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sarge mpmber of nabons in the worlkl, hesting a g share of humanity,

rernin poor and many ol their peeple continge ta suffar from ignorance,

diteracy, hunger, malmeiion, disease, Ingh mortalicy reces and shart h-
man hite expectancy, Can economic theory satisfacrorily explain the continuing
porverty afthese nations? Canil provide useful puidelines for the poer countries to
break out o their oveles of povesty?

The Plibppines had desiced to attun ecenomic growth for a long time. Since
ganmg mdependense 1n 19460, its economic histore had heen charscterized by
“eveles ef booma and buats ™ Canthese "oveles” ke satisfaclarily explained?
stushes candusted in the 1570 revealed that while, i meneral, high educationsl
altnment had a strong cansal effect on economic growth among ather nations,
this did not seam to be true to the Philippines, What umque features had Philip-
pine education o explan iz nability 1o contribute to econmme growth?

Havwever, singe L9953 the Plulippines has stared fo sxpenence moderile eco-
neinic growth, which s generallv ateribuced 10 the new economic pelicies of
deregulating the economy, inviting foreyen mvestors and allowing fee market forces
teraperate, Wil the Phalippnes sustainits ceonomic growth and successfully “poke-
vaull mio the 2151 century™ Or will it sulfer fram s old disease of an eventual
“hust™

A Statement of Purpose

This paper aims i verify the nution that the adoption ol modern technolowy 1s
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1Jgina {wo measures of science and technology capahility (5T

(13 the number of research and developmment (R&D) scientists 10 Ehi.
neers per milliorn population (SLEMT a.n_d {2) the Zross expendinre le
cearch and development as a percentage of the gross natiomal prodyq (LR,
GNP, we tested the ypothesis thar STC i Lhe principal determinan, ol e
nomic growth and development, the end [J[ULlL:IL'l: ofwhich, econcm Bllceesg
(ES), is measured by (3) per capita gross natiomal product i U5 4, |h
(PCGNIE).

Ir opcer to further test the relationship between science and tethig b,
capability (ST and economic success (ES). separate tme-seses dajz |'|'|.--1,
Jznan, South Korea and Tawan were also analvzed.

- Finding the results ol the regressien. anelyses ol the worldwide dasg
cluding those of the thres sets of time-series data Fom Japan, Sourh Kyres
and Tarwar, to be highly supportive of the hypothesis, we procecded 1o maks
recommendations an how a developing country, like the Phinppines, ma,
afain mdustialization and econonuc growth.

LTI

B The Role af Technology

The success of the [ndustriel Bevoluuon i manstorming the cconemies
of Furope starting in the middie of the 18th century established the role of
technelogy in industnalization and economic development The vapud indus-
t=alization of the UUSA, which eventually became the larnest scomcmy i the
warld, and the success of Japan's industnalization strategy e squalizng wit
Europe and the USA, particularly tollowing its defeat in World War 1, bel
grered further the crucial role of technoleesy in economic growth

The mare recent development saga of the so-called four Asian “NICs
namely, South Korea, Smgapore. Tarwan, and Honghong, i3 truly phenon-
el 0 chat they ackueved i only 25 vears what it taok Eoropean cOUpILES
250 vears (o accomplish  Again, common among the strategics af £
“NIC's™ is the adonton of moden technology in the praduction of high-
vilue-added products mned primariky at the expoit markets.

The Nobel lawrcate, Robert M. Selow (1957), noted that mere A7
aillions w dellazs of capilal mvestmene, it was technological progiess “h'fl.'
neeauitted for over 81t purcert fthe growth in output per lahor howr i Lo
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from 190910 1949 Subsequent studies by Edward Denisond 1774, 19807 con-
firmel thal cver 78 percent al the growth i oulput per labor hour in LTSA from
1525 to 1969 was also the result of technological progress. In the case af lapan,
the wiopuon of new technalogies enabled the country to almost tnplefs output
per labor hour from 196040 1973 (Durnbusch & Fisher, 1985)

Theoretical Framework
A Some Pre-Conditions of Econsinic Growdl

It must be understood that there wre certain mimmal conditans which
st be satisfied before a country becaomes ready to underge ceonomic grawth
and development  These conditions make the environment condusive L Lhe
etficienn eperation of the Gelars ol produection in the ecanamy

11 Peace and order refers to a condition where viclence and crimimality
are kept to 2 mintmum &0 that they do net impede or discourage coonomic
actwaty Inothe ahsence ol peace, investons become afraid to enzace in bus-
ress dotvibies, denyving the economy o chance we expand aod grow Peace
and order also refers tothe absence alwar, revohstien, maurrectzon, rebellon
ar armed contlics

(20 Pediricad stalsleny relens v o situanon wherehy the system of 2over-
nnce paarticudarly i the selecbon ol pohibeal leaders, whee are vested wath
Lhee aulbor s v decude andd tmplement poticies, 5 teeular and predicisble and
clhuinges m feadership are not attamed by vielence 1 also neans that seneral
oy ae comsistent el stable and that they do nar jas drasticaliy pet
chaneed o reversea apan chanee of polincal leaders The predictabilicy of
L LT ||-:'||-L P b o PEATETLEITT Pttt Lo o esLars T niake ther re-

arnrees avankalle for e srccduetionl of eoods .l|'|'.j SETVICL S

Vi b ket ooy telers s g condibon whereby the governmen:
clloans free an open compeboen tooesast in the markes A free inarkel clin-
nates momope hsts welcenes outside investors, and keeps government regu-
Litiens fooa mommuam Free competibion eacourages ievestiment freim both
Ll and forergn sources Lack of free competition mbbils the entrance ot
ey plhvests o the market

C S scal refravirnctunye efers (o mimimem reguarements in roeds, rail-
wovs, brudues seaports, arpons, and other means of transportation and com-
meamcation noarder for busmess angd mdusiry teogrow and theive Lack of
mftastructyre hampers production. distrbunon, storage and other econamic ac-

-
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() Sfenr .'.lr.lll'Jrrl'En'fi'l’.'n'i'_J_:'n"l’.-"-l-.".fl'i' retfirs to a siluation whese the rate of ETer

5 - tl'l
wer than the rate of growth in the economy so th

al pogi-

in population 1= sl my.
e and sustanahie 1o L o

$ive ahaolute econamic growh DECUINES posaib
i " By ey i o ; d
A high papulauon arowth rate ninders cconomic development becays,

U | . |
4 small gain in the economy cat be wifset by a bigger increase in populyg,.

