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Summary: This paper presents a new measurement technique to derive the level of
BSRC (Basic Science and Research Capacity) index by use of the factor analysis which is
extended with the assumption of the standard normal probability distribution of the
selected explanatory variables. The new measurement method is used to forecast the gap of
Korea’s BSRC level compared with those of major OECD countries in terms of time lag
and to make their international comparison during the time period of 1981~1999, based on
the assumption that the BSRC progress function of each country takes the form of the
logistic curve.

The US BSRC index is estimated to be 0.9878 in 1981, 0.9996 in 1990 and 0.99991 in 1999,
taking the 1st place. The US BSRC level has been consistently the top among the 16
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selected variables, followed by Japan, Germany, France and the United Kingdom, in order.
Korea's BSRC is estimated to be 02293 in 1981, taking the lowest place among the 16
OECD countries. However, Korea’s BSRC indices are estimated to have been increased to
0.3216 (in 1990) and 044652 (in 1999) respectively, taking 10th place.

Meanwhile, Korea’s BSRC level in 1999 (0.44652) is estimated to reach those of the US
and Japan in 2233 and 2101, respectively. This means that Korea falls 234 years behind
USA and 102 years behind Japan, respectively. Korea is also estimated to lag 34 years
behind Germany, 16 years behind France and the UK, 15 years behind Sweden, 11 years
behind Canada, 7 years behind Finland, and 5 years behind the Netherlands.

For the period of 1981~1999, the BSRC development speed of the US is estimated to be
0.29700. Its rank is the top among the selected OECD countries, followed by Japan
(0.12800), Korea 0.04443), and Germany (0.04029). The US BSRC development speed
(0.2970) is estimated to be 2.3 times higher than that of Japan (0.1280), and 6.7 times higher
than that of Korea. German BSRC development speed (0.04029) is estimated to be fastest in
Europe, but it is 7.4 times slower than that of the US. The estimated BSRC development
speeds of Belgium, Finland, Italy, Denmark and the UK stand between 0.01 and 0.02,
which are very slow. Particularly, the BSRC development speed of Spain is estimated to be
minus 0.0065, staying at the almost same level of BSRC over time (1981~1999).

Since Korea shows BSRC development speed much slower than those of the US and
Japan but relatively faster than those of other countries, the gaps in BSRC level between
Korea and the otter countries may get considerably narrower or even Korea will surpass
possibly several countries in BSRC level, as time goes by. Korea's BSRC level had taken
10th place till 1999. However, it is estimated to be 6th place in 2010 by catching up the
UK, Sweden, Finland and Holland, and 4th place in 2020 by catching up France and
Canada.

The empirical results are consistent with OECD (2001a)’s computation that Korea had the
highest R&D expenditures growth during 1991~1999 among all OECD countries ; and the
value-added of ICT industries in total business sectors value added is 12% in Korea, but
only 8% in Japan. And OECD (2001b) observed that Korea, together with the US, Sweden,
and Finland, are already the four most knowledge-based countries. Hence, the rank of the
knowledge-based country was measured by investment in knowledge which is defined as
public and private spending on higher education, expenditures on R&D and investment in

software.

719J= @ Science and Technology (S&T), Basic Science and Research Capacity (BSRC), BSRC

Progress Function, The Logistic Curve, and Factor Analysis.
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1. Introduction

As the effect of S&T on a national economy and even the whole society is
significant, we have a fundamental problem of measuring the level of science and
technology (S&T) and the choice problem of an appropriate indicator of R&D
output. If the level of S&T is not accurately measured and the indicator of R&D
output is not appropriately chosen, empirical results of many studies such as the
test of Schumpeterian hypothesis, the spill-over effects of R&D, the macroeconomic
effects of technological development, etc. might be unreliable and disputable,
consequently misleading the corresponding policy recommendations.

There have been many attempts!) to measure the level of technological
development. In the 1950s and 1960s, quantitative measurement of R&D
expenditures were prevalent, and ever since 1970s, a more complex concept called
S&T indicators has been made for the planning and implementation of technology
policy in developed countries, including the United States?).

In the 1990s, there have been major efforts to seek to develop better innovation
indicator. For example, Kleinknecht and Bain (1993) and Kleinknecht (1996)
presented a new measurement of innovation output and analyzed the determinants
of innovation. OECD (1992) and the European Commission (1997) began the process
of defining innovation indicators and coordinating_ their implementation across
countries. These initiatives led, for example, to the OECD's Oslo Manual, first
published in 1992 and revised in 1997, which attempted to provide theoretical and
methodological foundations and guidelines for new innovation indicators, and to the
Community Innovation Survey funded by the European Commission via Eurostat
and implemented in 1992~1993, and again 1997~1998. IMD announces measured
international competitiveness in the field of S&T.

Based on the field—focused division, OECD (1992) classifies the types of

1) For example, Feinman and Fuentevilla (1976).
2) See M. N. Sharif (1986).
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statistics and indices of S&T into four categories: 1) internal indicators for
identifying internal resources and status changes, 2) goal indicators showing degree
of goal achievement, 3) scoreboards indicators measuring the effects of science and
technology on economy, society and environment, and 4) predictive indicators for
forecasting future.

