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GROWTH, GROWTH FLUCTUATIONS, AND THE STAGES OF TECHNOLOGICAL

ADVANCE*

1. THE ISSUE
1. It is a well-established tradition to define the subject be-
fore embarking on an investigation.vIn our case, definition is to
be concerned with "economic development"” and "scientific-techni-
cal progress". The former poses no problem in the economist's
profession. According to Mirabeau, every moral or physical ad-
vance can be grasped by one indicator, which he called the net
product. Today, Mirabeau would probably encounter objections as
far as the measurement of moral progress by the net product Ais
concerned, although some would argue that also today morals, as
well as gods, are always with the winpers. Anyhow, real changes
in the availability of ~goods and servicesx is, according to na-
tional and international standards, measured by changes in real
net social product; conceptual problems - e.g., of how to treat
the non-pecuniary costs (environmental pollution) and benefits
{value added of housewives) - are, of course, part of every mea-
surement. What matters here is that the approach as such is hard-
ly controversiall.
2. The definition of scientific-technical progress cannot build
upon such a widely-accepted standard. Four stages in the process
* Revised version of a paper presented at the conference "On Re-
gularities of Scientific-Technical Progress and Long-Term Ten-—
dencies of Economic Development" in Novosibirsk, USSR, March
14-18, 1988. - The authors would like to thank their colleagues

Christine Kiesner and Fiona Short for their helpful sugges-
tions.

An interesting example of inherent measurement critiques is the
Burenstam-Linder (1970) hypothesis of the "hurried-leisure-
class".



between creation and application of knowledge may be distin-

guished:

- Realisation pertains to the new idea ("Erkenntnis"). In many a
case, scientific progress stops at this early stagef in non-
natural sciences, such as philosophy or the social sciences,

realisation is the very essence of progress.

- Making the first use of a new idea is called invention. Such an)
application of a realisation in the real world is usually cor-
related with new possibilities of producing or distributing
goods or services.

- At the third stage, we have to do with commercial applications

of inventions which is called innovation. Again, innovations

concern new goods or new modes of production and of distribu-
tion of goods and services.

- Finally, of the many innovations only few are economically suc-
cessful. These succeséful innovations change the techniques ap-
;plied throughout the economy, either by new means of production
and distribution, or by the availability of new goods or ser-
vices. These changes in the macro-economic production function

are termed technical progress.

This classification distinctly demonstrates that the respective
following stage in each case is the concretisation of the preced-
ing stage. In addition, the réle of profits as a determinant ' of
the activities in each stage becomes more éﬁd more important. In
other words, at times when, or in countries where, economic
incentives are distorted in such a ﬁay as to suppress profits, it
can be expected that technical progress will suffer the most,

scientific realisation the least.



3. The {(inter-)relationship between scientific-technical progress
and economic development consequently depends on the stage con-
sidered. In macro-economic growth analysis, the fourth stage has
played the major rdle in quantitative research. In fact, it has
been argued that technical progress is the only source of econo-
mic growthz. This would be a simple truism if all other determi-
nants of growth were to be treated as invariable. Among these
other determinants, however, may be the most powerful ones, like
those which Schumpeter emphasised (social organisation, politics,'
"human material", "national spirit" - i.e., prevalent attitudes).
However, Schumpeter quite obviously was wrong with regard to the
growth process, but right with respect to growth cycles apd to
sub-optimal growth paths. The reason is simple enough: undar the
assunmption of optimal conditions of social organisation, a fur-
ther improvement by definition is impossible3t Ecpnomic growth,
then, cannot be achieved by a change in the Schumpeterian deter-
minants. The only variable systematically producing growth _is
therefore technical progress, which, in turn, should be highest
under optimal conditions of social organisation (cf. growth path
"Social Conditions I"™ in Graph 1). 1In the Schumpeter—scenario,
technical progress itself is endogenous and can hardly be sepa-

rated from economic growth itself.

2 Not considered here is an increase in inputs which has positive

returns to scale. That is to say, unemployment will not be re-
garded as a growth problem.

The notion that optimal social conditions are static in the
sense that no further systematic improvement over time is pos-
sible seems to hold cum grano salis only. However, when exclud-
ing improvement of social conditions due to technical progress
- such as in data processing - the remaining potential for ge-
nuine own progress should indeed be very small relative to
technical progress. : o



4. On the other hand, social conditions are seldomly optimal.

a. In cases of sub-optimality, any improvement leads to a steeper
growth path (c¢f. "Social Conditions II" in Graph 1). This is
worth considering because it might clarify the issues: the steep-
er growth path implies that scientifig—technical progress as de-
fined above increases in the long run. Secondly, there should be
an improvement in the "degrees of utilisation", i.e., of the al-
location of resources of society which makes the actual  growth
rate observed higher than the "optimal" one for some time; soci-
ety can be regarded as being in a state of enthusiastic expecta-
tions (tl-t2 in Graph 1). This, however, has 1little to do with
scientific-technical advance, in the same way as an upswing in
the business cycle cannot be equated with growth. While the 1lat-
ter effect is temporary only, there is also a third effect to. be
considered, namely catching up with more advanced countries. The
catching-up effect, of course, 1is only relevant if there are
technologically-leading countries whose scientific-technical sta-
tus can be imitated (i.e., if at least one country has had a sﬁ—
perior social organisation before). Since catching up can be a
rather long-lasting process, the positive growth differential be-
tween the reformed economy and the "old" superior economy may al-
so be long-lasting. Catching up implies, of course, that we have
only to do with individual countries' scientific-technical pro-
gress, not with scientific-technical progress of mankind.

b. If social conditions are optimal, they may nét stay so, and of
course, sub-optimal conditions can deteriorate further. The ques-
tion, then, is whether this induces the reverse of the process

described above. Again, firstly, the growth path becomes flatter



(t3-t4 in Graph 1l); secondly, the "degree of utilisation" of so-
ciety's resources declines, making the overall growth rate even
lower than in countries where social conditions were previously
in a similarly bad shape. This also is a shorter-run phenomenon,
founded on what one may call societal disappointment. However,
the analogon to the catching-up ﬁrocesses is hard to see in the
deterioration scenario. A further falling back in the scientific-
technical status down to a level as if good social conditions had
never prevailed would need other explanations, resting rather on
macropsychological factors.

