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AN APPLICATION OF PSYCHOPHYSICAL SCALING 
TECHNIQUES TO THE MEASUREMENT 

OF NATIONAL POWER 

ALLEN M. SHINN, JR. 

The University of T'exas at Austin 

INTRODUCTION 

In recent years, psychophysicists have expended a great deal of 
I effort in attempts to develop accurate and practical scales of 
subjective magnitude, i.e., scales that measure perceptions of the 
magnitudes of "real" variables. These efforts have met with con- 
siderable success, at least in the rather limited area in which this 
work has been done, and it has been more or less conclusively 
shown that it is possible to measure with considerable accuracy the 
subjective, or perceived, magnitudes of such variables as loudness 
of sound, brightness of light, and heaviness of weight.' 

That this is so may not seem of direct relevance to the study of 
international politics,2 but there are indications that the techniques 
and methodology developed in psychophysics may have direct ap- 
plication to the measurement of social norms, opinions, and atti- 
tudes. Thus we have several studies of social status by Hamblin,3 a 
scale of the seriousness of various acts of juvenile delinquency 
developed by Sellin and Wolfgang,4 a study that scales the import- 
ance of Swedish monarchs by Ekman and Kunnapas,5 and others. 

'S. S. Stevens, "On The Psychophysical Law," Psychological Review, 64 
(January 1957), 153-181. 

2For an early study that constitutes a notable exception to the generali- 
zation implicit in this comment, however, see Frank L. Klingberg, "Studies in 
Measurement of the Relations Among Sovereign States," Psychometrika, 6 
(December 1941), 335-352, reprinted in International Politics and Foreign 
Policy, ed. by J. N. Rosenau (New York: The Free Press of Glencoe, Inc., 
1961), 483-491. 

3Robert L. HIamblin, Ratio Measuernent and Sociological Theory, Wash- 
ington University Department of Sociology, St. Louis, n. d. (Mimeographed.) 

4Thorsten Sellin and Marvin E. Wolfgang, The Measurement of Delin- 
quency (New York: John Wiley and Sons, Inc., 1964). 

5G. Ekman and T. Kunnapas, "A Further Study of Direct and Indirect 
Scaling Methods," Scandinavian Journal of Psychology, 4 (April 1963), 77- 
80. 

[932] 
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The evidence seems to indicate that these techniques may be 
applicable to the measurement of social values in general, not ex- 
cluding those that are the concern of students of international 
politics. It will be the purpose of this paper to investigate, and, if 
possible, to demonstrate, this applicability in at least one situation. 
We shall first discuss briefly recent developments in psycho- 
physics that have produced these techniques and then describe an 
example of their application-an experiment in which we seek to 
measure perceptions of national power, defined in terms of several 
"real-world" independent variables. Finally, we shall suggest some 
additional research areas in which a similar approach may be 
appropriate. 

A major limitation of the study should be noted at the outset. 
We seek to make a methodological, rather than a substantive, 
point, and thus we have made simplifying assumptions that may 
often seem arbitrary and unrealistic. These will become apparent 
later on as the research is described and discussed, but we ask the 
reader to bear in mind that it is the methodology, not the sub- 
stantive findings, that is our real concern. 

RECENT PROGRESS IN PSYCHOPHYSICS 

Progress in psychophysics has stemmed in large part from a 
commercial need in the 1930s for a scale that would accurately 
describe subjective loudness. The need arose because the existing 
decibel scale, a "real" scale based on sound pressure levels, did not 
seem to provide a good scale of subjective loudness.6 In investigat- 
ing perceptions of loudness, Stevens and his group presented ex- 
perimental subjects with a number of different stimulus sound 
levels, assigned one of the stimuli an arbitrary magnitude to serve 
as a reference, and asked the subjects to estimate the magnitude 
of the other stimuli in terms of this reference. The results of re- 
peating this process with perhaps ten to twenty subjects were 
averaged and then plotted against the decibel values of the stim- 
uli, producing a smooth curve of the form: 

6s. S. Stevens, "A Metric for the Social Consensus," Science, 151 (Feb- 
ruary 4, 1966), 530. 
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R = kSn, where 
R=response value, in arbitrary units 
S stimulus value in decibels 
n=an empirical but non-arbitrary exponent 
k=an empirical constant dependent on units 

The exponent, n, in this case was 0.6, which means that apparent 
loudness is a decelerating function of sound pressure level (deci- 
bels). The plot would look like this :7 

This technique, known as magnitude estimation, has been applied 
repeatedly, and experimental evidence is now available to show 
that for at least two dozen similar continua the same relation in 
which the response is a simple power function of the stimulus, 
can be expected to hold. This in turn suggests the validity of a 
general psychophysical law that equal stimulus ratios produce 
equal perceptual ratios. This is, of course, a necessary result of the 
power-function relations. 

