198 35.7% 952 282 29.6%

Source: White Papers of Japan, 1971-72




Table 18: Trends in Science & Technology Related Budget (Y100 million)

Total Budget

realted to Budget for
Promotion of Promotion of
Science & Science & Other Research | Ratio to National
Technology Technology | Related Budget Budget (%)

1963 906 366 540
1964 1089 424 665
1965 1323 466 857
1966 1430 532 898
1967 1678 607 1071 3.4
1968 1919 734 1185 3.3
1969 2214 916 1298 3.3
1970 2635 1142 1493 3.3
1971 3054 1338 1716 3.2
1972 3740 1684 2056 3.3

Source: White Papers of Japan, 1973-74

Table 18a: Breakdown of Total Budget Related to Science & Technology (Y100 million)

Total Budget

realted to Expenditures for

Promotion of |Expenditure for National Research|
Science & National & experiment Administrative

Technology Universities Subsidies Institutions Expenses, etc.

1968 1,919 962 255 451 251
1969 2,214 1,056 347 500 311
1970 2,635 1,149 475 571 440
1971 3,054 1,280 595 665 514
1972 3,740 1,482 838 758 662

Source: White Papers of Japan, 1973-74

Table 18b: Breakdown of Budget for Promotion of Science and Technology (Y100 million)

Budget for Expenditures for
Promotion of Expenditures |national research Expenditures
Science & related to  [and Experimental related to space | Adminstrative
Technology Nuclear power Institutions Subsidies development Expenses, etc
1968 734 208 306 160 41 19
1969 916 299 347 187 61 22
1970 1,142 390 394 212 119 27
1971 1,338 476 476 250 124 12
1972 1,684 562 521 361 206 34

Source: White Papers of Japan, 1973-74




Table 19: Fsical Incentives for Introduction of New Technology in Japan

Schemes

Fsical Granted

1. Abatement of Tax and Tariff

a. Income tax exemption for commercialization

new important products
(1923 - 66).

b. Reduction of the withholding
tax on external payment associated
with important technical licensing
(1953 - 67).

c. Import duty exemption for importing
important machinery
(1951 - 65)

d. Income tax credit for the
increase in expenditure for
research and development
(1966 - present).

Tax on the income generated from the production of new products designed by
the government was fully exempted for about four years. /A/

The withholding tax was reduced by 10% (later 15%)

Imported duties on machinery designated by the government were exempted.
The eligible machinery were (1) new or highly efficient industrial machinery,
(2) machinery difficult to be manufactured in Japan, and (3) machinery
necessary for industrial development. /B/

If a firm's annual R&D expenditure exceeded the peak amount in the previous
years, 25% of the excess was allowed as a tax credit. /C/ The credit was
raised to 50% for the portion of the excess alone 15% of the amount spent

in the previous peak year. The credit has been limited to 10% of the
corporation income tax.

2. Accelerated Depreciation /D/

a. Important machinery
(1951 - 61)

b. Machinery for rationalization
(1952-)

c. Machinery for testing and research
(1958 - 65)

d. Machinery for commercializing
new technology
(1958 - 1965)

e. Equipment produced for
the first time in Japan
(1964 - )

Machinery for the modernization
of small and medium size industry
(1963 - )

50% additional depreciation for the first three years, relative to the

ordinary depreciation schedule.

50 % depreciation in the first year.

50%, 20% and 20% depreciation for the first, second and thrid year respectively.

50% depreciation for the first year.

One third depreciation for the first year

One third depreciation for the first three years

Source: Nagoaka (1989)

/A/ Before the revision of 1957, this scheme used to be applied not only to the commercialization of new products
but also to the production of such products as minerals and coals.

/B/ The revision took place in 1960. The scheme was transformed to serving the prevention of industrial

pollution, etc., from serving industrial development

/C/ Currently 20% of the excess can be counted as a tax credit.
/D/ Right hand column describes incentives applicable from 1958-60. Major curtailment took place in 1961
with some incentives integrated in the statutory schedule of depreciation.




Table 20: Major Incentive Schemes for R&D in Japan: Conditional Loan,
Financial Assistance and Government-Sponsored R&D in 1960s and 1970s

Incentive Scheme

Type

Description

1. Conditional Loan

a. Important technology
in industry and mining
(1950- ).

b. Technology improvement
for SMEs (1967 - ).

c. Computer development
(1972- ).

d. Aircraft development
(1968 - ).

Fiscal support granted (around 50% of R&D cost) must be repaid, depending on the
profit generated by the technology or on the success of the development project.
Patents or any other research results belong to enterprises.

Eligible R&D projects are chosen out of applications from industry on the
competitive basis, according to criteria set by the government.
The same scheme but eligibility restricted to small and

medium enterprises.

Targetted support for the development of computer
and aircraft industry

2. Financial Incentive

a. Loan by the Japan Development
Bank (1951 - ).

b. Loan by Small and Medium Business
Finance Corporation (1970 - ).

Below market interest rate loan to cover around 50 percent of project cost
(financing period up to 15 years)

Soft loan is provided to the commercialization of new technology,
development of heavy machinery, and commercialization of new machinery

Soft loan is provided to the commercialization of new tehcnology and to
the prototype development of new machinery

3. Government-Sponsored R&D

a. Large-Scale project
(1966 - )

The patents originated from research usually belong to the government
and are available to any enterprises (i.e. nonexclusively), including
a participating enterprise.

The government identifies R&D projects, which cannot be undertaken by
enterprises in spite of high social return, and sponsors their implementation
(16 completed projects and 7 ongoing projects in 1987).