{7y Hnenam resovee capabiliy refers to the peneral capacivy of the PG
lation, as measurad by its Jevel of furmal and informe: treiring and eciyeag o
A highly huerate and edieated papulation 15 L':»;;J-.‘;fluui tu be mose prodycliye
“hart i generally illverate and uneducated population

(R) High senangs andg inesiineit rates refer to the percentase of nation
nzome saved and invested o he production of more goods and seraees
| liaher savings mean nigher investinents, which rranslaze 1o higher ineome.
to sven imoce savines and eventuaily to even mare investients,

(93 dedtmemicn! feved o corvostion relers to o condifion wherehy the im ol
mentalien el econcmic prlizies and the conduet of business activiias arz pog
sabverted Dy either extortinn by those enforving sovernment reculadions or
bvibry b ther chenls, Cerruption doss cor only defea (rue market conm-
Htom Bt i zleo ineregses the cost of deing business, Uherchy decrensing el
business efficiency

fi. A Model of Econnmic Succoss

_ Clagsical econamic theory emnphasizes the role of praduction factors (2 &
znd, ]al‘:-[:-] and capital) in the expansion of the economy as 4 ration ATs
ceancmie growth aod development He wever, the role of leshnical prages:
I.-.;;,n,: been fowng to account for g greal portion of ecenomme ,t_-'ffm'-'.h-{ﬂi.l i
L1937, Dar.islnn, 1974 Durnbusch & Fisher, 1985), The ndup.Li-::m of mecer
1EI.Z|'|J'|D|.'iJE'_'|" 1z [-J'-l':rl.:f;'”'.,: erucial 10 the R]'I}‘L‘.-Th andl d'i:':"."t':'ll'_'l]:lm-ErIT g ni:;r:.l.'l.'lls
Leanomy because it provides newer wethipds. of prodvction, shich pro St
biser catputs and bettes quality praducts a: cheapor cast. The more moernd
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teckmoliony 1s, the more efficent and cost-etlective it becemes m producing voads
and semvices  More importantly, the adoption of new technolowy leads 10 the
creanon of mproved, mnevatis e or pewly destgned products wlich resilt i hig-
o B S T 11

I coder theretore tin o country 10 develop economicallv and remann
competitive, 11 must adom medern technology The adoptien of modern
technology through the puschase of imported machiners howesver his s
drawbacks. namely (1 imported mackinery 1= usuily expensive, 129 export
g comnes normially de not sell then advance machinery to prevent the
INPOTING COURIMes from becomimg senous competnoss, and (31 mmported
nachimery often need lechnioans parts servicmg. repars ar modifications
wlhich are not readily avarlable v importine counines

The successtul adoption of modern techno oy Terelore requires hat a
caoampy altmately deselops its owo technalogcal capabality omust meoalls
mositer watldwide techeolomeal discoveries and applicanons. study and in-
movite them and eventually create. mvent ar desten new provicts amd se -
wices Such wrechnolomen] capabiliny requires that a Lo ge sector af the popu-
Fnier betotmes lamidia wath 2o ozly modein lechneloey nsell but also with
the whote gamut of the fundamental scenees Vit feed technology with in-
creasmz understanding of the cralerdying relationships among vanaus natial
'i'll'IEIII.'II'I'I'.'.'I'IEI

The abilty aba natton therefere to desian hioh- eckoaloey, egh-value-
added products and services 15 dependent upos s soence and technology
capalniiy (ST, 2s redlected by the numbzr and quabiy of its scentsls s
ergnerrs dong B& D gk ard the level altsimvestments iz [ & 17 elTarts,
The sciennsts and engieers conducl Bos D work and 1o the pnocesy desian
nevy lngh-velue-added products wiich help increase the naton’s mcoms

Comsidenng that the adoption of medern techooliooy can account for a
Fag poriom ol 1he increase i 10e gconemie auipul of ¢eveloped natians, an
constdering further thal the scareny ol fastors of production has not pre-
vented nations like Singapore, Hongkong and South Korea 1rom growing
econoimizally, a madel iz herzhy propresed which emphasizes the impartance
ol soenee aml echnology capalihey (8TC1im the creation of economic suc-

[=.

coss The miadel s thus wrilten as follows:
ES=10A 'L’

wehiere CEST mezns UEeonminic Success” "STCY means “Science and Tech-
rolosy Capiablity,” and “1" meaas “function of ™

Fovneme Success {ES) 1z measured by per capita pross matioml prodogt
PR GRE ) US dollars, while Sciencs and Technology Capalnliy [ STC Vs mea-