5. So far, scientific-technical progress has been analysed for a

particular country in a given international environment. It has

been argued that:

- STP is basically a trend factor of economic growth;

- technical progress is more dependent on profit rates than the
underlying ideas, inventions and innovations;

- changes in social conditions (institutional change)_can_provide
long phases of rapid growth, and 1long phases of depressed
growth;

- transition periods have their upper and lower boundaries de-
fined by two status of social conditions; the length of transi-
tion periods is yet indeterminate;

~ the "upper" transition period is marked by social enthusiasm in
the short run, and by catching-up processes over the whole pe-
riod. The "lower" transition period is markedﬁby social con-
flicts in the short run;

- STP within the individual country changes along with the social

products in the transition periods.



Quite obviously, the picture up until now has been too simple,
because a typical feature of the international economy has been-
neglected, namely international competition. Where there is only
one country with a significant lead in technology, the incentives
to realise STP in this country will probably be more limited than
in the case of two or more countries competing at the technologi-
cal frontier. In Graph 1, the existence of competition among
leading countries is represented by an upward shift of the So-
cial-Conditions-I curve. Thereby, the "world technological market
structure" co~determines the potential of catching up for back-
ward countries. Since competition among leading countries widens
the scope for economic progress for all countries, technical ad-
vance is like a public good for less—-advanced countries. In other

words: growth paths of countries are interdependent4.

4 The international-competition argumént must not be mistaken for

the catching-up argument. The former is about the slope of the
growth path of the "leading country", the latter is concerned
with income differentials between leading and 1lagging coun-
tries. In other words, the first partial derivative in the
leading-country argument:

y; = ¥; (). k F 1,

is positive, and in the catching-up argument:

Y.

. . ,to . .

¥53 = ¥5 ( yl ). 3 % 1.
i,to

it is negative.

Social product per capita

Growth rate of the social product per capita
leading country

other leading countries

lagging country.
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In addition, changes in the growth path of leading countries
directly impinge upon growth paths of lagging countries, with-
out having changes in the social conditions of lagging coun-
tries as a precondition. This is like in "Alice in Wonderland",
where one has to run faster in order to keep the same position
{here in relative terms).



6. Interdependencies seem to be strongest among countries with
equivalent social <c¢onditions. Basing his research on Maddison
(1982), Baumol (1986) found evidence about.the existence of

convergence clubs: there is a strong inverse correlation between
initial productivity levels of countries and their productivity
growth thereafter. As a matter of fact, a first-sight cross-sec-
tion analysis of 72 countries did not yield any results. But,
when countries were grouped according to the degree of industri-
alisation and type of economic system ("market economies - cen-
trally-planned economies”), it turned out that there were two
different "convergence clubs", with convergence - which above has
been called catching-up - mainly taking place within each c¢lub
and hardly between the two clubs. These two clubs are developed-
market economies (in Graph 2 "Convergence Club I") and central-
ly-planned economies (in Graph 2 "Convergence Club II), with iso-
quants in the growth-rate/productivity-level diagram of market
economies north-east to the isoquants of Centrally—plaﬁned 'eco—
nomies. Less-developed countries neither showed convergence among
themselves nor with the other two clubs; this is indicated by the
cloud of dots labelled LDC in Graph 2. The fact that a small num-
ber of LDCs, the newly-industrialising countries, have been join-
ing the industrialised world 1is also shown in Graph 2. The two
convergence paths are empirical results. Assuming that social
conditions have not been the same over the whole period to - tn
one may draw parallel lines for alternative scenarios, referring
to superior (STPI; STPII) or 1less-advantageous (STPI'; STPII')

social conditions.



7. So far, cyclical patterns of scientific-technical progress and
of social product have been considered to be endogenous to social
conditions. An extension would be the well-known egogenisation of
STP cycles: the extension says that ideas, inventions, innova-
tions, and STP occur in clusters over time (Schumpeter, 1939;
Freeman, 1983; Mensch, 1975; van Duijn, 1977; Kleinknecht, 1987)
and that these discontinuities are, so to speak, part of the
natural way technological change evolves. Quite evidently, this
view would preclude profit rates as the prime mover of STP. On
the contrary, profit rates would instead be endogenous to STP
clusters.

8. When analysing fluctuations of STP, or lasting growth differ-
entials among countries, a fundamental question seems to be at
hand: how can fluctuations or growth differentials be sustained
when intelligence and imagination are evenly distributed among
men, nations, or continents, as well as over time? The answer to
the latter, the time aspect, may be that societies are incapable
of learning from failures and successes of past generations. 1In
other words: societies have a bad memory of all things for social
relationships; Schumpeter's notion that economic policies in our
time are not shaped by superior wisdom when compared with the
policies of Carolus Magnus refers to just this line of thought.

A moré general explanation would be that "something" is pri-
or to intelligence and imagination which at timeé, or places,
gives rein to ratio and imagination and at other times, or in
other places, encourages both. In concordance with growth ana-

lysts in the tradition set by Max Weber (1904), McClelland (1961)



and Giersch (1977) stressed the importance of Calvinist ethics
for the superior economic growth performance of some highly-in-
dustrialised countries. One may call this "something” morals,
ethics, or religion.

9. A first objection to such analysis is, of course, that it 1is
hard to test, although historical experience such as scientific,
cultural, or economic developments in the wake of 1917 (USSR),
1789 (France), 1688 (United Kingdom), 1949 (Germany), the Meji
restoration of 1861 (Japan), the Tai-ping insurrection in the
1860s (China), and so on, in part seems to corroborate this. From
the standpoint of c¢ritical rationalism, however, explanation of
past events 1is not sufficient unless predictability of future
events (instead of ex-post forecasts) is principally possible. In
the cases mentioned, this would have been impossible. The reason
for this is that radical changes in "religion" and ensuing c¢han-
ges in policies and institutions depend, technically speaking, on
random events. According to Hesse (1982), the "normal" case in
economic history is the static society; it is the growing society
which deserves to be investigated (with a fall to a zero-growth
society thus being a return to normality). What has to be care-
fully looked at, of course, is the "post hoc ergo propter hoc"
fallacy, i.e., mistaking coincidence for causality.

10. Below, we shall present a description of the method by which
the causal relationships, if any, between STP and economic deve-
lopment is empirically analysed (section II). Section III is con-
cerned with a description of the data and section IV with an ap-
plication of the causality test for the UK, the USA, and Germany

from the last century to the present.