It appears also that responses to stimuli of this sort are non- 
voluntary, i.e., they are beyond the conscious will of the subject. 
This seems almost an obvious conclusion where the continua are 
those of psychophysics. for which the response appears to be 
largely physiological. Hence we are not surprised to find only a 
little variation between individuals with "normal" physical recep- 
tors.8 But it may also be that responses to social stimuli are non- 
voluntary in the short run-that an individual is in a sense a pris- 

Apparent 
Loudness 

Sound Pressure Level (db) 

7J. C. Stevens, J. D. Mack, and S. S. Stevens, "Growth of Sensation on 
Seven Continua as Measured by Force of fHandgrip," Journal of Experimental 
Psychology, 59 (January 1960), 60-67. 

8William McGill, "The Shape of the Loudness Function: A Puzzle," in 
Psychological Scaling, ed. by H. Gulliksen and S. Messick (New York: John 
Wiley and Sons, Inc., 1960), 67-81. 
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oner of his conditioned values. Given a well-conditioned set of 
values, his responses are likely to be predetermined; a southern 
lower-class white responds in a certain way to the stimulus "black 
skin," and although he may in the long run change his values and 
thus condition a new response, in the short run his response may 
depend on the stimulus alone, and not on his free will.9 If this is 
true, then it should be possible to discover power-function relations 
between stimulus continua describing social values and their per- 
ceptions. In fact, this has been done in several studies. Hamblin, 
in the studies noted previously, related income and education to 
social status,10 and in a later study achieved a successful test of 
the interference - aggression hypothesis,"' finding simple power- 
function relations in both cases. Sellin and Wolfgang also found 
such a relation between the seriousness of a crime and the amount 
of money stolen.12 

The general technique of magnitude estimation has a number 
of variations. These are known by such terms as magnitude pro- 
duction or ratio estimation or production, but all are relatively 
minor variations of the basic approach: the subject is asked to 
compare two stimuli, one of which serves as a reference, and give 
an estimate of the relative magnitudes of the two, either in terms 
of absolute levels of magnitude or in terms of a ratio between 
them. It makes no difference conceptually whether the subject 
responds by giving a number, or by squeezing a handgrip, or by 
drawing a line whose length is proportional to perceived magni- 
tude, or by some other means. All of these techniques may be 
useful in different experimental contexts, but they all seek to pro- 
duce the same thing, i.e., a ratio-level scale of the subjective, or 
perceived, magnitude of some aspect of a group of stimuli. From 
the means by which they are derived, these scales are known as 
magnitude scales. 

This technique should be applicable to any situation in which 
the variable of concern can be conceptualized as a perception of a 
real-world situation, but it may be useful to draw a distinction 

9Hamblin, Ratio Mfeasurement. 
1olbid., 18-42. 
l"Robert L. Hamblin, et al., "The Interference Aggression Hypothesis," 

Sociometry, 26 (June 1963), 190-216. 
l2Sellin and Wolfgang, Delinquency. 
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between three classes of such variables, on the basis of variations 
in the approach to their measurement. 

The first of these we may term cultural norms, i.e., values so 
widely held within a cultural group or subgroup that we can fairly 
assume that any normal adult member of the group would con- 
stitute a competent observer. The phenomenon of social status 
is such a norm, and in studying its relation to income and occupa- 
tion, for example, we would seek simply to get a representative 
sample of the group concerned and would consider each subject, 
provided he was of sufficient intelligence to understand the ques- 
tions, to be a competent observer of the phenomenon. The result, 
then, would simply be the average of the responses of all subjects. 