Viewing S&T activities from the standpoint of input-output system, Yoon
(1994) classifies them into input indicators, output indicators and influence
indicators in each stage. Also, Shin * Yoon * Jang - Kwon (1999) put forward new
scientific and tzchnological indicators which can be applied to knowledge-based
economy.

The types of S&T vary according to how the S&T activity is measured.
However, there are mainly two approaches to measure the S&T activity. One is the
well-known and conventional input-output approach. This method views the S&T
activity as ar input-and-output relationship and measures it within this
relationship. The other is the utilization-and-impact approach. The impact indicator
is constructed by analyzing the quantitative and qualitative effects of S&T activity
on the whole society.

Figure 1 summarizes the relationship between R&D and industrial
organization ‘firm size and market concentration), the input-output
relationship of R&D, and the relationship between R&D system and the
level of S&T.

Firm Size (Input) (Output) Technological
\ — | R —> Development
1) Volume of 1) Number of Patents
: R&D &l Technological (Level of
Expenditire | D|  Balance of S&T)
2) Number of Payments
R&D 3) Total Factor
Personnel Productivity
[ Market Concentration

<Figure 1> The Relationship of R&D System with Industrial Organization
and the level of S&T
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The Frasctic Manual published by OECD (1981) made a good contribution to the
measurement of R&D expenditures and personnel and R&D output. It seems that
the measurement of R&D output and the level of S&T are still controversial,
whereas the input variables : R&D expenditures and personnel can be accurately
and consistently measured by the instruction of the Frasctic Manual, except for the
two measurement problems : (1) R&D stock versus R&D expenditures and (2)
exchange rate versus purchasing power parity.

Regarding innovation output measurement, Kleinknecht and Bain (1993) asserted
that! in general, there are two measures of innovation output: postal innovation
surveys and literature-based counting of innovations. The postal survey measures
what firms themselves consider a 'new’ or 'improved’ product. However, we can
find possible drawbacks of this method, because it is probably difficult to give
meaningful responses to the questionaires about innovation output. Moreover, low
response rates can be expected and consequently aggravated by a possible
non-response selection bias, because innovative firms may have a higher
probability of responding to an innovation survey than non-innovators.

Meanwhile, the literature~based method may yield some concerns about its
completeness and reliability. Firms have no incentive to publicize their internal
process innovations. Only process innovations embodied in new investment goods
may be captured. In addition, the influence of firm size must be considered. We can
expect a priori that large firms would be more active in publishing their
innovations, which would increase the probability of their innovations being
included in database, As a result, the database should be biased against inclusion of
innovations from small firms. There are some other concerns about the availability
of journals and consistency of data collection over time. Differences in journal
availability occur between sectors within a country, but also between countries.
Journals may also disappear or change their editorial policy.

On the other hand, technology balance of payment (TBP) can be used as an
output indicator of R&D. However, Fabian (1984) noted that TBP only from
royalties paid for technology transfer is not applicable to analysis of technology
trade among advanced countries but to that among developing countries. This is

not only because, for developing countries, technology trade may include technology
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introduction (transfer) caused by introduction of capital goods, in addition to
explicit technology transfer, but also because royalties paid for technology transfer
must include experts’ advices as well as technology itself.

The expression that “a country’s R&D expenditures rank in the n-th position
internationally” is commonly used. The R&D expenditures used here indicate the
expenditure made every year in a certain country. With the volume of the R&D
expenditures, the assertion that R&D expenditures of a certain country would stand
in world ranking may be controversial. Even if two countries have the same
amount of R&D expenditures, they may produce different output by their
accumulated scientific knowledge. Therefore, we need R&D stock, which reflects
the accumulatec scientific knowledge, rather than R&D expenditures.

To measure taie value of R&D stock, we need annual data of R&D expenditures,
the time lag from the point when R&D expenditure are spent, the rate of
obsolescence, and the deflator of R&D expenditures. But it is difficult to standardize
these data. The reasons are as follows.

First, R&D expenditures differ according to the country, industry, and the level of
technology. They differ according to the level of R&D activity, even in the same
industry and arplication field. For instance, if a certain project emphasizes basic
research, the tirne lag will increase, whereas, if a certain project stresses applied
research, the time lag will decrease. Therefore, to calculate the value of R&D stock,
the measuremert of time lag should be made.

Second, as time passes, new research output will increase, and therefore the
value of past R&D output will decrease. Thus, to estimate the present Valué of
R&D stock, the duration of the usefulness of past R&D output should be measured.

Third, to calculate the value of R&D stock, R&D expenditures have to be
measured in constant price, which requires the deflator of R&D expenditures. Gross
domestic product (GDP) deflator can be used, but it is composed of prices of all
commodities. The cost of some equipments can take the most part of the given
R&D expenditures. Therefore, an appropriate deflator of R&D expenditures should
be used. In consideration of the aforementioned problems, it is almost impossible to
calculate the value of R&D stock for each country.

