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Abstract 

Universities particularly their science and engineering graduate programs, are 
primary producers of precious intellectual capital. We examine the generation of 
intellectual capital in the Philippines in terms of the number of PhD and MS graduates 
produced in the natural sciences and the number of scientific papers authored by 
scientists with Philippine-based affiliations . We utilize the 21 year-graduation data 
(from school year 1983-84 to 2003-2004) of the College of Science, University of the 
Philippines and the II-year publication output (1993 - 2003) of Philippine-based 
scientists in peer-reviewed journals that are indexed by the Institute of Scientific 
Information. The Philippine performance is compared with those of other ASEAN 
countries for the same period of time. The findings are discussed from the perspective 
of Schumpeter's theory of business cycles. Our analysis reveals that the most serious 
challenge facing capital generation in the Philippines is the lack of quality graduate 
programs for producing competent PhD graduates in the sciences and engineering. 
Local graduate programs are vital in retaining young talented BS graduates who are 
likely to go to foreign universities for lack of other viable options. 
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Introduction 

Science seeks to make sense of the phys ical world and the immutable aim of 
scientific research is to extend our knowle.dge of the physical, biological. orsocial world 
beyond what is already known . The untiring effor! towards a bette r understanding 
could be due to the innate des ire of human beings to overcomc ignorance and to ri se 
above helplessness. [t could also be moti vated by childlike curiosity or driven by 
personal desire to improve onese lf. Regard less of motives. the cxpansion of scicn ti fic 
knowledge is bound to enri ch human society ei the r materially. spirituall y or both. 

Science is essential for the continued progress of human societi es espec ially 
those in developing countries like the Philippines. Among the various human endeavors, 
the scientific enterprise is the most likely to prov ide the best possible solutions to 
problems that are caused by increasing human popul ation, dwindling natural resources, 
and human inefficiency and incompetence. So far, the sc ientific enterpri se has been 
highly successful due to the uncompromisi ng practice of honesty , openness, colleg iality , 
scepticism, and fairness by scientists themsel ves [11 . It seems logicalLO extrapolate 
that significant benefits are gained if those from other 0 'cupations in life are also able 
to practice a similar code of conduct and proper behavior. 

A country with an established tradition in sc ience and engineering also tend to 
be economically robust. In 1939, the Austrian economist Joseph Schumpeter argued 
that a normal, healthy economy is constantly interrupted by technologi c.al innovation 
and that business cycles are unique and driven by entirely different clusters of 
industries [2, 3]. Over time, the durations of economic waves are shortening, from 50 
- 60 years during the first wave (1785 - 1845) 10 less than 30 years in the so-called fifth 
wave (1990 - ) which has been largely fueled by information and communications 
technology. Innovation which is the appl icati on of new knowledge that is gai ned from 
sc ientific research and development, powers the birth of new and better technologies. 
The cycles of innovation are getting shorter because our knowledge of the physical 
world has become more accurate and reliable as a result of sus rained sc ientific research 
and development over the years. 

It is difficult to predict the kiLLer technologies that will jump-start the next 
economic wave. However, it is safe to argue that the nex t killer technology will result 
fromlong-terrn investments in scienti fic research and development. to To partake in the 
next economic wave and compete in a global market that is increasingly becoming more 
capricious in taste and needs , a country (or a company for that matter) must have the 
wherewithal to generate intellectual capital using resources that are within its control 
and regulation . Huge amounts of intellectual capital are needed to enable a country 
to place bets simultaneously on many promising fields in nanosc ience, material s 
science, molecular biology and biotechnology. energy , and information technology -
areas where the next technology catalyst is most likely to emerge according to pundits 
[4]. 
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Here, wedi scuss the generation of inte ll ec tual capital in the Philippines in te rms 
of the number of PhD and MS graduates thal are produced in the natura l sc iences and 
the numberof scientific papers authored by sc ientists with Philippine-based affiliations. 
Wecmploy the twenty-one year-graduation data (from school year 1983-84 to SY 2003-
2004) of the College of Science, University of the Philippines in Dililllan, Quezon Ci ty. 
We also examine the eleven year performance (1993 - 2003) of Philippine-based 
sc ienti sts in terms of publications in pee r- reviewed journals that are indexed by the 
Institute of Scientific Information (lSI). The performance is compared with those of 
other ASEA N countries forthe same period oftime. We also present the R&D funding 
profile ( 1989-2002) of the Philippine Counc il fo r Advance Science and Technology 
Research and Development (PCASTRD) of the DepartmentofScienceand Technology. 

