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CHAPTER 1T

INTRCDUCTION

The science of politics idea is a product of the
eighteenth century. It was inspired by the successes of
Newtonian physics, and given form by the British empir-
icists' explanation of those successes. On that view,
social sciences seemed both possible and desirable:
the method could be aprlied to any factual subject, and
it seemed to be the only means for gathering such relia-
ble knowledge as might be had. The results would be
limited to an instrumental mapping of factual patterns,
but a political science so constrained was preferred to
one consisting of ungrounded speculation. With only
minor modifications, this argument was repeated in the
works of many influential writers, including Comte and
John Stuart Mill, It reached American political science
largely by that route,

The science of politics idea has taken two rather
different forms in American departments., The first is a

straightforward extension of the eighteenth century



argument, This instrumental view (which structured the
ngcience of Politics™ movement of the 1920s) was joined
after the Second World War by a modified version, in
which science is assumed to offer a realistic understand-
ing of political events. Both forms continue to guide
research, but the second is easily the more influential.
A broad range of critical attacks have been directed
against these research programs. For present purposes,
this diversity may be divided into two categories--one
consisting of doubts about the availability of political
events to scientific treatment, and the other of suspi-
cions.concerning the meaning of such theory as might
be produced. In the first group, one finds arguments to
the effect that the relevant concepts are inherently
gqualitative, that the patterns of influence are too
complex to be convincingly mapped, and too difficult to
isolate, given the rare opportunities for experimental
control, that social events are unique, hence unavailable
to generalization, and that, in any case, free will makes
nonsense of the idea of behavioral laws, In the second
group one finds concern that the technical challenges,
(and the violence done to events by supposing that facts
and values can be separated) would =%t est 1limit theory
to trivia, and at worst produce something seriously mis-
leading. In addition, it has been held that "facts" are

necessarily biased by social interest, or by other fac-



tors--biases that would inevitably infect the associated
generalizations--and that explanations which ignore
verstehen cannot conceivably provide a realistic under-
standing of human behavior,

This paper is an attempt to clarify the prospects for
these science of politics programs, Most importantly,
this means clarifying the prospects for a realistic
science of politics, as this is the version for which
political scientists have shown real enthusiasm, For-
tunately, persuasive external evidence (from the history
of science) can be brought to bear upon this form of
the argument. It seems that the physical sciences--
those disciplines which inspired and have subsequently
served to justify the science of politics idea--do not
themselves achieve realistic theory. It is unlikely,
then, that a political science modeled upon them will
do so.

The instrumental version of the argument is unaf-
fected by this evidence, of course, and by the internal
criticism concerning the status of positive theory. If
realism is not attempted, then failure to achieve it is
not much of an obstacle. One is left, then, with arguments
concerning the degree to which political events may be
available to scientific treatment. Such arguments can-
not be decided at present. It seems clear that the

critics' "impossibility" arguments are too strong--there



are no obvious and final limits to the application of the
proposed technigues--but there do seem to be significant
practical obstacles to theory construction, This inev-
itably directs attention to practical performance.

In sum, then, it is argued that a science of politics
is probably limited to inztrumental forms, that even
this may be quite difficult, given the practical research
problems, and that nothing short of instrumental perform-
ance can establish the legitimacy of the idea or the

value of research to that end.



CHAPTER II

AN AMERICAN SCIENCE OF POLITICS

The modern effort to create rigorous, empirical
gsocial sciences on the model of physics may be traced to
the "Newtonian revolution®™., The overwhelming successes
achieved in the sciences concerned with physical events
raised hopes that Newton's approach could be extended to
other subjects, including psychology, moral philosophy
and politics. There was disagreement concerning the rela-
tive significance of his procedures and his substantive
conceptual apparatus--broadly, of empiricism and mechan-
jcs-=but there was a widely shared sense that social in-
quiry ought to be structured by the example of physics.

For the proponents of the mechanical view, this
meant that individual and social events, as much as plan-
etary motion or terrestrial physics, were to be reduced
to deterministic patterns of matter and motion. These
ideas had received considerable attention in the previous
century, and developed at least as much along lines laid

down by Descartes as along those taken from Newton, But



Newton's association with the mechanical ideas added sta-
ture to existing efforts, and encouraged further develop-
ment,

It is by no means clear that Newton would have sup-
ported these efforts. He repeatedly argued that science
is limited to the provisional description of empirical
patterns--that it is incapable of going beyond these pat-
terns to a realistic explanation of events, mechanical or
otherwise.1 Moreover, he doubted that a purely mechanical
view could be made consistent with the evidence, even in
physics. On the contrary, he argued that both the large
scale structure of the universe and the stability of its
parts required the intervention of nonmaterial agents.2

But these skeptical attitudes toward metaphysical
goals and the prevailing conceptual framework were not
consistently held. His private correspondence and his
published works were filled with explanatioms, and these
were often mechanical. Gravity, to take a prominent ex-
ample, was attributed first to the (mechanical) effects
of an ethereal medium,3 later to the actions of nonmater-
ial spirits,4 then again to a somewhat more exotic ether.5
He adopted the notion of primary and secondary qualities,
arguing explicitly for a colorless, odorless world of
atoms in motion.6 He introduced notions of space, time

and mass that could not conceivably be regarded as pro-

ducts of empiricism.7 And he repeatedly raised general



metaphysical issues in his scientific papers.8 So, while
he claimed to be an empiricist, seeking only descriptions
of observed events, his work demonstrated implicit meta-
physical commitments and explicit metaphysical interests.

He sometimes distinguished his speculative hypo-
theses from his scientific results, but he did not (and
probably could not) fully separate the mechanical con-
stituents of his outlook from the remainder, This inher-
ent ambiguity was exacerbated by popularizers like For-
tenelle, who placed particular emphasis upon the mechan-
ical aspects of Newton's work, and reached far larger
audiences than the great physicist himself did.” It is
not surprising, then, that many of the enthusiasts for a
"gcience of man® expected that science to be grounded in
mechanics.

The more significant and lasting form of the eigh-
teenth century effort to create social sciences, however,
was built upon the empiricist interpretation of Newton's
accomplishments, This interpretation was heavily in-
fluenced by the British empiricists, being largely struc-
tured in the first place by Locke's ideas, and subsequent-
ly responding to the arguments of Berkeley and Hume.1o
By midcentury, then, the interpretation had taken a severe
form, which limited attention to empirical sources, but

denied that much could be found there. Science seemed to

be no more capable than other approaches of producing an



understanding of events. Nor, of course, could it decide
value questions, On the contrary, the only form of reli-
able knowledge seemed to be a tentative and approximate
mapping of such regularities as might be found among
phenomenal fragments. These maps would be limited to
instrumental purposes, but other approaches seemed to
offer even less. Thus political and social philosophers
were encouraged to ask a new set of questions. Those
traditional concerns which could not be addressed in the
"Newtonian® manner simply could not be the objects of
serious study.

This argument was repeated, with only minor modifi-
cations, in the influential works of D'Alembert, Saint-
Simon, Comte, John Stuart Mill, Durkheim and cthers.11
Thus, when serious social science programs were added to
American universities in the last quarter of the nine-
teenth century, the empiricist interpretation was a well
represented and prominently argued component of the in-
tellectual environment,

In the beginning, American political science was
only indirectly affected by these views, The first grad-
uate programs were organized in accord with the Hegelian

orientations of the very influential German departments,

12 The focus of

with some attention to British idealism,
attention was history, which was regarded as the progres-

give realization of the ideals of spirit in a set of



objective cultural forms., Political science was concerned
with the pattern of political ideas and institutions that
had emerged from this process, or that could plausibly be
expected in the (near) future.13
Even this approach to the study of social events
had been affected by the intellectual standing of the
natural sciences. The evolution of forms was said to
consist of lawlike sequences of ideas and events that
could be expressed as "scientific" generalizations.14
The ultimate cause of these changes was thought to be
spirit driving toward self-development, but proximate
causes, like economic relations provided details about
the instruments and procedures by which that development
was actualized.15 A factual base of "statistics" (state
data summaries) and documents was studied comparatively
to isolate the lawlike structures in the historical
flow.16 These analyses were not expected to yield final
truths; rather tentative interpretations, "one-sided,
colored, incomplete".17 (In other words, the familiar
"provisional generalizations", with a moderately increased
sense of approximation and misdirection, to accord with
the Hegelian emphasis upon ideational reaction.) This
tempirical® and "inductive" research was sharply distin-
guished from prescientific forms of political analysis,
in particular the deductive natural rights theories. ©

The period between the establishment of the Ameri-
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can departments and World War One witnessed two funda-
mental changes in this original disciplinary viewpoint,
There was an emphasis upon more "realistic" data sources,
and there was a drift away from the Hegelian explanatory
framework, As early as 1885, Woudrow Wilson {under the
influence of James Bryce and VN, Ostrogorsky)19 questioned
the value of formal documents as sources of "empirical"
information. He accepted the remainder of the pre-
vailing comparative-historical approach, but insisted
that real events and processes were almost always unlike
those described in the constitutions and other formal
documents that provided the factual base for political
research, The proper starting point had to be real events
rather than written materials-~-political scientists would
have to do their research in the field.20
In 1888, James Bryce published The American Common-
wealth-~the first important research within this "real-

21 It was based upon interviews and ob-

ist" framework.
servations, from which Bryce had constructed a variety of
small~-scaled generalizations and suggestive cross-national
comparisons, The book received universal acclaim, and
remained a realist exemplar for decades.,

Others quickiy added their support; indeed, there
seems to have been no serious debate about this redefi-

nition of properly relevant data, The turn of the cen-

tury literature is filled with positive references, like
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this one from W, F, Willoughby:

The period when political science concerned itself
almost exclusively with questions relating to the
political character and constitution of public
bodies, happily, has passed. Intense activity is
now being manifested in all matters having to do
with the actual administration of government

affairs.(?

At the same time, references to more traditional German

approaches were increasingly negative:

Unless the study of the strictly legal side of
constitutional law be informed and enlivened by
constant reference to the actual working of insti-
tutions and their transformations under the influ-
ence of historical forces, it is certain to even-
tually degenerate into the veriest scholastic
emptiness. . . « There can be no doubt that a
Bryce's American Commonwealth for Germany would be

a great boon,
Dr. Buchi's statements of fact seem to be exact,
and his inferences cautious, but there is a mechan-
ical quality about the work--a failure to penetrate
beyond the official record.(24)
The declining regard for German texts is also indicated
by the changing pattern of books reviewed in the jour-
nals. In 1886 about thirty-five percent were of Euro-
pean origin (the bulk of them German), but by 1920 this
had declined to less than five percent.25
This was only partly due to dissatisfaction with
the traditional data sources. It reflected, in addition,
a waning interest in the Hegelian organizing framework,
Those factors which had previously been assigned an in-
termediate, indicative role, as descriptions of the way

spirit worked, were given a more final character, Eco-
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nomic explanations had been prominent in the Hegelian
framework, and continued to receive attention, But the
increasingly dominant explanatory concepts were psycho-
logical, as attention shifted from the interaction of
institutional forms to the activities of individual
actors.26

The most influential (or, at any rate, the most

frequently cited) proponent of this shift was Graham

Wallas, His Human Nature in Politics emphasized the in-

stincetive and irrational aspects of human behavior as
major causes of political events, a position which was
repeatedly praised, and said to be widely held.27
There was very little published resistance to these
changes. It was overwhelmingly agreed that "realistic"
data ought to be studied comparatively to produce gener-
al explanations of political events, with particular
attention to individual motivation. But actual politi-

28 Scholars

cal science tended to be quite different.
continued to rely heavily on statutes, ordinances, char-
ters and written constitutions, almost always accepting
them at face value. Comparison was employed infrequent-
ly, and typically for illustrative rather than analytic
purposes, The notion of "realism" degenerated into a
concern for detail, as official structures and procedures

were treated to ever more precise description. And there

was virtually no attention to generalization. Publica-
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tions were dominated by these legalistic descriptions,
and by current events, Despite this, political scien-
tists generally regarded themselves as scientific, and
continued to distinguish modern political analysis from
the deductive, rationalistic style of the natural rights
theorists.29
A few political scientists seem to have had a more
sophisticated grasp of the scientific process, and at
least two raised the traditional methodological case
explicitly. Both A, Lawrence Lowell and Arthur F. Bent-
ley wanted political science to be the search for de-

30 Lowell had some

scriptive laws of political behavior,
hope that these laws might be quantitative, and conduct-
ed the discipline's first statistical analysis, As he
saw it, the primary distinction between the natural and
social sciences was the reliance upon experimental rather

31

than ex post facto research designs. Bentley made a

similar argument, but conceived and stated it in an un-

32 The analysis was to be strictly

usually severe form,
limited to observable "activities". The psychological
explanations of the realists, as much as the Hegelian
concepts that preceded them, he disallowed as intangible
"soul stuff", But these views were combined with a
mechanistic metaphysics of "forces" and "pressures"

among interest groups that did not begin to conform to

his methodological requirements, Charles A. Beard wrote
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a positive review of The Process of Government for the

American Political Science Review, but Bentley does not

seem to have been widely read or discussed.33 Lowell
was read and discussed (indeed, he was elected Presi-
dent of the American Political Science Asscciation), but
he was not imitated.

Only after 1920 was there widespread interest in a
science of politics, The increased attention seems to
have been very largely due to the efforts of Charles
Merriam, In an influential article that appeared in the
American Political Science Review of 1921, he urged his

colleagues to trade their characteristic approach for

34 There, and in

one modeled on the natural sciences.
many subsequent publications, he made the familiar ar-
guments., Science had vastly increased man's control of
the forces of nature, releasing human energies from man-
ual toil, improving health, and revolutionizing the na-
ture of human intercourse by transforming the instru-
ments of communication and transportation.35 But the
study of politics had produced very little useful know-
ledge. Physical and biological sciences had progressed
and solved problems, their own field had mainly generat-
ed disagreements.36
If social scientists would embrace the mode of in-

quiry perfected by natural scientists, they could reason-

ably expect a drastic reduction in social conflict:
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"Probably war can be prevented, revolutions reduced to

remote possibilities and maladjustments vastly reduced

n>7

in number and intensity. In addition, they could ex-

pect the elimination of the standard political abuses
(graft, spoils, exploitation and neglect), an increase
in productivity and good feeling, and the release of

human potential through the conscious control of human

evolution.38

These were not presented as mere possibilities,
World conditions made it imperative that "intelligence"
be substituted for "hatred, prejudice and passion".39
Science had to be applied to social subjects to balance
the power that had been released in other realms:

Have we not reached the time when it is necessary
to adjust and adapt more intelligently, to apply
the categories of science to the vastly important
forces of social and political control? . . . at
any time out of the depths of ignorance and hatred
may emerge world war, anarchy, industrial and pol-
itical revolution, recurring discontent and dis-
tress, What advantage shall we reap if science
conquers the whole world except the world's gov-
ernment, and then turns its titanic forces over

to a government of ignorance and prejudice, with
laboratory science in the hands of Jjungle
governors?(40)

In all of this, Merriam reads very much like Comte. The
shift to positive science was expected to bring a world

of peace, prosperity, efficiency and freedom.

He had very little to say about the nature of these
powerful scientific procedures, and it seems clear that

he had no serious grasp of the issues, He expected the
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comparative-historical approach to be the source of
hypotheses for more rigorous analysis, which he was sure
would be quantitative and empirical. But he gave no
details, and conducted no research from which such ideas
might be abstracted., There are occasional references to
Karl Pearson, but these were not taken up for serious
analysis., He really only directed his energies toward
methodological issues when confronted with specific
eritical arguments, in which cases he almost always
agreed that there was a problem, then reasserted his
optimism. It is not surprising that contemporaries like
Robert T. Crane and William F, Ogburn accused him of
encouraging a position he did not understand.41

One must turn to other advocates of a science of
politics, then, to find coherent treatments of the re-
quired methods, The most comprehensive (and most in-~
fluential) of these were written by George E, G. Catlin
and Stuart A. Rice, both of whom relied heavily upon
Karl Pearson, a positivist with close ties to Hume and

42 Accordingly, he held that scientific theory is

Mach,
purely instrumental=--a series of symbolic summaries of
phenomenal patterns, which employ (and, indeed, require)
freely invented abstractions. (Pearson called them "use-
ful fictions".) Theory constituents like "matter" and
wforce", and organizing assumptions like uniformity and

determinism, were employed because they supported predic-



17

tion and manipulation, not because they mirrored reality,
The goal is utility, and this was to be had from an econ-
omical set of symbolic summaries.