L
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(1 <he nusber af R & [ selentists and engineers per millian POy
9 relitures 10 research and des

sured by velopment fin
(GERINGRE). o

(SEMPY and (2] Lis BTO63 EXPE
;:Enl.ﬂﬂ,':.‘- af wrogs national product

Analvses and Discussions of Resuliy

G erentists and engineers re pUIsans whu c{::nmler.erl al leaay VBT |y
educatien in any field of sclence and enginesring and twhnl are engaped j,
professienal work on research and t'-'-"vﬂ|f:‘l!'_mf‘"t (R& D) activities, g,y ding
researchers, administrators and other high-level persanel wha diray o
expeution of B & Dyactiitios. Rde D activitics JEISr L0 any creative sygryy_
atie activily und srtaken o increase Lhe stock ” knowledge 2nid the usy of g
Lnowledae 1o davise new applizalions, melding fundamenal rezea ), { e
erimenral or thearerical witheul any 1mmediate applications in mind) g..
plisd research (simed &t practical applications as in agricullure, medicny,
industrial cheristoy, vle . and experimerial development work towarg Mg
devices, products or processes, Scivnce and engineenng refer Lo the naug)
ar fundamzntal seiences {physics, chemistry, bialogy and mathematics), Epl-
reering and techinalogy, medizal science, gricultural science and social g-
ence ard humanitiss R & D expenditures refer to miremural current egpeg.
diture, inclucding labar (salares and alloweances), material (supplies and mats-
Fels, miscellanzous), lengihle foved assets (building, couipment and Jtires),
anil othzr cosis of ooerenon. B & D expenditures melude those expende:|
within the natinnel territory and cverseas but owned by persons ar enttics
o the seme counlry
Chata oo Lie number af [ & D scienaises and enginsers per million pepu-

atien (SEAP) and an the grass exoenditures on research and developroien
as d percentage of gross natiana product (GERIVGR P were taken Soimn the
LIMESCO Ntertisirced Tearbogt [1993) and the UNESCO Bl Soience fe-
pore (159951 These duta have £ range Gom 1980 to 1992, but the awerage
yurr they were taken vy 1989 Ter capila gross national product (POGNKE]
were tahen Fom the okl Develspmen Heport (1996) by the Onord Ul
veraty Press Jur the World Bank representing data es of 1994 These 15
Maretie an ave age 1me Juyg of fve (5] yoars fram the time the deta o et
the number of scienlists ang enginsers and the nationel R & 17 expenses e
teckaned and the tme he dats oo per capila meame wire recerded hecads®
Iwas gsrumed chet selens: and 1.'.‘!(.'-]'1[1?'!-[!}!:;".' LHFIEJIIL] l't‘.- (ST takes anmie Lo
rnlztr.r:; anil Decome effective in increasing national incomes,

. Mtz o the above thres variables were fgken on minety-png (1) U0
s s o all mtaens oo wodld s Qo S07 L

onoand |11du.~.r-ml|zed: wlale the oLhery vre sither dpwel L

WEnalzrg o pour fsee Takle | )
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Considering Uhat all the data are of interval charactenshcs, regression analy-

fabte I POUND SEAT and GERIVONP amorg 1 Cowntvies of e Bardd

Mo.| Count (LLE) GERDY
4 PCGNP (USE) SEME GNP
- Switzarland Av0Ls 2400 148
£ | daoan 863D S1R3 30
3 L ek AVETD I 27143 1.4
4 | Noreay 26330 | 3150 1.4
5 Unites States 25480 | 3874 74
g Gerrmany Fa5ED 2713 2.4
7| lceland 24230 A0ET 11
g Sustr 24530 1145 14
8 | 3wedan 23530 ACE1 25
10 France 23420 2967 2.4
M| Begem | ZEZETD | 185 4i5
12 | Siagagare | FLsmn 2ap5 127
13 | Nethedands 22010 IEGE 4.5
14 Canada 4G50 3347 16
13 | Kuwait 10470 Izd 0.3
16 | kaly 18500 1210 1.3
17 | Fitlang 16EL0 dagd 21
18 | Unitzd Kingoam 18350 2354 21
g | Austreia ARO0D 2115 1.4
22| lsrasl 14530 4834 2
2% | Brunei Daruzalam 1424 a1 0.
22| lrelad 153530 1Far 0w
2% | Szain 13440 lil51H 0o
24| [sw Sealand 1333 1553 c.o
a6 | Qatar 12823 TLE on
25 | Cwprus 10262 gl #
27 | Perugal 97320 ag98 a6
2k | Korea, RepLbic 4250 13435 21
28 Brganting a1 e 03
ah | Greecs 7700 Ld 03
31 | Slaveris dadn foo3 1.5
32 | deycheles coan 261 1.3
33| Wrugay ! 45RL SRF -
d4 | Weriza 4180 224 [
35 | Gabon 3EA] 192 =0
6 | Hungary pot =t 1202 il
37 | Trnidaz & Tabano arag 240 24
6 | Chile 5520 364 oy
49 | Malaysia 3280 27 b
2l Gzekoslovada 3208 3247 1.8
41 Mauoritivs 5D 120 0.4
47 | Houlh Afroe 3040 a4 1.0
43 | Erzzil 2970 | 28 .4
4 | vieperuels Aan 74 0.5
45 | Fussan Fadarglion 2650 | =530 1.E
46 | Zroatia 2550 "uvy -
27| Turksy 2500 225 oe
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ses were performed, wsimg per capita gross eapon product (PCGNP) in U
delbars as the dependert vermlle, white (1) the number ol soentists iand engineers
per mmblicn pepolation ESER ad (23 0he gross experidiliee on research e
develnpitient add percentage of grass nalional product {GERDAGNITL respa-
uvely, are treated as separate measores of the mdependent vananle

since the two measures of the incependent variable are leghéy correlated, no
partial correlatios or slepwise regressie ivolvng them was performed. Instead,
4 sepazate regression anaivais was ranlor vach meisure ol the indgpendent vin-
bl wath the dependent vanakic

l'ime-senes data ram Tnpan, Soush Korea and Tarwen were Liken fram
Vhe Mesteoricad Statesties of Sapee (1987), the Jopic Stogsticod Fearfooks
IR0 e Korco Sovsocad Yearbaokys | 1962-1990) and the ¢ e
Mt pearchanky [ RT0- 19957 |'f_-.~'.|m-::l|'unl1r'

f. Neiensises and Engincery amed Per Capitic ncome

It the pertormance ol vegr ession analvses. two mudels were mitalo used
Iri pha first moadhed comstant or miescep; was rﬂ'.]'.l'.n:d to represent the con-
rribttons of ether factars to the prediction of the dependent vanable  How-
voer moall the reeressian analvses performed on the worldwide data the
moadel with @ constant o mtercepl ivanabiy explmned a smaller percentiye

ol vt i the dependent vanable ag compared with the gecand midel
shich fonced the rewiession ling 1o pass thepueh the pomy of ergm (zeof,
Berelry sernonng Hee conseant er mtercepl  Invew of this abseiuaition, the
sevond mmodel witheut ooconstant of insercept. and which pradoced o bemar
e die ot ol the deprendent varabie was used as the bass of the e
{TEES [