Source: Nagaoka (1989)




Table 21: Expenditure on Research and Development

Expenditure (\billion)

Percentage Share

Research Research
Total Companies Institutes Universities Total Companies Institutes Universities
1960 18.4 12.4 2.9 31 100.0 67.4 16.0 16.6
1961 24.5 16.4 4.0 41 100.0 66.8 16.3 16.9
1962 28.1 17.9 4.8 5.4 100.0 63.8 16.9 19.3
1963 321 20.7 51 6.3 100.0 64.6 15.9 19.5
1964 38.2 24.4 6.1 7.7 100.0 63.9 15.9 20.2
1965 42.6 25.2 6.8 10.5 100.0 59.3 16.1 24.7
1966 48.9 29.2 7.8 11.9 100.0 59.8 15.9 24.3
1967 60.6 37.9 8.8 13.9 100.0 62.5 14.6 22.9
1968 76.8 50.4 10.8 15.6 100.0 65.7 14.0 20.3
1970 119.5 78.5 17.6 23.4 100.0 65.7 14.7 19.6
1975 262.2 161.6 72.7 27.9 100.0 61.6 27.7 10.6
1980 468.4 303.2 122.5 42.6 100.0 64.7 26.2 9.1

Source: White Papers of Japan (1969-70), and Hirono (1985)
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Table 22: Type of Research by Organization (percent distribution of R&D expenditures)

Fundamental Applied Development Total
Overall
1970 23.3 27.6 49.1 100.0
1978 16.5 25.1 58.4 100.0
Companies
1970 9.2 27.2 63.6 100.0
1978 4.7 18.2 77.1 100.0
Research Institutes
1970 17.8 42.1 40.1 100.0
1978 17.6 38.7 43.7 100.0
Universities
1970 80.0 20.0 0.0 100.0
1978 57.3 37.3 54 100.0

Source: White Papers of Japan (1971-72 and 1979-80)




Table 23: Trends in Objectives of Technology (by private sector)

Environ-
Better quality Convenience Mass mental pre- Labor Resource Energy
and performance and comfort production servation Safety saving conservation conservation Total
1950 40 14 23 2 5 9 5 2 100
1960 38 15 19 4 6 10 5 3 100
1970 31 14 11 9 8 11 8 8 100
1980 23 11 8 7 7 8 18 18 100

Source: White Papers of Japan (1979-80)
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Table 24: Researchers

Researchers per 1000 persons

Percentage Distribution (%)

Research Research
Total Companies Institutes Universities Total Companies Institutes Universities

1960 86.8 43.6 14.9 28.3 100.0 50.2 17.2 32.6
1961 90.9 46.1 16.5 28.3 100.0 50.7 18.2 31.1
1962 105.9 54.1 18.3 335 100.0 51.1 17.3 31.6
1963 114.8 60.0 18.4 36.4 100.0 52.3 16.0 31.7
1964 117.6 59.0 195 39.1 100.0 50.2 16.6 33.2
1965 128.9 65.4 19.9 43.6 100.0 50.7 15.4 33.8
1966 138.7 69.2 21.0 48.5 100.0 49.9 15.1 35.0
1967 157.7 81.7 21.7 54.3 100.0 51.8 13.8 34.4
1968 157.1 82.5 22.2 52.4 100.0 525 14.1 33.4
1970 172.0 91.5 100.0 53.2

1975 255.2 143.4 100.0 56.2

1980 302.6 170.3 100.0 56.3

Source: White Papers of Japan, Various Issues and Hirono (1980)




Table 25: Specialization of Researchers (percentage distribution,%)

Overall Research Institutes

1965 1966 1967 1968 1969 1965 1966 1967 1968 1969

Grand total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Mathematics, Physics 75 6.8 6.9 7.0 7.7 6.5 6.1 6.2 6.1 6.2
Chemistry 23.1 22.1 229 22.7 213 15.9 15.6 15.6 15.6 14.7
Biology 1.7 15 15 14 2.0 2.8 2.8 2.6 24 1.9
Physical Geography 0.7 0.7 0.7 0.7 0.9 15 14 14 15 1.7
Civil Engineering, Construction 2.9 2.8 2.9 2.9 3.1 2.9 2.9 2.6 2.4 2.6
Machinery, Ship, Aircraft 13.6 14.3 13.2 138 15.1 7.8 8.0 7.9 7.3 7.4
Electricity, Communications 12.0 12.2 12.8 12.8 134 5.2 5.2 5.3 5.3 5.7
Mining, metallurgy 35 3.4 3.2 3.1 31 2.2 2.0 2.2 2.2 2.1
textile 24 2.7 2.2 2.6 2.3 4.7 4.2 4.2 4.0 3.8
Agriculture, forestry 7.0 6.5 6.7 6.0 7.4 26.5 27.3 26.6 27.2 30.1
fisheries 1.6 15 15 15 14 6.2 6.5 6.4 6.6 6.6
Animal husbandry, vet sci 2.2 2.0 2.0 2.1 2.0 7.6 7.3 1.7 7.6 7.6
medicine, dentistry 13.8 15.1 15.1 15.1 14.2 3.0 2.7 2.7 2.9 2.8
Pharmaceutics 34 3.3 34 3.1 3.3 2.8 3.0 29 2.9 29
Others incl. humanities & social sciences 4.7 51 51 5.2 2.8 4.3 49 55 59 3.9

Companies Universities

1965 1966 1967 1968 1969 1965 1966 1967 1968 1969

Grand total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Mathematics, Physics 6.3 5.6 5.6 5.9 5.6 9.7 9.0 9.2 8.9 11.3
Chemistry 333 32.0 33.6 32.7 30.1 11.3 10.3 10.7 10.5 11.0
Biology 1.0 0.9 0.8 0.9 11 2.2 19 2.0 1.9 33
Physical Geography 0.2 0.2 0.3 0.3 0.2 11 1.0 11 11 1.6
Civil Engineering, Construction 2.1 19 2.0 2.1 2.4 4.0 3.9 4.3 4.3 4.2
Machinery, Ship, Aircraft 20.4 21.7 19.4 20.5 22.1 6.3 6.2 6.6 6.4 7.9
Electricity, Communications 18.2 18.4 19.7 19.3 20.4 6.1 6.0 6.0 6.1 6.0
Mining, metallurgy 4.8 4.7 4.3 4.1 4.3 2.3 2.0 2.1 1.9 1.8
textile 2.8 3.6 2.7 3.6 3.1 0.6 0.5 0.5 0.5 0.6
Agriculture, forestry 1.9 1.6 2.4 1.7 2.7 5.0 4.3 4.2 41 5.6
fisheries 0.4 0.4 0.5 0.5 0.5 1.0 0.9 0.9 0.9 0.9
Animal husbandry, vet sci 0.8 0.7 0.6 1.0 1.0 1.7 1.6 14 14 1.3
medicine, dentistry 0.2 0.2 0.2 0.2 0.2 39.6 43.0 41.7 42.4 38.7
Pharmaceutics 4.0 3.9 4.0 3.3 3.6 2.7 2.6 2.6 2.9 3.0
Others incl. humanities & social sciences 3.6 4.1 3.9 3.9 2.5 6.4 6.6 6.7 6.9 2.8

