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THEORETICAL AND EMPIRICAL ANALYSIS OF DIFFERENTIATION
PROCESS IN TECHNOLOGY GAP BETWEEN DEVELOPED AND
DEVELOPING NATIONS

Technology is today recognized as the most scarce re-
source for the develcopment. It is more skewly distributed
among nations than the capital and even than science. While
the capital and science can flow across the nations, tech-
nology is hardly transferable across the nations. Such a
differentiated distribution of technology between the two
extrema tends to cause the various kinds of conflicts.

The purpose of this paper is to provide a mathematical
theory and tool to analyse the differentiation process of
international technology gap and ‘the technological clusteri-
zation of the world. The empirical verification is also
provided with a much better fit to the data than the existing
statistical theories.

After a systems analysis of technoclogy development
process, it is expressed herein by the stochastic process.
Under the reasonakly realistic conditions it is expressed
by the Yule process from which the socalled Yule distribu-~
tion and a family of its generalized distributions are
deduced. This family is shown to fit much ketter than any
other wellknown skew distributions (the exponential, the
log-normal, the Weibul distributions etc.). The Bradford
"distribution" which is not very known among statisticians
is shown to express the differentiation and the associated
technological clusterization of the werld, and its fit to
the real data is shown good.

Finally a mathematical unification of these dynamic
processes 1s proposed in terms of the branching process
which is a special form cf the Markov process developed for
high—energy physics.



1. Significance of Technology Gap Analysis in Peace Science

The economic gap between the developed and developing
nations may threat the world peace. Unfortunately this gap
has attracted only the "humanitarian" attention of the ideal-
ists while the realists tend to believe that the existence
of poverty in the developing countries causes only the local
war with little effect on the developed countries. Although
the belief is prevailliné that the "vacum" of military power
causes the war, the historical fact seems being ignored that
the "vacum" of wealth in a particular area very often called
for the intervention of the opposing powerful nationg'which
tends to lead to the global war.

Anyway, in the both of humanitarian and peace-seeking
contexts, the international economic gap must seriously be
analysed. Through the various experiences in attempt to
fill this gap {(e.g., the economic aid activity), it is now
recognized that the most scarce resource in the developing
countries is technology (or the skill) rather than the
capital. This recognition leads to locating the inter-
national technology gap analysis in peace science as its

fundamental element.

2. Method
The availability of technology data is quite low.
Therefore the methods which require the highly organized

data (e.g., timeseries data) are often useless. As there

is no widely accepted definition how to measure technolegy,



its definition varies in each time of measurement. This
makes the timeseries analysis, if possible, gquite unreliable.
The method to be proposed in sequel avoids this difficulty
by inferring dynamics from statié (i.e., non timeseries)
data. First the conceptual framework is obtained on struc-
ture of technology development as a hypothesis or an assump-
tion to which the stochastic process is applied to yield a
statistical distribution. If this theoretical distribution
is found tc have good fit to the real static distribution,
the dynamics underlying this stochastic process can be con-

sidered to have the explanation power of the real distribution.

3. Structure of Technology Development

Technclcegy is subject to the rule of selfmultiplication.
Once high technology resource exists in a country, it at-
tracts excellent students and makes the managers confident
of investing for technology development. Further it attracts
scientists abroad. Hence technology is that country earns
favorable conditions. Meanwhile technology in another
country faces unfavorakle conditions because its excellent
students tend to look for another opportunity in the nontech-
nology field and its managers feel inconfident of technology
investment. Further this situation in the latter country
may give rise to brain drain. 1In this way the country which
has higher technology resource gets more favourable conditions
at the sacrifice of the country possessing less technology

resource. This differentiates the technology level between



countries. This selfmultiplication process may be expressed
as in (1) under the condition that the technology resource

at level x exists.
P{x » x + 1, At) v AxAt (1)

where the left side denotes the probability that the tech-
nology resource grows from x by the unit for the infinites-
imal time interval and A on the right side denotes the
positive parameter. The technology resource variable x is
discrete here not only for the mathematical simplicity but
for the reality of our model. In technology the most -impor-
tant and scarce resource is scientists and engineers; the
second may be researqh institutes and sophisticated plants
while the most important performance indicator is patents
and professional publications. These are all discrete.

When our model is applied to small countries, institutes ang
firms, the discrete model is desirable. Meanwhile the
continuous model may be considered as an approximation for
large countries, institutes and firms or as a model for
technology resources normalized or divided by proper para-
meters (e.g., population). The process (l) is called the
Yule process.

This selfmultiplication process typically works par-
ticularly in the age of rapid innovation. 1In this age the
latest innovation gives direct and immediate rise to the
next innovation and therefore the country which experienced

the latest innovation earns the favorable conditions for



the next. This differs from the situation in the age of
technology stalemate wherein the timelag between the pre-
ceding innovation and its further development is so long
that the new innovation results from the old one which is
widely known. Thus the big timelag yields the situation
wherein the experience of the latest innovation need not
yield so favorable conditions for the experienced country.