Ui dewresston aralyvses ol che distin o afl mnely-om= 100 natons shows s
et Tt ety iy ease i e U1 E it sasie i the mumber of soientists ged
ELLnE s e iinen "|l|-|I|.|I||II| R H o B Dt prcfeae ol 54 Shoscoars
e oy vagta A% F o the nons . Duikenmore, the vidines ot i mdepun-
dortl vattiible Crnimbser of Bode 10 sopatids and esgimeers per mlbon popula-
(IRITHEN Bty A9 protaottd ol e s acsictoen L L|-:|:-L'||-._1cl1f. waliaile e Ll i
Hieeste it S e lbar s w bl sazgests n tarly pood predicion ol the faster by
he topmer Soreever tie findog 1§ deemed very siemficant at the Q000 ]
level whog b mwdns thar there s anly o change o ong hamilred desusand tha
the comtieuratien shseesed mode dart weuld ocian e S the pwe varidres
TR R '\:E-Ii'l.lj

W e the resules suppeest thit the selaboostp between the o vansbles
e ndesd AT and-onsIve: & Té-evamundtisn vl sorne o untres s o 04
der Sixteen Former andd present L'ommianast soumtoes narnes Shovensd. Honaar
Crechostovakar Russi Croatie Poland, Lasaa, Betanis, Lerame. Lithoana, Ri-
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s, 1zrekista, iucadenia, China and Yictam e, Aot oy
Lannin, BUEs FHEHESE FYE SRR Ty -
) sif scigntiaty a7 engineers Primarry to g eame Furthery, il

e caunteics, like rumel, Kot and Qarar did no peyy sc:ie.?t"' il
!"""'_‘Iu"'n_!l:lf:I (e the o1, Moreuver, Switzerard s ¢ smal eny. J":ft'
h:;;‘:luu i;:“c-n-_; [zus an few L‘-H.t inl[&rr..ela.tel_r'. nigh I_ Z_Euhlmlu_q-_u,-: ,_: pzl:t""‘
e i calnz-addsd ].Il":':ﬂlil::t:‘i- g nighly 1'153_'?7'”"9'-' f'tfl'fﬂ-'fj‘; ang fﬁ"'fai.,j:“-
d ricit francial ceners, all special &1 aractesistics that male the g i g r,-;':"
rore afficitly and egr meré Come Empdl sl will toe other nagsgng Eiﬁlﬁ.

lpael s 2 smal coantry recod with war gaamal all its nzizhbors Rl thEF::'hrp.-
x i = I_

it expRet o fFectively secer the Al ecorzmic benelits of s SNty e
Beranse e ahove reesty-one (21} natians ae believed 1, |.E.,-;f.':|“_j
o] chane cogriscics Lhat interfare il the usual relaianzhip hetwey e T :r:]
oey eapebiity aril econamic success, they have bee- T2y FF-";'| :

pr s th

BT LITET

techne)
qobsequen anakyEs _ .

Wirn amly sevesly (70 countriss. epresernting all continens o i,
world, the resnts ol 1he regression analysis show that evemy me-cage iy nr.:
{1junit vaie 13 Ul namaer of scientists and cngnears par milhon Fﬂﬂlllali-;:
(REMP comesponcs e an norease ol 3844 moper capite oroeg _.I'__"i:.lﬁ.
product er meome The azcuracy ef tae prediction is exttemely Fah g,
sured oy 1he 81 pricant of the varance 3 the dependent variable expliing pe
the ivdependent vareble Moreaver, the significance Level (P= G001 gy
agats 114t the chance thal sech a finding in the data would ooear of in fay
there was no relationsiup berwsen the twn vanablas is one 0wt of nrp e
ired thouzand  An examnation of the strorg relationship between <be o
veriables s provuled by scattergram {Figara 1)

KR & D Fxpenditere and Fer Capite Tncome

~hersgressine analvss oo Ui data rom seventv-ning {740 ~atinns (tree
matiuns with missing walues woere excluded) shows that Tor evary incraess of
nae (1} pereent of oross metionsl orocduct spent on tesserch and developmec:
(GERINCGNT) rhers vocurs 2 correspanding increase of 59,130 33 ir per
vepita gross netional preduct or wmeome of the natians.  Furlhermoce, the
zevoracy ol'the prediction is yuete migh, cansidering that 72% of (e w2 wee
I PCGNF s explained by the valnes in GERD/GINT. Marcover, 17sre 567
vre i nance in vne Tindred thoussnd {100.000) ther the rusulls & ik
I:u.f.fi! wonid veoenitin fac the variables wrere nselated.