Although he was not, strictly speaking, a political
scientist, Stuart Rice was probably the most sophisti-
cated and convincing proponent of a science of politics,
He produced a diverse body of writings that ranged from
general philosophical statements to practical research,
Indeed, he was the only major advocate who seems to have
understoodvthe research process in any very detailed
manner, Following Pearson, he embraced the fact-value
split, holding that value questions cannot be decided
scientifically, and that this had been a fundamental
source of trouble in the past.43 He agreed that the key
to science was method, and believed that essentially the
same method could be applied to all factual subjects,
ineluding politics.44 He emphasized that the goal was
a set of instrumental summaries (based upon fictional
abstractions and organizing concepts, including the no-
tion of lawlike determinism) that could be used to ame-
liorate social distress.45 And he added the movement's
most articulate consideration of the role of quantifica-
tion, He did not think that all science had to be
quantitative (indeed, he feared that important subjects
would be neglected if the demand were pressed), but he

emphasized the great value of numerical expression,



18

Most importantly, he thought, quantitative forms would
minimize bias in the collection and analysis of data.46
George Catlin made a similar argument (rather less
well), in which he proposed a specific set of useful
fictions for political science., He was particularly
enthusiastic about the notion of "political man", an
analog of "economic man", which was defined entirely in

47 Employing this and

terms of the will to dominate.
other working fictions (including the determinism and
uniformity that had worked so well in physics), the pol=-
itical scientist was to construct simplified summaries
of political events, which could be tested by resort to
quantitative, empirical data. Those hypotheses that
maintained predictive usefulness across many tests would
eventually be accepted as laws of political behavior,

The diversity of viewpoints (and the inconsistency
within viewpoints) make it impossible to reduce the
science of politics idea to a coherent philosophical
position. The general outlines, however, are fairly
clear, The goal was utility--the capacity to ameliorate,
or solve, pressing social problems., The implied formal
goal was a set of predictive laws of political behavior
and events., The methods expected to yield these laws
consisted of (preferably) quantitative, and sometimes

"experimental", tests of hypothesized generalizations,

conducted in a value free manner. (Only factual hypo-
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theses were to be considered; value preferences could not
be justified scientifically.) Those who followed Pearson
wanted to build useful, though fictional, accounts,
employing some of the organizing concepts that had proved
valuable in the physical sciences, Others (for example,
William B. Munro and Merriam) probably expected the result-
ing theory to be realistic, Within this framework, a
considerable variety of explanatory notions were enter-
tained, with the greatest prominence given to psychology.48

The critics responded by asking whether social
events are available to these methods, The controversy
ranged across many superficially different questions,
but there were only five distinct epistemological issues:
(1) Are social events available to quantification? (2)
Are social events too unique to support interesting gen-
eralizations? (3) Can social experiments be conducted?
(4) Are social events too complex to be comprehended as
natural events are? And (5) is the notion of social law
compatible with free will?

Isolated comments on one (or occasionally more) of
these points are sprinkled through the literature of the
period.49 But easily the most comprehensive analysis

50

was undertaken by William Yandell Elliott, He address-

ed all five of the critical concerns, in ways that just
about exhaust the negative views expressed by his con-

temporaries. The following examination of his comments
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and the responses of major proponents may therefore be
taken as a reasonably accurate view of the controversy.
The issue of measurement was not thoroughly exam-
ined, The critics approached this (and virtually every
other) problem as though the impossibility of accomplish-
ment was fairly obvious, In this case, Elliott simply
noted that the interesting social concepts are not
quantitative., The proponents seemed to realize that
existing concepts might be more or less successfully
translated into other concepts that are quantitative
(i.e. "operationalized"), or that new concepts of a
quantitative form might be invented, Merriam was quite
willing to agree that this presented difficulties, and
was unsure of the outcome, He also warned of moving
too easily and uncritically into particular quantitative
forms.51 Rice apparently took the possibility of useful
quantitative forms for granted, but emphasized that con-
siderable time and effort would be required, In any
case, he joined Merriam in warning that the fashionable
insistence upon the value of quantitative methods could
easily lead to poorly informed and inadequate attempts,
He was also concerned that significant issues would be
ignored if they could not be explored in the preferred
quantitative framework.52 In short, the critics assumed
that few, if any, interesting problems could be approach-
ed quantitatively, and the proponents assumed that they
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could, sooner or later., No prominent spokesman, save
Merriam, was willing to say that it was really an empir-
ical matter--that one would have to wait and see whether
convincing measures could be found,

The problem of the uniqueness of social events also
seemed fairly clear to the critics: generalizations
would be impossible, if they were not trivial, because
wars, organizations or elections have much less in com-
mon than electrons do. Natural science events were
thought to fall more easily and convincingly into cate-

gories and types. Rice responded to this point as

follows:

In any final and absolute sense of the term there
are no such things as repetition or identity in
the perceptual world,

When the chemist two times in succession performs
the experiment . . . he is not repeating the same
event, but rather bringing about two similar
events.,

It must, of course, be admitted that in degree of
exactitude, the advantages are usually in favor
of the "natural" sciences,

e o« o things and events which are sufficiently
alike for the pragmatic purpose are classified
together, The ability of science to find
"repetitions" of events, then, depends upon the
"gcientific fictions®™ that we have been discussing.
It depends in particular upon suitable classifi-
cation, a wholly pragmatic process.(53)

On this view, one may generalize if one manages to find
or invent categories that contain enough cases, It is

only the use of narrow categories that leaves one with



a sense of "unique" events. This position, taken direct-
ly from Earl Pearson, was apparently not addressed by

the critics, who wrote as though the categories employed
for social analysis were given,

The issue of experiments probably received more
attention than any other. Critics like Corwin and
Elliott simply asserted that experiments are impossible,
relying heavily on the idea of unique events to make

>4 Merriam granted that this was probably

their case,
true.55 Rice seemed to disagree, but the conflict was
due entirely to his decision to include ex post facto
research designs with statistical controls in his defi-
nition of "experiment", He was well aware of the prob-
lems here, noting that political scientists would prob-
ably have to work with uncontrolled, or inadequately
controlled, correlations.56 In short, he did not think
that experiments of the manipulative sort would be pos-
sible., Catlin also seemed to disagree, 1Indeed, he
called himself a "political experimental scientist" and
argued that "there is no more inherent impossibility in
experimenting with men than with pigs".57 But, like
Rice, he employed a rather broad definition of "exper-
iment":

e o« o if I observe the amount of intoxication in

ten overcrowded areas and in ten adequately housed

areas of the same general type, observe the changes

in the statistics of intoxication after clearing a
congested area (perhaps cleared at my suggestion),
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and the change when an area ., . . becomes more

crowded, I have conditions which are experimental

in the same sense as a piece of chemical research
may be called experimental.(58)

The real issue was the control of confounding var-
iables, so that the hypothesized relationship could be
brought into relief, Among the prominent writers, only
Rice seems to have understood this, Unfortunately, he
called ex post facto research designs with statistical
controls "experiments'", Catlin added an "experimental"
procedure that shared only the superficial structure of
real experiments, while abandoning their most central
feature., And the critics attacked the textbook defini-
tion of experiments, rather than the kinds actually being
suggested. In short, energies were wasted on a series of
gsemantic confusions; the issue of controls got almost no
attention.

In contrast, the argument about complexity was
straightforward. Elliott was content to refer to the
"hopeless complexity" of social events, implying that
rigorous treatment would be equally hopeless. Merriam
agreed that social events are much more complex than
physical ones, but expressed confidence that painstak-
ing research would nonetheless bring the patterms into
relief.59 Those who followed Pearson simply pointed out

that a realistic picture of events was not the goal of

scientific research. They were “entitled to simplify",
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as Catlin put it, so long as the resulting laws had

utility.6o

Again, regarding the compatibility of laws and free
will, the critics were satisfied to identify the conflict.
Catlin and Rice responded that scientists could properly
use any "fictions" that proved useful. They did not
deny conscious purpose; they simply thought deterministic
theory ought to be tried, in view of its great success
in other scientific fields.61 wWilliam B. Munro, speaking
for those more inclined to realism, emphasized the con-
gistency of human behavior, despite free will:

e « » human nature, after all, is a relatively
stabilized and dependable thing. Were it not so,
our social order would be without permanence.
There is an underlying consistency in human conduct,
as every psychologist knows, and the evidences of
this consistency are to be found in the animals

of all nations, recurring age after age. Men in
the mass everywhere respond to the same passions
and desires in much the same way., "They are
stirred by the same motives" says Lord Bryce, "and
think upon similar lines."(62)

Yet another position was taken by Harry Elmore Barnes:

We now recognize that every human thought or act is
strictly determined by a long process of antecedents,
including our physicochemical nature, our biological
heredity, our endocrinal and metabolic processes,
and our personal experiences in human association
from the time of parturition to the moment of the
particular act or thought. There is not the slight-
est iota of choice allowed to any individual in any
act or thought from birth to the grave., If better
and saner types of conduct are to be achieved, this
must be brought about by giving the individual a
better set of experiences through heredity, educa-
tion and association, What these new guiding cri-
teria for conduct shall be can only be determined

by the most earnest and prolonged collaboration of
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natural and social scientists, each a specialist,
?nd)all dominated by the aim of social betterment.
63

It 18 not clear how a fully determined being would be able
to define "saner and better", and give new direction to
these processes, In any case, this does not seem to have
been a widely held view,

An examination of these five epistemological issues
suggests two fairly clear conclusions. First, the crit-
ics!'! impossibility arguments are unconvincing. They
demonstrated no very serious grasp of the philosophical
dimensions of these problems, nor of natural science
history or procedure., It was undoubtedly very easy for
proponents to ignore their protests. But, if their
arguments settled nothing, they did raise interesting
and important issues, Measurement was problematic in
practice, even if one allowed the proponents' positions.
Similarly, it could have been granted that uniqueness
is a product of concept choice, without agreeing that
broad scale concepts would be found, The emphasis upon
experiments should have been recognized as misleading
from the example of astronomy, but the related issue
of controls was central and very problematic in politi-
cal studies. Although simplification of the apparent
complexity of social events may be a legitimate strategy
(depending upon one's goals), it was not clear that ef-
fective simplifications would be discovered. And it was
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far from evident that deterministic patterns or inter-
esting statistical tendencies would actually be found in
human behavior, In short, it was not at all obvious
whether a science of politics would be possidble, or
interesting. Positions depended overwhelmingly upon
a priori assumptions and beliefs rather than upon
evidence.64
American political science was profoundly affected
by the science of politics movement., Shortly after
Merriam!s first paper, the Executive Council of the Amer-
ican Political Science Association appointed him chairman

of a new Committee on Political Research.65

Its purpose
was to review the scope and method of research in the
field and to recommend reforms., In 1923, the committee
urged the establishment of a Social Science Research
Council to aid in the development of research techniques,
promote the required new teaching skills, direct research
efforts in accord with social needs, and secure funding,.
(This was established with Rockefeller Foundation sup-
port later in 1923.) They also recormended a permanent
Committee on Political Research, and changes in associa-
tion meetings to reflect methodological concerns.66

There followed three National Conferences on the Science
of Politics (1923, 1924.and 1925), which emphasized
measurement techniques, data sources, methods of analy-

sis, and applications to particular social problems.67



Starting in 1925, a series of American Political Science
Association roundtables were also devoted to methods.68

Studies influenced by the new style started to ap-
pear in 1924, Early examples included A. N. Holcombe's

Political Parties Qodayég, Stuart Rice's Farmers and
70

Fieldworkers in American Politics’'~, and Merriam's

joint effort with H. G. Gosnell, Nonvoting: Causes and
71

Methods of Control. Holcombe's review of this last

volume indicates something of the optimism and sense of
purpose which early proponents of the scientific ap-
proach shared (as well as a rather weak grasp of the

epistemological problems):

Too long they have contented themselves with “aca-

demic" arguments founded on conjecture and hearsay
Now come Professor Merriam and Dr. Gosnell

with their study . . « » They give us the facts.

They really know what reasons weighed most heavily
in the minds of nonvoters at that particular elec-

tion,

We need to check the results of this investigation
by similar studies in other places under different
other conditions, but on the basis of this first
experiment at Chicago, it ought to be possible to
make a series of investigations by means of which
a political scientist could pronounce a final judge-
ment on such expedients as compulsory voting with
all the assurance of a chemist proving the quality
of a new paint remover, or a biologist testing a
germicide,(72)

In 1925, the first "scientific" articles appeared in the

American Political Science Review.73

The subsequent flow of books and articles included



28

74 Measurement

a considerable methodological literature.
was the most frequently addressed issue (indeed, it com-
prised the great bulk of the total methodological out-
put), with particular attention given to public opinion
polls., Statistical procedures also attracted some atten-
tion. But the remainder of the research process was
neglected.'75

As the 1930s passed, interest in a science of pol-
itics seems to have thinned out. World conditions and
the unnerving irrationality and political ignorance that
had been encountered in survey work have been credited
with diverting attention to other topics (in particular
to economic problems and a defence of democracy).76 It
is difficult to say exactly how many political scientists
were influenced by the movement, or how much, It is
worth noting, however, that Merriam's University of Chi-
cago department produced more than ten percent of the
discipline's PhDs during the 1930s, and a very large

77 (Lasswell, Gos-

proportion of the influentials-to-be.
nell, Key, Wright, White, Woody, Beyle, Mott, Overacker,
Almond, Pritchett, Simon, Leiserson and Truman were all
associated with the Chicago department.)78 One analyst
notes a shift, even in the "nonscientific" research of
the period, from institutional analysis to policy and
process, with a much greater emphasis upon observation.79

Still, as the 1930s passed, explicit interest in a sci-
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ence of politics on the model of physics seems to have
declined.

After 1940, however, the arguments began to appear
again, A series of articles charged that political
studies had been seriously biased by implicit value com-
mitments.SO These charges sparked a broad debate con-
cerning the proper role of values, which quickly boiled
down to a confrontation between the adherents of "tradi-
tional" and Yscientific" viewpoints. A series of short
papers written by William F, Whyte and John H, Hallowell
contains the essential features of the conflict.®’

Whyte complained that political scientists were preoc-
cupied with political philosophy, public administration,
and international law "whose connections with practical
politics are more or less remote."82 Not only was the
research misdirected, it was permeated with undefended,
and often hidden, value biases., Political scientists
wasted too much time complaining about "corruption"--
the failure of institutions to conform to a priori
theory. Instead, they should concentrate on finding out
how the institutions actually work. John H, Hallowell
replied that the value neutrality of positivist politi-
cal science was responsible for the moral disasters of
the 19308; one did not need research methods, he argued,

so much as convictions.83 Others added that the suppos-

edly "scientific" studies of the Chicago school had been
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conducted in a naive manner, without benefit of standard
measures or unifying theory.84
These ideas surfaced during a period of considerable
discontent in the discipline., Political scientists had
been unable to account for the rise of fascism or com-
munism. Then, during the war, they had learned that
their skills were not highly valued in government. Those
who had found positions in the public service had been
forced to admit that this was probably Jjustified. And
after the war, their contact with nonwestern, nonindus-
trial systems (through foreign assistance programs) had
made the gap between the discipline's generally accepted
knowledge and political realities even more apparent.
Increasingly, the fear was expressed that political
science had fallen behind the other social sciences.85
Other developments also encouraged political scien-
tists to reconsider the discipline's direction. The
migration of European social scientists to the United
States brought new viewpoints, including the work of
Max Weber and the logical positivists.86 And research
funds were increasingly controlled by organizations with
ngecientific® preferences., These included the Social
Science Research Council's Committee on Political Behav-
ior, the Ford Foundation's Behavioral Science Program,
87

and the National Science Foundation,

It is not surprising, then, that a number of works



from the "scientific" mold were produced in the years

immediately following the war, including Simon, Adminis-

trative Behavior(1947); Pritchett, The Roosevelt Court
(1948); Key, Southern Politics(1949); Lasswell and Xap-

lan, Power and Socie;x_(]950); Simon, Smithberg and

Thompson, Public Administration(1950); and Truman, The
8
)5

Governmental Process(1951 It is also indicative of

the times that Arthur F. Bentley's The Process of Govern-

ment, which had been ignored in 1908, and had not been
reviewed by any political science journal upon its re-
igsue in 1935, was welcomed as one of the most impor-
tant books on government ever written in America.89
An amorphous "behavioralist" movement gathered
momentum very quickly. Merriam, with characteristic
optimism, wrote that the scientific viewpoint was finally
sweeping the field.90 But this does not seem to have
been the case. A survey of political science departments
in the spring of 1950 found that very little research mez
even the minimal requirements for a science of politics
program.91 There was the usual gap between the views
of the most visible political scientists and the mass
of practitioners. But, even among the influentials,
much of the interest in a behavioral political science
seems to have taken less rigorous forms., A later survey
found a stronger, but still far from overwhelming,

2

Q
trend.” Indeed, as late as the mid 1960s, Somit and
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Tenenhaus found a discipline about equally divided be-
tween behavioral and alternative outlooks, with consider-
able diversity among the behavioral advocates.93 In
short, behavioral political science was (and is) a com=-
plex set of only partly overlapping viewpoints. The
various efforts to analyze its central commitments have
invariably (and correctly) been rejected by large num-
bers of adherents as irrelevant to their work.

