PATRICK SUPPES

EXPLAINING THE UNPREDICTABLE*

It has been said — and I was among those saying it — that any theory of
explanation worth its salt should be able to make good predictions. If
good predictions could not be made, the explanation could hardly count
as serious. This is one more attempt at unification I now see as misplaced.
1 want to examine some principled reasons why the thrust for predictability
was mistaken. I begin with the familiar sort of example of explanation, the
kind that occurs repeatedly in analyses of the past.

Hume’s (1879) long and leisurely discussion of Charles I in his History
of England provides a number of excellent examples. Here is one in which
he is discussing Charles’s decision to take action against the Scots in 1639.

So great was Charles’s aversion to violent and sanguinary measures, and so strong his af-
fection to his native kingdom, that it is probable the contest in his breast would be nearly
equal between these laudable passions and his attachment to the hierarchy. The latter affec-
tion, however, prevailed for the time, and made him hasten those military preparations which
he had projected for subduing the refractory spirit of the Scottish nation. (History of England,
Volume V, p. 167)

Hume faces the standard difficulty of assessing attitudes and attachments
when there is any sort of complex issue at stake. Charles’s conflict between
loyalty to Scotland and attachment to the religious hierarchy has the kind
of psychological instability that makes prediction impossible. But from
our perspective of looking back on the past, we are satisfied — at least
many of us are — by the explanation that Charles’s religious ties and com-
mitments won out. By saying that we are satisfied I do not mean to suggest
any ultimate sense of satisfaction.

The central feature of this historical example, the instability of Charles’s
conflicting feelings that are nearly equally matched, is the source of drama
in many important historical events, in the tensions surrounding private
choices of colleges to attend, careers to follow, and spouses to wed. The
importance of such conflict and instability in our lives is mirrored in the
importance they assume in the novels, plays, and movies that both express
and define our ways of feeling and talking.

Erkenntnis 22 (1985) 187-195. 0165-0106/85/0220-0187 $00.90
© 1985 by D. Reidel Publishing Company



188 PATRICK SUPPES

This instability and unpredictability of human affairs are in no sense re-
stricted to conflicts of feeling, The vicissitudes of politics and war have
been recorded and analyzed since Thucydides. In that long tradition, al-
most without exception there have been sound attempts at explanation
but scarcely any attention given tc what seemed to be the impossibie task
of predicting the outcomes, There is, in fact, a general view of the matter
that is not correct in every detail but that expresses a major truth. Real
conflicts occur in human affairs when the outcomes are uncertain, hecause
the forces controlling them are unstable. One-sided battles that are known
in advance by all concerned parties to be such are the exception rather
than the rule. Napoleon thought he could conguer Russia, and at least
some of his generals believed him. Hitler and at least some of his generals
thought they could conquer the world. After the fact we can easily see how
foolish they were.

One view of the American adversarial system of justice is that only con-
flicts in the law that have unpredictable outcomes shouid reach the stage
of being tried in court. When the facts and the law are clear, early settle-
ment should be reached, because the clarity about the facts and the law
makes the situation stable and the cutcome predictable. This rule does not
always work but it probably covers a substantial majority of instances of
legal confiict. Of course T do not want to overplay the argument for sta-
bility as the reason for settlement prior to trial. Just the expenses alone of
a trial push the parties for settlement even when the facts and the law
taken together do not provide a stable view of what the nature of a set-
tlement should be. All the same the stability of the facts and the law is an
important ingredient in many cases of conflict. The conflict goes nowhere
because of the sound advice of a goed attorney who convinces his client
to control his anger and ignore his ruffled feathers. Major institutions of
cur society are organized to a large extent to deal with the instability
generated by conflict. If the phenomena in question were predictable, much
of the need for the institutions would be eliminated. There may still be
Utopian social planners that dream of eliminating conflict and tension in
some ideally structured future society, but most of us are prepared to
accept conflict as part of the human condition and to work on ways to
minimize it locally without hope of eliminating it.

The difficulties of predicting outcomes in the kind of human situations
I have been describing are familiar. The complexity and subtlety of human
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affairs are often singled out as features that make a science of human
behavior impossible, at least a predictive science in the way in which parts
of physics and chemistry are predictive. Moreover, given the absence of
powerful predictive methods, there are those who go on to say that the
behavior in question is not explainable. I have already indicated my dif-
ference from this view.