Consizening that i <he previoas analyss of the relatianship beiweed “‘
capit ncacne and be number of R & D scientisss and ergingers per plr
PECpie, Twealy-one (21 nations were excluded becayse 1t was ob et
Hicre e BC1ars olhar than the scientists and engineers whichwere it ::[ufl.llﬂ
PEU gt incomein these councries, it was also decided that the same st
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Figure | Scattergram of PCGNP ond S8 M among 7Y Countries of the World

be removed from a subsequent analysis because any effect of R & D expenses on
incorme can only come through the scientists and engineers who conduct R& D
work

With data from only sixty-three (63) countnies the regression analysis
reveals that for every increase of one (1) per cent of GNP spent on R&D
activities, there occurs a corresponding increase in per capita GNP of
$9 B66 82 among the nahions  Furthermore. the accuracy of the prediction m
the.vanance of per capita GNP {82 percent) by the values in GERDIGNP 15
very hgh. Finally, there 15 only one (1) chance in one hundred thousand
{ 100,000 that the results obtamed in the data would occur if in fact the
vanables were unrelated.  An examination of the relationship between the
two vanables is provided by scattersram (Figure 2)

O Time-Neries Data feom Jupan, Sauth Korea and Taivan
(1) Japan

The time-series data from Japan cover the penod 1953 to 1994 or 42
vears POGNP was measured in yen (%), notin US dollars. An exanunation
of the data (Table 2) shows that PCGNP rapidly grew from ¥ 81,157 in
1953 to %3, 831,6401n 1994 or over 46 imes in 42 years  For the same period
the number of R & [ scientists and engineers per million population (SE/MP)
mereased from 437 i 1953 to 5,505 in 1994 or over 1] times, while the gross

I
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expendilre or research and developmant as percentage of GNP (GERDIGHE
inereased from 043 in 1953 to 2 86 1999 ar over 5.3 oimes
l'or & twenty veas parioa trom 1934 o 1973, Japan's number of 2 &7
scizailiats and engineers per nullion population (SEMP) grew anmally (o
crovear) al an average rate of [0.92% while its expenditure on B & 1 %
percentzge ol GNP increased oz annual {vear an year) averaps rate of 7 2%
(Table 33 During the same period ils GNP grow an annual (year on var)
#verage rats of 14 $5% and i3 per capita GNP increased by an annual (e
0L vear) average rate of |1 5T
Expectedly, when in the naxt Lwerity :,.-g;;qrs (1974-1503) the average i
il fvear on vear) increases in SEOVP fell to only 2.54% and that nf GER
':?i!“wil'I foronly 3.18%, respectively, the annual (vear on year) rate p,fg-rnw.tll ul
GNP also fell to.aaly 7 $1% and that of PCGNT ta anly 6. 78%, respectiet
1% 15 thus very “enpting to attribute the decline m Lhe Japansse E'“:[!ml"::r-:l
anmal :H.T.I';H of growth in the Jast v ‘enly years Lo its nsustained g',|~'
eses in R & 1 commitment, while atuibuting its increasin el
m,r!- niual 1etes af growth during the early twenty-vear peios
itz n:j:|1llj ?'f'j“f“'ﬁ-'“m““"“.‘" SEMP and (GERDIGNE. —
4 hL;r-::.'ni L:%[hmmn anilss, SEMP and GE H.IJG"‘»F ERPJEJ:: J.JU'qF:-.L-.'r {hat
e e i OFCGNP respecivly which e840
- sires of the independent variahle predict almost 85

il ||:
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Table 2. Jme-Seriex Dota from Japan (VIR0

|
'r"'EHr H:-EHF EER.”."

Mo, tyarl aNE SEMP
1 EL%] 8114y .45 a47
2 ar4 AR 724 0.5 571
7 14945 |  DESE: 053 574
4 1956 107 LG 0.53 739
5 1057 121874 o.ad FB1
B oL “255N 064 843
7 1550 149520 ors 94F
E o 16577E 1.132 1265
o 1361 202857 115 1345

1 189632 2T 1.30 1507

M 1963 254524 130 1720

12 1084 2UTEAY T2V 1458

13 1055 3Z5163 Tav 1934

14 1458 mry 156 2167

= 1BET d3zd2n 1.2z 2un

1 sgen a08217 1.38 2545

17 1969 G514°% 147 Z5E

1A 1570 BE17#0 181 FPET

14 191 FEAGER 10 2957

on 1072 B4ZaK0 1.50 2a55

21 1073 n1a24n .87 5203

=7 1574 1197084 187 LaET

Z3 {575 130717 1.9G k40

a4 1976 1453885 1.41 1ETT

a5 |977 1525173 TP KRTH

25 1976 1775111 il 042

e 48T T R LS 1.B2 3126

o6 e 2051058 | E& 3307

24 191 | 217653 254 3478

30 1062 2272zd 222 5536

) A0y 24183482 240 aaer

13 {585 2H46997T &b 1508

a4 1436 2740553 255 4354

35 1987 2H50E3E 254 4323

%6 1058 I 258 A48y

57 “oGn 215089 253 4G50

18 R 314342448 274 4574

I 1391 626352 240 s024

A0 1agy | ¥21535 247 5in%

49 1095 3754047 298 e i

42 qon4 RIS 285 o505

Sawerces. Historical Statisacs of Japan 1237

dapar Staretical Yearbooks, 7970|964
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Jariance in the dependent variable. Furthermore, both statistical resulis e i
ificant at the 00001 level which suggests that there is anly one chance in 10q g
that {he same would accur ifin reality the variables are not related

When a time lag of five years was used on the time-series data from Japg,
hetween SEMP (with 437 in 1953 as case #1 and s0 on) and that of PCGNp
(with¥139,520 in 1959 or five years after 1953 as case #1), in conformity way
the five-year time lag used on the world-wade data, the percentage of the vananc:
n PCGNP explained by the values of SE/MP increased 1o 93

The improved result in the prediction of PCGNP with the five-year time lay
confirms the notion that indeed the employment of an increasing number of R & D
scientists and engineers preceded the occurence of increasing levels of PCGNP
On the other hand, the almost equally high percentage of variance in PCGNP
[%0%) explamed by SE/MP when no time lag was used sugpests that there s
dynamic positive interaction between the dependent and the independent van-
ables, whereby the increasing number of R & [ scientists and engjnesrs were nil
omly creating greater amounts of per capita (GNP but that the moreasing levelsof
PCGNP were also providing more resources for the training and employment of
tagger numbers of R & D scientists and engineers and so on