A second class of variables is those for which an observer must 
have some technical expertise in order to be competent and ac- 
ceptable for study. The variable "national power" is probably per- 
ceived by most people to vary in some way with size and level 
of development and perhaps with many other variables, but in 
order to make a worthwhile statement about these relations one 
must have studied them to some degree. An investigator would 
be uninterested, probably, in how members of the general public 
perceive such relations, because the perceptions may well be both 
inaccurate and little related to other variables, such as policy mak- 
ing. A scholar might be very interested, however, in knowing just 
how members of the Department of State perceive such relations. 
In this case the problem is simply to draw one's sample from the 
group that can be considered to have the necessary expertise. 
We might call variables of the first two classes "consensus" variables, 
to emphasize that it is the group response that we seek.13 

The third class of variables is those that take on unique values 
for each individual studied, and where it is that value, rather than 
the group consensus, that is the focus of concern. This class in- 
cludes, of course, all of what we usually class as attitude or opinion. 
This class causes some serious problems because, unlike variables 
of the first two classes, no averaging across individuals is permissi- 
ble. For the purpose of this paper, however, it is sufficient to note 
these problems without discussing them, for we shall not deal here 
with variables of this class. 

13The term is borrowed from Stevens, "Social Consensus." 
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Psychophysicists have generally been concerned with variables 
analogous to those of the first class, for which they hoped to dis- 
cover stimulus-response relations that could be considered to hold, 
within certain limits of error, for all "normal" human beings. Their 
samples have therefore been nonrandom, usually college students, 
and the results have been averages taken across all subjects in a 
sample. This averaging procedure seems to be justified, for we 
would not expect, on the basis of common sense at least, to get 
different scales of loudness for different cultural groups; certainly 
we wouldn't expect, and generally don't get, widely varying re- 
sults between individuals within a cultural group. 

The assumption here is that any variation between individuals 
is simply measurement error, and thus can be safely ignored and, 
hopefully, averaged out. Although the measurement error in deal- 
ing with social-value continua (i.e., the third class above) is likely 
to be much larger, and the variation between individuals corre- 
spondingly greater, the same assumption can reasonably be made 
when dealing with variables of the first two classes. 

In summary, then, we have techniques that have been found 
useful in psychophysics for relating perceptions to stimuli. On the 
assumption that perceptions are necessarily important determinants 
of human action, it seems reasonable to attempt to measure per- 
ceptions of stimuli that may have some relevance to international 
politics. These techniques, known generally as magnitude estima- 
tion, are essentially no more than systematic approaches to the 
time-honored technique of asking questions and arranging the ans- 
wers. They draw their value primarily from the attention that is 
paid to asking the question in such a way as to permit valid infer- 
ences to be drawn from the answers. 

Let us now see whether this scaling technique can be effec- 
tively applied to a practical problem in international politics, that 
of measuring the "power" of nations. 

PERCEPTIONS OF NATIONAL POWER 

In order to test this measurement approach, we conducted a 
simple experiment in which the perceptions of national power held 
by students in two international politics courses were related to 
stimuli descriptive of the size of nations, of the level of their 
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economic development, and of the extent to which national re- 
sources were devoted to military purposes (militarization). 

It should be noted at the outset that we will avoid any discus- 
sion about what power "really" is. These discussions have their 
place, but it is not here, for we necessarily define the term arbitrar- 
ily when we design the experiment. Power for us is whatever the 
common sense meaning of the word becomes when it is connected 
to the three concepts of size, development, and militarization. 
Other variables are excluded from consideration; power thus can- 
not be a relation, nor can it be ascribed to quality of government, or 
geography, or national morale, or anything else except our three 
independent variables. This is, of course, opting for a concept of 
power as a "quantity" rather than a "relation," and puts us some- 
what at odds with many recent theorists on the subject.14 But this 
position appears inescapable, for the alternative makes the term 
virtually synonymous with "outcome" and thus renders it useless to 
explain outcomes. As Blalock has noted, had physicists adopted 
a definition of power in terms of a relation peculiar to a particular 
situation, the term would have lost all value as a scientific concept, 
for generalizations would have become impossible.15 

This definition is quite arbitrary and is concededly open to 
criticism, but it is important to note that the experiment takes this 
definition for granted, and thus a criticism of the definition is not a 
cogent criticism of the experiment's internal validity. 