For international comparison of R&D expenditures, it should be done by
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comparing each country’s currency unit with a standard currency, and thus the
exchange rate is commonly used. However, the exchange rate does not reflect the
real value of each currency unit. The exchange rate is determined by demand and
supply of foreign currency, which are in turn influenced by the corresponding
country’s trade balance, currency policy, etc. The currency unit converted
according to the exchange rate is the nominal value, not the real value. To
overcome the aforementioned problem of the exchange rate, purchasing power
parity was used in the study of Lim and Song (1996).

Under the previously-described background, the purposes of the current paper
can be summarized as follows:

(1) to present a new measurement technique to derive the level of basic science
research capacity by use of factor analysis which is extended with the
assumption of the standard normal probability distribution of the selected
explanatory variables; and

(2) to forecast the level of basic science research capacity and the gap for its
international comparison, based on the assumption that the BSRC progress
function of each country takes the form of the logistic curve.

For the purposes above, Chapter II shall present a new measurement technique
to derive a numerical index of BSRC and forecast the BSRC gap for its
international comparison, Chapter I shall review the literature and conduct the
current empirical study, and finally Chapter IV shall makg conclusion from the

preceding analyses.

2. A New Method to measure the BSRC Index and Its
Forecasting

2.7 A New measurement Technique

It is not easy to represent the level of S&T in terms of a numerical index. To
make an index, we must select appropriate variables and assign appropriate weight

to the selected variables for a concerned study. Factor analysis is one of the
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statistical methods to derive an index from a given set of variables3 A few
examples of studies that use factor analysis in evaluating a technology index are
Blackman (1972), Blackman, Seligman, and Sogliero (1973), Blackman (1974), Sharif
and Haq (198(), Sharif, Dodson (1985), KAIST (1986), and Lim (1986a, 1986b, 1987,
1989a, 1989b, 1991, 1994 and 2000), Klein and Lim (1997), and Kwon and Park
(2000).4)

Lim and Song (1996), and Kwon and Park (2000) have in common in that the
two papers derived the weights of selected variables by using factor analysis, and
utilized cumu.ative normal distribution to convert it into comparable index.
Differences in the two studies are as follows : Kwon and Park (2000) used cross
section data based on 1998 to set index range from 0 to 100, and compared indices
of selected countries. In contrast, Lim and Song (1996) used time series data from
1981 to 1992 to set index range from O to 1, estimated the development function of
basic science research capacity (BSRC), predicted the level of BSRC in 2000 on the
basis of the function, and analyzed time lags of Koreas BSRC index compared with
those of 19 OECD® and Taiwan.

It is notable that Blackman (1974) calculated the composite index of innovation
based on sales, value added, capital investment, the ratio of new product to R&D
investment, etc. He estimated the propensity to innovate of the electric power and
automobile industries, and also the rate of technological diffusion in the US markets
of shipping, automobiles, electricity and jet engine.

Similarly, L'm and Song (1996) presented a methodology to calculate a
technology index by use of a modified factor analysis method with the assumption

of standard normal probability distribution of the selected variables and the driven

3) Factor analysis s used in redefining the interrelations between several variables into a correlation by
finding common variation patterns from the selected variables. This method drives common variation
from the correlation of the chosen variables, identifies the measurement overlaps, and extracts a group
of fundamental aid hypothetical factors, with a view to use the correlation among the factors to redefine
the correlation among several variables.

4) They used factor analysis to measure and compare the knowledge-based competitiveness of selected
countries.

5) members The 13 OECD members comprise Australia, Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Greece, Holland, Ireland, Italy, Japan, Norway, Portugal, Spain, Sweden, United
Kingdom, and USA.
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Index. By the same methodology, Klein and Lim (1997) attempted to solve the
fundamental question: which is more effective to improve the technological level of
the follower? Is it independent technological development or importation of
advanced technologies from the leader? This study leads to the conclusion that
more effective is an leader’s technologies, i.e., technology transfer from the leader,
although it is not something the follower can achieve by its unilateral efforts.

By applying the previously-mentioned method of Lim (1986a, 1986b, 1987, 19894,
1989b, 1991, 1994 and 2000), we can derive a numerical index of S&T involves the
following six steps : (1) calculation of the correlation coefficient matrix ; (2)
extraction of the unrotated factor loading matrix ; (3) calculating the weights of the
selected variables by using the Z-scores of the selected variables in the standard
normal probability distribution ; (4) transforming the value of each variable with
different measurement units into the corresponding Z-scores ; (5) computing the
technology indices with the range of - to +o0 for each year over time ; and (6)
transforming the above technology indices with the range of -% to +o into those
with that of 0 to 1 in the standard normal probability distribution.