_10_

2. THE METHOD

11. The procedure applied below uses the methodology of causality
testing as proposed by Granger (1969), Sims (1972) and Pierce and
Haugh (1977), and applied by Clark, Chakrabarti and Chiang
(1988) . The underlying idea is that a variable X is causal with
respect to Y if introduction into an autoregressive equation of Y
significantly reduces the variance of errors 1in forecasting Y.
The inclusion of further explanatory variables follows the same
reasoning. With S;x as the residual variance of Yt with respect

to the information Yt— and xt—m' one may write (Granger Test):

n
Syx Yel¥eons Xeopd € Sy D¢ |¥eopd
with n,m 2 1
S; is the variance of errors in forecasting Yt'when only Yt—n is
given. Whenever S;X is significantly smaller than S;, X is causal
to Y in the Granger sense.
12. The concept of causality needs qualification. In the philo-
sophical sense of the word, causality implies that two events are
logically connected. Granger causality has a softer definition.
Firstly, the test is concerned with intertemporal statistical re-
lationships. It thus can necessarily only test causality with re-
spect to the statistics and to the temporal relationships. Causa-
lity in social phenomena has intelligent (economic) agents be-

tween cause and consequence, i.e., expectations as well as learn-

. . - . 5
ing, or habits, co-determine the consequences of causes~. Second-

5 A prominent example has been the observed "causal" relationship
between the inflation rate and government bond yields, where it
has been shown that - quite contrary to the interpretation of
the statistical results - expectations make the bond yields of
today dependant on assumed inflation rates of tomorrow (Schwert
1979).
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ly, the Granger test is concerned with the marginal c¢ontribution
of an explanatory variable. This is the reason why it has been
suggested to substitute the "five-letter word" cause with "tembo-
rally related", "content of incremental predictability" or, more
technically, "a reduction in forecasting variance with respect to
a given information set",(iellner 1979). Whenever we use the word
"causality" below this will be in the sense of Granger causality.
13. A problem of measurement is the way in which statistical in-
formation should enter the Granger test. Granger himself prefil-
tered his data by subtracting a log-function transformation from
a constant term. Others used first differences. Filtering in eco-
nomic time series analysis is not exactly neutral to the results
achieved; furthermore, filtering can substantially reduce the in-
formation contained in the original data. However, the use of
completely unfiltered data in the case considered here would lead
to spurringly high coefficients of determination due to the
trends in the data used and would thereby distort the information
on the impact of incremental variables (see the formal presenta-
tion of the Granger test below). Test runs using only log-trans-
formed data indeed exhibited strong signs of trend correlations.
In the course of calculations it turned out that the most
appropriate procedure -~ i.e. the procedure providing the highest
degrees of incremental predictability - would be to take into ac-
count the evidence of Kondratieff cycles in long-run economic de-
velopment. Thus, we first determined the lower turning points in
the Kondratieff cycles of the net-social products (NSP) of .the

countries considered (Source: Glismann, Rodemer, Wolter 1981).
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After estimation of the cycle-specific trends of NSP these were
subtracted from the real NSP data (all data log-transformed).
14. The direct Granger test will be performed by testing the fol-

lowing regression:

20 20
ANSP(t) = £ al(n)ANSP(t-n) + I bl{(m)APat(t-m) (1)
n=1 m=1
20 '
+ I cl{k)AT(t-k) + el(t)
k=0 :

with A: change
NSP: net social product at constant prices
Pat: invention indicator (patents granted)
AT: technological gap relative to the leading
' country
al(n):
bl (m):}Y regression coefficients
cl(k):
el(t): disturbance term (without serial correlation).
The null hypothesis is defined as bl(m) = 0 for all m, and cl1(k)
= 0 for all k, i.e., inventions, or catching up, do not cause
ANSP. This will be tested by the F statistics. Rejection of the
null hypothesis would indicate causality. Note that the possibi~-
lity of a contemporaneous relationship is only included with re-
spect to the catchingup hypothesis. It is by definition excluded
for the autoregressive term, and it does not seem to make sense
in the light of the above discussion for the invention hypothe-
sis.
In addition, changes in incomes may cause changes in inven-
tion activities, the same holds true for technological gaps. This

would require the above test to be performed twice in the reverse

direction:

20 20
APat(t) = ¥ b2{m)APat(t-m) + ¥ a2{n)ANSP(t-n) (2)
n=1l " n=1
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20
+ I c2(k)AT(t-k) + e2(t)
k=1
20 20
AT(t) = £ ¢3(k)AT(t-k) + I a3(n)ANSP(t-n) (3)
k n=1

+ b3 (m) APat(t-m) + e3(t)

1
20
z
m=1

Again, the null hypothesis is that a2{(n) =0 for all n and c2(k) =

0 for all k in equation (2); the same holds true for a3(n) and

b3(m) in equation (3). Refutation would imply that APat, or AT,

is caused by the respective variable rejected.

15. In other words:

(I) if bl{m) = 0 and a2(n) = 0 is rejected, then a two-way cau-
sality between economic development and invention perfor-
mance cannot be excluded.

(II1) if bl(m) = 0 and a2(n) = 0 is not rejected, then no causal
relationship exists.

(ITI) if bl{m) = 0 is rejected and a2(n) = 0 is not rejected,
then a one~way causality running from invention performance
to economic development cannot be excluded.

(Iv) if bl(m) = 0 is not rejected and a2(n) = 0 is rejected,

then a one-way causality going from economic development to

invention performance is indicated.

The analogous reasoning applies to the interpretation with res-
pect to the interrelationship between economic development and
technological gaps [i.e., cl(k) and a3(n)], and to the interrela-
tionship between invention performance and technology gaps [i.e.,
c2(k) and b3(m)].