Source: White Papers of Japan. Various Issues




Table 26: Number of schools, teachers and enrollment (May 1, 1991)

Institutions Teachers* Enrollment Enrollment Rate
Kindergarten 15,041 101,493 1,977,611 64.1 **
Elementary Schools 24,798 444,903 9,157,429 100.0 ***
Lower secondary schools 11,290 286,965 5,188,314 100.0 ***
Upper secondary schools 5,503 286,092 91,534 95,4 Hxxk
Special schools for handicapped 960 47,393 33,623
Technical colleges (1-3 grade) 63 4,061 33,623 38.2 *rxwk
Technical colleges (4-5 grade) - - 20,075 a 55.5 ki
Junior colleges 592 20,933 504,087 b
Universities 514 126,445 2,205,516 ¢
Special training schools (college level) 3,370 33,512 658,150 d
Special training schools (others) - - 176,563
Miscellaneous schools 3,309 18,745 406,599
Source: Muta (1993), original source was Minstry of Education, Science and Culture, 1992a
* Full time
* Kindergarten completed/first grade enrollment. Nursery school completed is not taken into consideration

*kk Enrollment / school age population

*xx Upper secondary school entrants / lower secondary school graduates
*ekk - (a+b+c) / lower secondary gradutes three yeara ago

*rxxxk (a+b+c+d) / lower secondary graduate three years ago




Table 27: Public Education Expenditure by Government

Provided by the National Government (%)

Provided by local government (%)

Part of the
Percentage National Subsidies to Local
Total, period sum (period Educational Local Allocation Tax
(Ybillion) averages) Sub-total Activities | Government Grant Sub-total Prefectures [Municipalities
1960-65 5,919 100.0 49.1 13.2 215 14.4 50.9 30.5 20.4
1966-70 10,645 100.0 48.8 14.7 20.2 13.9 51.2 30.4 20.8
1971-75 27,711 100.0 46.0 12.2 19.7 14.1 54.0 29.9 24.1
1976-80 57,972 100.0 475 13.3 20.5 13.7 52.5 28.6 23.9
1981-85 78,633 100.0 45.0 13.7 18.7 12.5 55.0 29.9 25.2
1986-89 71,189 100.0 42.5 13.9 16.4 12.2 57.5 32.2 25.3

Source: Muta (1993), Original Source was Ministry of Education,Science and Culture




Table 28: Public Expenditure on education by level of education

School Education (%)

Percentage Lower Upper University Special
Total, period sum|  (period Elementary | Secondary Special Secondary and training  |Miscellaneous| Social Educational
(Ybillion) averages) |Kindergarten School school Education school College college school Education (%) | Administration (%)
1960-65 5,919 100.0 0.6 36.3 24.1 1.0 16.1 12.6 - 0.0 2.7 6.5
1966-70 10,645 100.0 0.8 36.8 205 14 16.0 14.0 - 0.0 3.7 6.7
1971-75 27,711 100.0 1.3 37.9 19.9 18 15.6 11.0 - 0.0 4.9 75
1976-80 57,972 100.0 13 37.1 19.0 2.3 149 10.6 0.0 0.0 5.8 9.0
1981-85 78,633 100.0 1.2 335 194 25 15.2 11.0 0.0 0.0 7.2 9.9
1986-89 71,189 100.0 1.1 31.3 18.9 2.7 154 11.7 0.1 0.0 8.3 10.2

Source: Muta (1993), Original Source was Ministry of Education,Science and Culture




Table 29: Number of Private Schools, Students and Teachers (as of May 1, 1991)

Ratio of Ratio of Ratio of
Number of Private Number of Private Number of Private
Schools sector (%) Students sector (%) Teachers sector (%)

Four-Year University and College 378 735 1,610,135 73 65,310 51.7
Junior College 497 84.0 463,418 91.9 17,590 84.0
College of Technology 4 6.3 3,072 5.7 174 4.3
Upper Secondary School 1,316 23.9 1,575,432 28.9 65,415 22.9
Lower Secondary School 617 5.5 210,921 4.1 9,874 34
Elementary School 168 0.7 65,041 0.7 2,934 0.7
School for the Handicapped 17 1.8 891 1 262 0.5
Kindergarten 8,769 58.3 1,560,274 78.9 76,153 75.0
Subtotal 11,766 20.0 5,489,184 22.3 237,712 18.0
Special Training Schools 3,022 89.7 788,661 94.5 30,744 91.7
Miscellaneous Schools 3,221 97.3 399,805 98.3 18,303 97.6

Source: Muta (1993), original source Ministry of Education, Science and Culture, 1992




Figure 12: Science and Technology Administrative Structure of Japan
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Table 30: Investments in the Philippines

| Net Foreign Net Portfolio
Direct Investmeny Investment
GFCF/GDP(%) /1/ (m US$) (m US3)
1982 27.2 132 (115)
1983 28.9 221 (109)
1984 22.3 122 (105)
1985 16.5 49 (32)
1986 16.1 146 (6)
1987 16.5 362 (36)
1988 18.0 983 3
1989 20.6 559 284
1990 22.9 528 (48)
1991 19.8 529 125
1992 21.0 675 62
1993 22.4 864 (52)
1994 23.0 1,289 269
1995 23.0 1,361 248
1996 24.4 1,338 2,142
1997 25.8 1,113 (1,027)
1998 23.1 1,592 (1,003)
1999 21.9 871 449

Source: Selected Philippine Economic Indicators, various issues
/1/ Gross Fixed Capital Formation / Gross Domestic Product




Figure 13: Real GDP Growth (%), Philippines
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Figure 14: Inflation in the Philippines (%)
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Table 31: Philippine Sectoral Gross Domestic Product (Percentage Share, %)

Sectors 1950 1960 1965 1970 1975 1980 1985 1990 1995 1998
Agriculture 34.7 26.5 27.2 29.5 30.3 25.1 24.6 21.9 21.6 174
Industry 27.1 31.3 311 31.9 35.0 38.8 35.1 345 321 31.3