The term "experiment," little used in political science, is used 
intentionally to indicate the nature of the investigation. The es- 
sence of experimentation is control; the experimenter ideally holds 
constant all variables except those under study and observes the 
effect of his manipulation of the independent on the dependent 

14See, e.g., Robert A. Dahl, Who Governs? (New Haven: Yale University 
Press, 1961); , "The Concept of Power," Behavioral Science, 2 (July 
1957) 201-215; Peter Bachrach and Morton S. Baratz, "Decisions and Non- 
Decisions: An Analytical Framework," American Political Science Review, 
57 (September 1963) 632-642; , "Two Faces of Power," American Po- 
litical Science Review, 56 (December 1962) 947-952; and Steven J. Brams, 
"Measuring the Concentration of Power in Political Systems," American Politi- 
cal Science Review, 62 (June 1968) 461-475. 

15Hubert M. Blalock, Jr., "The Measurement Problem: A Gap Between 
the Languages of Theory and Research," ch. 1 in Methodology in Social 
Research, ed. by H. M. Blalock and Ann B. Blalock (New York: McGraw 
Hill, 1968), 5-27. The relevant discussion is on pages 17-18. 
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variables. He then seeks to describe the relations, and if his 
description is accurate, i.e., if his theory is correct, his observed 
data will fit his predictions exactly. There is therefore an objec- 
tive criterion for judging his success-the degree of fit between his 
data and his theory. This degree of fit may be expressed as a 
correlation, and the goal thus becomes a correlation of 1.0, indicat- 
ing perfect fit. Anything less than 1.0 indicates a less than perfect 
experiment, the failure being due, logically, to three possible fac- 
tors. The first of these is correctness of the model; predictions 
drawn from a model that is incorrect cannot be expected to fit 
observed data, although different models may give only slightly 
differing predictions, and it may therefore be difficult to discover 
a subtle error here. 

The second factor is accuracy of measurement; any inaccuracy 
in measuring either independent or dependent variables will re- 
duce the degree of fit between predictions and observations. Since 
we must always expect some measurement error, we can never 
expect, except by chance, a perfect fit between data and predic- 
tions. If measurement is poor it may be impossible to distinguish 
even between models yielding considerably different predictions. 

The third factor has to do with the quality of the experimental 
design: have all the relevant variables been included in the model 
or successfully controlled? A variable that is neither controlled 
nor included in the model will cause unpredictable variation in the 
dependent variables and will thus decrease the degree of fit between 
prediction and observation. 

The design of this experiment was simple and was intended 
to satisfy these three points. The variable considered was a "con- 
sensus" variable of the sort requiring technical expertise on the part 
of the subjects. The subjects chosen were students, both advanced 
undergraduate and graduate, in two courses in international poli- 
tics at the University of North Carolina. We assume that these 
students possess the necessary expertise, but we don't worry greatly 
over the validity of this assumption, since it affects only the external 
validity of the experiment, i.e., the ability to generalize its results 
to other situations, rather than its internal validity. A total of 27 
students was used, and acceptable data were received from 25. The 
remaining two gave data so inconsistent that they were deemed to 
be worthless and were eliminated from the analysis. 
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These subjects were given a self-administered questionnaire 
(copies of which are available from the author), which established 
a reference point by arbitrarily assigning 100 units of power to a 
nation of 20 million population (the indicator of size), $700 Gross 
National Product per capita (the indicator of development), and 
which devoted 4% of its GNP to military purposes (the indicator 
of militarization). The subjects were then asked to estimate the 
power levels of a number of hypothetical countries, each of which 
was like the reference country in two of the three independent 
variables, but different on the third. This procedure amounted to 
controlling two of the three independent variables while manip- 
ulating the third, so that the effect of each of the independent 
variables could be observed in turn.16 

Note also that this design succeeds in controlling other vari- 
ables as well, as it must if it is to merit the term "experiment." 
It does this mainly by definition; "power" is simply that which 
comes from size, development, and militarization, and nothing else. 
If we had asked subjects to estimate the power levels of real 
countries, however, and then correlated the results with their per- 
ceptions of size, etc., we would not expect to find that these three 
variables perfectly determined the result, since clearly a subject 
could consider other factors as well. 