The variables should be unified into identical measurement units. A statistical
method used in converting variables with different measurement units to the same
measurement unit transforms the value of each variable to the corresponding
probability variable, under the assumption that each factor forms the standard
normal probability distribution. For example, the value of each variable can be
transformed to the Z-Score with the average value of (0 and the variance of 1 under
the assumption that each variable is normally distributed. Table 1 illustrates the

factor loading matrices of the five variables : Xi, X2, X3, X4 and X,

<Table 1> Factor Loading Matrices

Variable Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5 | Communality
X1 Fu Fio Fi3 Fi4 Fis Ci=2 (Fyy)*
X Fa Foo Fos Foy Fos Co=>(Fy)*
X3 Fs Fs Fa3 Fa Fzs Cs=2(Fg)*
X4 Fq Fag Fgs Fu Fas Ci=X(Fg)*
X5 Fs) s Fs3 Fs4 Fss Cs=2(F5)*
Eigen Value |Ei=3(Fi)*|Es=2 (F)*|Es=3 (Fi3)*|E4= X (Fi)*| Es= 3 (Fis)* 5
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In principle, ~he five variables are respectively matched by the corresponding five
factors, becauss the meaning of each factor differs so long as the five variables are
not identical. In the factor loading matrix, the factor loading vaiue (Fij, i=1, 2, -,
5); j=1, 2, -+, B), the communality, the factor loading matrix, and the eigen value

have the following relations:

SUEIDZCIEL (21, 2, +r, B) worveeseesssieessesssssssisissssssssssssssssessesenssssessssesess s Q)
SUFIDZEIEL (521, 2, v, 5) worveeeessimeeensissssssscsseeseesssssssssssssssees s essissssssssss s )
TIEJEE (G=1, 2, %, B cvvermmrrersemsmiississ et (3)
where

F = the factor loading value

C = the communality

E = the eigen value

Suppose that F%1 and F stand for the variation of Xi explained by factor 1
and the variation of X; explained by factor 2, respectively. The total variation of
X, explained by factor 1 through factor 5 (F% + Fi + F + Foy + Fog)
amounts to 1. The total variation of the five variables (Xi~Xs) that is explained
by factor 1 (F'u + F2u+ Foa1 + F% + F%) is called the eigen value. This value
represents the portion that factor 1 explains out of the total variation. For
instance, if the eigen value is 3.5096, the total variation of the five variables (X
1~Xs) is 5, and therefore factor 1 explains 70% (3.5 out of 5) of the total
variation.

The selected variables are needed to be grouped and the weight of each factor
is needed to be determined. Assume that Fi, Fz, Fsz, Fo and Fs; have,
respectively, tke highest value in the corresponding factor loading matrix of Xj,
Xz, X3, X4 and Xs. In this case, Xi, X2 and X3 can be categorized as a group
that shares an identical characteristic of factor 1, and so can X4 and Xs as a
group that has the characteristic of factor 2. As a result, Xi, Xz, ----, X5 can
be divided into two groups represented by factor 1 and factor 2. Such a process

leads to the selection of variables required for the derivation of the index.
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When X;, X2 and Xs are grouped together, their weights are calculated from
the factor loading matrix. The weight of each factor amounts to the variation of
each variable (Fi° i =1, 2, 3) divided by the total variation of Xi, X, and Xa.
Therefore, the weight of X; is Fou /(F21 + Fa+ Fl), that of Xo is Foa/(Fou +
FZi+ Fl4), and that of Xs becoming Fla/(F41 + Fla+ F%1). Using the weight
and Z-score of each variable, the technology index I can be calculated as

follows:
= WaZ % Wz WaZa o e (4)

where
Zi, Zz and Zz = the Z-scores of Xi, Xz and X3, respectively, in the
standard normal probability distribution
Wi, W2 and W3 = the weights of X;, X2 and X3, respectively,
Fh

W:

! FH+Fy+F3%
Fi

W, =

2 FL+F5+F}§

FL+F5+F}%

Since the technology index 1 is a Z-score, it takes on positive and negative
values. It is necessary to transform the index so as to enable the index to have
positive values in a certain range. Lim (1986a) has originally developed the
methodology of transforming an index with positive and negative values into an
index with nonnegative value between o and 1 by the Z-score method.

Figure 2 shows how to transform the weight of each variable and index I
with positive and negative values into an index with its value between 0 and 1.
The Z-score has the average value of 0 and a variance of 1. The probability
that a value of less than 0 can occur is 0.5, which is also the probability area

under the standard normal curve that a value of more than 0 can occur.

—157—



0.0591

0.4400 0.4391

Ian=-0.1487 0 Ig=1.5472

<Figure 2> Transformation of an Index with negative value into an Index with
nonnegative value (0~1).

" Assuming that the indices of (Ia and Is) are -0.1487 and 1.5472, respectively,
the probability area where -0.14 can occur is 0.0557 and the probability area for
-0.15 is 0.0603. The probability area where -0.1487 can occur is 0.0591. The
probability area under the standard normal curve from minus infinity (-o°) to
-0.1487 is 0.4409. When Ia with the value of 0.1487 is transformed into an index
with a value between 0 and 1, the result is Is with the value of 0.4409. By the
same way, the index Ig may also be obtained. The probability area from O to
15472 is 0.43¢1. When Ig with the value of 15472 is transformed into an index
with a value between 0 and 1, the index of IB is consistent with the value of
0.9391 in the probability area with the range of —oo to -1.5472.