Manufacturing 16.1 24.5 23.6 24.9 25.7 25.7 25.2 24.8 23.0 21.8
Services 38.2 422 41.7 38.6 34.7 36.1 40.4 43.6 46.3 51.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Economic and Social Statistics Office, National Statistical Coordination Board




Table 32: Philippine Sectoral Employment (Percentage Share, %)

Sectors 1960 1965 1971 1975 1980 1985 1990 1995 1998
Agriculture 61.2 56.7 50.4 53.5 51.6 49.3 44.5 43.4 39.2
Industry 12.6 14.3 15.7 15.2 15.5 14.3 15.9 16.1 16.4

Manufacturing 12.1 10.9 11.5 11.4 10.9 9.7 10.5 10.2 9.7
Services 26.2 29.0 33.9 31.3 329 36.4 39.5 40.5 44.4
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Labor Force Survey, Department of Labor and Employment, various issues




Figure 15: Total Factor Productivity in the Philippines, %
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Figure 16: Investment and Savings Rates in the Philippines
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Table 33: Philippine Exports (Percenta

ge Share, %, of Major Items, )

1970 1975 1982 1990 1999

Semiconductors & electrononic Microcircuits 0.0 2.0 19.0 17.2 48.3
Finished electrical machinery 0.0 0.0 0.0 0.0 7.5
Garments 34 3.8 10.9 21.6 6.4
Crude coconut oil 8.8 10.0 7.5 3.8 0.7
Bars, rods of copper 0.0 0.0 0.9 35 0.7
Gold from copper ores 0.2 3.4 25 1.1 0.6
Banana and plantains 0.4 3.2 0.7 1.8 0.7
Copper concentrates 16.7 9.4 0.0 2.6 0.1
Shrimps and prawns 0.0 0.3 1.4 2.7 0.4
Canned pineapple 2.0 15 15 1.1 0.2
Iron agglomerates 0.0 0.0 6.3 1.0 0.2
Centrifugal sugar 16.7 25.3 3.4 1.1 0.2
Copra oil, cake & meal 1.3 15 21 0.6 0.1
Others 50.5 39.6 43.8 41.8 34.0
Total 100.0 100.0 100.0 100.0 100.0

Source: Economic and Social Statistics Office, National Statistical Coordination Board

Figure 17: Growth of Semi-Conductor Exports
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Table 34. Determinants of TFP Growth in Manufacturing

Variables Coefficients t-tests
Constant 5.316 -27.267
Exports(-1) 0.148 -8.581
Imports(-1) -0.519 (-18.522)
D(Tariff) -1.74 (-33.438)
Wage -0.126 (-9.353)
DRD(-1) 0.101 -9.353
FDI(-2) 0.005 (-14.081)
INF -0.153 (-14.081)
INF(-1) -0.468 (-23.088)
Adjusted R2 0.997
DW 0.65
F-Stat 448.63

Where:

Exports(-1): real growth of exports, lagged one period

Imports(-1): real growth of imports, lagged one period

D(tariff): period differential of average nominal tariff rates

Wage: growth of research and development expenditure as % of GDP
lagged one period

FDI(-2): foreign direct investment

INF: inflation

INF(-1): Inflation, lagged one period

Source; Cororaton and Abdula (1997)




Table 35: Determinants of Total Factor Productivity, 1960-1996

Dependent Variable: TFP Growth of Philippine Economy

Equation (1)

Equation (2)

Equation (3)

Constant -0.016 -0.018 0.034
(-0.69) (-0.76) (0.53)
Share of Exports to GDP 0.005 0.005 0.008
(3.41)* (3.31)* (2.41)**
Share of Imports to GDP -0.003 -0.002 -0.004
(-2.27)** (-1.99)*** (-3.46)*
Tariff rate -0.83E-0.4 -0.015E-03 -0.002
(-0.07) (-0.13) (-0.99)
Inflation rate -0.002 -0.002 -0.002
(-4.62)* (-4.91)* (-5.46)*
Foreign Direct Investment (FDI) 0.12E-05 0.33E-05
(-1.26) (2.14)
FDIt-1 0.11E-05
(1.01)
FDI in Manufacturing -0.11E-05
(-1.85)**
DW Statistics 1.94 1.89 2.09
Adjusted R2 0.53 0.52 0.67

Note: t-values are in (). *, **, and *** indicate significance at 1, 5, 10 percent levels, respectively.

Source: Austria (1997).




Table: 36 Determinants of TFP Growth in Manufacturing

Dependent Variable: TFP Growth of Manufacturing

Results: Coefficients and Test of Significance

Constant 5.316
(27.267)
Exports(-1) 0.148
(8.581)
Imports(-1) -0.519
(-18.522)
D(Tariff) -1.740
(-33.438)
Wage -0.126
(-9.353)
DRD(-1) 0.101
(9.353)
FDI(-2) 0.005
(-14.081)
INF -0.153
(-14.081)
INF(-1) -0.468
(-23.088)
Adjusted R2 = 0.997 D(tariff): period differential of average
DW = 065 nominal tariff rates
F-Stat = 448.63 Wage: growth of research and development
Where: expenditure as % of GDP, lagged one

Exports(-1): real growth of exports, lagged one period

Imports(-1): real growth of imports, lagged one period

period
FDI(-2): foreign direct investment
INF: inflation
INF(-1): Inflation, lagged one period

Source: Cororaton and Abdula (1997)

t-values are in ().