16. In order to assess the significance of the variables incre-
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mental to the autoregressive relationship, a restricted version
must be compared to a 1less restricted version of equations (1),
(2) and (3). The degree of restriction refers to the number of
sets of incremental variables for which the regression coeffi-
cients are assumed to be zero. Thus, the full equation (which in-
cludes all incremental variables) is called the wunrestricted
equation. The first-order restricted version is identical with
the autoregressive relationship; the second-order restriction in-
cludes one of the two incremental variables respectively. Compar-
ison of the resulting residuals is made when computing the F sta-

tistics:

(SE - SErz)/(DFr - DF_.)

rl 1 r2°
SErz/DFr

2

where SErl is the squared error of the first-order restriction
estimate, and SEr2 is the squared error of the second-order . re-
striction estimate; DF refers to the respective degrees of free-
dom. Comparison of the "full" equation - in the above terminology
the unrestricted equation - with the two second-order equations
is calculated analogously. Finally, comparison between the auto-
regressive equation and the unrestricted equation (with the two
sets of incremental variables) is to indicate the quality of the
incremental variables combined.

17. A general most pertinent problem is that of the degrees of
freedom left when lead and lag structures are fully exploited. In
case such a problem occurs, a step-by-step precedure has to be
employed - alternatively setting e.g., bl or cl, a2 or c2, and a3
or ¢3 equal to zero. The most appropiate lag structure was pre-

tested in bivariate analysis.
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3. THE DATA

18. The data used in the regressions presented here are
transformed by passing the filtering process as described in
para 13. As the formulation of regressions (1) to (3) indicates,
the maximum lag is assumed to be 20 years, or roughly almost half
a Kondratieff cycle. Lags of 20 years should be the maximum ap-
plicable to the Kondratieff cycle because - if any cyclical regu-
larity exists at all - any additional lag would imply the proba-
bility of spurious relationships in the form of echoing.

19. According to the four-stages scenario described above, mea-
surement of the interrelationship between economic development
and scientific-technical progress should take each single stage
into consideration. This is not possible, because there are no
statistics on "realisation". As regards invention, patent statis-
tics of the three countries analysed below are the best informa-
tion available. Two aspects pertinent to the patent variable seem
to be important: firstly, the choice to use patents granted rath-
er than patent applications is necessarily arbitrary. Grants are
applications which have passed a screening process for technical
novelty. They give, so to speak, information on really "incremen-
tal" technical change. Secondly, they may not be as responsive to
long-run cyclical patterns as patent applications are (which is
an advantage rather than a diéadvantage).

20. Innovation data have some well-known and widely-discussed

drawbacks, among which are the filters in individual perception
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of the relevance of an innovation (in case "major innovations"
are counted), the limited knowledge of accountants, the practical
impossibility of economic ranking of innovations, and, not least,
the dating of an innovation.

Below we construct an index of "major innovations" by com-
puting an unweighted average of ‘experts' opinions. The experts
are mainly Haustein/Neuwirth, Kleinknecht, Mensch, van Duijn, and
the many sources -quoted therein, as compiled by Kleinknecht
(1987). Of course, one drawback which can be considered addition-
al to the ones listed above is that all these experts are simul-
taneously experts on 1long waves of economic development, which
could introduce one or another spurious correlation; but, of
course, this possibility is only very faint.

21. The other variables used in the regressions are, generally
speaking, "social products" per capita at constant market prices,
and the relative real "social products" per capita as a proxy for
the catching-up potential. The net social product is available
for Germany, the gross domestic product for the United Kingdom;
and the gross social product for the United States . The differ-
ences thus occur mainly with respect to the inclusion or exclu-
sion of depreciations and of net factor incomes from abroad.
Since the problem of data availability in long-term analyses is
by far greater than the problem of strictly identical defini-
tions, and since the emphasis is on the analysis of each coun-
try's own economic development, this should not matter too much.
There could, however, be a bias in the overlapping term of - tech-

nology gaps (which are measured as relative‘per—capita incomes) .
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In order to avoid such discrepencies, the proxies for the techno-
logy gap have been taken from Maddison (1987) who supplies stand-
ardised income figures for these countries, denominated at con-

stant purchasing power parities7.

4. THE RESULTS

22. The evidence in Tables 1, 2 and 3 is pertinent to the Granger
tests presented in Table 4. It should be noted that the Granger
test means comparing (two) equations (cf. para 16). Tables 1 to 3
provide the inputs necessary for such a comparison. Since the au-
toregressive as well as the incremental variables enter the equa- .
tions as a combination of four lags each, an interpretative ca-
veat is in place. The lag combination for each variable makes the
possibility of multicollinearity within each set of lags inevi-
table. Thus, céefficients, significance levels and eventually
signs can be supposed to be distorted by this multicollinearity.
Therefore, it seems to make little sense to argue about specific
regression co-efficients in Tables 1 to 3. Some patterns, how-
ever, stand out with respect to the countries and the stages of
technological advance:
- Invention activities as measured by patents granted over time
have had no discernible effect in Germany, whereas it played a

major, though different rdle in the other two countries. In the

This raises the question as to why the Maddison data have not
been applied for the NSP variables. The reason is that any
transformation by exchange rates, or purchasing power parities,
has intrinsic empirical problems which tend to reduce the qua-
lity of the data. In the case of the T variable such a trans-
formation is, however, inevitable.



United States a long-run one way impact of inventions on the
national product prevailed; in the United Kingdom a similar
long-run effect can be observed, but also a short run feedback
running in the reverse direction, implying that the better eco-
nomic performance is, the lower is invention activity.

- Innovations have been- important in all cases cdnsidered. The
evidence for Germany and the United Kingdom would suggest that
innovations - here defined as an international variable common
for all countries - have primarily enlarged the catching-up po-
tential of economically backward countries. This interpretation
is substantiated by the relatively short time lags between in-
novation and economic activity in the United States: The United
States having been the leading country for most of the period
considered should have contributed the most to international
innovations.

- By and large, the results are compatible with the four-stages
scenario discussed above: inventions have the longest lag until
the social product reacts (if at all); catching up has the most
immediate impact, and innovations are inbetween. A clear case
is the United States, where invention activity seems to have
affected economic development with a long lag (19 and 20
years); innovations had a much shorter time lag. Ambiguity in
sign exists with regard to both variables, and a short-lag re-
verse relationship running from economic‘development to innova-
tion is also shown.

23. As is obvious from Table 3 the case of the United States is

different from the two Eurdpean countries in one important

aspect: catching up has per definitionem been impossible because
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the US has been the "leading country" since the turn of the cen-
tury. Consequently, only the relationship between inventions and
economic development and between innovations and economic devel-
opment were to be tested.