I now want to move on to my main point. There is, I claim, no major
conceptual difference between the problems of explaining the unpredict-
able in human affairs and in non-human affairs, There are, it is true, many
remarkable successes of prediction in the physical sciences of which we are
all aware, but these few successes of principled science making principled
predictions are, in many ways, misleading.

Let me begin my point with a couple of simple examples. Suppose we
balance a spoon on a knife edge. With a little steadiness of hand and
patience, this is something that any of us can do. The spoon comes ap-
proximately to rest, perhaps still oscillating a little up and down. Our
problem is to predict which way the spoon will fall, to the left or the right
side of the knife blade, when there is a slight disturbance from a passing
truck or some other source. In most such situations we are quite unable
to make successful predictions. If we conduct this experiment a hundred
times we will probably find it difficult to differentiate the sequence of out-
comes from that of the outcomes of flipping a fair coin a similar number
of times. Of course, in each of the particular cases we may be prepared to
offer a sound schematic explanation of why the spoon fell to the left or to
the right, but we have no serious powers of prediction.

Let me take as a second example one that I have now discussed on more
than one occasion. The example originates with Deborah Rosen and was
reported in my 1970 monograph on causality. A golfer makes a birdie by
accidentally hitting a limb of a tree at just the right angle. The birdie is
made by the ball’s proceeding to go into the cup after hitting the limb of
the tree. This kind of example raises difficulties for probabilistic theories
of causality of the kind I have advocated. I do not want to go into the
difficulties at this point but rather to use this simple physical example as
a clear instance of having a good sense of explanation of the phenomenon,
but not having any powers of predicting it. A qualitative explanation is
that the exact angle at which the ball hit the limb of the tree deflected it
into the cup. We cover the difficulties of giving a quantitative explanation
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by the usual gualitative method of talking about the ball's hitting the limb
at “just the right angle.” Of course, this is elliptical for “hitting the ball
at just the right angle, just the right velocity, and just the right spin.” The
point is that we do not feel there is any mystery about the ball's hitting
the limb and then going into the cup. It is an event that we certainly did
not anticipate and could not have anticipated, but after it has occurred we
feel as comfortable as can be with our understanding of the event.

There is a principled way of describing our inability to predict the tra-
jectory of the golf ball. The trajectory observed with the end result of the
ball’s going into the cup is a trajectory followed in an unstable environ-
ment. We cannot determine the values of parameters sufficiently precisely
to predict the golf ball will hit the limb of the tree at just the right angle
for bouncing into the cup because the right conditions of stability do not
obtain. To put it in a familiar way, very small errors in the measurement
of the initial conditions lead to significant variations in the trajectory —
here significant means going or not going into the cup. Correspondingly,
when intentions are pure and simple we can expect human behavior to be
stable and predictable, but as soon as major conflicts arise, e.g., of the sort
confronting Charles I, the knowledge of intentions is in and of itself of
little predictive help, though possibly of great explanatory help after the
fact. To put it in a summary way, Charles [ facing the Scots and our golf
ball share 2 common important feature of instability.

Here is another simple example of a physical system of the sort much
studied under what is currently called chaos in classical dynamics. We have
a simple discrete deterministic system consisting of a ball being rotated
around the circumference of a fixed circle, each move “doubling” the last.
The only uncertainty is that we do not know the initial position with com-
plete precision. There is a small uncertainty not equal to zero in our knowl-
edge of the starting position of the ball. Then, although the motion of the
system is deterministic, with each iteration around the circumference of
the ball the initial uncertainty expands. More particularly, it is easy to
show that after n iterations the uncertainty will be 2" times the initial
uncertainty. So it is obvious that after a sufficient number of iterated moves
the initial uncertainty expands to fill the entire circumference of the circle,
and the location of the ball on the circle becomes completely unpredicta-
ble.! Though the system just described is slightly artificial, it is enormously
simple, with very limited degrees of freedom. It is an excellent example of
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an unstable dynamical system - the instability coming from the fact that
a small uncertainty in the initial conditions produces an arbitrarily large
uncertainty in subsequent location.

The general principle that I am stressing in these analyses that stretch
from the mental conflicts of Charles I to simple rotating balls is the pres-
ence of instability as the central feature that makes prediction impossible.
Fortunately, after the events have occurred we can often give a reasonable
explanation.