Table 37: PCGNP, SE/MP, and GERD/GNP (Among 91 Countries of the World)

No. Country Per Capital Scientists/ Gross Expenditure on | Year
GNP (US$) | Engineers per R&D / GNP (%)
million
population

1{Switzerland 37,930 2,409 1.8 1989
2|Japan 34,630 5,677 3 1992
3|Denmark 27,970 2,341 1.8 1991
4[Norway 26,390 3,159 19 1991
5|United States 25,880 3,873 2.9 1989
6|Germany (Federal) 25,580 2,882 2.8 1989
7|lceland 24,630 3,067 11 1991
8|Austria 24,630 1,146 14 1989
9[Sweden 23,530 3,081 2.9 1991
10(France 23,420 2,267 24 1991
11|Belgium 22,870 1,856 17 1990
12|Singapore 22,500 1,284 0.9 1984
13|Netherlands 22,010 2,656 1.9 1991
14|Canada 19,510 2,322 1.6 1991
15|Kuwait 19,420 924 0.9 1984
16|lItaly 19,300 1,366 13 1990
17|Finland 18,850 2,282 2.1 1991
18|United Kingdom 18,350 2,334 21 1991
19|Australia 18,000 2,477 14 1990
20(Israel 14,530 4,836 21 1984
21|Brunei Darusalam 14,240 91 0.1 1984
22(Ireland 13,530 1,801 0.9 1988
23[Spain 13,440 956 0.9 1990
24(New Zealand 13,350 1,555 0.9 1990
25|Qatar 12,820 593 0 1986
26(Cyprus 10,260 205 0.2 1992
27(Portugal 9,320 599 0.6 1990
28(Korea, Republic 8,260 1,990 2.1 1992
29(Argentina 8,110 350 0.3 1988
30|Greece 7,700 53 0.3 1986
31(Slovenia 7,040 2,998 15 1992
32(Seychelles 6,680 281 1.3 1983

33(Uruguay 4,660 686 -
34(Mexico 4,180 226 0.2 1984
35(Gabon 3,880 189 0 1987
36|Hungary 3,840 1,200 1.1 1992
37(Trinidad & Tobago 3,740 240 0.8 1984
38[Chile 3,520 364 0.7 1988
39[(Malaysia 3,480 326 0.1 1992

40|Czeckoslovakia 3,200 3,247 1.8
a. Former 4,190 3.3 1989
b. Czech Republic 3,248 1.8 1992
41(Mauritius 3,150 361 0.4 1992
42(South Africa 3,040 319 1 1991
43(Brazil 2,970 391 0.4 1985
44(Venezuela 2,760 208 0.5 1992
45|Russian Federation 2,650 5,930 1.8 1991
46(Croatia 2,560 1,977 - 1992
47 Turkey 2,500 209 0.8 1991
48(Thailand 2,410 173 0.2 1991




No. Country Per Capital Scientists/ Gross Expenditure on | Year
GNP (US$) | Engineers per R&D / GNP (%)
million
population

49|Poland 2,410 1,083 0.9 1992
50|Costa Rica 2,400 539 0.3 1992
51|Latvia 2,320 3,387 0.3 1992
52|Fiji 2,250 0.3 1986
53|Belarus 2,160 3,300 0.9 1992
54|Peru 2,110 273 0.2 1981
55[Ukraine 1,910 6,761 - 1989
56| Tunisia 1,790 388 0.3 1992
57|Colombia 1,670 39 0.1 1982
58|Paraguay 1,580 248 0.03

59|Jamaica 1,540 8 0 1986
60|Jordan 1,440 106 0.3 1989
61|El Salvador 1,360 19 0 1992
62|Lithuania 1,350 1,278 - 1992
63|Ecuador 1,280 169 0.1 1990
64|Romania 1,270 1,220 0.7 1992
65|Bulgaria 1,250 4,240 0.7 1992
66|Guatemala 1,200 99 0.2 1988
67|Uzbekistan 960 1,760 - 1992
68|Philippines * 950 152 0.2 1992
69|Indonesia 880 181 0.2 1988
70|Macedonia(FYR) 820 1,258 - 1991
71|Bolivia 770 250 1.7 1991
72|Egypt 720 458 1 1991
73|Sri Lanka 640 173 0.2 1991
74|Congo 620 461 0 1984
75|Senegal 600 342 - 1981
76(Honduras 600 138 -

77|China 530 1,128 0.5 1991
78|Guyana 530 115 0.2 1982
79|Guinea 520 264 - 1984
80|Pakistan 430 54 0.9 1990
81|Central African Rep 370 55 0.2 1990
82|Benin 370 177 0.7 1989
83[Nicaragua 340 214 - 1987
84|India 320 151 0.8 1990
85|Nigeria 280 15 0.1 1987
86|Guinea-Bissau 240 263 -

87|Vietnam 200 334 0.4 1985
88|Nepal 200 22 - 1980
89(Madagascar 200 22 0.5 1988
90|Burundi 160 32 0.3 1989
91|Rwanda 80 12 0.5 1985

*1992 Figures computed by DOST.
Basic source of data: UNESCO, Statistical Yearbook (1995); UNESCO, World Science Report (1996); World Bank, World
Development Report (1996).



Table 38: Tertiary Education Across Selected Pacific Rim Countries

Country (1) (2) (3) (4) (5) (6)
China (1991) 2,124,121 0.17 80,459 3.79 59,748 | 74.26
2,683,035 2.13 85,263 3.18 54,167 | 63.53
Japan (1989)
1,723,886 3.83 92,599 5.37 28,479 | 30.76
South Korea (1991)
534,538 2.92 92,903 17.38 26,876 | 28.93
Australia (1991)
35,192 1.13 1,869 5.31 532 | 28.46
Singapore (1983)
121,412 0.58 4,981 4.1 1,251 | 25.12
Malaysia (1990)
765,395 1.24 21,044 2.75 4,928 | 23.42
Thailand (1989)
136,332 3.78 13,792 10.12 2,863 | 20.76
New Zealand (1991)
1,656,815 2.39 63,794 3.85 5,520 8.65

Philippines (1991)

Column Definition:

1) : Number of students at tertiary level

2) : Number tertiary students as percent of population

(3) : Number of post-baccalaureate students

(4) : Post-baccalaureate as % of Tertiary Students

(5) : Number of post-baccalaureate science & engineering students

(6) : Post-baccalaureate science & engineering as percent of post-baccalaureate students

Source: Basic source of data UNESCO World Science Report (1996).
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Table 39: DOST Councils

PCARRD Philippine Council for Agriculture, Forestry and Natural Resources Research
and Development

PCAMRD Philippine Council for Aquatic and Marine Research and Development

PCIERD Philippine Council for Industry and Energy Research and Development

PCHRD Philippine Council for Health Research and Development

PCASTRD Philippine Council for Advanced Science and Technology Research and

Development

NRCP National Research Council of the Philippines

Table 40. Summary of Science and Technology Policies by Strategy

1. Modernization of Production Sectors

1.1 Generation and active Diffusion of Employment oriented and High Value added
Technologies.

1.2 Emphasis on Developmental R&D towards Commercialization.

1.3 Proper Selection and Acquisition of Essential and Appropriate Technologies.
1.4 Adaptation, Absorption and Mastery of Imported Technologies.