A positive dynamic interaction of the variables is confirmed by the presénc:
of autocorelation as shown by the Durbin-Watson test, In order to aseess thefil
::;j;; ;T‘ﬂmmlﬂﬁm the time-series data from Japan were prndicled Uﬂ“’]-;
m&wﬂkggpmatedtha fullest extent of autocorrelation possible aﬂfll “:'::t f
the dependent I.:Fﬂf_:zs e prﬂdm.u“r MmdR aI:Iut |eas!
61% ofthevariany ‘e The same Yide-Walker estimates showe (2 elaion
Avissalexamin e depEndent variabl s iot attrbutable to o<

100 of the time series data s provided in Figure 3

{2) South Kores

. _ ”
The tIme-seriag data from South Korea cover the pﬁl‘iﬂlj 972w 199

14
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23 years - An examination of'the data ( Table 4) shows that per capila GNP LS
dollars grew steadily from $304 i 1972 (o 38,508 in 1994, which is predicted
with great accuracy by the growang number of R & D scientists and engineers per
mullion population from 167 m 197210 2,586 in 1994 More than 97 percent of
the variance m PCGNP is predicted by the values i SEMP for the 23-year
penod The level of significance is at 0000, which means thal there 1s omlby one
chance i 100,000 that the configuration in the data would acour ifthe two van-
ables weren reality unrefated Under the Yule - Walker Estimates, when the full
amaunt of autocorrelation of the vanables is assessed, aver 99% of the variance in
the dependent vartable 15 predicied by the values of the mdependent variable
Yet, at least 91% of the same varniance 15 nol attnbutable to avtocomelabon. A
visual examination of the relationslup between the vanables s provided in Figure
4

With respect Lo the regression analysis of PCGNP on GERD/GDP on the
hme-senes data from South Korea, it was found that GERD/GNP explains
92 percent of the vanance in PCGNP, a result whech is significant at the DOO0]
level

i3} Tarwan

The time-series data from Tarwan cover the penod 1979 to 1992 or |4
vears. An examination of the data (Table 5) shows that PCGMNP progressed

4000000

00000
2500000
2000000
1500000

Per Capnta GNP Ten

0 100K) 2000 3000 A000 50 BO0D

Ne of Scientists & Engineers / Million Popdation

Figire 3 Mot of Time-Sevies data from Japan (1933-1994)
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Tuble 4. Time-Sevies Data from South Korea (1972-1993)

I-_""ﬂ- Year PCGNP (USS) | SEMP |GERD/GDP
i 1872 04 167 0.29
2 1973 375 177 0.29
3 1974 501 218 0.1
4 1975 573 252 0.43
. 1976 785 325 0.48
& 1977 1 350 063
7 1978 1278 399 0.66
8 1979 1624 418 059
g 1860 1,605 483 057
10 1961 1,735 535 0.64
1 1882 1,800 723 0.68
12 1983 1,884 B4 1.0
3 1984 1,089 18 1,18
14 1985 2,277 1,016 1,48
13 1986 2 564 1,141 1.68
16 19687 3,147 1,268 1.77
17 1984 4,124 1,346 1.87
18 1989 4952 1,561 1.9
18 1880 5 883 1,647 1.88
20 1951 6,757 1.765 1.84
21 1992 7.007 2035 208
22 1493 7.513 2244 232
23 1904 B, 508 2,566 2.5%
Sources: Korea Siatistical Yearbooks (1962-1996)
Nute: Due ter different base years vsed, some data vary from one
cditron to another

as SE/MP increased. The regression analysis shows that SE/MP explains 96
percent, while GERD/GDP explains 94 percent, respectively, in the vanance
of PCGNP, both results being significant at the 00001, which means that in
both cases there i1s only one chance i 100,000 that such result would be
obtained fin reality the bwo vanables were unrelated. Under the Yole-Walker
estimates, when the full extent of autocorrelation is accounted for, over 97%
of the vanance in PCGINP is predicted by the values in SE'MP. Yet, at least
3% of the same variance is nol due to autocorrelation. A visual examination of
the relationship between the variables 1 provided in Figure 5.

It must be stated at this peint that science and technology capability (STC)
huilding and a heavy emphasis on research and development (R & D) work
are both essential elements of the national strategies for industrialization and
economic development adopted by Japan and the four Asian "NIC's", espe-
cially South Korea and Taiwan

I
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141 1 ne lncings n the preses oy, pariealarhy e regressioan line, can es-
it the “shes of Lo v bese: al characienzed Fhilippme ceencmis bis
Pory aver e s S0 vears as well as the recent ceonomie diflieulty Suaed T
hatland . Furthermere, oy e sl o predic e Tuture suceess on S lure of
e cononmy ol sy courtry nonduastiatzelan and soononis growth

gt the vegress e b, s evidant that no sountw amicded by speciil
chiaractarnslics @ |.,|1~|~ W el v ether Singzapore, 3wl fzerlend or Brunzl,
will e able i sustain zamms incarees higher then the combined salues el goocs
ane services 08 & D scienfists cnd engmaess can design, myvent ar croghe

et Hhereline thel @ coantre's sconomis satsut approzches ar exoecss
the rearession line, i- i el ele losming sconony, s Toney sy avellable
Fer mvestment else moreasss Snee s binks need to egrnimarest imcome, the
Fa-kers wil therefore lenc s money to whoever comes with acegquare collzieral

veduirerments 17 Re meney is 1wt nvested it the produston ofkigh velue-adiad
apeids and seraces, e eleenice ol I & D snienlists anc eneonsens o design
Uhen, the same maney vl e ipvesied i scme sectar of the ccaramy sver if it
muars ecenomic disaster lar the cagni-y