Universities particul arly the ir science and engineering grad uate program s, are 
primary generators of inte llectual capital. The production of PhD and MS grad uates 
is a vital indicator of a counLry 's capabi lity to generate intellectual wealth s ince 
graduate degrees are research degrees . A PhD degree is awarded to someone who has 
contributed to the body of scientifi c knowledge in his or her particular area of 
specialization. 

The UP College of Science is the most important producer of PhD and MS 
graduates in the natural sciences in the Philippines today [5]. Among it s affi li a ted 
degree-granting units are na tional cen ters in geologica l sciences (Narionallnstitute of 
Geologica l Sciences), marine sciences (Marine Sc ience Institute), molecular biology 
and biotechnology (National Institute of Molecular Biology and Biotechnology) and 
physics (National Institute of Phys ics). 

Publication of results in a peer-rev iewed scientific journal often indicates the 
success ful completion of a research project. The peer-rev iew process is an essen ti al 
aspect o f self-regulation in the science community. It has been largely effec tive in 
ensuring that only scientific reports that are ori g inal, novel, scientifica ll y valid and 
important are disseminated not only to sc ienti sts but also to the genera l public . The 
lSI operates and maintains a database of papers that have been publi shed in sc ienti fic 
journals around the world . To be considered in the lSI database, a scienti fic journal 
has to sati sfy a number of publication conditions 16]. 

The PCASTRD offers rese,u'CIl funding in the areas of biotechnology , elec tronics. 
instrumentation and controls, information technology. materials sc ience, photonics. 
and space technology application [7] . It is also a major provider of loca l graduate degree 
scholarships in the sciences, mathemati cs and engineering. 

ProductionofMSand PhD Graduates 

The College of Science (CS) was established in 1983. [t consis ts often degree
granting academic units which offer the fo llowing graduate programs: ( I) [nst.itute of 
Biology (MS Biology, MS Botany, MS Microbio logy, J\1S Zoology, PhD Biology, PhD 
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Botany , PhD Zoology), Institute of Chemistry (MS Chemi stry, PhD Chemistry). (3) 
National Institute of Geolog ica l Sciences (MS Geology, PhD Geology), (4) Marine 
Science Institute (MS Marine Biology. MS Marine Science, PhD Marine Science), (5) 
Department of Mathemati cs (MS Applied Mathematics. MS Mathematics, PhD 
Mathematics). (6) Department of Meterology and Oceanography (MS Meteorology. 
MS Oceanography, PhD Meteorology), (7) National Institute of Physics (MS Physics, 
PhD Ph ys ics) , (8) National Institute of Molecul ar Biology and Biotechnology (MS 
Molecular Biology. PhD Molecular Biology), (9) Envi ron mental Science Program (MS 
Environmental Science. PhD Environmental Science), and (10) Materials Science and 
Engineering Program (MS Materials Science. PhD Materials Science). 

The National InstituteofMolecular Biology and Biotechnology evolved from the 
Molecular Biology and Biotechnology Program. In 2003. the InstituteofEnvironmental 
Science and Meteorology was established out of the merger of the Department of 
Meteorology and Oceanography and the Envirolllnelllal Science Program. ThcMaterials 
Science and Engineering Program is ajoint effort between the College of Science and 
the UP College of Engineering. 

Figure I shows the number of PhD graduates produced by the various CS units 
fromSY 1983-1984 toSY 2003-2004 [8] . In twenty-one academic years from SY 1983-84 
to SY 2003-2004. the College of Science graduated a total of 256 PhDs. An annual 
ave rage of 12.2 PhD graduates is produced by the College. The Institute of Biology 
produced the largest number at seventy (or 3.3 graduates per year) followed by the 
Department I)f Mathematics with forty-five (2 .1 graduates per year) and the defunct 
Department of Meteorology and Oceanography with 41 (2 graduates per year). The 
National Institl.lte of Physics yielded an average of 1.7 PhD graduates per year. The 
Materials Science and Engineering Program has not produced any since it.s inception. 

Figure I reveal s that PhD production is not increasi ng at a steady rate. Peaks are 
observed in SY 1989-90andSY 1997-98 indicatinga possiblecyc.le with a9-yearperiod. 
The National Institute of Physics produced 58.8% of its PhD graduates in the last seven 
years of the time seri es. 
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Figure 1. Number of PhD graduates produced by CS units over a 20-year period. 
Legend : Institute of Biology (IB). Institute of Chemistry (IC), National Inst.itute of 
Geological Sciences (NIGS), Marine Science Institute (MSI). Dept of Mathematics 
(OM), Dept of Meterology and Oceanography (DMO), National Institute of Physics 
(NIP), National Institute of Molecular Biology and Biotechnology (NIMBB), 
Environmental Science Program (ESP), and Materials Science and Engineering Program 
(MSEP). 
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Figure 2. Number of MS graduates produced by CS units over a 20-year period. 