1.5 Dissemination of Appropriate.

1.6 Technologies Increasing Accessibility to S&T information and Services.

1.7 Reducing Environmental Degradation and Mitigating Adverse Impacts of Natural
Hazards.

2. Upgrading of R&D Activities

2.1 Establishing R&D Priorities.
2.2 Development of Local Materials and Indigenous Technologies.
2.3 Stimulation of Private Sector Participation.

2.4 Reducing Environmental Degradation and Mitigating Adverse Impacts of Natural
Hazards.

3. Development of S&T Infrastructure
3.1 Development of High Quality S&T Manpower in Growth Areas.
3.2 Expansion of S&T Education and Training.

3.3 Development of S&T Institutions.
3.4 Development of an S&T Culture

Source: Eclar (1991)




Table 41.

Summary of S&T Policy Programs in the Philippines

Policy and Program Brief Description
1 Modernization of the Production Sectors
A Comprehensive Technology Transfer and | The CTTC serves as a mechanism to link
Commercialization Program (CTTC) technology generators and users. It aims to
hasten the process of industrialization through
commercialization of technologies whose
utilization is envisioned.
B Support programs to the CTTC
B-1 Production of technology packages Provision of info and economic feasibility studies
B-2 Investors Fora Venues for technology generators
B-3 National and Regional Technology Fairs Organized to showcase new technologies for
transfer
B-4 Technology Financing Programs Funding assistance to technology
B-5 Information Services Info packages on mature technologies
B-6 DOST Training Centers Conducts technology training
B-7 Regional and provincial S&T Centers Ensure the transfer of technologies
B-8 DOST Academy Technology Business | Link between DOST and the Academe for
Entrepreneurship Development Program technology commercialization
C Technology Business Incubators Assists new technology firms through technical,
financial and marketing assistance
D Science and Technology Parks Facilitates the transfer of university-industry
inter-action in advanced technology
E Global Search for Technology Search and acquisition of commerciable
technologies abroad
F Program of Assistance to investors Assistance to patenting, financing and marketing
2 Upgrading of R&D Activities
A R&D Priority Plan (Export winners, basic domestic | Indication of preferred areas of R&D
needs, and coconut industry)
B Grant-in Aids program Support of R&D activities
C Contract Research Program Sponsored research with other agencies
D R&D Incentive Programs Incentives for the conduct of R&D activities
3 Development of R&D Infrastructure
A Manpower Development Program in Science and | Graduate and undergrad scholarship program in
Engineering priority areas
B Grade school and secondary school level Dev’t of the grade school network serving as
feeder schools for HS and technical schools
C Vocational and Technical Education Dev’t of vocational and technical schools in the
industrializing areas
D Scientific Career System (SCS) Career path for scientists that will develop their
technical expertise
E Utilization of Filipino Exports Employment of Filipino expatriates
F Recognition of S&T Efforts Conferment of the rank and title of National
Scientists
G Balik Scientists Program Taking advantage of trained Filipino scientists
and engineers thru information exchange
H Development of S&T Culture Promotion of science consciousness and
innovativeness
| Organizing and Strengthening of S&T Network and | Strengthening of S&T sectoral network and
Institutions establishment of new S&T institutions and
mechanisms




Table 42: Agricultural research intensity ratios of selected countries.

Country RIR Reference
(%) year
Philippines 0.33 1992
Thailand 1.40 1992
Indonesia 0.27 1990
Malaysia 1.06 1992
China 0.43 1993
Taiwan 4.65 1992
Australia 3.54 1992
India 0.52 1990
Pakistan 0.47 1992
Bangladesh 0.25 1992
Sri Lanka 0.36 1993
South Korea 0.56 1993
Japan 3.36 1992
Developing countries 1.00
Developed countries 2-3

Source: David (1998)




Table 43: Distribution of public expenditures for agricultures and

Natural resources by policy instruments, 1987-1994 (%).

1987-94 1994
Agrarian Reform 26 24
Natural Resources and Environment 23 23
Agriculture 51 53
Irrigation (NIA) 12 8
Price stabilization (NFA) 9 13
Research 4 5
Extension 7 9
Coconut development 2 2
Livestock 1 2
Other 17 15

Source: David (1998)



Table 44: Public expenditures for research and development in agriculture
and natural resources, gross value added in agriculture including fishery and
forestry, and research intensity ratios (RIR), 1992-1996

1992 1993 1994 1995 1996

1. Research expenditures (P million)?
a. w/out SEAFDEC 800 853 1,065 1,290 1,554
(1,027) (1,121) (1,400) (1,638) (1,919)
b. with SEAFDEC 881 958 1,184 1,434 1,707
(1,228)] (1,248)] (1,540)| (1,815)| (2,114)
2. Gross value added (P million) 281,748 303,415| 355,612 392,954| 449,080

3. Research Intensity Ratio (%)

la/2 0.28 0.28 0.3 0.33 0.35
(0.36) (0.37) (0.39) (0.42) (0.43)
1b/2 0.31 0.32 0.33 0.36 0.38
(0.40) (0.41) (0.43) (0.46) (0.47)

Note:

Refers to direct budgetary outlay. Figures in parenthesis refer to total

research expenditure, including external grants from local and foreign

Source: Israel (1998)




Table 45: Public expenditures for research and development in
agriculture, natural resources, and related environmental issues ( In
million pesos)

1992 1993 1994 1995 1996 1997

DA 459.74]  464.27] 65150 758.84] 9139 na
(501) (524) (696) (842)]  (1030) (na)

DENR 68.98 78.6| 109.69]  120.8]  149.33|  213.97
(85) (93) (123) (133) (161) (218)

ERDB 23.03| 2104 1565 1558  21.78]  64.16
(32) (30) (24) (23) (32) (66)

ERDS 4335 5508 9212  99.65| 122.21| 149.81
(50) (60) (97) (104) (123) (152)

PAWB 2.6 2.48 1.92 5,57 534  10.69

) (2) (2) (6) (%) (11)

DOST 81.25| 10052 103.01 153.08] 180.13|  228.42
(150) (160) (188) (217) 277) (378)