At the same time, it is clear that a subset of be-
havioralists did consciously aim to return to the science
of politics idea. The programmatic statements of David
Pruman, Robert Dahl, David Easton, and Heinz Eulau were
mach like those of Rice and Catlin. They embraced the
fact=value distinction, made rigorous empirical methods
the key to scientific success, emphasized reliance upon
quantitative forms whenever possible, and sought general
predictive theories of political events, Logical positi-
viem displaced Karl Pearson's views, and there was less
emphasis upon the rapid development of theory with which
to attack social problems, but the basic structure of
commitments and the rhetorical forms used to express and
analyze them, were very similar.94

The one striking change concerned the status of the
resulting theory. The emphasis upon instrumental theory

which had played a central role in the programmatic

statements of the 1920s gave way to a widespread sense
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that a science of politics was a superior means for
building a realistic understanding of political events.
Some practitioners continued to argue for instru-
mental theory. George Lundberg was probably the most
prominent proponent of the early behavioralist period,
insisting across many books and articles that scientific
theory would not tell social scientists how things are,
rather how it is scientifically profitable to regard

95 And Eugene

them. The point was utility, not realism.,
Meehan has been a prominent representative of the instru-
mental view more recently: ", . . it is now clear that
science is not and has never been concerned with the na-
ture of physical reality. Science says nothing about
freality' « o o ."96 The point was to construct a
systematic knowledge of phenomenal patterns that would
serve practical ends.97
But this has not been the prevailing view, Instead
one finds a fairly consistent combination of positivist

28 This has only rarely been

rhetoric and realist goals.,
explicitly defended. It seems that realism has been

taken for granted, and that certain components of a less
than fully grasped positivism have been grafted on. There
is an unmistakable sense that "institutional" analysis and
normative bias are being replaced by a tough-minded exam-

ination of the way things actually work. These views are

close to the surface in a broad range of political science
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subjects and approaches, and they are associated with
each of the influential programmatic statements which have
been cited.99
Perhaps the most striking example of these views is
found in the works of the positive political theorists.
Their central theoretical commitment is to rational choice
models, As this idea is shared with price theory, it is
not surprising that many of the leading proponents have
been economists, including Arrow, Black, Buchanan, Downs,

100 The basic

Niskanen, Olson, Plott, Sen and Tullock.
jdea is that individuals rationally seek to maximize

their utility. Formal procedures typical of economic
analysis are employed to reconstruct political situations
from this standpoint., The plan is to verify these theore-
tical structures by deducing nonobvious consequences that
can be tested empirically., As the predictions are con-
firmed (and they plainly are expected to be), confidence
in the predictive and explanatory powers of the apparatus
are said to be justified, 1In short, they reconstruct
political processes in accord with what is admitted to be
an unrealistic model of human decision making, then check
to see whether implications of these reconstructions match
up with empirical events. No orientation within political
science seems more available to an instrumental interpre-

tation of theory. Nonetheless, prominent representatives

have insisted upon a form of realism,
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In the first application of this framework to poli-
tical events, Anthony Downs held that theoretical models
should be tested primarily by the accuracy of their pre-
dictions rather than by the reality of their assump-
tions.1o1 But he insisted that a model which performs
well predictively is more than an instrument: the con-
formity of observed behavior with expectations derived
from the model should be taken to indicate that the model
accurately describes the involved behavior--that men are
rational in the sense employed in the model.102

W. Hayward Rogers challenged him to explain how a
set of admittedly unrealistic assumptions (concerning
nrational man") could conceivably be the basis for a
realistic theory of behavior.1o3 Downs'! response was
dominated (as his original argument had been) by other
concerns.m4 He emphasized the form that scientific
theory ought to have, and the priority of theory in the
scientific process much more than the status of a con-
firmed theoretical structure. These issues were being
debated in the literature of the period, and his atten-
tion to them is, in that sense, understandable, But
the emphasis placed upon them at the expense of the point
at issue seems rather odd, The most reasonable interpre-
tation seems to be that Downs took realism as much for

granted as Rogers did. He was sure that science provided

a realistic understanding of events; the real issue was
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whether a science of politics was possible and what form
it ought to have, Because the process he had followed
gseemed to him to be a close analog of the process that had
yielded such remarkable results in physics, he was pre-
pared to declare his reconstruction a "tentative truth"--
a Y“correct" model that lent support to the idea that man
actually is rational, At worst, his reconstruction was
incomplete.105
Other political scientists operating within the
rational choice framework have held similar views. Thus
Riker and Zavoina have argued that the study of formal
games yields a realistic knowledge of the way political
decisions are made, and the degree to which they actually

106 And

are based upon rational utility maximization.
Davis, Hinich and Ordeshook distinguished prediction
devices from realistic, if incomplete, models, arguing
that their mathematical model of the electoral process
ought to be understood as an example of the latter.1o7
The uppermost concern has continued to be form. Riker
and Ordeshook wrote an entire text on rational choice
models, with fairly detailed attention to the many pos-
sibilities for application, without giving any significant
attention to the status of the results. C° And Riker
wrote a more recent article on the future of the science
of politice idea that overwhelmingly emphasizes form:

science means well verified, deductive explanatory struc-
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tures. These have, contrary to certain critical suspi-
cions, actually been constructed for some areas of human
behavior (price theory), and political science is preg-
nant with similar opportunities, One ought to do away
with "angels and demons" (most notably Hegelian or
Marxist historicism and teleological functionalism) in
favor of a rigorous application of the conceptual appa-
ratus.that has demonstrated its value for scientific so-
cial analysis (rational choice theory). He notes briefly
that the proposed system of axioms is incomplete, and
that axiom sets that satisfy formal requirements may
later be abandoned, but insists that such theories, none-
theless, contribute to understanding. Having thus opened
the door to a discussion of the status of theory and
begged a question or two concerning just how, or in what
sense "understanding" follows from such theory, he returns

109 Again, the formal modelers

to his discussion of form,
(including the rational choice theorists) are the politi-
cal scientists that seem most likely to understand and
embrace instrumental interpretations of scientific theory.
They recognize the a priori nature of theory, and empha-
size that only a few (and frequently rather distant)
implications of the theoretical system are verified
empirically. Still, even these political scientists have
tended to hold (if only implicitly in many cases) real=-

istic views of theory.110
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The critics of the science of politics idea have
expanded their 1list of objections in accord with this
emphasis upon realism. The traditional issues--those
concerned with the availability of political events to
scientific treatment--have been joined by questions con-
cerning the status of scientific results. Tt has been
held that such theory as might be constructed--in the face
of the technical challenges and in ignorance of the close
and subtle relations between facts and values--would
amount to "pretentious collections of trivia".111 There
has been concern about the degree to which facts could be
expected to carry bias, hence the degree to which theory
based upon them could be expected to have that bias. The
most influential form of this complaint followed Mannheim,
who argued that perception and thought (hence theorizing
and the process of confirmation) are colored by social

112 e only escape from these biases (and it

interest.
is no more than a partial escape) is through the compara-
tive study of different points of view. This argument was
joined with fears that a political science orthodoxy had
been established, in which supposedly neutral research
concealed conservative political preferences.113 A
related argument emphasized broad epistemological, rather
than purely political or social sources of bias. Drawing
from a variety of fields, including analyses of language

(particularly as addressed by Nietzsche, Whorf and
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Wittgenstein) and nonpositivist reconstructions of science
(Hanson, Toulmin, Scriven and, most prominently, Kuhn)
these critics emphasiged the degree to which the positi-
vist roots of the science of politics idea needed rethink-

114 Another form of this argument construed Kuhn

ing.
to mean that scientific theory amounts to an arbitrary
product of social agreement--estabiished by fiat and
maintained by political pressure and sanctions.115 Need -
less to say, this form of the epistemological objection
was often found in the company of the argument concerning
the role of social interest.

Yet another critical attack has centered about the
notion of verstehen, This radically different approach
to social explanation first appeared in the works of
Wilhelm Dilthey. Writing in explicit opposition to the
methodological preoccupations of Auguste Comte and John
Stuart Mill, Dilthey argued that the external mode of
explanation applied to physical events is incompatible
with the study of human action. As the latter depends
upon ideas and viewpoints--the meanings of activities to
the actors=-=-it cannot be understood without recourse to
those meanings. The subjective status of actors thus
became the focus of social research, to be discovered
through a process of empathic identification.116 Dilthey's

jdeas have been subjected to a great many interpretations,

including efforts to bridge the gap between the "subjec-
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tive" and "positive" approaches. These include the

influential works of Max Weber, Charles Horton Cooley,

George Herbert Mead, Robert M, MacIver, Theodore Abel,

Alfred Schutz, A. R. Louch, Peter Berger, Thomas Luckmann

and Harold Garfinkel.117 The very considerable attention

given to this topic in the sociological literature has

not been equalled in political science, but objections to

a purely external approach have occasionally been raised.118
It has been held, then, that political events

cannot be studied the way physics can, and that insofar

as they are, the results will be trivial or misleading.

These arguments have not had much effect upon proponents

of the science of politics program, It is generally held

that the technical problems are manageable, that scienti-

fic method filters off the effects of personal bias,

and that the form of explanation that works in physics

is appropriate for political science.119
If critics assert that measures cannot be made con-

vincing, proponents assert that they can be. If it is

held that social explanation requires verstehen, it is

countered that judging positivist efforte from the

standpoint of verstehen is no more legitimate than

judging verstehen from the standpoint of positivism, or

that positivism can point to physics, but verstehen has

no successful reference to pin its hopes on, Proponents

and critics each have interesting things to say, but
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neither has offered evidence that the other finds per-
suasive. There does seem to be one source of evidence
that can help, however, and that is the subject of the

section to come,
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sical philosophy, and especially from Plato, argued that
one's values and outlook depend upon one's personal
development. The mass may contain a welter of conflict-
ing values, but the "best man" measures things according
to ultimate, transcendental criteria--he is in touch with
real values., It is precisely this objective value orien-
tatlion, according to Voegelin, that gives facts their
meaning. See Eric Voegelin, The New Science of Folitics
(Chicago: The University of Chicago Press, 1952). Strauss
took a similar position. He did not claim a transcen-
dental source for proper value, but did emphasize that
(at least some) values are not arbitrary. He added that
the pretense of value freedom had allowed undefended
commitments to dogmatic atheism and permissive egalitar-
janism to prevail. ("An Epilogue" in Herbert J. Storing,
ed,, Essays on the Scientific Study of Politics (New
York: Holt, Rinehar%t and Winston, 1962); see also the
critical comments of John Schaar and Sheldon Wolin in
nEgsays on the Scientific Study of Politics: A Critigue,"
American Political Science Review, LVII (1963), and the
subsequent responses, pp. 125-160.) DUnfortunately, these
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for distinguishing correct values from the rest. Voegelin
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assertion., They are left, in short, in a situation where
their claims are opposed by other claims, and evidence

seems unlikely to change minds on either side.




CHAPTER 111

ON THE PROSPECTS FOR A SCIENCE OF POLITICS

It will be the argument of this paper that the history
of the physical sciences offers the most direct and useful
evidence concerning the prospects for a realistic science
of politics. That evidence is the change in physical
theory over time., This argument is not based upon inter-

pretations of theory change, like Thomas Kuhn's The

Structure of Scientific Revolutions. It 1is based, in-

stead, upon a straightforward examination of the theories
themselves.

The point may be stated simply: if the theoretical
structures of the hardest and most convincing sciences--
the disciplines that inspired and have subsequently
served to justify the science of politics idea--change
so fundementally over time that theory regarded as satis-
fying and realistic at one point in time is later thought
to be inaccurate, misleading, or even ridiculous, then
it is difficult to see how a realistic interpretation of

theory can be justified. And if the most rigorous and
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guccessful sciences have yielded a shifting pattern of
theoretical commitments, for which no straightforward
realist interpretation seems to be possible, then a
pclitical science structured by their example seems un-
likely to produce a realistic understanding of nnlitical
events, Chapter IV, then, is a survey of the conceptual
structures which have served physical theorists over time,
The point is simply to make clear how fundamentally these
ideas about physical events have changed.

There remains, of course, the possibility of an
instrumental science of politics. Questions about the
prospects for a science of this kind take two forms:
whether it is technically possible, and whether it would
answer interesting questions. The latter issue will not
be addressed in this paper save to point out that very
few of the questions political scientists have been
anxious to ask seem to be available to instrumental
treatment, Very little research was conducted during the
period when instrumental views dominated thinking about
a science of politics, and when research was undertaken
on a large scale, instrumental views became scarce.
However this is interpreted, instrumental theory will
presumably retain some appeal, It is therefore important
to consider the severity of the technical problems that

have been cited. Chapter V is an examination of those

issues,



CHAPTER IV

THE HISTORICAL EVIDENCE

The last peak of classical scientific activity (in
the second century) was followed by a long slow decline.
Interest in science had virtually disappeared from the
Christian world by the seventh century, at which time
even the documents containing the ancient learning were
lost. For five hundred years scientific activity was
confined to the Arab world. Then, with the Moslem with-
drawal from Toledo in 1085, large numbers of classical
works (accompanied by a wealth of Arab commentaries and
additions) were again available to Christian scholars.
The recovery of Greek science, and in particular of
Aristotle's works, had an overwhelming impact, entering
cultures with no remotely comparable intellectual tradi-
tions. Eventually, critical and independent thought
emerged, but in the short term, the emphasis was upon
absorbing the classical knowledge, and adapiing the

1

Christian system to it, The history of the modern

sciences properly begins with this period of recovery,
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as subsequent developments were structured by (even when
they were directed against) the Greek ideas.

Prom early in the period of recovery, "physical®
science was dominated by Aristotelian ideas.2 On that
view, the universe consisted of a set of concentric
spheres, with the earth at the center.3 The heavenly
bodies (in order the moon, Mercury, Venus, the sun, Mars,
Jupiter, Saturn, and the fixed stars) were carried around
the stationary earth by the combined motions of these
spheres. The outermost, the Primum Mobile, imparted
motion to the entire system, driving the fixed stars
from east to west one full revolution in twenty-four
hours. The movements of each of the lower spheres were
an interactive product of motions transferred from the
adjacent outer spheres and independently driven local
spheres. This complex system was required by the seem-
ingly irregular motions of the planets. Although the
sun and the moon seemed to circle the earth in a straight-
forward manner, the other planets revolved at varying
speeds, and periodically undertook retrograde motions
relative to the backdrop of the stars., Plato's pupil
Eudoxus, and his successor, Callipus, had invented a sys-
tem of "homocentric" spheres to account for these events
as a set of the perfect circular motions Plato insisted
upon for the celestial realm, They reconstructed the

movements of each planet as a set of spheres with dif-
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ferent axes of rotation. Thus four spheres were employ-
ed for Saturn, four for Jupiter, and five for each of
the other planets, In an effort to make the model more
convincing, Aristotle added additional spheres to trans-
fer movement between planetary sections, bringing the
total to some fifty-five, And he added spiritual mov-
ers to drive the supplementary spheres across and/or

4 Later

against the prevailing motion of the system.
Christian commentators employed a variety of simplified
versions, which reduced the system to as few as eleven
spheres.,

The Eudoxian theory that Aristotle embraced was not
the last word in Greek astronomy. Although it fit the
observed evidence better than the models it replaced,
there remained several prominent deficiencies., PFor ex-
ample, the implication that the heavenly bodies should
always remain the same distance from the earth did not
conform to the observed variation in the brightness cf
planets like Venus and Mars., Similarly, eclipses of
the sun had been observed to differ in degrees of com-
pleteness, indicating that the relative distances of the
sun and moon from the earth must vary. A variety of
alternative explanations were offered to account for
these anomalies. Even before Aristotle adopted the
homocentric system, Heraclides of Pontus had suggested

that Mercury and Venus, which never wandered far from
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the sun, actually orbited that body, rather than the
earth, He also revived the view that the earth rotated
on its axis, substituting that motion for the daily revo-
lution of the entire celestial realm, But he had few
supporters, Later, Aristarchus of Samos suggested that
the earth rotated on its axis and circled the fixed sun
once a year., He thought the other planete also circled
the sun, This view does not seem toc have generated much
enthusiasm either, Still later, Apollonius of Perga
suggested that the planetary motions be reconstructed

as a system of epicycles and deferents, which would al-
low for variations in distance and other inconsistencies
without requiring a moving earth, It was this approach
that dominated astronomy in the late classical period.
Subsequent practitioners refined it by allowing the
heavenly bodies to move in eccentric circles (the cen-
ters of the orbits not being coincident with the center
of the earth), and allowing them to have "equant" motion
(uniform angular motion with respect to a point other
than the geometric center, in which case the velocity of
planetary movement was not uniform). Ptolemy, the last
of the influential Greek astronomers, employed more than
eighty circles in a complex pattern of major and minor
epicycles, eccentrics and equants to account for the
motions of the seven planets,

For four centuries after Aristotle's death, then,



Greek astronomers continued to observe the heavens and
modify their ideas., These developments were not, how-
ever, incorporated into comprehensive philosophical sys-
tems. Nor were they made compatible with the Aristotel-
ian system. So, when the Greek science was recovered by
Christian Furope, there was a considerable gap between
the astronomical works and the Aristotelian framework,
The gap was closed by making astronomy a setl of purely
abstract geometric reductions--adequate for predictive
purposes, but not to be regarded as real., They settled,
in short, for a roughly accurate cosmology, and a more
accurate, but unrealistic, astronomy.S This made good
sense to the Aristotelians, who regarded mathematical
abstraction as inherently much less real than arguments
of a more empirical and qualitative sort.6

The system of spheres was divided into two funda-
mentally different realms. The celestial part above the
moon's orbit consisted of incorruptable, unchanging hea-
venly bodies, revolving about the earth in a set of
etherial (rigid, yet transparent and weightless) crystal-
line spheres, The natural motions for this realm were
those uniform circular movements that Plato had identi-
fied as perfect. The sublunary region, by contrast,
amounted to an imperfect hierarchy of the four elements,

The ponderous material core of earth was surrounded by

a layer of water, then a layer of air, and finally one
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of fire. The closer one got to the center of the uni-
verse, the baser and more sluggish its constitution.