Figure 2 plots the number ofMS graduates pn'>duced by CS within the same 20-
year period. A total of 977 students received their MS degrees indicating an annual 
average of 46.5 graduates per year or 5.2 graduates per year per unit. The Department 
of Mathematics produced the highest number ofMS graduates at 318 (or 15.1 graduates 
per year) followed by the Institute of Biology with 175 (8.3 graduates per year). The 
National Institute of Physics yields an average of 5.8 MS graduates per year. The 
National Institute of Molecular Biology and Biotechnology graduated a total of 
twenty-one students over the same period. 

Unlike the PhD graduation profile. an increasing trend in the number of MS 
graduates is detected in Fig 2 - about 28% of the MS graduates have been produced 
in the last four academic years from SY 2000-200 1 to SY 2003-2004. 
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lSI Publications 

Figure 3 plots the annual number of lSI publicati ons emanating from Malays ia, 
Philippi nes, Singapore and Tha iland from 1993 to 2003 [9]. A linear fit reveals a slope 
value (proportional to inc rease rateofl S I pub licati ons per year) of3 73 ppy, 139.33 ppy, 
78.436 ppy and 2 1. ll ppy (publicati ons per year) for Singapore, Thailand, Malays iaand 
Philippines, respective ly. The lS I pub licati on profil e of Indones ia (not shown in Fig 

3) y ie lds a s lope of 3 1.7 ppy. 
The lSI publication rate o f our AS EAN ne ighbors clearl y shows an increas ing 

trend un like the Phi lippines whose annua l output has never exceeded 500 within the 
I I-year period. In 1993, Tha iland with 4 12, had 2. 1 times the number ofISI publicati ons 
than the Phil ippines. In 2003, it had 2 1 02 1SJ publications representing 4 .49 times the 
number published by Philippine-based researchers . 
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Figure 3 . Annual number oflSI publications emanating from Malaysia, Philippines, 
Singapore and Thailand within an I I -year period . 
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Funding for Scientific Research 

Figure 4 presents the financial support that was given annually by PCASTRD 
to research projects from I 989 to 2002 [/ Oj . Al so shown are portions that were awarded 
to researchers in rnateri als science and photonics sectors. Most of these researchers 
belong to the Philippine phys ics community. Within a l4-year period, the PCASTRD 
released a total amount of PhPI64,909,776.42 in research grants of which PhP 
67,340,254.1 I (40.83%)and PhP 15.524,343.04(9.4 1 %) wentto the materials sc ience and 
photonics sectors, respecti ve ly. The biotechnology sector received 27.45% of the total 
fi nancial di sbursements for research and development. 

The amount of money that has been spent for research and development did not 
increase steadily in nominal tem1S. Thet rend becomes even more dismal when we factor 
in the effects of inflati on and the changes in the foreign exchange rate between the 
Philippine peso and the US dollar. Between January 1990 (USD = PhP24.46) and 
December 2002 (USD = PhP 53 .52), the Philippine peso depreciated by almost 120% 
aga inst the US dollar. For Filipino researchers the effec t is doubly devastating because 
all precision instruments and devices and research-grade components have 1.0 be 
acquired from abroad. 

Discussion 

Based on data that have been accumulated over a 2 1 year-period, the ability of 
the College of Science to produce well-tra ined PhD graduates is far from desirable. The 
annual average production rate of 1.3 PhD graduates per unit is below the performance 
that can be expected of a college where the average number of full professors per 
academic unit is 7.8 [11]. A PhD student needs a minimum of three years to complete 
his or her academic requirements (afterearning hi s or her MS degree) . Even if we factor 
that in, still the average production rate remains low because associate professors and 
assistant professors are allowed by the University of the Philippines to supervise PhD 
students on their own. 
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Figure 4. Annual financial support (grants-in-aid) given by PCASTRD. Also shown 
arc portions given to projects in Materials Science and Photonics. 

Only the Marine Science Institute and the National Institute of Physics, require 
a PhD student to publish at least a part of his or her dissertation research in an ISJ
indexed journal. To help ensure world-class training for its PhD students, the College 
of Science needs to adopt the lSI publication requirement in all of its PhD graduate 
programs. During its initial implementation, the IS! publication requirement is expected 
to reduce (further) the number of PhD students who will earn their degrees but thi s is 
only a temporary setback that is worth paying for to promote genuine scientific 
excellence in the long term. 

