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Previous research may have failed to find a general relationship between war and
techno-scientific activity due to the failure (a) to treat the various types of war
separately and (b) to use yearly rather than generational time series. Hence, the
present study examined 404 consecutive years in European civilization from 1500 to
1903. Measures of four distinct kinds of war were defined and a log-transformed
measure of techno-scientific activity was derived from a factor analysis of six histories
and chronologies. The techno-science measure was regressed on the war measures plus a
set of control variables. Techno-scientific activity was found to be a negative function
of balance-of-power and defensive wars fought within Europe. In contrast, imperial and
civil wars exerted no influence.

Introduction

It has often been asked whether warfare has any impact on creativity, including
innovation in science and technology.! Although war has been shown to influence
the appearance of certain ideologies? and the direction of women’s fashions,® all
quantitative inquires have failed to detect any consistent relationship between war
and creativity.* The only exception is the demonstrated tendency for the number
of war casualties to have a negative impact on contemporaneous medical discov-
eries and inventions.® Still, earlier research demonstrating this general null result
has had two major methodological defficiencies. In the first place, all previous re-
search treated war as a single unified phenomenon even though it can be quite
reasonably argued that there are several distinct types of war, each exhibiting its
own unique influence on scientific and technological activity. For example, inter-
necine wars fought at the core of civilization may have a negative effect whereas
imperialistic wars fought at the periphery could have a positive effect. Secondly,
earlier studies employed rather large timewise units of analysis, usually -around 20
or 25 years long. Such large aggregates may inadvertently bury more subtle effects
which may operate on a year by year basis. For instance, Price has used yearly
data to observe clear dips in the general exponential growth curve due to such
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large conflicts as the last two World Wars.® But these same conspicuous troughs
in 19141919 and 1939—1945 become greatly obscured if we aggregate the years
into the two 25-year periods of 1900—24 and 1925—-49. Hence, the current re-
search note seeks to measure the impact of different types of warfare on yearly
fluctuations in science and technology.

Methodology

Six histories of science and technology were used to operationalize six distinct
measures of scientific and technological activity from 1500 to 1903 A.D.” The
tabulations of scientific and technological activity were then defined for each meas-
ure as the number of events cited for each year. Since such activity has exhibited
an exponential growth,® each of the six raw tabulations was subjected to a loga-
rithmic transformation. This transformation has the two-fold effect of (a) giving
the measures a normal rather than a skewed distribution and (b) making the sec-
ular trend for the measures linear rather than exponential. A principal components
factor analysis was then performed on the log-transformed data to check data re-
liability. Only one factor had an eigenvalue greater than unity, and this single fac-
tor accounted for 76% of the total variance in the six measures. Since the factor
loadings were uniformly high (0.74 to 0.96), a linear composite was generated by
simply summing all seven log-transformed measures. Let this linear composite be
called techno-scientific activity.®

Wright presents in Tables 31 to 41 of his classic A Study of War a chronolo-
gical listing of all the wars of modern Western civilization.!® These tables provide
the duration of each war along with the number of states participating. Moreover,
four major types of war are distinguished: (a) balance-of-power wars “among state
members of the modern family of nations”, (b) civil wars “within a state member
of the modern family of nations”, (c) defensive wars “to defend modern civiliza-
tion against an alien culture” (e.g., the Ottoman wars), and (d) imperial wars “to
expand modern civilization at the expense of an ‘alien culture” (e.g., Chinese,
Islamic, etc.).'’ Except for imperial wars, each of these war types are further
distinguished into those fought mainly inside Europe and those fought mainly out-
side Europe. Since Western techno-scientific activity prior to the twentieth century
was entirely dominated by European scientists, only those balance-of-power, civil,
and defensive wars fought within Europe were analyzed along with imperialistic
wars involving European powers. Indicators of each of these four types of war
were operationalized as the number of states participating in each war for each
year of the time series.