Measurement is the second problem we must solve in order to 
achieve success, and we did this by averaging across all 25 re- 
spondents, on the assumption that differences among them are due 
to random fluctuations that we call measurement error, rather 
than to substantive differences that we should deal with explicitly. 
This assumption ignores the relative expertise of the various sub- 
jects, but this will cause us no problems as long as the errors of 
those with less expertise are essentially random. As we noted, the 
data provided by two observers were ignored on the grounds that 
they were so inconsistent as to indicate very low levels of exper- 
tise, or no understanding of the problem, or simple unwillingness 
to cooperate. Even these data would have had little effect on a 
sample of sufficient size, but with one as small as the sample used 
in this study it was considered preferable to eliminate them. 

16This design is a slightly modified version of the design Hamblin used in 
his study of social status, Ratio Measurement, 21. 
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The third problem is to base predictions on a model that is in 
fact correct, and of course we can never be sure that the model is 
perfect. One might simply postulate a linear model of the form 
P = a + bI, where P =power, I = the independent variable, and a 
and b are the regression constants. This is the most common model 
in the social sciences, because of its simplicity and because the 
data are infrequently accurate enough to distinguish between this 
and non-linear models. 

The evidence from psychophysics, however, is that perceptions 
are almost invariably described by simple power functions of the 
form R =kSn, as noted above. We shall therefore test both models 
to discover which fits the data better. 

As a first step in the analysis each of the independent variables 
is plotted versus the dependent variable on ordinary ratio graph 
paper. These plots (Figures 1-3) show a similarity of form, sug- 
gesting that power increases with each of the three independent 
variables, but that the increment of power resulting from each 
increment of the dependent variable decreases as the values of the 
independent variables increase. Thus the relations do not appear 
to be linear (although in the case of GNP/capita versus power the 
relation is very close to linear), and we can say that power is a 
decelerated function of each of the independent variables. This 
is in accord with common sense, of course, as well as with the notion 
of diminishing marginal returns. 

To see whether the data fit the power function model better, 
we also plot the independent and dependent variables on log-log 
graph paper, as in Figures 4-6. We should expect to get essentially 
straight lines if the power function model is correct, because we are 
essentially plotting the logarithms of the variables on ratio paper, 
and we know that if 

R=kSn, then 
log R=log k+n log S, 

which is an equation of the familiar linear form. 
We do find that the resulting curves are very close to straight 

lines, although apparently not perfectly straight, either because of 
measurement error or because the hypothesized power-function 
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Figure I Figure IA 
Population Versus Power Due To Size 
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model is not quite correct. We can't be sure of the real reason, 
but there is one possibility we can check out. The log-log plot 
assumes ratio measurement, and a close inspection of the ratio 
plots in the vicinity of the origin (Figures la, 2a, and 3) demon- 
strates that the curves do not quite pass through the origins. In 
the case of population, the correction necessary to make the curve 
pass through the origin is ( + ) 0.3 million, and this threshold cor- 
rection should be added to the population values on the log-log 
curve. This is a very small correction and may well be an artifact 
of the limits of the technique. We would really prefer to ignore 
it, because it appears to be in the wrong direction, but we decided 
to include it for the sake of consistency in the treatment of the data. 

In the case of the GNP versus power curve the apparent thres- 
hold correction is (-)$10/year, a correction that serves to straighten 
the curve somewhat. The same is true for % militarization versus 
power, where the correction is (-).35%; that is a sizeable correc- 
tion and one that serves to straighten the curve rather well. 

The degree of fit of the data and the regression slopes of the 
curves presented in Figures 1-6 are summarized in Table 1. It 
is immediately apparent that all of the correlation coefficients are 
very high, which is gratifying, but the small differences that exist 
indicate that the findings are not as clear as we might like. In 
the case of population, it seems certain that the power-function 
model is the better predictor, as shown by the difference in r's: 
.964 versus .998. The coefficient of determination, r2 is a more 
sensitive indicator and shows this difference even more clearly. 
Similarly, for militarization we would prefer the power-function 
model, although the difference is not as clear. For development, 
however, the linear model seems slightly better, and we might be 
led to choose it were it not for our desire to be consistent and the 
extept to which the power-function model has been proved by 
other research. The differences are, in any case, very slight. We 
prefer, then, to regard national power as a simple power function 
of development, albeit one that is very close to linear. (As indi- 
cated by the exponent of .99. An exponent of 1.0 would be that 
special case of a power function that is linear.) Note also that 
Table 1 shows slightly better results when the threshold correc- 
tions are applied in two of the three cases, a result we would ex- 
pect from our discussion of the plots. 
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Although we can't at this point explain the slight curvature re- 
maining in the plots, we should not be disappointed by the results 
so far. If the object of an experiment is to explain the observed 
variation in the dependent variable, we have succeeded rather 
well, for in no case does our power-function model with threshold 
correction explain less than 99% of the observed variation, as in- 
dicated by the values of r2. This does not by any means guarantee 
that our model is correct, but it is a far cry from the usual situation 
in social-science research.' 