1ni the case of the Philippine “ceonaric hooms™ i the past, the mones
mastly Granced e inportacion of congumer gk mced by an incroasing
disprsante moeme amone the people, but cescling mbope ade cefizes
savere devalertos of the pese, leah ntersst razs and econarmis chiges e e
COLITY, Inihe case of Pheilend, Tatehy, vz koo I & D serentists and engnegrs
presened | Hom shifzng s o hoeticn 1o kash-lechie e, highevabe-acdded prod-
sy, madngits propery seeler abearb a dszroportonats sharz of the moeey
etz leading oos eollapse g et ol Teacoal seczor that supeersdi

(53 e fmdmws on e eremely s pomber of RA& T soeniests o
engoers per million pepulation m the Polppnes avanly S0 (a8 05500
1ua 7y explan e anemalv aried o atades i the T9E0% that mgser educa
varsnl astaenmen ) pmene Filininog dhd =en conbi o U ocamomie s’
of e natian

Lt is vt dfem Table & that the srepacton of the Phelippime prapla-
van enrclled in terbary educaticn €7 35 s woeatar than thase ol el
Chawa (7,075 ar Japan (2 1395} Funthermane, the =umber of Filinme <.
dents -:nT-J.ILuI in graduate eduzation as @ proponaon ol the rooal natizng
wrhiery encollment (3 8572) 15 detimten |'|'!_.'!'|L'I than those of wther Chine
i3 70% 0 a7 Japan (3 18%) Towewver, n the cnbical dszialines that contrii-
ute condusie aheation .und poonomis develosment. the Plekppines clearrs g
belind warn only £.05% of s arodugte studen = snralled nscence il e zinge -

iz, the lowest in the PaciCe rim 23 agaizs those ol China (74203 ) and Lagen
i3 300, respectvely The extremuly law |'I!'I.‘:'|.'l-'_'ll1.ii.‘.]' ol ureuiuate encolimand
science and enpeneenm led 10 the very Do nimher o scientists aml engineers for
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this Ph]itp!“nﬂﬁl Wil ch £X] PIEEH':\- ﬁJ!‘I her ]1 = If'lﬂ.l_'l[[l_['_'_-." i rﬂ]jl [’“}r m :]u | Tii-:l]_l:cf:_- ang i
o ' iy

econonucally _ _ s _
Furthermare, there are two disturbing features of the Flilippine edhicangy,

svstem which cast doubt on s competitiveness. First, basic eduga tion iy i
Philippines consists of only ten {10} yuars from grades 1 1o G in the e:lememari
leval and from first year to fourth year in the secondary level, CESpECtively,
contrast, other countrizs have between 12 and 13 years ofbasic educaling
Second thereis a markedly poor performance ol pupils and studentg iy i
Philippines in science and mathematics subjects as indicated by the Thind Tmemﬁ_.
tional Marhematics and Science Study {TIMSS), which suw Phulippine siyg Eista
accupy the 37th and the 3810 places, respectively, among 39 countries in maty,_
ematics and science. Moreover, less than one halt ol all terliary teachers i the
country have graduate degrees, while onfy a small percentage of inathemativs ang
seienee teachers in basic education have majors in the subjects they teach

i

(33 Tt must be stated at this point that the accuracy of the predictionof the
variance in per capita income (91%4) explained by the values ol the number of
seientists and engrneers per millicn population pstifies the use of the beta weishtin
the regression equation in the caleulation of retums on investments on the training
of seientisls and engineer s for the conduct of B & DY work. Linder the equation,
PN = 8 44 SEMDE we learn that every scientist or enaineer trained and
working lor 1L & DY provides his nation 58 44 million in added annual GNP or
meoine Thus, 1Fa student finishes secondary schoul at age 17, completes college
after 5 vears at age 22, begins work at age 23 and retires at age 63, for a total
expected working [ife nf 42 years, he is expected to make a total ifetime contabu-
tion of $354 48 million. Al the current exchange rate of P28 50=USS1.00, that
rmeans P10, 102,680 000 0

Assurming that a science or engineening student in the Philippines spends
P 100 000 00 a vear for tntien, board, lodgme, books and other expenses,
the total investment for Gve years is only halla imllion pesos. This amount 1s
practically negligible compared wilth the expected benefit of
P10, 102 680000 00 during his fifelime. The return on investment (ROT) S,
therefore, some 2,020 436 percent. 'Thos 13 ceal big business far the country.

Fven if the Plulippines decides (o send students to the best universities
overseas, as the four Asian “NI1C's" did in the past, and which Malaysia,
Indonesia and Thailand are currently doing, and spends an average of ane (B}
million pesos for every student a year, a five (3) million peso investment for 2
five-yvear period with an expected return of P10, 102,680,000 still means an
RO af abaut 201,%953.6 percent.

{7) The most important implication ofthe findings in the present study is ﬂ'-l'f't
it provides a formula for any country to follow inits program of industrialization
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and economie development, somet hung which no previous study bas done This
Formilan s Found mn the TegEression eoqualons t'.IIuI::Irg,.' [aer Cala Ineome i1 pre-
treted by the mamber of B & 1 serentists and engmeers per million populition and
by the percentige of GNP spent an rescarch amd development. Given the for-
muila, all that o nation's leaders need 1s to decide how rich they wird thesr nation o
s anwet by producing the needed number of | & 1) scientists and engimeers and
spendhng the required amount Tor & 13, ther country will achieve their desired
bevel of development without falure

(%) Futurists ke John Nassiit, Paul Kennesdly, Aban Tolller, and others
have predicted that the pations of the Asun side of the Pacific nim will domi-
mate the 2130 century. Thesr advantage lies in ther supenior human resource
development  Indeed, China, Japan, the Tour Asian “NIC'S", and the new
emerging Asian “tiger economies”, particularly Malaysia, Thaland and Indo-
nest are trying very hard to uperide their hoaman resource capability by traimng
migre scientists and engineers