Everything had a "natural place" in this hierarchy.
If an element were forced away from its appropriate lay-
er, it would strive to return there, Thus if a quantity
of earth were 1ifted intoc the air, it would automatically
return to its central location. And if air were forced
down into the realm of water, or earth, it would auto-
matically return to its proper place. The elements could
only be put in an unnatural order by some external force.
These "violent motions"™ would be resisted, and when the
offending force was removed, a restorative natural mo-
tion would reestablish the balance. This vertical pref-
erence for place was accompanied by a horozontal prefer-
ence for rest. Violent motion was required to generate
movement, which movement would stop when the force was
removed. The natural condition of this realm, then,
wag rest, and the natural motions were those rectilinear
changes that would restore the system to hierarchical
balance.

Under ideal circumstances, this realm would consist
of four fully separated strata of decreasing meteriality.
These conditions did not prevail, however, as the move-
ment of the surrounding spheres caused a constant jos-
tling and mixing of the four layers. Some of the re-
sulting mixtures were relatively stable, providing the



varied substances of the observed world.

This system of ideas yielded several closely relat-
ed "physical" sciences., Within the terrestrial region,
motions could be examined as complexes of violent and
natural movements (and the associated forces), the var-
jous materials of the world could be examined as com-
pounds ¢f the four elements (and the associated primary
qualities), meteorology could be studied as the large
scale interaction of these elements, and there were rea-
sonably well developed treatments of optics and acous-
tics (though these owed little to Aristotle), In addi-
tion, the celestial realm could be studied mathematically
to produce unrealistic, but predictively useful models
of the natural uniformities,

Early opposition to the framework issued primarily
from the church, In 1210 Paris authorities forbade the
teaching of Aristotle's natural science works, and, a
few years later, they banned the metaphysics as well,
These prohibitions were renewed several times during the
thirteenth cem:ury;'7 as late as 1277, attempts to recon-
cile Aristotelian and Christian viewpoints were condemn-

8 The tension was severe until

ed at Paris and Oxford,
Thomas Aquinas produced an acceptable compromise,

A second wave of criticism, which overlapped with
the first, was driven by an enthusiasm for alternative

classical viewpoints. Thus Duns Scotus and (much more
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forcefully) wWilliam of Occam attacked the Thomist syn-
thesis in the name of skepticism.9 In the works of Oc-
cam's pupil Nicholas of Autrecourt, this skepticism was
combined with atomism, a view that was also prominent in
the works of Giles of Rome.10 The most s8ignificant of
the philesaphical 2iter-atives, however, was the Neopla-
tonic outlook that the Aristotelian system was in process
of displacing. The earliest Aristotelians strove to com-
bine the two perspectives, and many subsequent thinkers
hoped to retain the Neoplatonic commitment to abstrac-

" Although these efforts failed in

tion and quantity.
the short run, the Neoplatonic ideas were never fully
eclipsed. Indeed, it is not too much to say that a re-
emergent Neoplatonism was the dominant force behind the
"gecientific revolution® of the sixteenth and seventeenth
centuries,

In the short run, however, the philosophical alter-
natives faded from view, The source of controversy and
change shifted to internal analyses of the Aristotelian
framework itself. As the system was absorbed and clari-
fied, several pockets of difficulty were located--events
which could not be explained in a straightforward manner,
fhe most prominent of these concernmed projectile motion
and falling bodies. On the Aristotelian argument, an

arrow should have fallen to the ground as soon as it

lost contact with the bowstring. The propulsive force
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having been removed, the arrow was expected toc seek hor-
izontal rest, then its appropriate level in the hierarchy
of elements {and mixtures). The actual behavior of ar-
rows and other projectiles was said to be due to the com-
motion which the initial movement had produced in the air.
As the arrow moved, the air had to rush around behind it
to prevent a vacuum from occuring, This was thought to
result in an additional thrust. As the thrust was at

any moment less than that required to sustain the origin-
al speed, the velocity slowly died away.12 The critics
wondered why, if the continued flight was due to the

rush of air, a stone would be carried so much farther
than a ball of feathers.13 There was also widespread
doubt that the air could simultaneously be a source of
resistance and of propulsion, A similar problem was
agssociated with falling bodies, which seemed to accel-
erate, rather than move at the expected constant veloc-
ity. Some attempted to adapt the argument for the rush
of air. Others thought that as the body approached
earth, the increasing proportion of the atmosphere above
resulted in greater downward pressure, while the shorter
column below would offer a diminishing resistance.14
During the thirteenth century the problem of falling
bodies generated a broad interest in the efficient cause

of vertical motion, and a number of experiments were

conducted, Many of the arguments which assumed promi-
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nence in the seventeenth century (including those con-
cerned with action at a distance) received attention.15

During the fourteenth century, these problems led
some Aristotelians to propose a major modification in

16 Jean Buridan, noting that the

the system of dyramics,
rush of air could not account for the continued motion
of a disc like a grindstone, offered instead the idea
that the mover impresses upon the moved body a certain
"impetus"--a motive propensity which only slowly dies
away. In the case of falling bodies, the force of grav-
ity was said to add constantly to the reservoir of im-

17

petus, thus causing the observed acceleration. Buri-

dan measured impetus as the product of the quantity of
matter and velocity.18 This allowed him to account for
the different behaviors of the stone and the ball of
feathers.,

Buridan and others (including Albert of Saxony,
Marsilius of Inghen and Nicole Oresme) noted that this
made possible an extension of the dynamic principles of
the terrestrial realm to celestial events.19 But this
truly revolutionary possibility was not considered very
seriously. It seems that the "impetus" idea was intend-
ed entirely as an adjustment within the Aristotelian
framework., Indeed, the proponents went to great lengths
to make it conformable with the Aristotelian classifica-

tion system.20 In that spirit, it was widely accepted
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The most significant critical development having to
do with the celestial realm concerned the possibility
that the earth might rotate upon its axis, Oresme's

Livre du ciel et du monde (1377) is regarded ae the most

detailed and acute analysis of the idea to be written
prior to the works of Copernicus.22 He pointed out that
the apparent rotation of the heavens could very easily
be due to a motion of the earth--all of the observations
were purely relative., If the earth moved, however, a
number of critical questions had to be answered. There
should, the Aristotelians argued, be a strong wind blow-
ing from the east, as the earth turned within the atmos-
phere. And, if an arrow were fired straight into the
air, it ought to be left behind as the earth turned un-
der it. This is a perfect instance of the case in which
a crucial experiment is impossible, as "the facts" de-
pend upon the underlying metaphysical framework. In the
Aristotelian system, there was no concept of inertia, or
any other idea that would Jjustify a moving atmosphere,
The natural state in the terrestrial realm was thought
to be rest, So, if the earth turned, it would have to
be turned by a constant force. There was no reason to
think the atmosphere would turn with it, though it might

be churned up. PFor the same reason, an arrow would not

be expected to turn with the earth; as soon as it left
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the surface it would be left behind. The facts being
otherwise, Oresme's argument was rejected, He suggested,
however, that the air might share the earth's rotation,
and the arrow might have two motions--one due to the
bowstring, and one imparted by the earth's rotation.

This latter position made no sense to the Aristotelians,
who believed a body could have only one motion at a time.
Nor were they impressed with Oresme's (Neoplatonic)

claim that his simpler system was more realistic because
it was more "perfect" than their views.23 In this, as

in many subsequent scientific controversies, the "facts”
depended upon a complex system of metaphysical assump-
tions,

This very fertile period of philosophical and sci-
entific activity ran down at the end of the fourteenth
century. Alternative viewpoints were increasingly rele-
gated to a few scattered enclaves, as proponents of the
Aristotelian mainstream achieved positions of dominance
in all scientific fields. One of those enclaves was
the Platonic academy at Florence, where Marsilius PFicinus,
John Pico della Mirandola, and others subj)ected the Aris-
totelian system to fundamental criticism, and continued
to propose a thoroughgoing mathematical approach to nat-
ural events.24 The work of the Florence Platonists
penetrated eventually to every important center of

thought south of the Alps, including the University of
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Bologna, where their most important representative was
Dominicus Maria di Novara, professor of mathematics and
astronomy. He opposed the Ptolemaic astronomy as well
as the Aristotelian framework, Partly thie was due to
certain empirical deficiencies, but more critically it
wag because he regarded it as clumsy. His Neoplatonic
commitments led him to see the universe as a harmonious
mathematical order--an order totally uniike the complex
and cumbrous Ptolemaic model.25
For six years, Novara was Nicholas Copermicus’

friend and teacher, Copernicus had been attracted to
the Neoplatonic movement before he went to Italy. But
after 1496 he became a firm believer, Under Novarra, he

learned Greek, studied alternative classical viewpoints,

and developed a strong distaste for the Ptolemaic sys-

tem.26

Philosophical preferences aside, the need for as-
tronomical reform of some kind was generally accepted,
The calendar was out of joint, tables for the cycles of
the moon and tides, upon which seamen relied, were un-
reliable, and in other respects the prevailing system

27 Many

had been only very approximately accurate.
thought that the works of Ptolemy had once been more

sophisticated, having been corrupted by translators and
analysts. But the recovery of ancient documents in the

fifteenth century made it clear that astronomy had not
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lation of the Ptolemaic position would eventually be
attempted.

The solution Copernicus offered did not constitute
a revolution on behalt of critical empiricism. He made
very few observations and even fewer measurements, all

% His data was that col-

in a short period around 1515.2
lected by the Greek astronamers (Timocharis, Hipparchus
and Ptolemy) and their Arab successors (Arzachel, al-
Battani and Thabit)--the same data upon which the Aris-
totelian-Ptolemaic dominance had been built, His method
amounted to fitting existing alternatives to existing
data in a mathemetically rigorous manner, He was famil-
iar with classical arguments for a sun-centered universe
and for the rotation of the earth upon its axis, and he
was aware of at least some of the fourteenth century

30 He simp-

arguments concerning the latter possibility.
1y checked the conformity of these ideas with the exist-
ing observations. His motivation was not a more realis-
tic astronomy in the modern empirical sense, nor was he
primarily concerned with instrumental limitations. He
was committed to the Neoplatonic outlook, which required
that empirical complexities be reduced to a harmonious
and simple underlying order. ILike his mentor, he ob-
jected less to the Ptolemaic astronomy's practical short-

31

comings than to its complexity and clumsiness. He was
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particularly anxious that celestial events be understood
as patterns of "perfect®" (uniform, circular) motions.32
His goal, then, was to make astronomy conformabdble with
the Neoplatonic metaphysics.,

From a practical standpoint, the results were not
revolutionary. Astronomical tables calculated on the
new theory proved to be only marginally superior to the
existing alternatives.33 And the system remained very
complex; according to Kepler, the actual gain in economy
was no more than one circle in seven.34 In short, the
Copernican system, as much as the Ptolemaic, was cum=-
bersome and imprecise,

Moreover, the empirical evidence seemed to be en-
tirely against it. There were four major empirical ar-
gupents-~three concerning the daily rotation of the
earth upon its axis, and the other concerning the annual
motion of the earth around the sun, Two from the first
group are familiar from the fourteenth century debdate:
The motion of the earph would mean that clouds and birds,
or an arrow shot in the air, would be left behind. More-
over, there would be a stiff wind from the East, 1In ad-
dition, it was argued that terrestrial rotation would
generate an enormous centrifugal force that would cause
the earth to fly to pieces. And, finally, it was held
that the annual motion would result in a stellar parallax

(the apparent position of the stars changing as the earth
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moved around the sun).35 As in the fourteenth century,
the evidence seemed to be quite plain: the earth showed
no propensity to fly apart, things in the atmosphere
were not left behind, there was no prevailing wind, and
there was no stellar parallax,

The heavy, inert earth was somehow to be regarded
as violating the natural tendency toward the center of
the universe, taking instead (and in the absence of any
known driving force) a complex orbital path around a
point in space near the sun. An entire worldview, inti-
mately bound up with all existing science and with Chris-
tianity was to be abandoned to satisfy a Neoplatonic
urge to reconstruct astronomical events a little more
simply, and in accord with uniform circular patterns.
There was no real improvement in accuracy, and every em-
pirical test was against it. As Edwin A. Burtt has it,
nContemporary empiricists, had they lived in the six-
teenth century, would have been the first to scoff out
of court the new philosophy of the universe."36

Copernicus attempted to answer the critics by modi-
fying the Aristotelian framework, Having removed the
earth from the center of the universe, he needed an al-
ternative explanation for gravity. He also needed a
driving force to account for the earth's movement, He

endeavored to keep as much of the rest of the Aristotel -

jan framework as he could, Thus he retained the tradi-
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+ional sublunar structure, the distinction between nat-
ural and viclent motions, and the celestial spheres (with
a new center).37 To supply gravity, he revived the an-
cient doctrine of Empedocles: gravity amounted to a cer-
tain natural appetite by which things strove to becone
wholes, and, as wholes, to become spherical. This proo=-
erty was said to apply to all matter, including the hea-
venly bodies.38 Further, Copernicus argued that all
things which achieved the perfect (spherical) shape
naturall, assumed the perfect (uniform, circular) motion.
This is why he insisted that his system be constructed
of uniform circles; as the resulting movements were nat-
ural, they required no extermal driving force.39
This alternative metaphysics allowed Copernicus to
answer the critics fairly effectively (if one grants
his assumptions). As the earth is a sphere (a point he
expended great energy proving), it naturally revolves on
its axis. And as the motion is natural, rather than
violent, i1t follows that the sphere will not fly apart.
(It makes very little sense to assume that perfect mo-
tion is self-destructive).4o As for the earth's rota-
tion on its axis creating a wind and causing things to
be left behind, Copernicus agreed with Oresme (or, rather,
with Oresme's argument): the atmosphere and the things
in it share the rotation. He gives a new reason, how-

ever, claiming that the element earth mixed in the air
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causes it to rotate in sympathy with the main body of

41 The issue of stellar parallax he solved by

the earth.
making the distance to the stars much greater than had
previously been thought=--at least 400,000 times greater
than the prevailing models, This meant that parallax
was immeasurably small, rather than nonexistent.d2 It
also meant, as the critics were quick to point out, that
the stars would have to be of absolutely shocking dimen-
sions, to appear so large at so great a distamce.‘r5
Not surprisingly, Copernicus' argument was uncon-
vincing to the great bulk of his contemporaries. Unless
one shared his enthusiasm for the Neoplatonic criteria,
there was no remotely convincing reason to take him
seriously., Only half a dozen people are known to have
supported these views in the years immediately following
his death, and only a few more during the remainder of
the century. Virtually all of them were professional
mathematicians who shared his commitment to the Neopla-

tonic metaphysics.44

Mainstream science faced serious difficulties in
the sixteenth century, but these had nothing to do with
the Copernican argument. They were, instead, a product
of observations made by conservative astronomers. In
1572, a new star appeared, brighter than any celestial
object, save the sun, moon and Venus. Then, in 1574, it

disappeared.45 This was an absolutely fundamental blow
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to the idea that the heavens are unchanging and perfect.
Efforts were made to show that it was a sublunary event,

46 Then, in 1577, a comet

but there was widespread doubt,
(which all agreed could not be sublunar) cut straight
across the crystal spheres on a path neither circular,
nor centered upon the earth., This single event caused
many astronomers, including the great Tycho Brahe, to
47 Tycho

was familiar with the Copernican arguments, but refused

declare their disbelief in the celestial orbs,

to abandon the entire Aristotelian framework. He sug-
gested a compromise system, in which the sun revolved
around the earth, but the remaining planets circled the
sun. This relativistic equivalent of the Copernican sys-
tem (it was mathematically indistinguishable from it)
solved a number of problems, As the earth remained sta-
tionary, the empirical arguments against the alternative
astronomy lost their force. For the most part, the sci-
entific and religious traditions could be saved, without
rejecting the possible advantages of the Copernican
viewpoint. Tycho's system remained an influential alter-
native through most of the seventeenth century.48
But his greatest contribution was the generation of
better data. He designed new measuring devices of great
ingenuity, which reduced errors to within four minutes of

arc--one-half of the error of the best existing data, and

about one-fourth the error of the best classical observa-
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tions. He devoted thirty years to the improvement of
astronomical maps, and, though his efforts were quickly
overshadowed with the development of telescopic observa-
tion, his data played an important role in the late six-
teenth and early seventeenth centuries.49 It was his
observation of the new celestial body in 1572 (and his
observations of comets in 1577, 1580, 1585, 1590, 15973
and 1596) which convinced so many that the celestial
realm was subject to change, and that the notion of crys-

50

talline spheres would have to be abandoned. More im-

portantly, for the long term, it was his data that made
Johann Kepler's work possible.51
Kepler was also a committed Neoplatonist. Like
Copernicus, he beliewed <{lzi God had created the world
as a system of mathematical harmonies, Knowledge of
events as they are immediately presented to the mind
through the senses he regarded as obscure, confused, con-
tradictory and untrustworthy. The "real" world consist-

52 Kepler

ed of the underlying mathematical patterns,
sought those patterns with an energy unmatched by any
other scientist of the period, As he retained Coperni-
cus! finite universe enclosed by the celestial vault,
his search was limited to such patterns as might be
found in the behavior of the planets, But his interests

went beyond simple orbital forms to systemic relations,

He sought, for example, harmonies in the relative sizes



of the planetary orbits. He examined simple numerical
patterns (in the orbital distances, and in the differ-
ences between them), trigonometric relations, and, final-
ly, geometric patterns. He tried arranging geometric
figures according to the number of aagles, and eventually
decided that a nested system of the five regular solids
explained the structure of the universe, If the hypo-
thetical spheres of the planets were inscribed in, and
circumscribed about these forms, the distances between
the orbits of the six known planets bore a rough resem-
blance to the distances that seemed to prevail.53 The
fit was off by as much as ten percent, but his a prior-
ism was so strong that he blamed the existing data., He
went on to argue that this pattern is the reason why

>4 Later, he sought these large

there are six planets,
scale relations in musical harmonies, consisting of notes
determined by the angular velocities of the planets, as
they followed their elliptical orbits.55 The three laws
associated with Kepler in current texts were buried
amongst arguments of this kind in his own works.