We thus have what seem to be acceptable expressions for the 
relations between perceptions of power and each of the three inde- 
pendent variables, with both of the other variables controlled in 
each case. We would like, however, to be able to combine these 
results so as to arrive at a single summary expression for power, and 
we do this with data gathered in the second part of the question- 
naire. In the first part we asked the subjects to estimate power in 
cases in which only one independent variable was allowed to vary. 
In the second part we allowed all three to vary and asked for a 

TABLE 1 

SUMMARY OF SIMPLE POWER RELATIONS 

Linear Models 

PS=82.6+1.69 (POP) r.964 r2=.928 
Pd=7.04+.13 (GNP) r.998 r2=.996 
Pm=36.63+15.58 (MIL) r-.991 r2=.982 

Power Function Models (No Threshold Corrections) 

P8 =8.3 (POP) .79 .998 r2=.996 
Pd=.12 (GNP)1.02 r.994 r2=.988 
Pm=300 (MIL).83 r.994 r2=-988 

Power Function Models (With Threshold Corrections) 

Ps =6.9 (POP+O.3).83 .995 r2=.990 
Pd=.15 (GNP-10.0)-99 r.995 r2=.990 
Pm=40 (MIL-.35).72 I.998 r2=_996 

'TBy comparison, Miller found the average explained variation in a group 
of studies published in the American Sociological Review over a three-month 
period to be just over 10%. L. K. Miller, Determination vs. Risk, Washington 
University Social Science Institute, St. Louis, n.d. (Mimeographed.) Cited 
in Hamblin, Ratio Measurement. 
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summary rating based on all three considered together. The results 
should give us an indication of the relative importance of the three 
factors, i.e., whether or not one of the factors tended to dominate or 
overwhelm the others, and, if so, to what extent. Conceptually the 
dependent variable is total power (Pt), and the independent vari- 
ables are power due to size (Ps ), development (Pd), and militariza- 
tion (Pm). We might diagram the model as follows: 

FIGURE 7 
Size - (PS) 

Development - (Pd) - (Pt) 

Militarization -. (Pm) 

In the first half of the experiment we concentrated on the left hand 
side of the diagram; now we shall concentrate on the right side. 

We may again hypothesize two possible models (among any 
number of possibilities) as being plausible. The first would be a 
simple linear and additive model of the form: 

Pt = a + b,P8 + b2Pd+b3Pm. 

We could then use multiple regression to estimate the values of a, 
bi, b2, and b3. We might also, however, hypothesize a generaliza- 
tion of the power-function model, which would be of the form: 

Pt= k (P)nl (Pd )n2(PM)n3 

and would assume a multiplicative relationship in which each inde- 
pendent variable was related to the dependent variable in a non- 
linear manner.18 Because of the widespread applicability of the 
power-function model in most of psychophysics, this seems at least 
a good hunch. We can again use a logarithmic transformation to 
make it possible to handle this equation by ordinary! least-squares 
regression analysis. The actual equation tested, then is: 

log Pt = log k + ni log P? + n2 log Pd+n3 log Pm, 

where the estimated values are log k, ni, n2, and n3. 
Since we have moved beyond a two-variable situation, we can 

no longer display our results on graph paper, and so we must de- 
18This is another suggestion for which I am indebted to Robert Hamblin. 

Ratio Measurement, 29-30. 
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pend entirely on multiple-regression analysis. The results of this 
analysis are presented in Table 2. 