2.2 BSRC Progress Function of the Logistic Form and
Forecasting of BSRC

This author assumes that a BSRC progress function can be represented by

equation (5) which is a logistic curve :
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[(t)=—-71— (5)

T @8 T8 ettt

I(t) is the BSRC progress function with 0<I(t)<1 , the two constants (a and
b) have positive values, b represents the development speed of BSRC, and t is
time index. This function shows the level of technological development over
time, Le., the BSRC development curve. We can identify the function (curve),
I(t) by setting dI(t)/dt (velocity) and d’I(t)/dt* (acceleration ) below.

d1(t) _ _ abe” !
dt - (]_+ae_b't) et e et eeetieetneeetaieeetieteruaetate ettt ettt rateataeaatntertatrataatneerianaatn ©®)
d1%(t) _ (+ae Nab’e "' 7
dt? (1422 70 D% e

Thus, the value of t at the inflection point of (d’I(t)/dt? = 0) can be calculated
by equation (8).

¢ = lna (8)

The BSRC index, particularly at the inflection point, i.e., the value of I(t) is

1/2 by the nature of a logistic curve.

Thus, the BSRC progress function I(t) may be classified into the three parts

of the logistic curve as follows :
dI(t)/dt* > 0 for the case of I(t) > 1/2

da(t)/dt® = 0 for the case of I(t) = 1/2
dI(t)/dt® < 0 for the case of I(t) < 1/2
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The values of I(t) for the cases of t = 0 and t = are, respectively, calculated as
1/(1+a) and 1.

L0) = T oo (10)

For the general case where a >1, the BSRC progress function takes the S-shaped

logistic form, as shown in Figure 3.

It

y= ——
© 1+ ae™®

112

In-a/b
<Figure 3> BSRC Progress Function of the Logistic form

To estimate the BSRC progress function represented by equation (5), we can
take the natural logarithm on both sides and converting it into linear regression

equation (12).

Y = Inll/I(t)-1)
a = In a, —oo<a<®©
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B =-b B<O

3. Empirical Analysis

3.1 Review of the Literature

Basic science research capacity (BSRC) can be defined as social capacity for
basic science research. Basic Research is defined by the National Foundation
(NSF) “as  original investigations for the advancement of scientific knowledge

- which does not have immediate commercial objectives” (NSF (1959), p 124).

Mansfield (1980) empirically tested whether basic research, as contrasted with
a significant contribution to an industry’s a firm’s rate of technological
innovation and productivity change. His test results indicate that there is a
statistically significant and direct relationship between the amount of basic
research carried out by an industry or firm and its rate of increase of total
factor productivity, when its expenditures on applied R&D are held constant. His
findings also indicate that the composition of many industries’ R&D
expenditures has changed in the last decade.

The authors shall measure and predict the BSRC levels of selected OECD
countries by use of the aforementioned Lims method and estimate time lags of
Koreas BSRC level compared with those of advanced countries. There are many
other methods such as analogy, extrapolations, correlation analysis, causal model,
technometrics, morphology, and Delphi, which are proposed by Jantach (1967),
Certron and Ralph (1971), Bright (1978), Jones and Twiss (1978), Lenz (1985)
and Martino (1993), in order. However, the authors shall use the method of the
logistic curve approach, due to its mathematical usefulness, e.g., the introduction
of its slope which is interpreted as the BSRC development speed in our study.

Lim and Song (1996) was the first study to calculate BSRC index to predict
and compare international differences in BSRC level on the basis of Koreas
BSRC level. The current paper intends to extend the time coverage (1982~1992)
of Lim and Song (1996) to the period 198171999 and update it. This study was
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initially attempted to analyze all the countries that could provide source data
needed for BSRC index among statistical data of OECD, but only 16 countries
were selected for this analysis.® The 16 countries are Australia, Belgium,
Canada, Denmark, Finland, France, Germany, Italy, Korea, Norway, The
Netherlands, The United Kingdom, USA, Spain, Sweden and Japan.

Comparing the predictions of Lim and Song (1996) from the standpoint of the
present, the fcrecasted BSRC level of Korea in 2000 took 15th place, whereas
SCI publications of Korea in 1999 took 16th place, showing that the prediction
was very close to the performance. However, the previous study overestimated
the BSRC of relatively small countries showing enthusiasm about R&D, and
underestimated relatively the BSRC of large countries taking passive stance
toward R&D. [t seems that this distorted estimation was due to the fact that
among the variables used, BSRC index comprising variables reflecting absolute
values and relative values (numeric value per head, ratio per head, etc.) was

calculated in relative favor of small countries.

3.2 Statistical Data

Statistical data for empirical analysis of this study comprises primary R&D
input indicators from OECD (1994) and other indicators recommended by
scientific and technological service (STE) of UNESCO (1978). As shown in
Table 2, eight variables are selected through factor analysis. The variables : Xi,
X2, X3 and X4 are related to national R&D activity, whereas the remaining
variables @ Xs, X5, X7 and Xg are related to basic science research activity. The
values of thesz 8 indicators of 16 countries between 1981 and 1999 are drawn
from the statistical data of OECD (2000).