One should have expected major differences between the United
Kingdom and Germany as well, for mainly two reasons. Firstly, the
UK has been declining relative to other countries in economic
terms since the end of the last century; secondly, besides slow
growth, the UK has been far less exposed to the structural and
political changes in the 20th century. Indeed, the catching-up
variable shows distinct influences on innovations and inventions
in the case of the United Kingdom, but not in the case of Germa-
ny.

24. The regressions analysed above do not give insight into
whether the variables which are incremental to the autoregressive
terms lead to a significant incremental reduction of the fore-
casting error. Table 4 reveals the incremental value of these hy-
potheses. It shows that a range of relationships can be substan-
tiated.

25. In the case of Germany the results are quite clear and in
line with the model developed above: There is a straight causal
relationship running from innovations to catching-up. and from
there to economic growth. The latter again has an impact on in-
ventive activities. Invention activities are also directly depen-
dant on the catching-up variable, which at a first glance comes
as a surprise.

The interpretation of these results may be like this:
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- The catching-up variable seems to be a proxy both for the  first.
stage of STP, namely realisation, as well as for the 1last
stage, namely "technical progress". Indeed, it appears quite
plausible that some of the inventions are built upon 1leading
countries' examples and ‘that, at the same time, these examples
directly contribute to economic development.

- The international innovation variable contributed to the reduc-
tion of the German technology gap.

When considering that of the sixteen comparisons of equations
shown in Table 4 only four are sighificént, two of them at the
10 % level only, one may also conclude that those theories which
try to explain German economic development by institutional chan-
ges and the factor-price movements resulting from these changes
are indirectly supported.
26. In the case of the United Kingdom, results are different from
the German case because (1) catching up did not play any incre-
mental réle in explaining economic development; instead, (2) in-
novations with a lag between nine and twelve-years directly af-
fected economic growth. Common with the results for Germany 1is
the impact of economic development on invention activity and also
the rdle of catching-up as a proxy for realisation. In addition,
economic development correlated, probably through the definitio-
nal ties, with the technological gap.

27. In the case of the United States, the results again differ

from those for Germany and the UK: patenting has been of major

and direct importance for the US economy, with the longest 1lag
identified at all, namely of 19 and 20 years. In addition, inno-

vations affected directly economic development like in the United
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Kingdom. The impact of economic growth on inventions is similar

to that in the other two countries.

5. CONCLUDING REMARK

28. Basically, the applied Granger test does not solve the - pro-
blem of causality regarding the interrelationship of STP and eco-
nonmic development. Instead, it reveals incremental reductions. of
forecasting errors. While the causality issue as such is presum-
ably not solvable by such econometrics, the forecasting quality
might be improved by refinements in the procedure. Such refine-
ments pertain most certainly to a more comprehensive analysis of
alternative sets of lag structures in the temporaneous relation-
ships among the variables; whether the application of other, may-
be less distorting, filters would improve the insight into the
macroeconomic relationships is a matter of fact. Our impression

is that there are limits set by the data base.
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Table 1: Granger Test Estimates on Scientific-Technical Progress and Econosic Development: Geramany

Equation Dependent Incres. Coefficient of Lagged Dep. Coefficient of First Incresental Coefficient of Second Rt F DN
Na. Variable Variable Variable Variable Variable
al al al al b1 b1 b1 bi cl cl cl ¢!

1) {a) NSP Pat, T 1 0.99 -0.19  -0.06 -0.02 - - --- - --- --- - == 0.6 313 1.9
t-stat.} (8.68) (-1.19) (-0.37) {-0.17}
lag 1 2 3 L)

{1) (b) NSP Pat, T } 0.99 -0.19 -0.07 -0.0! 0.00 0.00  0.00  -0.00 --- ==~ - === ] 0.63 17.8 L%
t-stat.} (8,400 (-1.14) (-0.41) (-0.11) | ¢0.02)  (0.28) (0.28) (~0.21)
lag 3 2 3 A [ 7 8 9

() () NSP Pat, T § 1.03 -0.2¢ -0.27 0.20 --- === === === 1 -0.13 0.17 0.38 -0.37 | 0.67 2.2 2.04
t-stat.] (6.42) (-1.00) {-1.14)  {1.22) (-0.63)  (0.58) {1.31) (-1.87
lag 1 2 3 4 { 2 3 4

1) {d NSP Pat, T ] 107 -0.29 -0.30 0.23 0.0t 0.0t -0.00 -0.01 | -0.18 0.22 0.42 -0.42 7 0.64 12,9 2,05
t-stat.| 6,050 (-1.07) (-1.100 (1,38 ¢0,29)  (0.42) (-0.03) {(-0.36)] (-0.82) (0.8} (1.28) (-1.93)
lag 1 2 3 4 [} 7 8 9 i 2 3 4

(1.1) ) NSP INN, T 0.89 -0.f7 -0.08 -0.05 | -0.02 0,01 -: 0,02 -0.02 --- - - -~- 1 0.55  1L7 2.0
t-stat. | (7.07} (-1.03) (-0.48) (-0.43) | (-0.90) (-0.31) . (0.74) (-0.78)
lag § 2 3 4 ) 3 [ 7

(1.1) (4)  NSP INN, T ) 0,78 -0.11  -0.40 0.16 | -0.03  -0.01 0.03  -0.0! 0.52  -0.19 -0.19 0.05 | 0.59 9.4 1.9%
t-stat. | (5.99) {-0.69) (-1.95) (0.91} | (-1.22} (-0.47)  (0.97) (-0.49)} (2.45) (-0.72) {-0.94) (0.34)
lag ! 2 3 4 4 5 [} 7 8 9 10 11

b2 b2 b2 b2 a2 a2 a2 a2 2 €2 2 2

(2} {a) Pat NSP, T | 0.14 -0.10 -0.22 0.03 -—- --- --- -~ - --- --- --- | 0.04 18 2,02
t-stat. { (1.24) (-0.88) (-1.96) (0.27}
lag 1 2 3 4

{2) b} Pat NSP, T | 0.21 -0.22 -0.19 0.00 -1.30 0.08 .14 0.20 == == -=- -~- 10.08 1.9 2,02
t-stat. | €0.23) (-1.86) (-1.35)  {0.00) | (-1.89) (0.07)  (0.18) (0,34
lag ! 2 3 4 3 4 5 [