We see immediately from comparison of R2's, that the multipli- 
cative model is much better than the additive model, so the latter 
can be rejected as inappropriate. The multiplicative model indi- 
cates quite clearly the relative importance of the three factors, with 
development, as we might have intuitively suspected, the most 
potent factor. 

This equation describes only the right-hand half of the diagram 
shown in Figure 7, and we would prefer an expression that de- 
scribes the entire process by which the factors of size, development, 
and militarization apparently combine to produce perceptions of 
power. We can do this by substituting for P8, Pd, and Pm the ex- 
pressions given in Table 1 for these quantities (with threshold 
corrections applied), and if we do this we have the following 
expression: 

Pt=.37 (pop) 41 (GNP) 62 (MIL) 28, 

where each of the independent variables is corrected for threshold. 
The accuracy of this expression can be estimated by taking the 
product of the r2's of the expressions for the independent variables, 
and the overall R2, which yields a figure of .961, or 96.1 percent 
accuracy. 

It would appear, then, that this technique is appropriate, at 
least for the continuum under study. By taking data from a group 
of twenty-five subjects and averaging the results, we were able to 
derive a single expression that expresses how these subjects per- 
ceive power as a function of national size, development, and mili- 

TABLE 2 

SUMMARY OF COMPLEX POWER RELATIONSHIPS 

Linear, Additive Model 

Pt=-39.04+.19Ps+.97Pd+.2lPm R2=.787 

Non-Linear, Multiplicative Model 

Pt .liPS.50pd ,2Pm.89 R2=.984 
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tarization, and that does so sufficiently well to account for just 
over 96% of the observed variation in the data. We should em- 
phasize that this is not 96% of observed variation in the original 
data, but of the variation in the averages taken across all subjects. 
For the continuum under study, however, this is not a limitation, 
since we have assumed already that variation between individuals 
is due to random-measurement error. 

DISCUSSION 

If we assume that student perceptions are congruent with those 
of national elites we can draw a number of inferences from the 
results of this experiment. 

First, we have an excellent idea of the relative importance of 
our three independent variables in affecting individuals' percep- 
tions of national power. Inspection of the exponents in the final 
equation for power indicates quite clearly, for instance, that de- 
velopment, in terms of GNP/capita, is far more important than 
militarization in calculating power. The implication of this find- 
ing, if one sought to follow a national policy of increasing power, 
should be apparent. 

Secondly, the shapes of the curves tell us something about 
the likely effect of an added increment of each of the independent 
variables. All variables have curves that are concave downwards, 
so that each added increment has less and less effect on the total 
power level as the level of the independent variable increases. 
There is, however, a considerable difference in the degree to which 
the curves are concave. The development curve is very close to 
linear, whereas the militarization curve is much steeper near the 
origin than at higher values, indicating fairly sharply diminished 
marginal returns at high levels of militarization. 

The most important use of these findings, however, will be in 
further research, when they can be used as a measure of national 
power in studies relating power to other variables of theoretical 
interest. This, of course, assumes the substantive validity of the 
specific findings we obtained, and we believe that this assumption 
should not be made lightly. First, there are unanswered questions 
about the value of asking students to make judgments in this 
area; it might be advisable to seek far more expert judges, closer, 
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perhaps, to the policy makers themselves. The narrow manner 
in which we have defined power also presents a problem. Clearly 
the definition should be broadened, but the other factors that might 
affect power judgments are unknown, and these can be discovered 
only through further research. Finally, we would like to see this 
experiment replicated, with variations in the subjects used, the 
variables used, and the details of design, so that we might be better 
able to evaluate the stability of the findings. Conclusive results 
could easily require a dozen or more replications by different re- 
searchers. 

Despite all these caveats, some researchers may find the pre- 
sent results to be of value. Particularly in studies of an explora- 
tory nature-and this seems to include the great bulk of current 
theoretical research in international politics-the expression we 
have derived for perceived power may be accurate enough to use 
as is. Where it can be combined with other variables measured 
on an interval or ratio level, of course, the more powerful statis- 
tics associated with this level of measurement can be appropriately 
used, and this may be a consideration of considerable importance 
in designing a research project. 