This search for structural uniformities was not the
extent of Kepler's contribution. He was the first (and
before Descartes the only) scientist to seek a physical
explanation for planetary motion. Copernicus had attempt-

ed to save Aristotle's division of terrestrial and celes-

tial regions, with their separate natures and laws,
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Tycho, despite having eliminated the possibility of ce-
lestial spheres, had not addressed the issue of motive
force, It was Kepler who took the next step, attempting
to unite terrestrial and celestial dynamics under a sin-
gle set of concepts and principles.56
Kepler's first professional task had been to ana-
lyze the orbital motion of Mars, using Tycho's new cbser-
vationgs., This was a fortunate choice, as the orbit of
Mars is the only one with an eccentricity large enough
to be apparent from pre-telescopic observations.57
Kepler tried many structures, striving always to reduce
the apparent complexity to the simple patterns he was
sure he would find. PFinally, he combined two Copernican
ideas=-~that planets move faster the closer they are to
the sun, and that the velocity of revolution is inverse-
ly proportional to its distance from the body about
which it revolves (which Copernicus had applied only to
the entire system of planets)-=with alternative orbital
shapes to produce a convincing model of orbital dyna.mics.58
Having decided that the orbit was elliptical and depended
upon motive forces that attenuated with distance, and
having assumed that rest is the natural state (so that
motion requires a cause), he sought forces capable of
moving the planets along the required path. He retained
the Aristotelian notion that circular motion is natural

to the celestial region, but introduced physical forces



e1

to propel the planets, and account for the deviations
from perfect circular orbits. He argued that the sun
reaches out to the planets and moves them with radial
arms of force that lie in the plane of the planetary
system, and attenuate with distance.59 This set of pro-
pulsive forces moved the planets along their natural
circular paths without attracting or repelling them.
Additional motive forces were required to bend these cir-
cles into ellipses. Kepler solved this problem by incor-
porating Gilbert's recent argument that the earth is a
giant magnet. If the other planets were also magnets,

as he believed, then one pole might draw each toward the
sun while the other repelled., Further, if the axis of
each planet were tilted relative to the plane of orbital
motions (as the earth's was known to be), then the re-
quired oscillation (making circles into ellipses as an

60 In a later work,

epicycle would) could be expected.
Kepler gave the sun responsibility for all of these mo-
tions with the addition of a quasimagnetic force that

attracted or repelled the planets as their "friendly" or
"hostile" side was directed toward the sun.61 Both ar-
guments accounted for the observed behavior very well,

Kepler's contribution, then, was considerable, He

retained the services of souls and spirits (most notably

)62

to turn the sun and the planets on their axes And

he kept the finite universe of the Copernican argument,
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as well as the Aristotelian biases in favor of circular
motion and absolute rest, But he was the first to attempt
to unify terrestrial and planetary dynamics, and he in-
troduced a very modern kind of empiricism, in which hy-
potheses were subjected to rigorous observational tests.
He also offered a briefly influential and (more signif-
icantly) suggestive view of the forces behind orbital
dynamics.

But all of this was buried in a confusing set of
mystical arguments and odd metaphors that most enlight-
ened people of the period found unconvincing.63 His
books were extremely difficult, even without the overlay
of Pythagorean symbolism, and they were published far
from the main centers of scientific activity. It is not
too surprising, then, that he had no immediate followers.
Descartes and Galileo (with whom he corresponded) seem
to have been completely unaffected by his ideas. His
influence was, therefore, delayed until Borelli (some-
what ineptly) revived his unified dynamics and his orbit-
al calculations.64

In the meantime, the most significant developments
concerned terrestrial physics. One of the great prob-
lems with the new astronomy was that it undermined the
integrity of the other Aristotelian sciences, If the

earth was not stationary at the center of the universe,

instead rotating on its axis while following an annual
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of natural and violent motions, or the ordered hierarchy
of the four sublunary elements and the celestial fifth
matter, could be retained, Every one of the physical
sciences was affected, at least indirectly, and some
were reduced to a state of chaos. It was simply essen-
tial that a new physics be added to the new astronomy,
making possible once again a consistent set of physical
science concepts and models,

Galileo was the primary architect of that new phy-
sics, He shared the Neoplatonic conviction that God had
created a mathematical world--that nature is, at bottom,
a simple, orderly system of regular and necessary rela-
tions., The world of sense, on the other hand, he regard-
ed as subjective and unreliable~-a riddle that could only
be understood when it was resolved into its underlying
mathematical components and reconstructed as a set of
exact mathematical demonstrations, Empiricism was to
play only the most peripheral role in this process. The
scientist began with sense, but quickly left it for con-
sideration of the real constituents of the world, which
could not be observed, The deductions from these were
believed to be true, whether they could be empirically
confirmed or not, providing a scientific understanding
that was obJective and certain, Experiments were con-

ducted only to convince those who did not understand, or
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This notion of primary and secondary gualities, in
which the absolute, objective, immutable and mathemati-
cal primary qualities are contrasted with the subjective
and unreliable world that sense makes available, had
been closely associated with atomism in classical thought.
Kepler managed to employ a form of the argument without
considering atomism, as the mathematical harmonies he
was concerned to discover consisted of large scale geo-
metrical relations between simple celestial bodies, But
Galileo was primarily interested in terrestrial events,
which inclined him toward the atomistic arguments.66

In any case, Galileo's real contribution was to
transfer the Neoplatonic outlook from celestial to ter-
restrial events. He attempted to create a physics in
which bodies with simple mathematical properties moved
in abstract geometric space under the influence of forces,
Optical writers had always done this, treating light rays
(thus explaining reflection and refraction) purely geo-
metrically. And Archimedes (whose work had been recover-
ed in 1543, and who had a powerful effect upon Galileo)
had treated physical statics in this manner.s'7 But no
one had extended the method to the motions of terrestrial
bodies, nor had anyone besn bold enough to argue that
this was the only valid approach to any physical prob-

lem whatever.,
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The basic properties into which Galileo resolved
sensory events consisted of bodies (with size, shape and
weight) located and moving in an abstract and homogen-
eous Buclidean space, under the influence of forces (the
most prominent of which was gravity). An important im-
plication of this reduction was the idea of inertia. In
a vacuous and homogeneous geometrical space, there could
be no privileged places, and no natural or violent mo-
tions., A body in motion would continue to move with the
same velocity and direction until acted upon by other
forces., This inertial viewpoint made it possible for
bodies to be simultaneously affected by multiple, inde-
pendent forces. This was in marked contrast to previous
systems of dynamics, which required one motion to be
completed before another could achieve significant in-
fluence.68 When forces acted, the effect was the same
whether the body was at rest or in motion. Only changes
required explanation.69

These explanations were entirely in terms of effi-
cient causal patterms. All senses of external cause (in-
cluding final causality) were banished; causality was
lodged entirely within the system of bodies itself--all
events being attributed to the lawlike interaction of
the bodies and a set of simple forces., Scientific know-
70

ledge amounted to an awareness of these patterns.

Although this system of terrestrial dynamics was
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Galileo's major contribution, he was much better known
for his participation in the astronomical debate. That
participation consisted primarily of observations. 1In
1604 he found yet another celestial newcomer without
parallax, which put it in the realm of the fixed stars.
(Pycho's similar demonstration that the nova of 1572 was
a celestial event reached a wide audience only in 16C3,
so Galileo's observation received considerable atten-
tion.)71 Then, in 1609, he constructed a telescope, with
which he made a number of discoveries, The surface of
the moon appeared to have mountains and valleys, just
like the earth., Indeed, Galileo thought he saw rivers,
lakes and seas.72 He found an immense number of hitherto
unobserved fixed stars. He substantiated the view of
other observers that the sun had dark spots, and inter-
preted their changes as evidence that the sun rotated

on its axis, Jupiter was found to have satellites. And
Venus was observed to have phases, as Copernicus had pre-
dicted.73 In short, celestial phenomena were much more
complex than any extant astronomical system allowed.

The stars did not seem to be arrayed in a single shell,
rather to be distributed through space., The appearance
of the planets changed over time, and the sun itself was
stained by spots, The moon seemed to be much like the
earth, and it was suspected this might be true of the

other planets as well. The heavens Galileo saw could
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hardly be called incorruptable or unchanging. This evi-
dence made it much more plausible to attempt to unify
the sciences of the celestial and terrestrial realms.74
Despite his extensive observational activity, Gali-
leo did not make a significant contribution toc astronom-
ical theory. He made the familiar arguments in favor of
the earth's rotation, save that he employed the new prin-
ciple of inertia to explain why things were not left
behind by the earth's rotation on its axis.'® Then he
presented a simplified version of the Copernican model,
with plain circular orbits centered on the sun, and ar-
gued that orbital dynamics ought to be understood as a
case of circular inertial motion. He was unaware of the
more complex orbital forms Kepler was exploring, and un-
able to escape the Aristotelian idea that circular mo-
tion was natural for the celestial realm, It was not
until Descartes produced a comprehensive system on the
new basis that the mechanical outlook fully displaced
these Aristotelian structures.76
Descartes was also a committed Neoplatonist. He
agreed that the real world was a system of mathematical
relations between simple entities., By contrast, the
world of sense, upon which traditional philosophy had
been erected, he regarded as subjective and untrustworthy.

The appropriate method, then, was to resolve events into

their simple natures (extension, figure and motion),
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which were grasped intuitively, then deduce the actual
macrostructure of events from these basic quantitative
elements,

But Descartes disagreed with some of the meta-
physical assumptions that his predecessors in the Neo-
platonic movement had made, He insisted, to begin with,
that the universe is a plenum--that Galileo's vacuous
space is impossible, and that matter is continuous,
rather than atomistic. He was also anxious to eliminate
the idea of unexplained "forces" or "attractions" (what
is more the strange powers Kepler had called upon).
Events were to be understood entirely in terms of bodies

and directly communicated motions. He also insisted

that Galileo's positivism be replaced with a commitment

to full intelligibility. He regarded Galileo as a naive

phenomenalist, who had been successful in isolated feats

of mathematical description, but had completely failed

to understand the reasons for the patterns he found.78
Descartes believed that this simple system had

been given a fixed quantity of original motion, and

that all subsequent events amounted to the lawlike trans-

mission of this motion through the system of bodies,

The effort to extend this simple structure to astronom-

ical events and to gravity (those subjects which had in-

spired his predecessors to resort to "forces") led Des-

cartes to the notion of an ethereal "first matter".
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This all pervasive medium was said to have fallen into
a series of whirlpools, or "vortices", which carried the
visible astronomical bodies around, and impelled them
toward the axes of rotation--a propensity that was just
offset by the rectilinear inertia of the orbiting bodies. '’
As Descartes was anxious to construct a complete
philosophical system, he had to find a place for those
events that had been left out of his mechanistic uni-
verse--those peculiarly human experiences of awareness,
thinking, willing and feeling. The result was his famous

80 Alongside the mathematically regular world of

dualism,
matter, God had created minds full of these other things.
But also, fsritua~tely, minds capable of grasping the
nature of the physical world. This understanding was
blocked by the confusion inherent in the world of sense,
but available to minds focused clearly upon the fundamen-
tal natures,

Descartes created the first complete picture of
nature on the new mechanical basis., If this attempt to
replace the comprehensive Aristotelian system was not
ultimately successful, it was nonetheless very influen-
tial, Scientists of the mid seventeenth century found
much more in the Cartesian philosophy than in Galileo's
physics, or the undeveloped empirical approaches. It

inspired the bulk of the natural scientific thinking on

the continent for the remainder of the century (and much
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of the next).81 Although the idea of vortices was ul-
timately ridiculed, some very great minds (including
Huygens and Leibniz) accepted it. Even Newton did not
reject it outright, but subjected it to a careful and

82 Furthermore, many of his ideas

serious analysis.
survived the demise of the Cartesian system, He was
the first to suggest a balance of centrifugal and cen-
tripetal tendencies in orbital dynamics, He invented
the measure of "motion" (i.e, mv) that Newton employed.
He gave inertia its modern form, placing motion and rest
fully on the same ontological level, And he was the
first to recognize the need to reconcile the Neoplatonic
outlook with the characteristically human experiences
that were increasingly being shut out of the "real"
world.83
In at least one other respect, Descartes pushed
physics toward its modern form: he regarded the universe
as limitless, Although Copernicus had expanded the
Aristotelian universe, his system remained finite, being
enclosed by the celestial vault., Other Astronomers were
equally satisfied with a bounded universe, as their at-
tention was focused upon the nearby system of planets,
The idea of an unlimited space was fully compatible with
the Neoplatonic argument, but it seems to have originat-

ed elsewhere, in arguments concerning the principle of

plenitude., It was widely held that God's infinite crea-



91

tive power would manifest itself without limit, so long
as the addition of new elements did not result in a more
than offsetting detriment to those already created.84
This staple of medieval phisosophy had been applied
freely to issues like the number and kinds of living be-
ings. But it had been constrained in the astronomical
and cosmological realms by the prevailing Aristotelian
system. When arguments were raised against the classical
structure, this constraint was weakened, A few of the
fourteenth century critics speculated along these lines,
and subsequently the argument became widespread. By the
early sixteenth century (before Copernicus published),
theories of the plurality of planetary systems and of
inhabited planets, of the infinity of stars, and of the
infinite extent of the universe were common topics of
discussion.85 Later in the century, the Copernican as-
tronomer Thomas Digges added the notion of an infinite
universe to the Copernican structure, breaking the enclos-
ing sphere of the fixed stars, But the idea received
its most intense advocacy from Giordano Bruno.86

These arguments had rather little immediate effect
upon the scientists, Tycho Brahe rejected the idea
out of hand.87 Kepler regarded it as scientifically
meaningless, as no conceivable observation or test could
determine its accuracy; nor would any physical theory
be affected by it. Perhaps more importantly, it violat-



ed his sense that the finite universe represented an
order and harmony that could not be found in an infinite,
and thus formless, universe.88 Galileo took no part in
the debate, though he rejected the concept of a local
center for the universe, and suspected that the fixed
stars were so many suns, Shortly after, in the work of
Descartes, the idea of a limitless universe entered the
physical sciences explicitly.89 Henceforth, the universe
would have this character.