Jupan, with a per capita GNP in February 1997 of $36, 315 thal is more than
one-thard lugher than that olthe USA (%26, 620), money reserves (5215 9 billion)
whneh 1 almost four mes thal of the USA (85T 1 hillion), in-spite ol papulation
(125 & million) which is less than ball that of the USA (266 3 million), and an
average human life expectancy which s the highest in the world (80 years), 1s
arewably the richest nation in the world now. 1t has attamed its present position by
virtue of having the highest § & T capability m the world n terms of the biguest
number of B & D scientists and engineers per million population and the hghest
praportion of gross national product devoted 1o R & D activiies,

However, South Korea may become the nchest and most industnalized na-
tion in the woerld sometime i the 21stcentury. This is evident in its plan to train at
Teast (5,000 screntssts and enneers per nullion population (against Japan's 5,505
m 1994) and 1o spend at feast § percent of its GDP (agamst only 3 percent for
Japan e 1991) for R & D activities

But Malaysia's “Vision 2020" may really beat South Korea by the year
2020 so that before the latter can celebrate s victory as the world’s nchest
and most industrialized country, Malaysia will be the one celebrating its own
viclory  To ensure its success, Malaysia has wvested heavly in its educa-
tional system providing it wath facilities and equipment which are the envy of
ordinary Amencan universiies Also, its ambitious mega-projects, particu-
larky its Multi-Media Super-Corridar, are aimed at bolstering its objective for
eventual world technalogical supremacy

Singapore, the nation with the third highest per capita GDP in the world
Cal over 530,500 in July 1997, which is behind only that of Japan and Switzer-
banncd ) secks 1o make s Matonal University (o be the equal of Harvard University,
and his lunched an ambitious master-plan 1o wire ihe whole country with fiber
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Recommendativns

j e of the fereoome dndings, the Philippines must strergthen i
e and tecanolewy capebiliny in the shorlest possible time o it wines i
o rie partks o the industnalized and developed nations of the world in fe
st pertuny. By concentratng national elfor on inviting forelgm inveslos
brine thetr woney s e coumry, wilhour providing the required scienze an
technoloey canebilily our national leaders enly invite the early accusienze
afan aconomic thsaster similar Lo what Theilend just suftered fTom, therehy
ecalling |he familer “bus.” ihar puncroated gl past “booms” in Philippire
cuononic sy,
Thus there 15 # need 10 decidz how many R & D scientiats and engmeen
b Phikppines should tram and employ and how much B d T expenditue n
should make every vear The TTNESCD narm of 380 R & D persenned o
millian popelation, which the Department of Science and ‘Technology [_D':'L‘”?]
aas edapled, included a technician component which is oot congidersd i te
study The R & 13 scuentsts and engineers component of that norm is 008
i per rmallion papiclaton. Using the regression beta weight of 849, tl'f-*
nerm will sive the Philippines an expested per capita income of oaly 52,58 ™
witich 15 almos: [wenty fimes lower than whar South Keres expects @ havs
(850,340 when it reeches its goal of having 6,000 scientists ang cngioeec
per mithion population
Likewise, the paa’ uf the Revieed » Sodiums Tegm Ehilippine Do
meal Plan (MTPDF) launched by the National Econemic Developme’ r’;
terty (NFDA) of 1 per capita GNP of $2,000 for the country i B¢ 72
2004 18 more than 25 times [ower than the goal of Sputh Korea e 2
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the Filipino people deserve better

Considering the competition provided by our neighboring countries, it is
to the Philippmes’ best national interest (o take up their challenge seriously
The Fhilippine_s should not settle for anything less than the goals of 11z neigh-
bors Hence, it is suggested that the Philippines should gradually but eventu-
ally produce and employ 6,000 R & D scientists and engineers per million
population and also ultimately spend at least $% ofits GDP on R & D activities

over the next 25 vears. This wall match the zoals of South Korea and bring the
Philippines at the top of the world

In order to a-_:.hiew_* these goals, it is recommended that within the next
five years, 1 massive re-focusing of the Philippine eduational system be made
0 that

(a) At least 75 percent of all enrollees and graduates in all tertiary and
uraduate institutions in the country shall be in science and engineering,

() At leas? 75 percent of all lngh schools in the country shall be converted 1o
science and technology hgh schools,

(¢} The number of subjects in the elementary and primary schools must
be Limited to aboul five (5) or six (8), which shall be concentrated on the
teaching of basic skills, namely, reading, writing, arithmetic, nght conduct
and science, and

(o} In covecs and social studies courses both in elementary and secondary
schools, relevant pertions of the biographics of rubional and l!|'|[|.'rt1:|.|:i1'm|:i.|
teroes, scientists and mventors and successtul entrepreneurs should be taugeh
m ader 1o provide healthy role models o the youth

Furthermore, there 15 a need to upgrade the quality of educabon i the
Phalippines al all levels of the educational lidder More professional science.
mathematics and enginecnng teachers should be trmned a1 the clementary,
the secondary, the terbiary, and the graduates levels, respectively. The coun-
trv should seek steps 1o mprove its performance i future science and math-
ematics mtermational tests and am 1o land within the top five o ten places
Usi, a decision must be made to add one vear each in both the elementary
wnnd the secondary levels, respectively, or one vear at the collegmaie level 1o
mke 115 graduates globally compenbtive

Moreover, the Pluhppine covernment should immediately implement a
podicy 1o encourage Philippine-based comparies 1o invest heavily in research
and development (R & D) capabiity bunlding by hinng more scientists and
ergmeers and by spending more mengy on R&ED activities in ocder to 1m-
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