6) Lim and Song ((.996) included Australia, Greece, Ireland, Portugal and Taiwan in the analysis. However,
they were not i:overed because of their poor statistics. Especially, Taiwan was excluded from the
statistical coverzge of OECD.
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<Table 2> Selected Variables for BSRC Index

X1 =GERD (Gross Domestic Expenditures on R&D ; 1995
constant million PPP $)

The Variables Xg = Total Number of Researchers (FTE)
related to National | X3=GERD (Gross Domestic Expenditures on R&D ; 1995
R&D Activity constant million PPP $) as a percentage of GDP

(constant million PPP $)
X4 =Number of Researchers (FTE) per 10,000 population

Xs=HERD (higher education expenditures on R&D), i.e,
University R&D Expenditures (1995 constant million
PPP $)

X6 = Number of University Researchers (FTE)

X7=R&D Expenditures per Researcher in University
(1995 constant million PPP $)

Xg =Number of SCI (Science Citation Index)

The variables
related to Basic
Science Research
Activity

Note : PPP $ implies the US dollar reflecting purchasing power parity.

SCI (Xg in Table 2) among the 8 variables above is generally used as a
typical S&T index, because this indicator provides full sight of the trends of
development and research in each field of science field, presents desirable
research orientation in the future, and shows competing countries level of
science and technology, helping each state set strategic goals for national
science development. Also, SCI makes it easy to know which research center or
researcher has excellent research achievements.

The variables of monetary term (e.g., R&D expenditures) among the variables
in Table 2 uses US dollar based on purchasing power parity of each country for
international comparison. It is most frequently to use exchange rate to convert
currencies of analyzed countries to US dollars. However, OECD (1972)
recommends to use US dollar purchasing power parity (ppp $) in comparing
R&D expenditures. Because the use of exchange rate has many problems. For
example, exchange rate cant reflect real value of each currency. Exchange rate
is the ratio for money exchange, which is decided by the demand and supply of

money in international financial market, which is in turn influenced by trade
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balance and monetary policy (or interest rate policy) of the concerned country.
Therefore, comparison of monetary unit based on exchange rate is virtually to
compare nominal value instead of real value of money.”  Also, this study
applies 1995 constant price to remove distortion of current price caused by
inflation in each country. And, FTE (full-time equivalent) is used as unit of

manpower.

3.3 International Comparison of BSRC Indices

Based on Lira’s measurement method described ahove, this study calculates
BSRC indices of 16 OECD countries for the sample years : 1981, 1990 and 1999,
respectiuely, and compares their BSRC levels in the same years, as shown by
Table 3. The US BSRC index is estimated to be 0.9878 in 1981, 0.9996 in 1990
and 0.99991 in 1999, taking the 1st place. The US BSRC level has been
consistently the top among the 16 selected variables, followed by Japan,
Germany, France and the United Kingdom, in order. In 1990, France and the UK
are estimated to be 05643 and 05329 respectively, showing slight difference.
However, the two countries are estimated to be 0.57887 and 0.57414 respectively
in 1999, showing narrower gap than in 1990. Meanwhile, Korea’'s BSRC is
estimated to be 0.2293 in 1981, taking the lowest place among the 16 OECD
countries. In 1990 and 1999, Korea’'s BSRC indices are estimated to have been
increased to 0.3216 and 0.44652 respectively, taking 10th place.

7) Since IMF bailou: in late 1997, Korean currency to dollar in 1998 was about KRW 1,200, but Korean
currency to US dollar based on purchasing power parity in the same year was KRW 667.6 per dollar,
showing large difference from exchange rate.



<Table 3> International Comparison of BSRC Indices

1981 1990 1999
Coun

R L I L e L e

The United States 1 0.9878 1 0.9996 1 0.99991
Japan 2 0.6265 2 0.8315 2 0.97886
Germany 3 0.5679 3 0.6555 3 0.73655
France 4 0.5241 4 0.5643 4 0.57887
The United Kingdom 5 0.4694 5 0.5329 5 0.57414
Sweden 9 0.3404 9 0.3903 6 0.57184
Canada 6 0.4332 7 0.4044 7 0.52920
Finland 8 0.3445 8 0.3958 8 0.48291
The Netherlands 7 0.3707 6 0.4250 9 0.46328
Korea 16 0.2293 10 0.3216 10 0.44652
Australia 10 0.2842 12 0.3054 11 (0.39882
Norway 12 0.2819 11 0.3183 12 0.39369
Denmark 14 0.2495 15 0.2894 13 0.38445
Belgium 15 0.2491 16 0.2829 14 0.38444
Italy 11 0.2836 13 0.2960 15 0.36163
Spain 13 0.2814 14 0.2936 16 0.29643

Note : The BSRC development speed is defined as “b” in egouation (5).

3.4 Estimation of Koreas Time Lag in BSRC with
Advanced Countries

The development function of Koreas BSRC index is estimated, as shown by
equation (13),8 which shall be used to calculate Koreas time lag in the index

compared to BSRC indices of advanced countries.

1(t)= 1+ 2,977129 TO D ettt

This study substitutes time variable in the above equation (13) to estimate

8) Lim and Song (1996) estimated Koreas BSRC development function as follows:

_ 1
VO = T3 grrge oo (14)
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how much time it takes for Korea’s BSRC level in 1999 to reach the BSRC
levels of advanced countries in that year, ie., how long the relative time lag of
Korea’s BSRC is. Korea's time lags in the BSRC indices compared with major

advanced countries are estimated, as shown by Table 4,

<Table 4> Korea's Time Lags in BSRC compared with major OECD Couniries

The expected year for Korea .