I do not want to suggest that the absence of stability as such is the only
cause for failure of prediction. We can take the view that there is an ab-
sence of determinism itself as in probabilistic quantum phenomena and in
other domains as well. It will suffice here to consider some simple quantum
examples. Perhaps the best is that of radioactive decay. We cannot predict
when a particle will decay. We observe the uneven intervals between the
clicking of a Geiger counter. After the events of decay have occurred we
offer an “explanation”, namely, we have a probabilistic law of decay.
There is no hope of making an exact prediction but we feel satisfied with
the explanation. Why are the intervals irregular? They are irregular be-
cause the phenomena are governed in a fundamental sense by a probabi-
listic decay law. Don’t ask for a better explanation - none is possible.

I do not mean to suggest that instability and randomness are the only
causes of not being able to make predictions. I do suggest that they provide
principled explanations of why many phenomena are not predictable and
yet in one sense are explainable.

The point I want to emphasize is that instability is as present in purely
physical systems as it is in those we think of as characteristically human.
Our ability to explain but not predict human behavior is in the same gen-
eral category as our ability to explain but not predict many physical phe-
nomena. The underlying reasons for the inability to predict are the same.
The concept of instability which accounts for many of these failures is one
of the most neglected concepts in philosophy. We philosophers have as a
matter of practice put too much emphasis on the contrast between deter-
ministic and probabilistic phenomena. We have not emphasized enough
the salient differences between stable and unstable phenomena. One can
argue that the main sources of probabilistic or random behavior lie in
instability. We might even want to hold the speculative thesis that the
random behavior of quantum systems will itself in turn be explained by
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unstable behavior of classical aynamical systems. But whether this will
take place or not, much ordicary phenomena of randomness in the macro-
scopic world can best be accounted for in terms of instability. This is true
of the behavior of roulette wheels as rauch as it is of the turbulence of air
or the splash of a baby’s bath.

A disturbing example of instability is to be found in the theory of popu-
lation growth. A reasonable hypothesis is that the rate of growth is pro-
portional to the current size of the population. The exponential solution
of this equation is unstablc. This means that slight errors either in the
initial population count or in the constant of proportionality for the breed-
ing rate can cause large errors in prediction, quite apart from any other
influences that might disturb the correctness of the equation.?

It is worth saying once more in somewhat more abstract terms the cen-
tral meaning of stability in the theory of dynamical systems. What 1 para-
phrase here is the classical Lyapunov condition for 2 stable solution.* The
idea is straightforward and already stated once intuitively. A solution is
Lyapunov-stable if two different trajectonies keep arbitrarily close together
as they arise from different initial conditions provided the initial conditions
are sufficiently close. So the intuitive idea of stability is that 2 trajectory
can be known with any desired precision, given sufficiently small errors of
measurement in determining the initial conditions. This is exactly what is
not characteristic of instability. Very fine variations in the initial conditions
of a roulette wheel, not to speak of variations in its motion, produce very
large differences in outcome. Namely, in almost identical conditions we
have on one occasion a red and on another occasion a black outcome.
Now I amn not suggesting that this exact idea of the stability of a dynamical
system can be applied to our analysis of the behavior of Charles 1 deciding
what to do with the Scots. There is, however, an underlying and robust
notion of stability that reflects the instabitity in his behavior in a faithful
way, just as much as it reflects the instability of a roulette wheel and its
resulting random behavior.

The general qualitative concept of stability is this. A process is stable if
it is not disturbed by causes of small magnitude, Thus, a chair is stable if
it cannot be easily pushed over. A political system ts stable if it can with-
stand reasonably substantial shocks. A person is stable if he is not contin-
ually changing his views. More specifically, a person’s belief in a given
proposition is stable if it can only be changed by very substantial new
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evidence. We often say something similar about feelings. One of the fea-
tures of a stable personality is constancy of feeling. The Lyapunov formal
definition of stability can be put under this qualitative tent.