Not all of European physical science was conducted
in the Neoplatonic framework. An alternative approach
had emerged from the craft tradition in the sixteenth
century--a qualitative and empirical investigation of
physical events, The outstanding early representative
was William Gilbert, who designed instruments and con-
ducted experiments, with particular emphasis upon mag-
netic and frictional electrical phenomena, For the most
part, his procedure consisted of aimless observation
and experiment, followed by a speculative search for
theory that would save the phenomena. He rarely return-
ed to the subject for further experimental clarifica-
tion., Still, he made some interesting discoveries, and
revived a number of others from the experimental writ-
ings of the thirteenth century. As noted above, his
belief that the earth is a huge magnet, and his theory

of magnetic attractions affected Kepler.go
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Shortly after, Francis Bacon endeavored to bring
about a "marriage of the empirical and rational facul-
ties," to overcome the weaknesses that each approach
exhibited in isolation. He did not trust mathematical
arguments, and was particularly averse to Galileo's
method, in which events were reduced to those few struc-
tural properties that could be treated quantitatively.
As he did not share the enthusiasm for Neoplatonism, he
did not believe this constituted a clarification of con-
fused sensory information. On the contrary, it seemed
to be a disastrous retreat from realism. This learned
tradition had simply lost contact with experience. The
practical craft orientation had a better grasp of the
value of empiricism, but was equally ineffective scien-
tifically, as it was unsystematic and inadequately con-
cerned with generalization, If these two approaches
could be combined, Bacon believed that the technological
progress of the craft disciplines would be speeded up
and extended to new fields, with very positive practi-
cal consequences.91

He had a hopelessly naive sense of the magnitude
of the scientific task., He thought all natural phenom-
ena could be explained in an encyclopedia about six
times the size of Pliny's Natural History. And, as he
believed the number of relevant facts were few, simple

inductive sifting seemed entirely adequate to produce



94

accurate explanations. The key to method was to be sys-
tematic in examining the very limited set of facts,
while avoiding prejudice and reverence for authority.92
No one employed his method, but Bacon inspired many sci-
entists to attempt the proposed "marriage", including
the founders of the Royal Society.93
Robert Boyle was probably the most interesting of
the empiricists before Newton, as he was the first to
attempt a practical combination of the several metaphys-
jcal currents of the mid seventeenth century. He was
not a profound mathematician, and did nothing to further
the development of gquantitative knowledge. But he ac-
cepted the core of the Neoplatonic argument, and the
mechanical view of nature with which it was associated.
Method, he agreed, rightly centered upon the reasoned
analysis of sensible facts, in which events were resolv-
ed into their simple constituent parts, then recomposed
as sets of formal deductions, He was concerned, however,
to give experiment a more significant role. o8 fooared
(with Descartes very much in mind) that science would
be misdirected by impatient efforts to build whole sys-
tems, He wanted to stay closer to the empirical evi-
dence, subjecting each particular implication to experi-
mental test, He was particularly distressed by the pro-
pensity to make human realities peripheral and "second-

ary®. He argued that man with his senses is as much a
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part of the universe as bodies in motion, thus the pri-
mary and secondary qualities ought to be regarded as
equally real. He also doubted that the mechanical sys-
tem constituted a fully independent machine. He argued
that God intervened regularly on behalf of an order that
would otherwise (i.e. under purely mechanical conditions)
quickly dissipate. And in an associated argument, he
asserted the value of final causality. He did not sug-
gest it as a replacement for efficienct causality, which
rightly got the primary attention of the scientists;
rather as a supplement, a reminder of the dependence of
this natural system upon God's will and ongoing concern.
In many of these arguments, Boyle predates Newton, who
ultimately provided the more successful version of Ba-
con's "marriage".94

On the eve of the Newtonian revolution, then, Euro-
pean physical science was divided into two main currents.
The neoplatonic belief that the real world consists of
a set of simple mathematical harmonies had given rise
to an abstract, deductive physics. Its practitioners
were anxious to resolve the subjective and unreliable
world of sense into its simple, underlying components,
which amounted to bodies moving inertially in an unbound-
ed and homogeneous Euclidean space. These objective
primary qualities were to be examined mathematically
to determine the efficient causal patterns behind the
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gsecondary effects that could be obeerved.95 This math-
ematical physics was paralleled by an empirical approach
that put emphasis upon experimental tests. The resolu-
tive-compositive procedure was accepted as the necessary
core of an effective physical science, but it was feared
that the process did not necessarily generate reliable
results, The empirical method was therefore offered as
a supplement. The implications of the deductive argu-
ment were to be subjected to experimental test.

Newton was very much a proponent of the empirical
viewpoint. For him, there was absolutely no a priori
certainty that the world had a simple mathematical char-
acter (or, insofar as it did have this form, that it
would be availadle to existing mathematical techniques),
In the Universal Arithmetic he argued that some problems
would probably never be reduced to mathematical forms.
So, while he followed the resolutive-compositive pro-
cedure, and employed mathematical reasoning whenever
possible, he insisted upon the purely z2bsiract and spec-
ulative character of the results, until they received
physical verification, His works are filled with denun-
ciations of speculative hypotheses which had not been,
or could not be, tested empirically.96

The basic constituents of Newton's theories are
familiar from the mechanical views of his predecessors:
bodies moving under the influence of forces in infinite
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space, The bodies he made atomistic--composed of abso-
lutely hard, indestructable particles which embodied
the traditional primary qualities, All change in nature
was reconstructed as separations, associations and mo-
tions of these permanent atoms. Bodies were character-
ized (for the first time) by their mass, rather than
their weight, The motions were entirely inertial, in
the sense that Galileo had suggested, and Descartes had
clarified. The forces were quantified in terms of the
new concept of mass (in combination with acceleration).
And the space was at various times filled with quasi-
Cartesian ethereal media, though he gave them rather
less to do than Descartes had.97 The goal of analysis
was a set of lawlike descriptions., Newton, like Galileo
(and in clear contrast to the Cartesians), was satisfied
to find patterns in the interactions of masses and for-
ces.98

In Principia, Newton was able to show that the whole
intricate movement of the solar system could be deduced
from a single assumption: that each particle of matter
behaved as though it attracted every other particle
with a force proportional to the product of the masses,
and inversely proportional to the square of the distance
between them., This notion of the role of gravitation
had been developing for some time, In 1643, Roberval
stated the idea in a rough (and purely qualitative)
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form.99 In 1659, Huygens provided a mathematical analy-

100 In 1666, Robert Hooke

sis of centrifugal action,
read a paper before the Royal Society arguing that rec-
tilinear motion could be bent into an orbit by an attrac-
tive property of the central body. In 1674 he decided
that the attractive property could be gravity, and by
1678 he was arguing for gravity as the universal prin-
ciple that binds all of the bodies of the solar system
together, accounting for coherence as well as orbital
behavior. Later he decided that the inverse square law
was the appropriate form for the attractive relation-
ship, if circular orbits could be assumed. But he was

no mathematician, and his mastery of the ideas was by

101 3y 1684, Hooke, Halley, Huygens

no means complete,
and Wren all seem to have shown that gravity operating

according to the inverse square principle would explain
simple orbits, But Borelli had revived Kepler's work,

drawing attention to the complex orbital forms that

Galileo and Descartes had ignored (and to Kepler's

102 Thus several

quantitative laws of orbital motion).
fellows of the Royal Society wondered whether a planet
moved by the proposed forces could describe an ellipse,
Halley, on a visit to Newton, found that he had solved
the problem almost twenty years earlier, for the case

in which the mass of a planet could be treated as though

it were concentrated at a point in the center. As he
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had been unable to prove that assumption, he had set
the work aside, Under Halley's prodding, he took it
up again, proving this time that spheres of matter could
be so treated, The result was 2rincipia.1o3
In it he demonstrated not only that Kepler's ellip-
tical orbits (and his quantitative laws of orbital dynam-
ics) would follow from the law, but also that the ter-
restrial dynamics of Galileo and Huygens could be under-
stood as products of this same gravitational attraction.
At last the new astronomy and the new physics had been
firmly united.'®% He also showed that the Cartesian
vortices would lack stability, that they were incompat-
ible with Kepler's laws of orbital motion and the prin-
ciple of conservation of motion, and that they would re-
quire a nonmechanical m"active principle" (which the Car-
tesians would not accept).m5
Later, Newton made optics a branch of physics, by
demonstrating that his corpuscular theory of light and
the theory of matter were cognate and complimentary.
Previously, the theory of light had been almost entirely
geometrical., Descartes had offered the first physical
hypothesis concerning light, making it a sensation caused
by pressure of the ether upon the optic nerve. Hooke
subsequently made light a sensation due to vibrations in

the transmitting medium, a position which Huygens also
developed.106 The chief difficulty for this undulatory
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view was the existence of sherp shadows; vibratory light
would be expected to spread out as it progresses. This
convinced Newton to construct a corpuscular theory,
though he was not without reservations.107
It was absolutely central to Newton that this sys-
tem of relations between bodies and forces not be regard-
ed as independent and self-contained. He did not believe
that a purely mechanical universe would be stable; on
the contrary, he was sure that it would rapidly lose its
harmonious structure.108 God not only created the uni-
verse, he continued to actively participate in it. In-
deed, God was Himself extended throughout the infinite
space, Operating through an intermediating "spirit of
nature®, He provided the purposive structure that a pure-
1y mechanical system could neither achieve nor maintain.
Thus he provided cohesion, gravity, magnetism ana other
nforces" that had been observed to operate, Moreover,
He periodically reformed the solar system's inherently
unstable orbital relations, and prevented the fixed
stars from collapsing together at a point in space,
This notion, which is familiar from its appearance in
Robert Boyle's works, seems to have originated with their
friend and colleague Henry More.109 More had been con-
cerned to reintroduce God into the new science, from

which He had increasingly been removed. He accepted the

basic physico-mathematical worldview, but believed that
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God was present within the world of bodies and motions--
that the scientists' space was literally divine., He
pointed to the purposive events in nature that did not
seem reducible to blind material relations, suggesting
that God's intervention was the only reasonable explana-

110 Newton employed this idea to account

tion for them,
for the many mysteries surrounding his system, from the
persistence of structural patterns to the many otherwise
unexplained *"forces", It was also responsible for his
outwardly strange belief in absolute space and time, He
knew very well that these were without empirical meaning,
save in the case of circular motion., He insisted upon
them for purely theological reasons: as space is divine,
things were moving in God. He, at least, would know
whether motion was absolute or relative., It was the
divine consciousness that provided the structure of

reference.111

This Newtonian synthesis, which proved so powerful
in its capacity to account for structural patterns, was
rapidly accepted in England, But on the continent,
where the Cartesian ideas were at a peak of influence,
it was less successful, The problem was straightforward:
it failed the Cartesian test of full intelligibility.

For those accustomed to Descartes' criterion, the New~
tonian science seemed strangely incomplete, settling, as

Galileo had, for phenomenal descriptions of unexplained
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patterns.112

In fact, Newton agreed that his philosophy was in-
complete. He had proposed several efficient causes for
gravity over the years, and settled for a descriptive
science only because he was unable to make these explan-
ations convincing.113 With the single exception of
Colin MacLaurin, however, the very first generation of
his pupils (including Cotes, Keill and Pemberton} made
gravity a real physical force, accepting action at a
distance as a property of matter. It was this doctrine
that was pitted against the Cartesians in the later
stages of the conflict, and which aroused the strongest

opposition.114

Por fully fifty years after the publication of Prin-
cipia, there were efforts toc reconcile the Newtonian
laws with the Cartesian theory of celestial vortices~-
efforts to make the laws intelligible as products of
simple mechanical interactions. <rinally, after 1740,
the opposition died down. The idea of attraction had
slowly lost its strangeness; scientists had become ac-
customed to the idea of action at a distance, and aban-
doned efforts to provide an extermal mechanical explana=-
tion. Instead, the great physicists and mathematicians
of Burope (most notably Maupertuis, Clairaut, D'Alembert,
the Bermoullis, Zuler, Lagrange and Laplace) began the

work of perfecting the Newtonian apparatus.115
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A series of general mechanical principles were
found to cover whole classes of previously independent
problems: the principles of Conservation of Force,
Virtual Velocities and Least Action, D'Alambert's Prin-
ciple and Euler's Equations. Then, late in the century,
Lagrange moulded the whole of theoretical mechanics into
a unified system, with which it was possible to describe
the motions of any set of bodies, Where Newton had de-
termined results from laborious geometric arguments, la-
grange provided a systematic, streamlined and fully ab-

116 In this, and the equally com-

stracted presentation,.
prehensive works of Laplace, the Newtonian framework
was brought to a peak of perfection that seemed to defy
significant improvement.

Along the way, of course, the irregularities that
had caused Newton to think the system was fundamentally
unstable were eliminated, or shown to be periodic and
gelf-correcting. Newton's cherished theology was thus
rapidly peeled off in favor of a tough minded system
of purely mechaiical interactions.117

These fundamental changes in the Newtonian zrgument
were not regarded as detracting from Newton's stature,.

On the contrary, Laplace assigned Principia pre-eminence
among all the productions of the human mind, and Lagrange
complained that nothing of equal significance remained

to be done. On a basis of Newton's arguments, the astiro-



nomical and cosmological issues that had troubled the
world for more than two centuries seemed to have been
solved for good.118
In the next period, the aim of physics became the
extension of the mechanical framework to other subjects:
sound, heat, light, electricity and magnetism. Newton
had already brought light within the boundaries of the
system, making it a corpuscular substance that, falling
upon the eyes, creates the sensation of light. The old
geometric approaches to optical phenomena were easily
translated into this framework. The emitted particles
travelled in straight lines and were reflected from cer~
tain surfaces in a mechanical fashion. The problem of
refraction had been more difficult, but Newton solved it
by making the corpuscles subject to local forces asso-
ciated with the matter of the refracting body. These
forces changed the direction of movement as it passed
through. The problem of color Newton solved by giving
each tone its own kind of corpuscle. These in turn were
given different properties, so that the refracting forces
would affect them differently.''> At the beginning of
the nineteenth century, this substance theory of light
was generally accepted.120
In the study of sound, there was also general agree-

ment upon a mechanical theory. It was regarded as a set

of longitudinal waves proceeding from source to receiver
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12 This theory represented the

through physical media,
second explanatory alternative available to the mechan-
ists: if events could not be reduced to substances (i.e.
forms of matter), then they were to be regarded as forms
of motion,

Like light, heat was thought to be a substance.
This "caloric" was conceived as a kind of all-pervading,
highly elastic fluid, the particles of which were attract-
ed by ordinary matter, but repelled by one another.,
When two bodies of different temperatures came together,
it was supposed that caloric flowed from the hotter to
the colder body until equilibrium was established., When
expansion resulted from heating, the expansion was attrib-
uted to the mutual repulsion of the caloric particles
which entered the bodies. The development of frictional
heat was explained by one of two alternatives, Either
the particles of a body abraded by friction were said
to lose some of their capacity for caloric, which was
thus liberated, or friction and pressure were thought to
squeeze out some of the caloric content. These ideas
supported a considerable body of quantitative scientific
work, including researches into specific heats, latent
heat and thermal expanaion.122

As caloric was a substance, it was naturally sup-

posed that it had some mass., Accordingly, various at-

tempts were made to determine relations between the
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temperatures of bodies and their weight. As in all ex-
perimentation, the results were ambiguous, being com-
plicated in this case by problems which could not be
clarified through the prevailing conceptual frameworks.
Stated briefly, no consistent relationship between tem-
perature and mass was found. This did not generate much
skepticism concerning the existence of the supposed sub-
stance, however., Instead, it came to be regarded as
weightless.123

Flectricity and magnetism received similar treat-
ment. Electricity was thought to be composed of two
fluids--one positive and one negative--which were in
balance in neutral bodies, but out of balance in charged
ones. The observed attractions and repulsions of charged
bodies were explained as due to the propensity of each
fluid to attract its opposite, but to repel its own kind.
There was a brief conflict between this two fluid theory
and Benjamin Pranklin's single fluid theory, in which an
excess above, or shortfall below, ™"normal" levels ac-
counted for charge. This model was inconsistent with
subsequently observed phenomena, however, and was aban-
doned, Priestley, Robinscn and Cavendish suspected, and
Coulomb finally demonstrated, that these attractions and
repulsions conformed to an inverse square law, as grav-
ity did.124 After a period in which it was explained

in terms of Cartesian vortices, magnetism was conceived
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very similarly, and Coulomb was able to show that its
effects followed the same law, As with heat, the fail-
ure to find an association between these phenomena and
weight was thought to indicate that the substances were
weightless.125
This original set of mechanical theories was fairly
stable during the early nineteenth century. The first
exception was light. Newton had embraced the corpuscu-
lar theory primarily because the wave theory implied
that light would bend around obstacles, rather than pro-
ducing sharp shadows. Almost alone among eighteenth
century physicists, Leonhard Euler had argued for a wave
theory. Then, in the work of Young and Fresnel, it was
demonstrated that light does bend, but only very slightly
due to the small wavelength and high speed. On this
theory light amounted to longitudinal waves in an all
pervasive ether. Color was attributed to wavelength.
And refraction to the differing speeds of wave trans-
mission through different materials. This view won uni-
versal acceptance when Leon Foucault demonstrated that
light indeed travels faster in air than in water.126
There was also some interest in making heat a form
of motion, rather than an independent substance. But
the most important events for mechanistic physics con-

cerned the transformation of these forms into one another,

When, in 1800, Volta created the first continuous flows
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of electrical current, it was noted that the wire carry-

127

ing the current changed temperature. In about 1820,

Oersted discovered a relationship between electricity

128 Then, in 1831, PFaraday discovered

and magnetism,
that both of these could be linked with mechanical mo-
tion.129 The argument concerning heat was understood
by some to mean that mechanical energy was being trans-

130

formed into heat. Joule confirmed experimentally

that this was the case, and undertook to determine the

131 Increasingly, physicists applied

rate of exchange.
themselves to the task of understanding these relation-
ships. During the 1830s, the idea of an underlying
venergy" that could take different forms started to ap-
pear, Friedrich Mohr called it "force", and noted that
it could appear as motion, electricity, magnetism, light,
heat or cohesion. It seemed that the transformations
from one form to another were lawlike--thus it seemed
that this "energy" must be conserved. Helmholtz publish-
ed the first paper to this effect in 1847, then in 1851
the law was offered as a refined general principle by