Country Thi)fl?ngIéevel to reac}f) the 1999 BSRC }evel ’I]ll?ge

of the advanced countries

The United Staes (0.99991 2233 234
Japan 0.97886 2101 102
Germany 0.73655 2033 34
France 0.57887 2015 16
The United Kingdom 0.57414 2015 16
Sweden 0.57184 2014 15
Canada 0.52920 2010 11
Finland 0.48291 2006 7
The Netherlands 0.46328 2004 5

Note : The 1999 level of Korea’'s BSRC = 0.446529 as shown in Table 3.

The BSRC levels of the US and Japan in 1999 are estimated to be 0.99991
and 0.97886 respectively. Other things being equal, Korea’'s BSRC level in 1999
is estimated to reach those of the two countries in 2233 and 2101 respectively,
as depicted by Figure 4. This means that Korea falls 234 years behind USA
and 102 years behind Japan, respectively. On the other hand, Korea is estimated
to lag 34 years behind Germany, 16 years behind France and the UK, 15 years
behind Sweden, 11 years behind Canada, 7 years behind Finland, and 5 years
behind the Netherlands.®

9) It is worthwhile to note that Lim and Song (1996) estimated the 1992 BSRC index of Korea lagged 68
years behind the United States, 41 years behind Japan, 16 years behind Germany, 10 or more years behind
the Netherlands, Eingland, Sweden, and Canada.
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<Figure 4> The BSRC Progress Function of the US, Japan and Korea

The estimated time lags may be exaggerated due to the inherent
characteristics of the logistic curve. However, the comparative data in Table 5

demonstrates how much Korea's technological competitiveness should be further
promoted.

<Table 5> Comparison of Technological Comparativeness between the US,
Japan and Korea

R&D Inputs Performances
Expgﬁl%wes R&D/GDP | R&D)/Sales | Rescachers | Patents R;;;g gh T%f;‘grlfsgy
(hillion US $) (%) (%) (thousand) | (thousand) (thousand) | (bilion US $)
The US 2056 25 40 936 110 307 3370
Japan 130.2 31 37 614 148 (5] 730
Korea 128 29 26 138 25 10 0.14

Source : Korea Industry Technology Promotion Association (2000).
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3.5 Forecasting of the BSRC Indices

By regressing the BSRC development functions of the selected OECD
countries based on the BSRC indices for the years of 1981~1999, the author
estimates the development speeds and then forecasts the levels of BSRC indices
for 2010 and 2020, as shown in Table 4. The BSRC development speed of the
US is estimated to be 0.29700. Its rank is the top among the selected OECD
countries, followed by Japan (0.12800), Korea (0.04443), and Germany (0.04029).

<Table: 6> Forecasts of BSRC Indices of the selected OECD Countries

2010 2020
Country P BORC inden | Rank | BSRC | o | BSRC
index index
The United States 0.29700 1 0.99999 1 1.00000
Japan 0.12800 2 0.99593 2 0.99932
Germany (0.04029 3 0.81635 3 0.87189
France 0.02924 4 0.68665 5 0.75924
Canada 0.02495 5 0.64486 6 0.74904
Korea 0.04443 6 0.64284 4 0.77638
Sewden -0.00645 t 0.59479 3 0.64240
Finland 0.01651 8 0.56523 7 0.67927
The United Kingdom 0.01015 9 0.56186 11 0.57192
The Netherlands 0.02039 10 0.53547 10 0.60828
Australia 0.02278 11 0.52550 9 0.62577
Norwway 0.00825 12 0.48246 13 0.55919
Denmark 0.01082 13 0.47502 12 0.56292
Belgium 0.01760 14 0.45557 14 0.53365
Italy 0.01227 15 0.39937 16 0.42382
Spain 0.02783 16 0.39217 15 0.48121

The US BSRC development speed (0.2970) is estimated to be 2.3 times higher
than that of Japan (0.1280), and 6.7 times higher than that of Korea. German
BSRC developraent speed (0.04029) is estimated to be fastest in Europe, but it is
74 times slower than that of the US. The BSRC development speeds of the
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other countries are estimated to be less than 0.03. The estimated BSRC
development speeds of Belgium, Finland, Italy, Denmark and the UK stand
between 0.01 and 0.02, which are very slow. Particularly, the BSRC development
speed of Spain is estimated to be minus 0.0065, staying at the almost same
level of BSRC over time (1981 ~1999).

In 1999, the US maintains first with 0.99991, followed by Japan with 0.97886,
Germany with 0.73655, France with 0.57887, and the UK with 0.57414. Korea
takes 10th with 0.44652. However, as time passed, there is a big change. In the
year 2010, there is no change in the top four spots, but Canada takes 5th with
0.82701, and Korea 6th with 0.64284. Also, in 2020, there is no change in the
first to third places. However, Korea takes 4th, France 5th, and Canada 6th.