(2 () Pat NSP, T | 0.06 -0.04 -0.41 0.21 - - - - -1.00 1.69 -2.80 0.90 | 0.10 2.2 207
t-stat, { (0.57) (-0.22) (-2.23) (1.24) (-0.87)  (0.92) (-1.36) (0.78)
lag { 2 3 4 2 3 4 H

(2) (4 Pat NSP, T 1-0.01 -0.13 -0.44 0.11 | -1.4 0.76 0.15  0.27 } -0.81 2712 L1 0.28 fo.11 1.9 2,05
t-stat. ¥-0.100 {-0.72)  (-2,35)  (0.83) [(-1.63) (0.8} (0,131 (0.45) [(-0.69)  (1.41) (-1.54) (0.21)
lag { 2 3 4 3 4 H b 2 3 4 H




still Table 1: Germany

Equation Dependent Incres, Coefficient of Lagged Dep. Coeféicient of First Incresental Coetficient of Second Rt F D.W
No. Variable Variable Variable Variable Variahle
b2 b2 b2 b2 a2 a2 a2 a2 c2 (4 c2 €2

(2.1) 3} lon NSP, T 10,77 -0.13 -0.08 0,02 - —ae - -— - - -~ == 0.43 A7 2,00
t-stat, {(6,39) (-0.84) (-0.59) {0.17}
lag i 2 3 4

2.0 ) I NSP, T ]0.75 -0.12 -0.07  -0.01 0,20 -0.41 0.03  -0.24 - - o=~ --- ]10.42 7.5 .2.00
t-stat, {{5.96) (-0.74)  (-0.49) (-0.03) 0.33) {-0,70)  (0.04) (-0.39
lag 1 2 3 L} 3 L} 5 [

.1 (&) Inn NSP, T [ 0.76 -0.11 -0.10 0.14 --- - --- - ~0,36 0.12  0.40 -0,53 | 0.41 7.3 2,00
t-stat, ](6.21) (-0,73) (-0.48) (0.1D) (-0,48)  {0.11) (0.39)  {-0.71)
lag 1 2 3 4 2 3 4 5

2.1 (d)  Inn NSP, T | 0.72 -0.07 -0.05  -0.07 1.14 -2.29 0.70  -0.42 | -0.58 -L.24  2.83 -0.92 | 0.43 147 2.00
t-stat, [(5.56) (-0.42) (-0.29) (-0.58) | {1.18) {-1.869) (0.62) (-0.66)| (-0.72) (-0.85) (1.54) (-0,BN)
lag { 2 3 4 3 [} S [ 2 3 4 B

(34 a3 3 [ al a3 a3 a3 b3 b3 b3 b3

(3) tal T NSP, PAT] 0.95  -0.04 0,00 ~0.22 -—- --- - - - - -—- -~ 10,74 0.4 2.05
t-stat, 118.98) (-0.10) {0.02)  (-2.02)
ag - 1 2 3 L)

(3} (b} T. NSP, PAT} 0.93  -0.0% 0.14 ~0.25 | 0.04 -0.04 0,04 9.04 -—- - .- - 1073 8.9 2.0
t-stat, §(8.35) {-0,07) (0,09 (-1.88)] (0.38) (-0.31) (0.08) (0.42) :
lag i 2 3 4 A 5 ) 7

{3) {c) T NSP, PAT] 0.93  -0.02  -0.01 ~0.21 - --- - - 0,01 0.00 0.04 0.0t {0.73 24,2 2,06
t-stat, [(7.52) (-0,09} (-0.08) (-1.8%) 0.40) (0.21) (0.80) (0.55)
lag 1 2 3 4 14 17 18 19

3 () T NSP, PAT]0.93  -0.0t 0.02 -0.21 | 0.02 -0,05 0,02 0,03 0.01 0.00 0.01 0,01 [0.7t 15,2 2.0
t-stat. }(7.20) (-0.08) {0.09) (-1.38Y( (0.17) {-0.34) (0.14) (0,32 ]{0.37) {0.19) {0.78)  {0.5h)
lag { 2 3 4 4 5 [} 7 16 17 18 19

By 7T NSP, INN] 0.93 0.13  -0.18 -0.18 - e - -—- 0.07 -0,08  -0.00 0,03 10.79 3.2 2.4
t-stat, J7.52) 10,73 (-1,09)  {-L.5%) (3.57) (~3.28) {-0.16) {131}
1ag 1 2 3 4 9 10 1" 12

(L. w7 NSP, INNT 0.92 6.10 0.47 -0.43 | -0.35 0.35  -0.09 0,01 0.07 -0,08  -0.01  0.02 ]0.80 22.7 2.9
t-stat. f(7.200 10.55) (0.83)  (-2.48) §{-2.74) (2,22) (-0.68) (0,13) | (3.85) (-3.48) ({-0.05} {1.13)
lag 1 2 3 4 3 4 3 [ 9 10 11 12

Notes: The figures in paratheses are t statistics. - D.W denotes Durbin-Watson-statistics.

Source: Own calculations.




Table 2: Granger Test Estisates on Scientific-Technical Progress and Economic Developaent: United Kingdoa

Equation Dependent Incres. Coeféicient of Lagged Dep. Coefficient of First Incresental Coefficient of Second Rt 3 D.M
No. Variable Variable Variable Variable Variable
al al al al bl bl b1 bt cl cl cl ol
) ta} NSP Pat, T ] .13 -0.22 -0.08 -0.10 --- --- .- --- - -- -=- -- 1079 80,4 199
t-stat, }(10.26) (-1.32) (-0.48) (-0.89)
1 2 3 4
1) ) NSP Pat, T ] LI13 -0.24 -0,06 -0.13 0.06 -0.06 0,02 -0.01 - --- - - {0.80 41,9 1.98
t-stat, [(10.10) (-1.46) (-0.39) (-1.16}| (2.38) (-1.88) (0.81) {-0.45)
1ag { 2 3 4 12 13 4 1§
(o NSP Pat, T | 112 -0.23  -0,09  -0.08 - -—- -—- -1 -0.33 0.69  -0.40 -0,06 §0.79  40.% 1,97
t-stat. § (9.92) (-1,35) (-0:53) (-0.69) (-0.97)  {1.50) (-0.85) (-0.{7
lag ! 2 3 4 9 10 1t 12