132 This idea seemed to require a

Clausius and Kelvin,
kinetic view of these energy forms, so that transforma-
tions could be easily conceived.133 (It is a great deal
easier to suppose that one form of motion becomes an-

other, than to suppose that substances are so transform-

ed.) In any case, the Newtonian system seemed to have
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reached another peak of concentration and power, A var-
iety of phenomena had been linked very closely by appli-
cation of the mechanical concepts, and it had dbeen shown
that energy (motion) as well as mass is conserved. The
notion that the physical world consists entirely of mat-
ter, motion and simple forces depending only on distance
seemed more plausible than ever,

There were, nonetheless, a few problems., The first
of these concerned the wave theory of 1ight, It was dis-
covered that the waves must be transverse, rather then
longitudinal, and, indeed, that there must be a complete
absence of longitudinal motion. Fresnel pointed out in
1821 that these transverse vibrations could only take
place in a medium that possessed the characteristics of
a solid (unlike longitudinal waves, which cculd be pro-
pagated through a fluid). Then Poisson demonstrated,
in 1828, that such a quasi-solid ether would necessarily
add the proscribed longitudinal motions. Moreover, any
such medium would retard the motions of the planets,

The situation was complicated further by the need to
make the ether conformable with gravitational, magnetic
and electrical phenomena, The result was a series of
fantastic proposals, and, eventually, a suspicion that
the mechanical ideas required some fundamental modifica-
tion. All of this caused Einstein to identify the emer-
gence of the wave theory of light as the first serious
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was not recognized at the time).134
Strange things were also happening in research con-
cerning electricity ani magnetism, When Oersted placed
a magnetic needle in the plane of a circular wire carry-
ing electrical current, the needle was deflected into a
position perpindicular to that plane. This meant that
the force between the magnetic pole and the wire could
not lie along lines connecting the two, but must be per-
pendicular to them. This was the first appearance of a
force which could not be reduced to the linear push-
pull form.135 Then, in 1831, Paraday discovered that
moving a magnet near a closed circuit caused a current
to flow through the circuit. This, in combination with
Oersted's discovery (which indicated that current flowing
through a circuit creates magnetic effects) led to the

notion of the "fieldn.'>®

Considerable energy was ex-
pended in attempts to understand these fields and bring
them within the mechanical framework. Faraday insisted
that they had a material existence, perhaps as chains

of polarized particles.137 At first, Clerk Maxwell, who
brought the field ideas to full mathematical maturity,
also thought the field might be interpreted mechanically,
with the help of the ether. But repeated efforts came
to nothing., In the end, he produced a fully abstract

electromagnetic theory that described the dynamic struc-
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ture of the fields, without attempting to provide a set
of realistic material images.138

For several decades, it was expected that a mechan-
ical superstructure would be found for the theory, but
this did not occur.139 Meanwhile, Maxwell's equations
demonstrated increasing power and importance. An impli-
cation of his work was that electromagnetic action shoula
travel through space in transverse waves, like those of
light, and at the same velocity. Heinrich Hertz proved
the existence of the expected waves and demonstrated that
they possessed many of the properties of light. This
similarity was pursued, with the result that light phe-
nomena were brought within the theory's boundaries.14o
Ordinarily, this simplification would have been welcomed,
but there was widespread concern about the status of the
theory itself,

There followed a controversy of major proportions.
Indeed, it was the most heated debate in physics since
the confrontation between Newtonians and Cartesians over
the status of action at a distance, The conservatives
insisted that the mcchanical ideas amounted to a set of
empirical discoveries--that they were realistic, and
therefore formed the necessary basis for physical under-
standing. Others argued for a more symbolic view of

physical science. Ernst Mach, Karl Pearson, Hertz, Henri

Poincare, and Pierre Duhem argued prominently for instru-
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mental views, in which theory would be regarded as a set
of symbolic summaries or prediction devices, employing
freely invented abstractions. Duhem went further, pro-
viding many examples in which the observations by which
theory had been tested were shown to be influenced by
the theories at issue (and by other theoretical commit-

ments).141

Meanwhile, the ether theories, which carried so
much of the burden of the mechanical views, had come un-
der renewed attack. They had never been entirely con-
vincing, but a series of experiments conducted late in
the century made the ether's constitution more problematic
than ever. Various experiments attempting to measure
the earth's motion through the ether, including the famous
Morley-Michelson efforts, seemed to indicate that the
ether moved with the earth. But the contrary position

142
Then, Einstein argued

also had experimental support.
that all of the apparent options--that the ether is car-
ried along, that it is partly carried, or that it is
stationary--must be incorrect, as the speed of light 1is
constant in all coordinate systems. In short, no imagin-
able form of the ether hypothesis could be made conform-
able with the evidence. As the mechanical viewpoint had
become overwhelmingly dependent upon the hypothesis, it

was jeopardized as well. It seemed increasingly possible,

as the instrumentalists had suggested, that the mechanical
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position amounted to a set of abstract conceptual models,
for which no realistic status could justifiably be claim-
ed--that mechanics was a useful way of thinking about
natural processes rather than a realistic description of
them,

Einstein went on to construct a "relativistic" phys-
ics in which many formerly unsuspected relations had to
be taken into consideration., Thus length, mass and time,
all traditionally regarded as fixed, were found to be
related to the velocity of events relative to observers,
It followed that two events which were simultaneous for
one observer need not be for a second observer moving
relative to the first. Nor did two lengths or two masses
have to have comparable proportions for the two observers.
Moreover, as this velocity approached the speed of light,
the length of bodies and the speed of clocks both ap-
proached zero, while the mass of bodies approached infin-
ity. The absolute distinction between mass and energy
also collapsed. The two were found to be convertible,
so a single set of conservation laws was applied to the
unified concept of mass-energy. Another classical con-
cept also took on new properties: the simple Euclidean
space of the Newtonian physics was traded for more flex-
ible views, in which space itself could be regarded as
bending under the influences of masses and velocities,

Even the Newtonian law of gravity was modified.143
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This assault upon the traditional concepts was in-
tensified with the development of quantum ideas, In 1900,
Max Plan:k suggested that a problem concerning black body
radiation be solved by assuming that energy is given up
discontinuously in quanta., This concept found its most
important application in the investigation of the struc-
ture of the atom. A series of discoveries early in the
century led Rutherford to suggest a model of the atom in
which electrons orbited a nucleus. On the classical view,
this model was unstable, as charges moving in an electro-
magnetic field would continuously emit radiation. The
electrons would therefore gradually spiral into the nu-
cleus., Niels Bohr pointed out that the model could be
saved if it were assumed that radiation could be emitted
only in definite quanta. This idea was wielded into a
complex structure of stable states, separated by quantum
jumps. This was a most disturbing idea, as it violated
the absolutely basic mechanistic commitment to continuity.
In time, it was rnecessary to suppose that the world is
made up of "things" that can change location without
occupying, even momemtarily, the positions between those
locations, Then, after 1920, an additional complication
rose to prominence. Both Bohr and Werner Heisenberg
began to argue that models of atomic behavior were in-
herently abstract and symbolic anyway. Information about
atomic behavior could only be gotten by rather indirect
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methods--methods that gained one piece of information by
changing others. This seemed to these scientists to pose
a fundamental barrier, beyond which realistic human know-
ledge could not be had. Heisenberg preferred to construct
fully abstract theory on the model of Maxwell's equations.
Bohr was satisfied to use models, but only for utilitarian
purposcs, Hence, he was willing to let the wave and par-
ticle theories of light coexist, despite the fact that
they were contradictory. Better, he thought, to have two
models that between them cover the phenomena, than to
decide upon one, and lose the additional capabilities of
the other. As neither was realistic, it was pointless to

144

insist upon clarifying the issue, These two were soon

joined by others who had abandoned hope for (and increas-
ingly lost interest in) realistic theory for the small-

scaled events that would play a central role in twentieth

century theory.
As late as 1920, some physicists hoped to bring their

discipline back to its former course:

e« « o 8 physicist is bound in the long run to return
to his right mind; he must cease to be influenced
unduly by superficial appearances, impracticable
measurements, geometrical devices, and wierdly in-
genious modes of expression; and must remember that
his real aim and object is absolute truth, however
difficult of attainment that may be; that his func-
tion is to discover rather than to create; and that
beneath and above and around all appearances there
exists a universe of full-bodied, concrete, abso-
lute reality. (145)

But events have not been conformable with these hopes.
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On the contrary, continuing developments within the phy-
sical sciences and the increasing volume of historical
research have suggested ever more strongly that science
haa not been in process of discovering the nature of
things. Rather it has been constructing symbolic struc-
tures which support prediction and intervention, struc-
tures that are not unique in their capacity to save the
phenomena at issue. Over time, physical theorists have
given these structures a considerable variety of incom-
mensurate forms, so that ideas which seemed convincing
and realistic in one period came to be regarded as defec-
tive, or even preposterous in a later one. The history of
gcience is heavy with examples: The Copernican view that
gravity is a natural appetite by which things strove to
become spherical wholes, that the earth turns on its axis
because spherical things naturally do so, and that the
atmosphere and its contents share the rotation because
earth mixed in the air causes it to be carried along in
sympathy. Kepler's use of souls and spirits to turn the
sun and planets on their axes, his belief that there were
six planets with the observed distances between them
because a nested system of the five regular solids con-
forms to that structure, and his explanation of ellipti-
cal orbits as a compound product of naturally circular
movement powered by arms of force extending radially from

the sun and supplemental magnetic forces that attracted
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or repelled the planets as their "friendly" or "hostile"
sides were directed toward the central body. Descartes'
rejection of atomism, his insistence that all physical
events had to be explained by resort to directly communi-
cated motions, without reference to occulit forces like
gravity, and his reliance upon an ethereal "first matter"
that had fallen into a series of "vortices" that carried
the visible astronomical bodies around and impelled them
toward the axes of vortical motion, Newton's view that
atome consist of absolutiely hard, indestructable particles,
his interest in a set of exctic ethereal media, the cor-
puscular theory of light, in which each color had its own
kind of corpuscle, and refraction depended upon very local
forces in the refracting body which affected the colors
differently, and his belief that a purely mechanical uni-
verse was incomplete and unstable, requiring the inter-
vention of a physically extended God, operating through a
"spirit of nature". The many forms of heat, light, elec-
tricity and magnetism that depended upon highly elastic
and weightless fluids, made up of particles that various-
ly attracted normal matter, or one another, but repelled
their own kind. Then the transformation of most of these
into forms of motion., The idea of light as longitudinal
waves, then transverse waves, with refraction due to dif-
fering speeds of wave transmission in different media,

then back to a substantive form as "photons". The pro-
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liferation of ethers to transmit various of the new
"energy" forms, which finally collapsed in a mass of
contradictions. The various material forms of electro-
magnetic fields, and the proliferation of ideas concern-
ing the structure of atoms. It does not seem reasonable
to argue that the science which relied upon these (and
many other long forgotten) conceptual structures is in
process of providing a realistic understanding of events.
Science yields a justifiably valued power, but it does
not seem to be a means for discovering the nature of
things.

And if the physical sciences fail to achieve a real-
istic understanding of events, then it seems unlikely that
a science of politics modeled upon those physical sciences
will do so. There remains the possibility of an instru-
mental science of political events, if the practical
obstacles to research can be overcome, The next task,

then, is an examination of those issues.
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CHAPTER V

PRACTICAL PROBLEMS

Critical arguments concerning the availability of
social and political events to scientific treatment have
taken five basic forms. It has been held that the rele-
vant concepts are qualitative, that social events are
unique, hence unavailable to generalization, that the pat-
terns of influence among social variables are too complex
to be adequately modeled, that social experiments are
rarely possible, and that free will makes nonsense of the
idea of behavioral laws,

Typically, these have been offered as simple impos-
sibility arguments, in which form they have not been en-
tirely effective, The history of science is heavy with
cases in which qualitative concepts have been translated
into quantitative forms, or in which new quantitative
conceptual structures have replaced qualitative frame-
works, without sacrificing content. Similarly, concep-
tual transformations have made formerly unique events

available to convincing aggregation, Both of these argu-
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ments rest upon an unjustified reification of particular,
familiar concepts, The idea that free will makes behav-
ioral laws an inappropriate goal is also fairly easy to
dismiss., The point is that behavioral patterns exist,
not that they are inevitable., The remaining points (com-
plexity and experimentation) pose more serious obstacles,
however. It is possible to focus upon a relative few
variables, while holding other factors constant, but this
is most convincingly done by resort to experimerts, and
opportunities for these are correctly held to be rare.
Alternative methods for disentangling the effects of var-
iables are available, but they are comparatively limited.
(It is worth noting, perhaps, that this difficulty is not
confined to quantitative, empirical forms of political
analysis, Traditional approaches are even less able to
separate influences, as a direct result of the reliance
upon qualitative forms.) Complexity and the limited op-
portunities for experiment do not make a science of poli-
tics impossible, then (there are techniques for dealing
with them under at least some circumstances), but they do
make it difficult.

If these arguments do not put an end to the science
of politics project (least of all in the simple form in
which they have characteristically appeared), they do
raise serious issues, The first of these concerns the

translation of the research interest into satisfactory
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guantitative, empirical forms. In the long run, it may
be possible to formulate an entirely new framework for
the analysis of political events, in which the gap between
general statements and operational forms is closed soms-=
what. But, for the present, it is almost always neces-
gary to imvose researchable (i.e., guantitative, empirical)
forms upon questions generated by, and defined in terms
of, preexisting cualitative frameworks. This is rarelyv

a simple or straightforward matter. It is essential to
choose operational forms that are equivalent to (or, at
worst, very much like) the concepts one would like to
examine, It is essential to measure as "education" that
which one would like to mean by it. If the point is the
degree of intellectual development, or of social perspec-
tive possessed by those being studied, then one cannot
settle for the number of years spent in classrooms, or
the highest level of education completed (measured as
primary, secondary, some college, and so forth), Simi-
larly, if the research issue is the role of social com-
munication, or information flow, in political development,
it is misleading to consult available data sources for
vaguely related items like telephones per capita. If by
neommunication" one refers to the quantity and quality of
information that is passed between parties, with atten-
tion to large scale flow patterns in the society, then

one's measure(s) of communication must give attention to



precisely those things, To substitute more convenient
notions is to change the meaning of the results, and.
quite possibly, to drain it of import. PFurther, it is
pointless to attempt to aggregate research outcomes that
follow from different operational forms of a common issue,
Research that measures different things is about different
things., It is possible that three studies addressed to
problems of "education" can be related to one another,
but it is hardly inevitable., One cannot properly satisfy
the requirements of the research process, then, unless
the issue is stated clearly, and the translation to re-
searchable forms is exhaustive and precise, This is not
routinely achieved. So, while it is not correct to say
that social events are unavailable in principle to guanti-
tative treatment, it is nonetheless true that operational-
ization presents very considerable problems in practice,
Once the research has been put into a manageable
form, it is necessary to choose a research design that
will isolate the relationship at issue from confounding
influences, If one ignores the (frequently considerable)
potential for experimental effects, the best way to achieve
this is by resort to a randomiged experimental design.
In practice, many complex variations have been employed,
but the basic idea is quite simple., One eliminates (or
at least reduces) the effects of all variables other than

the one to be manipulated by making the research groups
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very similar, This is accomplished by making each group
an adequately large random sample of the total popula-
tion. Thus each group can be expected to contain very
similar structures of all other variables, As a result,
they can be expected to differ primarily in the degree
to which they are exposed to experimental treatment.
This procedure has an overwhelming advantage in social
regsearch: it reduces the impact of all potentially con-
founding variables, whether the researcher is aware of
them or not. Unfortunately, it is rare that political
research can be conducted in an experimental framework.
There are alternative means for controlling varia-
bles, but no other technique is remotely equal in its
capacity to isolate the research interest. The most
powerful of the alternatives controls extraneous factors
by including them explicitly in a statistical model that
{(under at least some circumstances) has the capacity to
gseparate effects. Technical problems may make it diffi-
cult to pull the variables fully apart, and variables are
held constant in a particular sense, which is not neces-
sarily equivalent to experimental control., But, these
problems aside, it is possible to 1lift the research re-
lations above the context of confounding factors. So
long as the sample size is large enough (i.e. so long as
the loss of degrees of freedom is not too serious), one

can introduce any number of additional variables in this
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manner, finding the net relationships between the depen-
dent variable and each of the independent variables with
the others controlled. This requires, however, that every
confounding variable be known to the researcher--a con-
siderable problem, And the implications of errors are
serious, The &xclusion of even one related variable can
change the outcome drastically., So there is a consider-
able difference between randomized experimental designs,
in which variables need not be recognized to be controlled,
and ex post facto designs, in which the variables must

be identified, convincingly measured and explicitly in-
cluded in the analysis (and in which the structure of
variables must meet certain technical requirements),
Again, if the traditional in principle argument is too
strong, there are nonetheless very serious practical ob-
stacles to be confronted.