PCARRD 42.82|  56.24|  56.88]  88.66 105 1271
(62) (84) (99) (123) (168) (180)

PCAMRD 96 1101 1096 9.09]  18.61 19.4
(50) (26) (40) (32) (46) (89)

FPRDI 28.83| 3327 3516 5533  56.53]  81.93
(38) (50) (49) (62) (62) (110)

SCUs 189.57| 209.42| 200.88] 257.72| 309.68] 331.71
(292) (344) (393) (446) (452) (496)

UP System 91.71 9454  80.61 113.66] 130.52]  128.05
(183) (203) (239) (261) (235) (237)

UPLB 87.32| 9069 76.73| 108.88] 123.69]  120.36

(162) (196) (219) (251) (223) (224)

UPMSI 3.7 3.7 3.15 3.97 5.67 5.79

(na) (na) (na) (na) (na) (na)

UPVISAYAS 0.69 0.15 0.73 0.82 1.17 1.9

(18) 3) (17) (7 (6) (7

Other major univ 81.98| 9588 9553 11257 142.97| 165.84
(92) (122) (129) (153) (181) (221)

Other universities 15.88|  18.99|  24.74| 3149 3619  37.82
(na) (na) (na) (na) (na) (na)

SEAFDEC 81.25| 104.72| 118.75| 143.25| 153.48|  185.27
(101) (127) (140) 177) (195) (213)

Total w/out SEAFDEC 799.54|  852.81| 1,065.17| 1,290.44| 1,553.04 na
986)]  (1060)| (1356)|  (1555)  (1919) (na)

Total with SEAFDEC 880.79| 957.53| 1,183.92| 1,433.69| 1,706.52 naj
aosn)| iss)| (1496) (@732 (2114) (na)

Source: David (1998)
Numbers in () include external grants



Table 46: Agency-Funded Fisheries R&D Porjects of NARRDS Institutions

INSTITUTION No. of Researchers Budget (P)| Budget: Researcher Ratio
DA-BFAR 61 3,754,000 61,541
DMMMSU 13 1,072,903 82,531
UPLB 9 3,373,580 374,842
UPVv 44 2,193,075 49,843
MSU-Naawan 25 1,257,125 50,285
ZSCMST 15 790,000 52,667
DA-CAR - 230,100 -
DA-Regioni 2 1,007,000 503,500
DA-Region 2 10 889,000 88,900
DA-Region 4 - 4,572,000 -
DA-Region 5 - 2,180,046 -
DA-Region 6 - 785,000 -
DA-Region 8 - 415,000 -
DA-Region 11 - 902,044 -
DA-Region 13 - 310,000 -
DA-ARMM - 87,000 -
DENR-Region 10 - 4,165,000 -
BU - 543,000 -
CMU 2 11,000 5,500
CsC - 341,000 -
Csu 18 548,040 30,447
CCSPC - 1,461,033 -
CVPC - 244,000 -
DOSCST - 972,500 -
ISCOF 19 2,425,000 127,632
MMSU 17 100,000 5,882
MSU-SULU - 590,488 -
MSU-TCTO 21 1,330,000 63,333
NIPSC 3 5,450,248 1,816,749
NMP - 64,564 -
NVSIT 5 136,000 27,200
PALSU - 1,110,000 -
PIT - 308,000 -
PSPC 12 25,000 2,083
PSU 8 321,000 40,125
TONC - 60,000 -
UEP - 496,370 -
UPMSI 25 3,579,400 143,176
Average 17 1,265,777 195,902

- means no data
Source: Israel (1998)




Table 47: Agency-Funded Fisheries R&D Projects of NARRDS, 1996

INSTITUTION No. of Projects Budget (P) Budget: Project ratio
DA-BFAR 11 3,754,000 341,273
DMMMSU 30 1,072,903 35,763
UPLB 9 3,373,580 374,842
UprPv 8 2,193,075 274,134
MSU-Naawan 7 1,257,125 179,589
ZSCMST 7 790,000 112,857
DA-CAR 4 230,100 57,525
DA-Regionl 10 1,007,000 100,700
DA-Region 2 8 889,000 111,125
DA-Region 3 41 4,572,000 111,512
DA-Region 4 12 2,180,046 181,671
DA-Region 5 12 785,000 65,417
DA-Region 6 8 415,000 51,875
DA-Region 8 8 902,044 112,756
DA-Region 11 10 310,000 31,000
DA-Region 13 3 87,000 29,000
DA-ARMM 1 4,165,000 4,165,000
BU 3 543,000 181,000
CcMU 1 11,000 11,000
CsC 4 341,000 85,250
CsuU 6 548,040 91,340
CCSPC 4 1,461,033 365,258
CVPC 2 244,000 122,000
DOSCST 3 972,500 324,167
ISCOF 9 2,425,000 269,444
MMSU 12 100,000 8,333
MSU-SULU 1 590,488 590,488
MSU-TCTO 8 1,330,000 166,250
NIPSC 13 5,450,248 419,250
NMP 3 64,564 21,521
NVSIT 2 136,000 68,000
PALSU 4 1,110,000 277,500
PIT 3 308,000 102,667
PSPC 1 25,000 25,000
PSU 6 321,000 53,500
TONC 1 60,000 60,000
UEP 3 496,370 165,457
UPMSI 31 3,579,400 115,465
Total 309 48,099,516 155,662

Source: Israel (1998)




Table 48: R&D expenditures for fisheries by sector and source of funds, 1988-1994 (In million pesos)

Sector Foreign % Government % Private % Grand
Sector Total
Marine Fisheries 218.45 73.48 75.78 25.49 3.08 1.04 297.31
Inland Aquatic 60.73 37.96 98.08 61.31 1.17 0.73 159.98
Socioeconomics 4.67 18.65 20.35 81.35 - - 25.02
Total 283.85 58.85 194.21 40.37 4.25 0.88 482.31

Source: Israel (1998)




Table 49 R&D expenditures for fisheries of selected NARRDS institutions, by source of external grants, 1992-1996 (In thousand pesos)