Two sets of control variables were defined to refine the methodological proce-
dure. First, date had to be introduced in order to further control for the expo-
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nential growth curve mentioned earlier. This variable is simply defined as the date
of each yearly time unit. The introduction of this control variable means that we
are concentrating on whether the occurrence of war affects deviations from the
secular trend of exponential growth. This control has the added virtue of remov-
ing some potential artifacts due to any transhistorical biases. Second, it was quite
apparent upon inspecting the sources that historians of science displayed a marked
“response set.” That is, in providing dates for many scientific and technological
events, certain kinds of dates tended to be favored over others. In particular, years
ending 5, 0, 50, and 00 seem to receive a disproportionate number of citations.
Consequently, four dummy variables were defined to control for these dating proc-
livities.! 2 Let us call these dummy variables the five year, ten-year, half-century,
and century dating bias intercepts.

Results and discussion

Table 1 shows the results of regressing techno-scientific activity on the four war
indicators and the five control variables.'® Both standardized (8) and unstandar-
dized (b) regression coefficients are presented along with the standard error of &
and the corresponding F-rations for significance tests. In broad terms, the regres-
sion equation accounts for 61% of the yearly fluctuations in inventions and dis-
coveries over the 404-year period. But also note the following three specific points:

Table 1
Time-series regression analysis:
Determinants of techno-scientific activity at yearly intervals

Variable 8 b SE F

Wars

Balance of Power | -0.12 § -0.078 | 0.020 15.31%*

Civil 0.06 0.140 | 0.078 3.23

Defensive -0.15 | -0.388 | 0.088 19.55%*

Imperial 0.03 0.067 | 0.069 0.95
Date 0.61 0.024 | 0.001 295.29%*
Dating bias intercepts

Century 0.00 | -0.089 | 0.749 0.01

Half-century 0.14 3.768 | 0.818 21.19%*

Ten-year 0.28 2.64 0.291 82.22**

Five-year 0.08 0.627 | 0.260 5.78*

Intercept (other) -16.000

Note: For the equation, R? = 0.61, F(9,394) = 68.12, p<0.01.
*p<0.05.
**p<0.01.
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(1) Date has a conspicuously large positive relationship with scientific activity,
thus supporting the earlier remark that science and technology have grown expo-
nentially. Indeed, about 67% of the explained variance (or about 41% of the total
variance) can be attributed to this general secular trend.

(2) Three dating bias intercepts are also highly significant and positive: The
years ending in 5, 0, and 50 are credited with more techno-scientific events than
years ending in 1, 2, 3, 4, 6, 7, 8 and 9. One the other hand, since the century
bias is nonsignificant, bias towards the beginning of each century seems to be ade-
quately explained by the ten-year dummy. Altogether, about 25% of the explained
variance (or 15% of the total variance) in yearly techno-scientific fluctuations can
be ascribed to pure dating proclivities on the part of historians. This finding sug-
gests that extreme care must be exercised when interpreting the graphs of time-
wise fluctuations, for these dating biases can easily be mistaken for cyclical regul-
arities.

(3) Only about 8% of the explained variance (or about 5% of the total variance)
can be relegated to the war measures. And only two of the four types of warfare
affect yearly fluctuations in the number of inventions and discoveries. On the one
hand, balance-of-power and defensive wars have distinct negative effects. Thus,
whenever Europe was engaged in internecine struggles or had ‘to resist the onslaught
of some alien culture, techno-scientific activity tended ‘to decline. On the other
hand, neither European civil wars nor imperialistic enterprises against alien civiliza-
tions prove relevant to predicting techno-scientific advance. The conclusion follows
that only certain types of war affect the timewise course of science and technology.

Since we were forced by the nature of the data to end the time-series at 1903,
the next question obviously becomes whether the same findings hold for twentieth
century science. Judging from some of the tables published by Price,'* my guess
is that the results would hold for recent times as well. Although there have been
no defensive wars fought this century, there have been two major balance-of-power
wars fought within Europe. And as mentioned earlier, these two wars, World Wars
I and II, did seem to have greatly depressed techno-scientific output.
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