1 NSP Pat, 7 | 1.16  -0.29 -0.04 -0.12 -0.05  -0.06 0,02 -0.00 | -0.39 0.72 -0.40 -0.04 }0.79 28.2 1.9
t-stat. | (9.99) (-1.71) . (~0.25) (-1.04) (2,17} (-1.88) (0,87) (-0.07) | (-1.11) (1,58} (-0.85) (-0.12)

lag 1 2 3 4 12 13 14 15 9 10 i1 12

{t.1) NSP IN, T 1.07 0.01 ~0,29  -0,02 | -0.04 0.02 0.02 -0.02 --- --- - === §0.82 4.4 1,98
t-stat. | (9.08)  (0.03) (-1.89} {-0.14) ] (-3.68) (1,78} (1.76) (-1.b4}
iag 1 2 3 4 9 10 1 12

(1.1} (d) NSP INN, T 1,03 -0.04  -0,29 0.03 | -0,04 0.0t 0.03 -0.03 0.02 0.39  -0.94 0.40 [0.82 31,6 1.98
t-stat, | (8.72) (-0.25) ({-1,70) {0.24) | (-3.58)  {0.84) (2.14) (-2,52) 10.08)  (0,73) (-1.78) (1.1}
lag 1 2 3 4 9 10 11 12 9 10 11 12

b2 b2 b2 b2 al a2 a2 al 2 c2 c2 2

(2} (a) Pat NSP, T | 0.96 -0.22 0.20  -0.13 e - --- --- - --- .- --- {070 53,7 .07
t-stat. | (%.29) (-1.58) (.62} (-1.&5}
lag 1 2 3 4

(2) (b) Pat NSP, T | 6.87 -0.23 0.27  -0.07 -1.22 0.3 0.67 -0.47 === -- —-- - 10,74 30.1  1.98
t-stat. | (8.12) (-1.88) 2,17 (-0.84) | (-2.28)  (0,48)  (0.90) (-0.93}
lag 1 2 3 4 t 2 3 4

{2 (c) Pat NSP, T 1.03  -0.34 0,38 -0.26 --- -— --- === -0.75 3.80 -5.32 .46 |0.72 2.0 1.9
t-stat. | (9.34) (-2.29) 2.48) {-2.19) (-0.46)  (1.71) {-2.31)  (1.59)
lag H 2 3 4 10 1 12 13

(2) ) Pat NSP, T } 0.95 -0.33 0.40  -0.15 -1.38 0.95 0.16 -0.39 -0.88 459 -5.49 1.90 }0.73 19.7 1.98
t-stat. | (8.17) (-2,24) (2.66) (-1.22) } (-2,38) (1,47 (0.19) {-0.70) | (-0.S3) (2,03) (2,31} (1.1])
lag ! 2 3 4 1 2 3 4 10 it 12 13




still Table 2: United Kingdea

Equation  Dependent Increa, Coefficient of Lagged Dep. Coetficient of First Incresental Coefficient of Second R? F DN
Ko. Variable Variable Variable Variable Variable
1Y b2 Y] b2 al a2 a2 a2 4} 2 2 2
2.1 {a) Inn NGR, T | 0.0 0,08 -0.03 ~0.24 -— - --- - - and i - 0.41 14,4 2,08
t-stat, | (5.35) 10.43)  (-0.20) ({-2.12)
lag i 2 3 4
2.1} ) Inn 5P, T} 0.62 0,09 -0.07  -0.19 0.4 0.42 -2, 1.79 --- - --= -1 0,39 7.5 .13
t-stat. | (5.35) (0.81)  (-0.48) (-~1.54) | (0.36) {0.23) (-1.28) (1.80)
lag 1 3 3 4 7 8 9 10
2.1 () Imn NSP, T | 0.85 -0,03 -0.03  -0.24 - --- --- - 1 -b,47 - 4,89 198 -3.98 1 0.4 8.7 2.4
t-stat. | (5.68) (-0.20)  (~0.19) {-2.05) (-1.84) (1,29) 10.38) (-1.1B)
1ag 1 2 3 4 { 2 3 4
2.0 Inn NSP, T | 0,67 -0.04 -0.03  -0.18 1.08 -0.24 -1.460 1,99 | -5.97 829 2.4 4,83 | 0.40 5.4 .17
t-stat. { (5.37) (~0.23)  (-0.34) (-1.29) {(0.83) (-0.13) {-0.89) (1,36) J(-1.48) (1.12)  (0.44) 1.2
Tag 1 2 3 4 7 ] 9 10 1 2 3 4
d [ (3 3 al al al a3 b3 b3 b3 b3
3 & 1 NSP, PAT} 1.0% 0,37 0.2 -0.24 - - - - -- --- --- ==~ 10,95 BLs 2,01
t-stat, | (9.83) {2,55) (-1.771 (-2.33
lag 1 2 3 L]
(31 () 1 NSP, PATE 1,03 .32 -0.29 -0.20 | 0.0 -0.13 015 -0.07 --- - b -=- {0.96 5.5 .98
’ t-stat, [10.16) (2,200 (-2,07) (-1.B7} {{1.37) ¢-2.59} {2.87) {-1,88)
lag 1 2 3 4 3 4 5 [
3) (e} T NSP, PAT| 1.01 0.40  -0.25 -0,27 | --- - - -—- -0.00 -0,00  0.00 0,01 |0.95 219,7  2.03
t-stat., J(9.33) (2,580 (-1.83} (-2,49} (-0.32) (-0.25) (0.08) {0.82)
lag 1 2 3 $ 8 P10 it
{3} (d) T NSP, PAT| 1.05 0,33 -0.28 ~0.25 [ 0.06 -0.12 0.1 -0.09 -0.01 -0.01 0.00 0,01 0.96 161.7  2.04
t-stat, [{9.68) (2,29) (-1,B8)  (-2,1B) |{1.40) (-2,24) (2.B&) {-2.1%) | {-0.83) (-0.48) (0.30) {1,000
lag { 2 3 4 3 4 5 [ g .9 10 11
(3.1 (e} T NGP, INNY .03 0,32 -0.28 -0.22 0.00 -0.00  0.0! -0.00 10,96 215.9 2,01
t-stat, [(9.00) (1,90 (-1.53} (-1,97) (0.81) (-0.89) (L.44)  (-0,36)
lag 1 2 3 4 & 7 8 9
(3.1 (8 1 NSP, INN] L.11 0,25 0,29 -0.18 0,04 -0.15 0,14 ~0.07 0.00 -~0.01 0.01 -0.00 |0.96 153.3 1.98
t-stat. |{9.18) (1.49) (-1.81) (-1,47) [1.29} (-2.83) (2.78) (-1,40) (0.71) (-1.28)  (1.60) (-0.41)
lag 1 2 3 4 3 4 S [ [ 7 8 9

Notes: The figures in paratheses are t statistics, - D.¥ denotes Durbin-Watson-statistics.