Enlarging the pool of competent faculty supervisors who are wi lling to train PhD 
students is the most serious challenge facing the College of Science today. To be lip 
to the challenge, a faculty must have the necessary technical competence and the good 
sense to mentor young scientists and make them achieve theirfull potential. In asoc iety 
where scientific tradition is not yet rooted, the scarcity of competent mentors only helps 
to perpetuate a culture that is incapable of distinguishing and ce lebrating scientific 
excellence. A society with such aculture tends to rationalize scientific mediocrity and 
believes in the mistaken notion that excel lence is a matter of patronage or connections. 

Transactions Natl. Acad. Sci. & Tech. Philippines 26 (2004) 



286 Talent and /Ilnol'ativeness to Meet Global Stalldards ill Scielltific Productivity 

In 1998. Taiwan produced 907 PhO graduates in the sciences and engineering 
[12]. In the same year. the Philippines with a population that is almost four times larger, 
graduated an order of magnitude less. Japan and Korea produced 6.575 and 2,484 PhD 
graduates respectively. in the said given year. 

The lackofnotable increase in thenumberofISI publications from the Philippines 
can be attributed to a number of factors . It could be due to a lack of an effective (and 
dynamic) national policy on science and technology or to an ambi valent implementation 
of an otherwise coherent plan including insufficient. and sputtering financial support 
(from both the public and pri vate sectors) for scientific research and development. It 
could also be caused by a local science communi ty that is incapable of (and disinterested 
in) competing with the rest of the world in the generation of new scientific knowledge. 
The lSI publication performance is a function of the number of researchers engaged 
in research and development. In 200 I, the number of researchers per million of 
inhabitants in Japan. Korea, US and Singapore were 5321 , 2880. 4099, and 4052. 
respectively [13]. In 2001, the density forthe Philippines was 157 r 14]. 

In 1999, Italy allocated the lowest percentage of gross domestic product (GOP) 
for research and development at slightly above I % among the G7 countries. Japan 
spent the highest at approximately 3%. In the same year, Taiwan spent 2.05 % of GOP 
rising to 2 .16% in 200 I [J 5]. In 2002. Taiwan-based researchers produced 10,831 
publications in lSI-indexed journal- Taiwan was the 18'h most published country in the 
world in the said year. In 1992, the Philippines only spentO.22% of its GOP and in 2001 . 
it even spent lower atO.15%. In 200 I ,Japan and South Korea devoted 3.09% and 2.96% 
oftheirGDP respectively on research and development. In 1992, these countries used 
2.86% and 2.1 %, respectively [16]. Singapore spent 1.13% of its GOP for the same 
purpose in 1995 rising to 2.11 % in 200 I. 

Whether we like it or not, counting the number of lSI publications is a widely
accepted benchmark for assessing the performance of researchers. Of course, there 
are finer points of excellence like publishing in an lSI journal with high journal impact 
factors (c.g. Nature or Science) or the number of citations (by others) received from 
previous publications. These details however, are employed to distingui sh excellence 
from the merely good. 

Conclusion 

We have discussed the capability of the Philippines to generate intellectual 
capital in the form of the number of PhD and MS graduates produced in the natural 
sciences and mathematics over a 21-year period. We have also studied the number of 
lSI papers published by researchers with Philippine-based affiliations from 1993-2003. 

Our data indicate a performance that is wanting in both measures. In the 
competitive index released by the World Economic Forum for 2003-2004, the Philippines 
occupied the 64th position - a rank that is lower than its Asian neighbors : Singapore 
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(8), Taiwan ( 16), Malaysia (26), China (46). Thai land (3 I), Vietnam (50) and Indonesia 
(60) [/7] . Direct investments fl ow fas tenowards coun tries that are perceived to be more 
competitive. 

Our scientific performance is not signifi cant ellough because of the low number 
of Filipinos who are engaged in sc ientific R&D. The lac k of capable PhD supervisors 
prevents our country from producing enough PhD graduates to make it competiti ve and 
attractive to direct investment in the technology sec tor of the industry. It al so makes 
our domestic gradu ate programs unappealing to young BS graduates who have no 
other option but to leave the country . 

The key to enhancing the capability of the Philippines to generate intell ec tua l 
capital is the development of world-class graduate programs in local universities. 
Sending BS graduates to earn their PhD degrees abroad is not the solution. Supporting 
locally-tra ined PhD graduates to do postdoctoral research in top forei gn research 
laboratories. is. 
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