INSTITUTION Funds 1992 1993 1994 1995 1996 Awverage %
DA-BFAR Local 0 0 200 144 1,087 286 100
Foreign 0 0 0 0 0 0 0
Sub-total 0 0 200 144 1,087 286 100
DOST-PCAMRD Local 12,310 8,140 18,780 19,060 23,200 16,298 60.25
Foreign 28,060 6,760 10,660 3,670 4,610 10,752 39.75
Sub-total 40,370 14,900 29,440 22,730 27,810 27,050 100
UPv Local 15,553 2,409 13,531 2,804 3,472 7,554 64.86
Foreign 0 0 17,356 2,873 237 4,093 35.14
Sub-total 15,553 2,409 30,887 5,677 3,709 11,647 100
Total without SEAFDEC AQD |Local 27,863 10,549 32,511 22,008 27,759 24,138 61.92
Foreign 28,060 6,760 28,016 6,543 4,847 14,845 38.08
Total 55,923 17,309 60,527 28,551 32,606 38,983 100
SEAFDEC AQD Local 0 0 0 0 0 0 0
Foreign 3,150 3,550 3,770 8,490 8,040 5,400 100
Sub-total 130,009 54,269 143,484 79,357 93,639 5,400 100
Total with SEAFDEC AQD Local 27,863 10,549 32,511 22,008 27,759 24,138 54.39
Foreign 31,210 10,310 31,786 15,033 12,887 20,245 45.61
Total 185,932 71,578 204,011 107,908 126,245 44,383 100

Source: PIDS survey, 1998.




Table 50: Distribution of Manpower for Fishery R&D

Agency PhD MS BS ASSOC Total %
Zonal Area for Northern Luzon

(Region I, I1. 11l. And CAR) 11 57 25 - 93 12.33
Zonal Area for Southern Luzon
(Region NCR, IV and V) 20 45 131 12 208 27.59
Zonal Area for Visayas
(Regions VI, VIl and VIII) 31 117 166 6 320 42.44
Zonal Area for Northern Mindanao

(Region X,Xl,and Caraga ) 2 19 53 - 74 9.81
Zonal Area for Southern Mindanao

(Regions IX and XII) 3 21 35 - 59 7.82
TOTAL 67 259 410 18 754 100
% 8.89 34.35 54.38 2.39 100

Source Israel (1998)




Table 51: Distribution of the NARRDS R&D Program Budget

COMMODITY Source of Funds Total
Local (P) Foreign (P) Budget
Export Winners
Seaweed 7,236,997 0 7,236,997
Crab 2,613,727 842,677 3,456,404
Tuna 225,000 0 225,000
Shrimp 1,605,739 0 1,605,739
Basic Domestic Needs
Tilapia 2,664,975 0 2,664,975
Milkfish 80,903 0 80,903
Small Pelagics 2,257,428 0 2,257,428
Environment 29,000,173 2,262,513 31,262,686
Other Proirity Areas 14,837,104 1,500,000 16,337,104
Total 60,522,046 4,605,190 65,127,236

Source: Israel (1998)




Table 52: Manpower for Fisheries R&D of selected NARRDS institutions, 1998

INSTITUTION PhD MS BS NI Total
DA-BFAR 2 21 42 1 66
DOST-PCAMRD 4 11 10 0 25
DMMMSU 1 6 15 0 22
UPLB 1 1 0 0 2
UPVv 0 12 13 1 26
MSU-Naawan 4 19 13 0 36
MSU-Marawi 1 15 10 1 27
CLSU 1 7 2 0 10
UPMSI 3 2 20 0 25
BU 4 9 2 0 15
MMSU 1 2 4 0 7
PSU 0 3 1 0 4
Average without SEAFDEC AQD 2 10 13 0 25
SEAFDEC 21 43 1 0 65
Average with SEAFDEC AQD 1 7 7 0 15

Note: NI means not indicated
Source: PIDS Survey, 1998.



Table 53. Comparison of the number of R & D personnel in selected NARRDS

and NARRDN institutions, 1995-1996

INSTITUTION PhD MS BS Total Graduate:Undergraduate
NARRDS

UPLB 4 3 2 9 35
DMMMSU 1 9 3 13 3.33
UPV 15 13 16 44 1.75
MSU-NAAWAN 2 14 9 25 1.78
CLSU 1 10 0 11 0
UPMSI 15 6 4 25 5.25
ZSCMST 3 7 5 15 2
Average 5 9 6 18 2.52
NARRDN

UPLB 53 206 225 484 1.15
USM 37 72 8 117 13.63
ViSCA 39 69 24 132 45
BSU 15 36 36 87 1.42
CMU 43 135 139 317 1.28
ISU 17 61 13 91 6
CSSAC 19 40 30 89 1.97
Average 32 88 68 188 4.28

Note: NARRDN stands for National Agriculture and Natural Resources Research and Development
Network, the counterpart of NARRDS. NARRDS data are for 1996 while NARRDN data are
for 1995. NARRDS data are specifically for fisheries R&D manpower only.

Sources: Israel (1998)




Table 54: R&D Expenditure for Fisheries

Year R&D in Fishery GNP (Pm) GVA Forestry GVA
(Pm) & Fisheries (Pm) | Fisheries (Pm)| (1)/(2) | (1)/(3) | (1)/(4)
@) 2 @) (4)

1982 14.52 313,544 74,055 14,084 0.005 0.02 0.103
1983 14.67 363,268 82,545 17,580 0.004 0.018 0.083
1984 10.14 508,485 129,824 22,666 0.002 0.008 0.045
1985 15.82 556,074 140,554 27,058 0.003 0.011 0.058
1986 22.02 596,276 145,807 32,019 0.004 0.015 0.069
1987 18.07 673,130 163,927 31,256 0.003 0.011 0.058
1988 334 792,012 183,515 34,708 0.004 0.018 0.096
1989 37.03 912,027 210,009 36,460 0.004 0.018 0.102
1990 76.33 1,082,557 235,956 40,833 0.007 0.032 0.187
1991 67.74 1,266,070 261,868 47,276 0.005 0.026 0.143
1992 109.98 1,385,562 294,922 51,633 0.008 0.037 0.213
1993 119.49 1,500,287 318,546 57,533 0.008 0.038 0.208
1994 38.34 1,737,315 372,853 65,860 0.002 0.01 0.058
1995 63.89 1,970,519 412,965 70,206 0.003 0.015 0.091

Average 45.82 975,509 216,239 39,227 0.004 0.019 0.102

Source: Israel (1998)
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