. In this sense the Yule érocess works typically in the age of
rapid innovation. The probability g(t) that the duration
time of rapid innovation age is t in a country may be ex-

pressed as follows.
g{t) = U exp(-ut) ~ (exponential distribution) (2)

where u is positive. The structure underlying the expo-
nential distribution (2) is that the duration of rapid
innovation age is accidentally broken. 1In fact it ig the
solution to the following differential equation of the con-

stant rate of accident.
ds(t)/dt = - us(t)

where S denotes the length of the survival. This is known

to be approximately valid for the duration time of telephone

conversation and the life time Oof industrial products to

which no quality control is applied where the causes for

death occur very rarely and at random (the Poisson process).
When the longer duration of rapid innovation age

tends to yield the more favorable conditions for its further



survival, the probability g(t) is the density of the log-

normal distribution to follow [1, p23].

1/2

qlt) = exp(-(t - m2/26%)/(2m*/?% ot (3)

where m and 02 denote the mean and the variance respectively.
When several factors support the duration of rapid
innovation age each of whose duration time is subject to the
exponential distribution (2) and a certain threshold number
of whose ends conjunctively cause the end of the rapid inno-
vation age (a kind of the majority circuit), the moment
generating function of the probability density in qugstion
Mk(e) is expressed in terms of that of the exponentiél dis-

tribution Me(e) as follows (7, p20].

M (8) = (1= e/w)™F = u_onk

where Kk denotes the threshold number. Mk(e) yields the
Gamma distribution whose density is the probability to be

sought for.

a(t) = v8 £ exp (- i)/ (k) (4)

where ' denotes the Gamma function

4. The Yule and the Ultra-Yule Distributions
The structure analysis of technology development in
the foregoing section yields the realization of technologi-

cal resource distribution in the following way. Solving

the equation (1) yields the probability p(x | t) that the



o

technological resource grows from x to x + 1 in time t with
the initial condition of possessing the technological re-

source at level x ([6].
p(x|t) = exp(~ At) (L - exp(- At)}¥ T (5

which may be called the pre-Yule guasi-probability. This
has the following property.

Theorem 1.
QTP(X  £)dt = 1/xax (6)

Proof. Apply the integration by change of variable to the
right side of (5). Q. E. D.

Let p*(x | t) be defined as follows
P*(x | £) = Axp(x | t) (7)

Corollary 1. p*(x | t) defined by (7) possesses the property
of the probability.

By Corollary 1, p*(x | t) may be called the pre-Yule.
distribution. From the similarity between the Yule process
and the deduction of the log-normal distribution as a pro-
portional growth process, the asymptoticity of the pre~Yule.
distribution toward the log-normal distribution is antici-
pated. Indeed it can be analytically and numerically
verified.

Proposition 1. The pre-Yule distribution defined by (7)
approaches asymptotically toward the log-~normal distribu-

tion.



The probability p(x) that a country acquires the tech-
nology resource at level x for sufficiently long time
(history) may be obtained by integrating the product of
the associated probability in time t with the probability of
the duration time of this process. The former probability
igs the pre-Yule quasi-probability and the latter is one
among (2}, (3) and (4). The probability p(x) is expressed

as follows.
p(x} = fy pix|t)a(r)at (8)

For the theoretical simplicity, now the exponential

distribution (2) is taken for g(t) in (8). Hence

p(x) = J5 exp(~ At) (1 - exp(- At))* ! nexp(~ nutydt
= UB(x, 1 + U/A)/A = oB(x, @ + 1) (9)
where
¢ = u/A (10)
B(x, o + 1) = Q% y* 11 - y)%dy (Beta function)
(11)

The expression in (9) is called the density of the Yule
distribution. As is well known, u is the inverse of the
mean of the duration time of t@e rapid innovation age. Re-
minding that ) denotes the productivity of innovation or the
technology growth rate, the implication of o is as follows.
In the case ¢ is large, the duraticn time of the rapid

innovation age is relatively short and the productivity of



innovation is relatively low.

In the case « is small, the duration time of the rapid
innovation age is relatively long and the productivity of
innovation is relatively high. That is the golden age of
technology.

When o i1s large, the right tail of the Yule distribu-
tion is short. When o is small, it is longer than that of
the other mathematicall§ formulated distributions and it
represents the very skew distribution.

Proposition 2. The Yule process with its exponential dura-
tion time yields the Yule distribution which is, fér’a small,
skewer than any wellknown skew distributions (exponehtial,
log-normal, Gamma, Weibul, Beta and so on).

As was discussed above, the Yule distribution is skewer .:
when u is smaller. The exponential distribution (2) is .
skewer when u is smaller. As the log-normal and the Gamma
distributions for appropriate parameter values are skewer
than the exponential distribution, these facts together imply
the following.