CONCLUSIONS 

We sought in this project to answer, if we could, the question 
whether or not the measurement techniques developed in psycho- 
physics have any relevance to the study of international politics, or 
to social science in general. The experiment just described seems 
to indicate that there is relevance. Within limits, it seems clear 
that these techniques will find a place in social-science research. 

The most important of these limits is that we must be willing 
to deal with perceptions. The researcher who deals with aggre- 
gate data will find no hope here, and the same limitation applies 
when the variables, even on an individual basis, are concrete, 
"real-world" variables such as social background or roll-call votes. 
But if one is willing to assume that a policy-maker's perceptions of 
those real world variables will determine his actions, then perhaps 
one will find these techniques of some use. And this may not be 
a difficult assumption to accept. As John Stoessinger writes, ". . . to 
some degree, at least, international relations are what people think 
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they are; or, to put it in other words, . . . men respond not to realities 
but to fictions that they have themselves created."'9 Ivo Duchacek 
emphasizes a similar theme when he states, ". . . the image of the 
world situation that top policy makers have constructed and ac- 
cepted as objective in their own minds is more important than any 
other image, including the correct one."20 In the study of national 
power we looked briefly at the way in which some students per- 
ceived the effect of certain real-world variables. These students' 
perceptions, of course, are not particularly relevant to policy mak- 
ing, but if we accept the contention that those perceptions are 
conditioned and change only slowly with time, it might be very use- 
ful to study such perceptions in a group from which top policy 
makers may be drawn. Stuidents at the National War College, for 
example, are such a group, and it is not beyond possibility that 
approval for a study of such a group could be obtained. 

Perceptions of the policy makers actually in office, of course, 
are difficult to study, although the problem is not impossible. In a 
recent paper, Winham called attention to the possible uses of con- 
tent analysis in dealing witl these problems.21 The assumption is 
that policy makers will reveal their perceptions of a situation in 
their published communications, a corollary being that the scholar 
will be able to judge these perceptions accurately by reading these 
communications. The whole process could be sharpened consider- 
ably by the use of psychophysical scaling techniques. If one 
wished to investigate the relation between perceptions of threat 
from the communist world and votes in the Senate Foreign Rela- 
tions Committee, one might select as one's research technique the 
analysis of statements of Committee members carried in the Con- 
gressional Record. One would then proceed to code these com- 
munications according to one's judgment of the perceived threat 
level they implied, perhaps as "high," "medium," and "low." This 
procedure would yield rough measurement at best, but it would 

19John G. Stoessinger, The Might of Nations (rev. ed.; New York: Random 
House, 1965), 395. 

20Ivo D. Duchacek, Nations and Men (New York: Holt, Rinehart and 
Winston, 1966), 12. 

2tGilbert R. Winham, The Use of Quantitative Indicators in Foreign 
Policy Analysis" (paper presented to the Canadian Political Science Associa- 
tion, Hamilton, Ontario, McMaster University Department of Political Science, 
June 1968). 
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be entirely possible to refine these categories by selecting a group 
of "expert" judges, who would then rate a number of statements 
on the continuum, "perceptions of threat." The result would be the 
assignment of numbers on a ratio scale to each statement, a far 
more accurate process than the simple assignment of "high," "me- 
dium," and "low" categories. 

At least two other worthwhile insights for political scientists 
stem from this general methodological approach. The first of these 
is that pure experimental research designs are possible in interna- 
tional politics and may prove quite valuable in theory construction. 
This is true primarily because only these research designs permit 
the degree of control that, when coupled with adequate measure- 
ment, will allow the accurate testing of different models. The 
difference between the two alternative models of national power, 
for example, which is made obvious by the R2's, presented in 
Table 2, could probably not have been detected, and certainly not 
so convincingly, if an experimental design had not been used to 
control other variables. 

The second insight stems from the first and leads one to con- 
clude that it may be worthwhile to investigate models other than 
the usual linear and additive ones. It is not reasonable to assume 
that much of social reality can be accurately described by simple 
linear models. 

The problems of applying these techniques to social science are 
by no means solved, and we do not want to minimize the remaining 
difficulties. Nor will we argue that they are of use in all areas of 
social science; clearly they are not. Nonetheless we maintain that 
the basic relevance of these techniques to some of our problems is 
reasonably well established, and that the problem now is to work 
out the details of their application. In this manner we hope to 
advance the science of politics. 
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