Once the research issue has been translated into an
operational form and a plan for the control of confound-
ing variables has been completed, one may proceed with
data collection. The first requirement is that the analy-
sis be done with representative samples of the population
(or, occasionally, with the entire population)., The only
way to achieve representative samples is by resort to
randomization, as every other technique requires unreal-
istic amounts of information about relevant characteris-

tics. The best way to proceed is by random selection
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from an exhaustive list of population members, Unfor-
tunately, such lists are often unavailable. Indirect
methods of random selection can be substituted, but only
if samples are large enough to offset the increased prob-
ability of serious deviation from the povpulation struc-
ture. Any technigue which allows significant numbers

of drop outs or nonresponses results in unrepresentative
samples, So techniques like return mail, or phone, sur-
veys are very rarely acceptable, Studies which suffer
violations of the necessary random patterns pose serious
interpretive obstacles,

Random samples are only reoresentative if they are
bif enough. The idea is to recreate, in the sample, the
relevant structure of the population., How large a sam-
ple must be to achieve this depends upon the complexity
of the structure at issue. If the point is to recreate
the population distribution for a three valued variable
to the nearest percent (as in the case of a simple elec-
tion poll) then the sample required may be quite small,
One simply needs to find three proportions to two (or
three) significant figures. If, however, the point is to
examine the reasons for the decline in SAT scores, then
an extremely complex structure maybe involved, If there
were six relevant variables (plainly, there could be many
more), each of which could take ten values (or ten values

different enough to be consequential), then there would
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be 106 combinations of variable values., Even if manyv of
these did not occur in the population, a very larfe num-
ber could remain, and recreating proportions for each of
them would require a huge sample., If the goal were to
reduce these structures to simple patterns (as in descrip-
tive statistics), then a much less accurate structural
"picture" of the population may be fully adequate, G5till,
the sample size requirements for real research problems
may be much greater than is generally recognized., Rules
of thumb are not an adequate substitute for informed
analysis,.

It is also necessary to hold down measurement error.
A convincing operational form of the research interest
can easily be undermined by careless use, But, again,
the accurate and precise application of the measurement
scales poses problems., In (roughly) descending order of
concreteness, one may apply them to observed behavior, to
gurvey information, or to documents, Rather little poli-
tical behavior seems to be available to direct observa-
tion. Further, many observable situations are readily
altered by the process of observation., Surveys are not
necessarily more promising. The fundamental difficulty
(which is shared with documents) is that one must deal
with reports of behavior or conditions, rather than with
these things directly. If in-person interviews are con-

ducted, then it is necessary to extract reliable informa-
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tion from a complex interpersonal process, which is over-
whelmingly likely to involve strangers. Respondents may
feel that their privacy has been invaded, may be susvic-
ious of the interviewer's motives, may be too preoccupied
to give serious attention to the interview, may fear ap-
pearing stupid, may just give the visitor what they think
is wanted, and so forth, Communication problems due to
culturai and subcultural differences, inappropriate vccab-
wlaries, or unfamiliar topics present additional diffi-
culties. Moreover, the information collected is a pro-
duct of the very creative process of recalling the past
and characterizing the present. If mail (or other imper-
sonal) questionnaires are used, the more immediate inter-
personal reactions can be avoided, but it is even more
difficult to detect (or remedy the effects of) fears,
suspicions, and lack of interest. And there are almost
certain to be sampling problems. Documents may be better
or worse, depending upon their original function (that
is, their actual function, as opposed to their official
role), the care with which they are kept, and whether the
record keepers know they will be used. Official records
of programs which are regularly evaluated on a basis of
those records, for example, would be an unpromising source
of "objective" data.

In sum, then, the data collection process must em-

ploy truly random samples that are big enough to be rep-
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resentative of the population, to meet the requirements

of the inferential process, and to support the explicit
introduction of the full range of relevant variables,
Further, measurement error must be controlled, despite

the near inevitable recourse to rather indirect measure-
ment procedures. The translation of research interests
into a set of related "indicators", which are then mea-
gsured by indirect means, has very serious consequences

for the precision with which relationships can be describ-
ed, or even recognized.

The next step in the research vrocess is to rearrange
the data, or information implicit in the data, to bring
interesting features into relief, There are no ultimate
or inevitable structures; rather only the particular
structures that have been embodied in particular statis-
tical models. Linear regression analysis will not reveal
relationships per se, rather only the kind that the model
is designed to measure, If there is something going on
that a flat, multidimensional "plane" fit by the least
squares criterion cannot summarize effeciently, then it
will be missed or distorted, So, one must know what the
models can do. Purther, one must understand the outcomes
in substantive, rather than merely statistical, terms,

It is not adequate to rely upon standard thresholds of
significance (substantive or gstatistical) defined apart

from the context of an actual case. And particularly
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unsatisfactory when the standard thresholds have been
chosen in a circular manner. (As when a correlation of
0.3 is labelled "interesting" on the grounds that better
results are rarely achieved.)

It should not be necessary to add, at this late dave,
that hypothesis tests are not, by themselves, very sig=
nificant. 3tatistical inference may pose the most inter-
esting problems for statisticians, but it provides only
the most vreliminary information for political scientists.
Pailure to achieve statistical significance means that
the result could, quite plausibly, be attributed to samp-
ling error, in which case it is pointless %o analyze the
sample at hand further. The rejection of the null hyvo-
+hesis (i.e. the achievement of significance) simply means
that the deviation from the hypothesized value is greater
than one would expect from sampling error alone., If that
error has been well controlled by the use of large samples,
then the deviation from the hypothesized value that is
required for statistical significance may be trivially
small by any substantive cirterion. If one achieves sig-
nificance, then, it simply means that structural analysis,
conducted in accord with substantive standards may be
justified. Zven here, caution is required, for it is
easy to imagine a situation in which a substantively in-
teresting coefficient has a very broad confidence inter-

val which, nonetheless, does not include the null condi-
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tion., The coefficient is statistically significant and
substantively strong, but there is so little certainty
regarding its magnitude in the poopulation that the out-
come cannot be meaningfully interpreted., It must be added
that the assumptions upon which the inferential apparatus
depends are commonly violated. Under these conditions,
the interpretation of test results is complicated, some-
times severely.

In short, the intelligent use of statistical tech-
nigues requires a considerable knowledge. One must under-
stand the models siructurally (knowing what the potential
blind spots and weaknesses are, how to test for them, and
what to do if they appear), and know how to interpret the
results substantively., One must also understand the in-
ferential process and know how to overcome the many bprac-
tical obstacles associated with it, This does nct seem
to pose any overwhelming barriers to good research., AT
the same time, actual research has often been deficient.

The advantages of rigorous, quantitative analysis
follow from the power of quantitative logic: precise
measures of degrees of occurance can be vrocessed through
very long chains of inference with no loss of information.
This means that very ncnobvious structural vroperties
can be brought into relief, For these purposes, qualita-
tive logic is very limited, as efforts to pursue the im-

plications of relations characterized by qualitative
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degrees very quickly lose their shape. Thus, "some" of
"most" of "the great bulk" of '"part" carries very little
meaning compared with (.42)(.88)(.97)(.20). By resort

to quantitative forms, then, one can reach conclusions
+tha* are simply unavailable to qualitative approaches.
These include precise predictions that provide for sower-
ful tests, and for practical utility.

This is a very considerable capability. 3ut politi-
cal scientists can take advantage of it only if the %‘rans-
lation of the research interest into quantitative, em-
pirical forms is convincing (including the wvariables to
be controlled), the control of extraneous variables is
successful {meaning that all relevant variables have been
identified and included explicitly in the model, and there
are no technical problems blocking the separation of ef-
fects), the sample is truly random, and large enough for
all of the relevant structural properties to be recreated
reliably in the sample, measurement error is well con-
trolled, statistical models are employed that can con-
vincingly summarize the structures at issue, there are
good substantive grounds for choosing thresholds of inter-
est, and the assumptions upon which the statistical model
is based have been adequately satisfied.

In vpractice, of course, these criteria are rarely,
if ever, met., It is not unusual to find loose operation-

alizations, inclusion of, at most, a handful of variables,



small samples relative to the apparent complexity of the
porulation, significant deviations from the reauired ran-
domness, conceivably very severe measurement error, and
guestionnable interpretations. Even the most meticulous
work is plagued by the worst of these problems, those

associated with measurement and the control of confound-

ing variables.



CHAPTER VI

CONCLUSION

The science of politics idea has taken two rather
different forms in American departments. The first was a
product of nineteenth century positivisms (most notably,
the views of Comte and Pearson). It was expected to yield
an instrumental knowledge of political events that would
support a problem-solving (or, at least, a problem-
ameliorating) social engineering. The second cannot be
assigned unequivocal intellectual roots, It draws upon
positivist rhetoric, but combines this with the expecta-
tion that a realistic understanding of political events
can be produced. This latter version has been the more
influential since 1950, appearing in most of the program-
matic statements, and apparently being assumed in the
great bulk of the research for which close ties with the
gscience of politics ideas are claimed.

It has been the argument of this paper that the
second interpretation is not, in any straightforward

manner, conformable with evidence from the history of
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science. It appears that scientists build plausible
explanations for observed events, which explanations al-
most always employ an abstract and symbolic conceptual
apparatus that is unavailable to direct verification.1
The tests upon which scientific research is based do not
concern the realism of these conceptual structures,
rather only the conformity of events to logical (and
frequently rather distant) implications of the theoreti-
cal framework. Success in this regard confirms perform-
ance as a bounded predictive device, but not as a real-
istic portrayal of actual processes, One may believe
that science converges on the truth eventually, by elim-
inating alternatives along the way, but this makes no
practical difference, as one cannot determine the degree
to which theory construction is so constrained at any
point in the process., The most reasonable interpretation
of scientific theory, even in the "hardest" sciences,
therefore, seems to be that it does not provide a
realistic understanding of events.

The instrumental version of the science of politics
idea escapes this criticism, of course, It makes no
claims concerning the realism of its theoretical recon-
structions, rather only concerning their utility for pre-
dicting and manipulating outcomes. Most political
scientists have apparently been anxious to have a better

understanding of what is going on, rather than predictive
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and manipulative capabilities irrespective of what is
going on, but some enthusiasm for this form of the
argument can be expected.

Strenuous critical effort notwithstanding, no evi-
dence concerning the prospects for an instrumental science
of politics clearly puts it out of reach., Certain of the
practical problems examined in Chapter V do pose signifi-
cant obstacles=-most notably those associated with measure-
ment and the control of confounding variables==but they
do not constitute definite barriers to effective research.
The most reasonable response to this situation seems to be
to wait and see whether instrumental theory is, in fact,
constructed. In this regard, it is surely relevant, if
hardly conclusive, to note that very little in the way of
instrumental theory has been constructed to date.

It is probably also worth noting that the indicator
of success in this regard must be practical performance.
Good intentions and "right method" guarantee nothing; one
must achieve actual predictive success., GQuantification
and rigor are not independent virtues that guarantee
superior results. They are valuable because they provide
for precise predictions and powerful tests, It 1s per-
formance on the tests that matters, not conformity to
methodological guidelines,

The idea that quantitative data is more "objective"

seems *o be based upon the idea of counting. It would,
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fcr example, seem to be more objective to say that John
Smith has 374 horses, than to say that he has "quite a
few" or, worse, "too many". But when numbers are assigned
in accord with nonobvious rules, this advantage 1is lost.
Quantitative measurement is Just as subjective as quali-
tative characterization if one takes account of the
choice of rules, as well as the application to cases,

One can objectively decide who has the most horses by
counting, but one cannot objectively decide which of the
owners is more intelligent by measuring, unless the
measures are obvious. One can objectively apply a
measurement rule, but this guarantees nothing if the rule
is questionable, Simple counting is a degenerate and
misleading example, as the rules of assignment are
trivial,

Nor is research necessarily meaningful or valuable
just because it is conducted in a rigorous manner--by
resort to careful sampling, sophisticated research design,
powerful statistical tools and so forth. Given the prac-
tical limitations, results are almost certain to reflect
the assumptions, compromises and errors of the research
process as much as any objective circumstances, It is
particularly misleading to suppose that research can
adequately show the nonexistence of an expected pattern,
as the most common result of poorly conceived or executed

regsearch is the attenuation of coeffecient values.2



150

It does not appear to be possible, then, to assure
the reliability of one's results by sticking to the
facts and being rigorous in all phases of research,

Even the most carefully designed and executed studies,
applied to the most tractable materials, may suffer

severe bias from problems like excluded variables., And
typical research is subject to many other difficulties.
Again, the only legitimate means for generating confidence
in the results is through practical performance--~the
prediction of outcomes. Anything less than predictive
capability simply cannot be distinguished from specula-
tion, as the severity of the practical problems is neces-
sarily unknown.

In sum, then, it seems that a science of politics
yielding a realistic understanding of political events
cannot be expected, Nor is it reasonable to think that
studies are interesting, useful, or valuable in some pre-
liminary way simply because they employ scientific pro-
cedures (or because the theoretical apparatus has certain
formal properties which are thought to prevail in physical
theory). The only form in which the science of politics
idea can be defended is as a means to build instrumental
theory, which theory can only be established by actual
predictive performance. It is not clear that even this
will be possible, given the practical research problems,

nor is it clear that political scientists will want it,
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or be able to justify it. Insofar as the science of
politics idea remains at all defensible, however, it

seems to be limited to this form,
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Notes to Chapter VI

1Physical scientists have at times offered rather
minimal structures of empirical regularity, as with New-
ton's description of gravitational effects, or Maxwell's
equations, These descriptions are by no means free of
conceptual bias, but they seem less indebted to abstract
explanatory structures than more typical scientific
theories. It is instructive that scientists (including
Newton and Maxwell) have almost invariably expressed
exasperation at their inability to go beyond these basic
phenomenal structures to provide a conceptual explana-
tion for what is observed. There seems to have been a
fairly general assumption that scientific theory ought
to allow one to think about events realistically, or as
if real.

2Consider. for example, the organizational 1it-
erature which is thought to have tested Maslow's hierar-
chy of needs. In a review article, M. A, Wahba and L.
A. Bridwell conclude that "Some of Maslow's propositions
are totally rejected, while others receive mixed and
guestionable support at best." ("Maslow Reconsidered:
A Review of Research on the Need Hierarchy Theory,"
in Richard M. Steers and Lyman W, Porter, Motivation
and Work Behavior, second edition (New York: McGraw-Hill,
7979, p. 52.) GSome weaknesses in the research were noted,
but this article seemed to be designed to show that Mas-
low'!s views could be pretty safely ruled out. An exami-
nation of some fourteen studies shows that, on the con-
trary, Maslow's hierarchy has not in any remotely ade~
quate sense been tested. (The studies cited, and ex-
amined, include C. P. Alderfer, "An Empirical Test of a
New Theory of Human Needs," Organizational Behavior and
Human Performance (1969), pp. 512-175; Alderfer, Exis-
tence, Relatedness, Growth (New York: McGraw-Hill, 1972);
M. Beer, Leadership, Bmployee Needs and Motivation
(Columbus, Ohio: Ohio Sgafe University Press, 1966);
H., P. Dachler and C., L. Hulin, "A Reconsideration of the
Relationship Between Satisfaction and Judged Importance
of Environmental and Job Characteristics,"™ Organizational
Behavior and Human Performance (1969), pp. §§§~§33; F.
Frielander, "Underlying Sources of Job Satisfaction,"
Journal of Applied Psychology (1963), pp. 246-250; D, T.
Hall and K. E. Nougaim, "An Examination of Maslow's Need
Hierarchy in an Organizational Setting," Organizational
Behavior and Human Performance (1968), pp. 55-55; G.
fulzinger, Maslow's Need Hierarchy in the Work Situa-
tion (The Hague, 1970); E. E. Law*er and J. L. Suttle,
iA Causal Correlation Test of the Need Hierarchy Con-
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cept," Organizational Behavior and Human Performance
(1972), pp. 265-287; R. Payne, "Factor Analysis of a
Maslow-Type Need Satisfaction Questionnaire," Personnel
Psychology (1970), pp. 251-268; L. W, Porter, "Jo
Attitudes in Management I," Journal of Applied Psycho-
logy (1962), pp. 375-384; Porter, "Job Attitudes %n
Vanagement II," Journal of Applied Psychology (1963),
pp. 141-148; X, H. Roberts, G. A, Walter and R. E.
Miles, "A Factor Analytic Study of Job Satisfaction JItems
Designed to Measure Maslow Need Categories," Proceedings
Psycholog-

of the 78th Annual Convention of the American
Ycal Association (1970), pp. 591-582; R, H. §cﬁ§¥fer,

Wjob Satisfaction as Related to Need Satisfaction in
Work," Psychological Monographs (1953), Whole no. 364,

p. 18; J. C. WO%fora, "The Motivational Basis of Jodb
Satisfaction and Job Performance," Personnel Psychology
(1971), pp. 501-518.) No study cited even comes close

to operationalizing the conceptual framework at issue.

In addition, no study, save Alderfer's, makes any effort
to control other variables (and Alderfer's research de=~
sign is completely inadequate). Samples represent

rather odd populations, when they represent anything at
all. And the data consists entirely of survey responses
with their attendant measurement problems, (In addition,
there are very serious intercoder reliability problems on
the two studies that report measures.) Under these con-
ditions, the failure to find structure in the expected
places is much less a failure of Maslow's ideas than of
the researchers! methods, The view that "Some of Mas-
low's propositions are totally rejected . . . ." seems to
be correct in a rather odd sense only.
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