Some of the best and most sophisticated predictive science is about
well-defined stable systems, but here I am interested in the opposite story.
When a system is unstable we can predict its behavior very poorly. Yet in
many instances we can still have satisfactory explanations of behavior.
There are at least three kinds of explanation that may qualify as satisfac-
tory analyses of unpredictable behavior. The first and most satisfying
arises from having what is supported by prior evidence as a highly accurate
quantitative and deterministic theory of the phenomena in question.
Classical physics has constituted the most important collection of such
theories. In the golf-ball example discussed earlier we feel completely con-
fident that no new fundamental physical principles are needed to give an
account of the ball’s surprising trajectory. It was and will remain hopeless
to accurately predict such trajectories with their salient but unexpected
qualitative properties. Our serenity, however, is principled. Classical mech-
anical systems that are unstable have unpredictable behavior but the physi-
cal principles that apply to them are just those that are highly successful
in predicting the behavior of stable systems. The explanatory extrapolation
from stable to unstable systems seems conceptually highly justified by prior
extensive experience. Moreover, in cases of importance, we can often es-
timate relevant parameters after the fact. Such estimates increase our con-
fidence in our explanatory powers. Ex post facto stress analyses of struc-
tural failures in airplanes, bridges, and buildings are good instances of
what I have in mind.

Application of fundamental theory or quantitative estimate of param-
eters seems out of the question in the second kind of explanation of un-
predictable behavior I consider. Here I have in mind familiar commonsense
psychological explanations of unpredictable behavior, exemplified in the
passage from Hume about Charles I. Consider, for instance, a standard
analysis of an election that was said to be “too close to call”. A variety of
techniques are applied after the fact to explain the result: the bad weather
affected Democrats more than Republicans, the last-minute interview of
one candidate went badly, the rise in interest rates the past two weeks hurt
the Republican candidate, and so on and so on. Simple psychological hy-
potheses relate any one of these explanatory conditions to the behavior of
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voters. Most of us have faith in at least some of these explanations, but
we have no illusion that they are derived from a fundamental theory of
political behavior. We also recognize the instability of the outcomes and
the consequent difficulty of prediction.

The third kind of explanation of unpredictable behavior does not appar-
ently depend on instability but on randomness. As has already been noted,
the random behavior of classical mechanical systems, roulette wheels, for
example, can be attributed to instability, but this is not the case for quan-
tum phenomena. In either case, however, the important point is that ex-
planation cannot go behind some basic probabilistic law that assigns a
probability distribution to the phenomena in question. We explain the
irregular pattern of radioactive decay or other data by the probability law
thought to govern the phenomena. Individual events, no matter how con-
trolled the environment, cannot be predicted with accuracy. Yet at a cer-
tain level we feel we have explained the phenomena.

Chaos, the original confusion in which all the elements were mixed to-
gether, was personified by the Greeks as the most ancient of the gods.
Now in the twentieth century, chaos has returned in force to attack that
citadel of order and harmony, classical mechanics. We have come to recog-
nize how rare and special are those physical systems whose behavior can
be predicted in detail. The naiveté and hopes of earlier years will not re-
turn. For many phenomena in many domains there are principled reasons
to believe that we shall never be able to move from good explanations to
good predictions.

NOTES

* An earlier version of this article was given at the Pacific Diyision meeting of the American
Philosaphical Association at a symposium on models of explanation, March 24, 1984, I am
indebted to Jens Erik Fenstad for a number of helpful comments on the earlier draft
! A more technical description of such a simple determunistic description goes like this
Instead of moving around a circle, we consider a first-order difference equation, which is a
mapping of the unit interval into itself:
Xp+1 = 2X, (mod 1),
where mod 1 means taking away the integer part so that x, ., lies in the umt interval So if
xy = 2/3, x; = 1/3, x3 = 2/3, x4 = 1/3,etc,and if x| = 2/3 + e, x3 = 1/3 + 2¢, x5
= 2/3 + 4e, and 1n general
1/3 + 2% (mod 1) for n even,
Xpir = 1
2/3 + 2" (mod 1) for n odd,
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the instability of this simple system is evident, for the initial difference in x; and x, no matter
how small, grows exponentially.

dx
2 The differential equation expressing that growth of population @ is proportional to pres-

ent population is:

dr _ ax

ds ’
and the solution is

x = be",

which is Lyapunov unstable, as defined in Note 3.

3 The classical Lyapunov condition for a system of ordinary differential equations is the
following, which formalizes the intuitive description in the text. Let a system of differential
equations

(¢9)

dx,

= filX1 o0y Xns 1)y i=1,.,n
dr Sx )

be given. A solution y(f), 1 = 1,..., n of (1) with imtial conditions y,(f,) is a Lyapunov stable
solutionf for any real number e > 0 there is a real number d > 0 such that for each solution
x®),i=1,..,nif

x(to) — pto)l <d, i=1,..,n

then
) =yl <e, i=1..,n

for all t > 1,.
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