Theorem 2. Replacing (2) with (3) or (4) with appropriate
parameter values in forming (8) yields the distribution which
are skewer than the Yule distribution.

These distributions may be called the family of the

ultra-Yule distributions.

5. Catch-up and Over-take

The integration is taken over the domain from zero to



infinity in (8). Practically, however, time prior to the
latest decades is negligible in the integration under the
condition of monotone increase of technology resource in
time. Therefore the parameter value, say ¢ varies in his-
torical time according to the degree of dominance of innova-
tion age in the latest decades.

When o is small, i.e., in the continued golden age in
history of technology, éhe gap between nations is enlarging.
It can be said that o was small in 1950's and 1960's.

When o 1s large, 1.e., in the continued stalemate of
technology, the gap is diminishing. The technological
catch-up can occur in such a situation. It can be said
that o is large in the 1970's and around 1980. This may
explain the catch-up and perhaps the over-take of Japanese

technology with Western one around 1980,

6. International Gap in Technology Resource

Technology resource can conceptually be classified
into stock and flow. Different from the phyéical fields,
however, stock can not be measured in many cases in the
social or human fields. Therefore the triad of input, state
and output will be chosen hereafter. Input and output are
mostly flows while state is mogtly stock which can only
indirectly be measured by output. Measurable technology
stocks are manpower, patent and facilities like laboratories
and plants, but the real technology stock is performance

which is measured only through output or estimated even by



input. These are called the perfcrmance indices.

The international distributions of various technology
resources and performance indices are analysed. The empiri-
cal findings are as follows.

Fl. (Skewification) For the all cases investigated, the
distributions are skewer than any mathematically wellknown
distributions (i.e., the exponential, Gamma, log-normal
etc.). The Yule distribﬁtion shows the better fit than these
distributions, and the family of tke ultra-Yule distributions
shows the best fit as Fig. 1 shows where the log-normal
distribution (3) is taken for g(t) in (8) as the ultgé—Yule
distribution.

F2. (Polarization or Ramification) In most cases the distri-

butions are multimodal. More specifically there are separated

clusters. In particular the top cluster which denctes the
richest group are often quite separated from the others.
This is of course interpreted as the result of the selfmul-
tiplication or Yule prccess. The separation itself may not
be important when it occurs at the right tail-because it may
be due to the fact that the sample size (about one-hundred-
twenty) is too small in comparison to the wide range of dis-
tribution. In many cases the number of separated clusters
exceeds two, i.e., the second (or third) cluster which
denotes the middle group is separated from the others on the
both sides. This fact can no longer be explained by the
smallness of sample size because the dencsity (the hight of

histogram) is not too low to have the near-zero occurence in

%
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the middle of the distribution. It may be explained by a
decision~theoretic approach that the technology resource

level is intentionally settled in consciousness of the com-
petitors level; in other words, the target of the technology
resource level is set so as to rival the competitors but not
to take risk of tooc much surpassing them which may be beyond
the feasiblity. This clusterization may be called the target-

based technology development behaviour. See Fig. 2.

7. Bradford Law in Technology Resources

The Bradford law which is an empirical skew "distribu-
tion" in library science gives a clear discriminatiog between
the nucleus and the rest [3]. 1In case of incompleteness of
bibliographic collection the rest is again divided into the
middle and the peripheral parts. As the technology develop-
ment process 1is always incomplete, the incomplete case is
applicable to our problem, yielding the three-clusterization.
In fact this fits the international technology distribution
(Fig. 3). The Bradford law is purely empirical while its

theoretical explanation remins an open question.

8. Prospect of Generalized Theory

The aforementioned polari%ation or ramification may be
included in the branching process which is a special form
of the Markov process especially developed for high-energy
physics [2, 4, 5]. The foregoing discussions can be restated

in terms of the branching process as follows. An elementary



particle with given initial energy experiences a series of
fissions in a manner of cascades. Immigrating particles
(new entries) also join the system. The transient rate may
depend on age, and some particles are generated and extin-
guished at a certain rate. The resulting distribution is
quite skew and polarized or even ramified according to the
. parameter values. Here the structure of the process is
P(E, T, €, 1,.p)

where E and T denote the type of elementary particles and
time respectively, and e, 1 and p denote the parameters of
the initial energy, immigration rate and transient rate -
respectively.

In this way the special form of technology development
process can be given the general expression common with iher ..

natural development process.

9. Conclusions

The technology development process 1s structured and
formalized. This gives the very skew distributions which
show the better f£it to the real international gap of various
technology resources than any known distributions. The.
Bradford "distribution" is shown to fit the polarization .and
ramification which also characgerize the international dis- -
tributions of technology resources. The branching process
frame is presented to connect with the natural development

process.
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