It should be noted that BSRC levels of the UK, Sweden, Finland, Holland and
Denmark are estimated to be low in the current analysis, whereas they were
forecasted to be high in the study of Lim and Song (1996), and Koreas BSRC
development speed has been accelerated, which is estimated to rise to 6th place
in 2010 and 4th in 2020.

Since Korea shows BSRC development speed much slower than those of the
US and Japan but relatively faster than those of other countries, the gaps in
BSRC level between Korea and the other countries may get considerably
narrower or even Korea will surpass possibly several countries in BSRC level,
as time goes by. As shown in Table 3, Korea’s BSRC level had taken 10th
place till 1999. However, as shown in Table 4, it is estimated to be 6th place in
2010 by catching up the UK, Sweden, Finland and Holland, and 4th place in
2020 by catching up France and Canada. The empirical results are consistent
with OECD (2001a)’s computation that Korea had the highest R&D expenditures
growth during 1991~1999 among all OECD countries ; and the value-added of
ICT industries in total business sectors value added is 12% in Korea, but only
8% in Japan. And OECD (2001b) observed that Korea, together with the US,
Sweden, and Finland, are already the four most knowledge-based countries.
Hence, the rank of the knowledge-based country was measured by investment
in knowledge which i1s defined as public and private spending on higher

education, expenditures on R&D and investment in software. These variables for
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the knowledge-based country are contrast with the selected variables for BSRC

index which are listed in Table 2.

4. Conclusion

Although it is only a numerical analysis, Koreas time lags in the BSRC index
compared with the advanced countries clearly suggested how Korea should
further promote basic science research capacity (BSRC). The reason why Koreas
time lags considerably behind the advanced countries in BSRC is because basic
science and technology take a very small share in whole R&D expenditures, in
addition to small scale of whole R&D expenditures.l®) Universities play the most
important role in development of basic science. However, Korean universities of
science and engineering show sluggish R&D activities because of very small
investment in R&D, although they have relatively high quality manpower.lD
Therefore, Korean government should increase R&D expenditures to rise the
share.l2) As UR agreements allows governments to provide financial support for
basic science, Korean government should improve support systems in financial
support in order to induce firms to invest in basic science.l3

Therefore, Korean government must seek to maximize BSRC by supporting
more positively research activities of universities in basic science. Creative

personnel should be emphasized as one of the most important driving forces

10) In 1996, KRW ],439 billion won was invested in basic science research, accounting for only 13.2% of
total R&D expenditures (USD 13.5 billion). This is low compared with 16.2% in USA, 14.1% in Japan,
21.0% in Germany (1991) and 21.0% in France (1992).

11) For instance, in 1999, the number of SCI publication which is one of S&T indices showing the level of
basic science, is 9,124 taking 17th place in the world. SCI share is only 1.02%. International comparison
of R&D expenditures per researcher in 1998 shows that Korea recorded USD 88,000, compared with 2.0
times higher USD 172,000 in USA, 2.2 times higher USD 196,000 in Japan, 2.7 times higher USD 240,000
in Germany, 2.6 times higher USD 154,000 in France, and 1.8 times higher USD 154,000 in UK. See
Yang-Taek Lim (1998), KMOST (1998), and OECD (1999).

12) Government's share of R&D expenditures of Korea in 1998 recorded 26.9%, compared with 24.9% in
Japan, 34.3% in the US, 35.2% in Germany, 35.6% in the UK, 42.1% in Taiwan and 43.1% in France.
See OECD, Main Science and Technology Indicators, various issues.

13) For details, see Yang-Taek Lim (1996).
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towards knowledge-based economy. Otherwise, Koreas industrial development
will reach its limit. Basic science is a root for developing creative high
technology and a critical factor of national competitiveness. New technologies
and products influencing national competitiveness are from new ideas, and basic
science bearing them.

Korean government should also provide increased support for interdisciplinary
studies. Usually, universities focus on growing manpower and researching basic
science. Firms desire to link R&D with economic performance or
commercialization, and national anc{ public research institutes are responsible for
application research. The more S&T develop, in-depth researches on nature and
researches for solving economic and social problems require more
interdisciplinary studies by experts from various fields, instead of researches
from specialists in a field.

Firms also should recognize that basic science is needed for improving
competitiveness of their products because price competitiveness can be improved
through reduction in production cost paid for input materials. Therefore, new
idea or knowledge about the process of manufacturing raw materials or
materials 1s a basic scientific technology.

We should be able to access to knowledge on S&T in the world and benefit
from cooperation through 'ir'ltérnational collaboration in S&T. International
collaboration in basic science is one of effective challenges to technology
protection barrier of developed countries, and a window for predicting future
trends in high technology.

Finally, as shown by Figure 5, Lim (1995), suggests a new technology
development strategy for the knowledge- based economy, with an emphasis on
the role of basic science in the dynamic process of technological development
and on the importance of the functional relationship of S&T policy with the
other policies such as education, technology diffusion, information and
telecommunication, industrial and macroeconomic policies in the pursuit of

synergy effect resulting from the Schumpeterian “creative destruction”.
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