Source: Own calculations,




Table 3: 6ranger Test Estimates on Scientific-Technical Progress and Econoaic Developaent: USA

Equation Dependent Incres. Coefficient of Lagged Dep. Coefficient of First Incresentai R £ D.W
No. Variable \Variable Variable Variable
al al al al b1 b1 b1 b1
1) (a) NSP Pat, 107 -0.19  -0.18 0.01 - - -- --- 0.71 48,3 L.77
t-stat,| (9.31) (-1.18) (-1.11)  (0.12)
lag 1 2 3 4
(1) {b) NSP Pat, .10, -0.21  -0,20 0.00 -0.00 -0.01 0,18 -0.13 | 0.72 26,1 1,81
t-stat. | 19.68) (-1.35) (-1.26)  (0.34) | (-0.65) (-0.78) (2.3} (-2.28)
lag 1 2 3 4 17 18 19 20
{1.1) {&)  NSP INN, 1.05  -0.02 0.4 0.10 -0.07 0.04 0,03 -0.02 | 0.70 23.2 -1.88
t-stat. | (8.25) (-0.12) (-2.47) (0,78} | (-2.78) ({L.11} (0.74)  (-0.93)
lag 1 2 3 4 7 8 9 10
b2 b2 b2 b2 aZ a? a2 a2
2) ta) Pat NSP, 0.8 -0.18 0.09 -0.11 - --- --- --- 0.52  23.4 2.03
t-stat. | (7.54) {-1.23) (0.58) ({-1.01}
lag 1 2 3 4
(2) b Pat NSP, 0.81  -0.14 0.09 -0.17 { -0.08  -0.28 0.53 0.01 |0.54 13.1 2,05
t-stat. | (6.98) (-0.93) (0,58}  (-1.48) [(-0.38) (-0.94) (1.68)  (0.06)
lag 1 2 3 4 10 i 12 13
12.1) {a) Imn NSP, 0.77  -0.00  -0.00 -0.21 --- - - - 0.55  25.0 2.3
t-stat, [(6.84) (-0.03) (-0.03) (-1,88)
lag 1 2 3 4
{2.1) (b} Inn NSP, 0.717 0.01  -0.04 -0.20 0.34  -0.25 -t.12 1,17 ]0.56 13,5 2.05
t-stat. {(6.92) {0,100 {-0.26) {-1.71) } 10.62) (-0.34) (-1.58) (2.23)
lag 1 2 3 4 3 [ 7

Notes: The figures in paratheses are t statistics, - D.N denotes Durbin-Watson-statistics.

Source: Qwn calculations,




Table 4: A Granger-Causality Test:

Devel opment

Scientific—-Technical Frogress and Economic

No. Comparison between equations F-statistics® 'F\'esultsb Lag
GERMANY,

1 1aand 1b S 0.07 Fat =P NSP -—-

2 1 aand ! c 1.66 T =P neF -
3 1band 1 d 1.71%% (PAT) T =) NSP 4

4 ! c and 1 d 0.14 (T) FAT =) NSF -
5 1.1 a and 1.1 b 0.52 T = I —
& 2 aand 2 b 2.01%% NSF =} FaT !

7 2 aand 2 c 2.58% T =5 patT 4

8 2.1 a and 2.1 b 0.59 NSP == INN —
9 2.1 a and 2.1 c 0.21 T —H INN - —
Lo 2band 2 d 1.67%% (NSF) T o= FAT 3

11 and 2 d 1.07 (T) NSP =) FaT —
12 3 aand 3 b 0.14 NSF s T -—
13 T aand I c 0.28 FAT =P T -—
14 3.1 a and 3.1 c 4,59% INN =) T 110
15 T b and 3 d 0.26 (NSPY FAT=R> T _—
16 3T e and 3 d 0,09 (FAT) NSP =P T —

UNITED HINGDOM

1 1aand1b 1.49 FaT =k nNoF —
2 1 aand I c 1.12 T =) NsP —_—
= 1band t d 0.98 (FAT) T =) NSP —
4 1cand i d 1.33 (T PAT =D nse —
5 1.1 a and 1.1 b 4,05k INN == NSP  9;10;11313
& 2Zaand 20b 2. 04%X NSF == FAT 1

7 2 aand 2 c 1.79%x% T === pAT 11312
8 2.1 a and 2.1 b 0. 64 NSF =) N —
9 2.1 a and 2.1 c 1.43 T =P I -
10 2band 2d 1.86X%% (NSF) T =P PAT 11312
11 2cand2d 1.55 (T) NSF = PAT -
12 I aand I b 2,67k NSP  =» T 4:5:6
13 = and 3 ¢ 0,29 FAT sﬁ’ T —
14 3.1 a and 3.1 ¢ 0.79 INN = T —
15 T b and 3 d 0.71 (NSF) PAT e T -
16 T cand T d 2.94% (FPAT) NSP =D T  4:5;6




still Table 4: A Granger—Causality Test: Scientific-Technical Frogress and Economic
Development

No. Comparison between equations F-statistics® Resultsb Lag
usa

1 i1 aand 1 b : 1.81%% PAT ==% NSF 19320

2 1.1 a and 1.1 b 2.01%% INN  ==p nNgF 7

3 Zaand 2 b 1.81%% NSP == FAT 12

a 2.1 a and 2.1 b 1.38 N o B —

la b

% denotes significant at S % level: XX denotes significant at the 10 % level. -
denotes Granger causality and direction; denotes no Granger causality. (PAT) T
denotes technological gap with given patenting; (T) FAT denotes patenting with given
technological gap. In the same vein: ((NSP) T3 (T) NSP; (NSF) PAT:; (FAT) NSF.

Source: Own calculations.



