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ABSTRACT
SCIENTIFIC LAWS AND NECESSITY
By
Mary Wrynn Smith

The failure of regularity theorists, Hume's descendants in
recent philosophical literature, to formulate a non-necessity view of
law statements in a first-order extensional language has led us to
investigate the possibility of construing the law statements of science
as contingent intensional metalinguistic statements which have nomic
necessity. In our metalinguistic, necessity theory of laws, the laws
of science are quasi-legislative reports which impute that certain true,
first-order, non-strict, universal statements on the object level of
language reporting past, empirical conjunctions of properties or events
are to be considered as determinations (complete or part-al) of a given
property or event. When a property or event is determined by another
property, event, or set of properties and events, the latter have been
imputed by the scientific community as identity marks of the former.
Law statements which legislate a necessary connection between properties
and events are themselves, qua laws, contingent. However, law statements
may, at times, become necessary when they function within scientific work
as a priori statements. There are also lawful statements, non-vacuously
deducible from intensionally contingent law statements, which are

analytic and therefore necessary.



LT




Mary Wrynn Smith

Nonetheless we have not concluded, as other writers have
concluded, that a priori law statements and/or analytic lawful state-
ments are non-empirical unfalsifiable or self evident truths. Rather
we have concluded from an extensive investigation of the notions of
"analyticity," "a prioricity," "necessity," "presuppositions," and our
reconstructions thereof that, among other things, all presuppositions
are only relatively necessary. As such, they can be falsified if the
true statements entailing them become falsified. In fact we propose a
relative notion of necessity which characterizes all the uses of the
term "necessity" that have found wide currency in modern philosophical
literature. In our view, this relative necessity is the necessity of
both a priori statements (identified prematurely by Kant as necessary
presuppositions of any experience whatsoever) and analytic statements.

Despite the influential view of Willard Van Orman Quine that the
analytic-synthetic distinction should be abandoned rather than recon-
ciled with the fact that sentences change their degree of falsifiability
over time, we have also fornulated a theory of meaning and analyticity
in which non-enduring, particular statements are analytic or synthetic
on a given occasion. Analytic statements are thus transient, necessary
relative to the definition statements which entail them, and falsifiable
when these definitions are changed. Analytic statements are also
empirical when the terms within them refer to things in the empirical
world.

We have concluded, therefore, that law statements are inten-

sional, contingent metalinguistic statements about the empirical world
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which legislate that members of the scientific community as well as
those who follow their work should consider certain relationships
between properties and events as necessary relationships which are to
hold until further notice.

This explication of nomic necessity has required a radical
reassessment of several classical philosophical distinctions and the-
ories. However, it seems fitting that philosophy of science follow the
example of science by considering a shift from old ways of thinking to
new in the face of a persistent anomaly--the existence of apparently

nomically necessary statements which are nevertheless about the

empirical world.
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CHAPTER I

THE PROBLEM OF LAW STATEMENTS

Two Positions

For several decades, philosophers of science have discussed the
logical status of scientific laws. But there has been little agreement
(among their answers to the following two questions:

1. What is the complete logical form of laws of science or
lawlike statements?
2. What are the differences between them and other kinds of

statements?!?

Two major positions have emerged from the controversy generated
by the above questions. One position, commonly called the regularity
view, represents empiricist thought on the subject of laws. Its origins
can be found in the writings of David Hume, and it has been the dominant
position of twentieth century thinking on this subject until recent
years. The second position is a rationalist position, which, for want
of a better name, we shall call the necessity view. Early writers of

this century such as A. C. Ewing and Brand Blanchard proposed forms of

1R. S. Walters, "Laws of Science and Lawlike Statements,"

Encyclopedia of Philosophy, 1st ed., IV, 414.






the necessity view in opposition to Hume's philosophical descendants,
but their view was met with little sympathy. However, the dominancy of
the regularity view over the years has led to a thorough philosophical
scrutiny of it; and now its drawbacks are considered so numerous and
serious that philosophers are attempting to formulate an acceptable
necessity view once again. As Nicholas Rescher notes, present day
writers merely disagree as to how the necessity which is an aspect of

scientific law statements should be characterized.!

The Regularity Theory and Objections

The regularity view of lawlike statements?

There are numerous statements in the literature which describe
the basic tenet of what we (as well as others) call the regularity view
of law statements. Consider the following assertions by David Hume,

A. J. Ayer, and Hans Riechenbach, respectively:

Similar objects are always conjoined with similar. Of
this we have experience. Suitably to this experience,
therefore, we may define a cause to be an object,
followed by another, and where all the objects, similar
to the girst, are followed by objects similar to the
second.

!Nicholas Rescher, Scientific Explanation, p. 103.

2We shall refer typically to law statements, for every law
statement is at least lawlike; whereas, not every lawlike statement
is a law statement.

SEssential Works of David Hume, ed., by Ralph Cohen, p. 100.
This shalT be cited henceforth as Hume, Enquiry.
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. . . a proposition expresses a law of nature when it
states what invariably happens. Thus, to say that
unsupported bodies fall, assuming this to be a law of
nature, is to say that there is not, never has been and
neverlwill be a body that being unsupported does not
fall.

. . . by a causal law? the scientist understands a
relation of the form if - then,® with the addition

that the same relation holds at all times. . . .*

We have called the common content of the above passages--that
laws describe regular sequences of events--the basic tenet of the
regularity view, because this initial view has been expanded upon by
various regularity theorists in attempts to defend their thesis from
sundry objections. In order that we may unravel the full formulation
of the regularity theory as it now stands in philosophical discussions,
we shall consider the objections which have been raised against the
initial tenet above and the evolution of the regularity view which
these objections have initiated.

Objections to the regularity view of
the law statements of science

The objections which have been raised in opposition to the

basic tenet of the regularity view are numerous and sometimes involved.

'A. J. Ayer, The Concept of a Person, p. 220.

2yarious writers discuss the general problem of law statements
in terms of only causal law since causality was the subject of Hume's
traditional discussion.

3No clue is given as to whether this "if-then" allows for just
indicative conditionals or subjunctive as well.

“Hans Reichenbach, The Rise of Scientific Philosophy, p. 157.







We shall consider five major objections at some length. They are the
following:
1. the vacuousness objection,
the hypothetical cases objection,
the mere coincidence objection,

the accidental generalization objection,

N A~ w N

the subjunctive conditional objection.

The vacuousness objection

It is important to note that, in the context of this first
objection as well as in that of all the others, law statements such
as "A11 S is P" are interpreted by regularity theorists as equivalent
to general implications (material implications) of the form (x)

(Sx > Px). Indeed this interpretation is the prime target of many

of the objections advanced against the regularity view generally.

The objection of vacuousness is levelled precisely against this
material implication interpretation of true lawlike generalizations,
since such material implications are true whenever their antecedent

is false. It thus turns out that "All unicorns have a single horn"

is a universal truth which may be considered a law via the regularity
view.! If it is suggested, however, that lawlike statements be written
as equivalent to "(x) (Sx o Px) - (3x) Sx"; the vacuosness objection
can be circumvented. Yet as Ayer notes, this mode of circumvention

is undesirable in that "there are certain cases in which we do wish

lAyer, op. cit., pp. 222-223.
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to take general implications as expressing laws of nature, even though
their antecedents are not satisfied."! We often find laws in science
which consist of terms which denote ideal entities. An example is
Newton's law that a body on which no forces are acting continues at
rest or in uniform motion along a straight line.? If in fact there
are no bodies free of forces acting upon them, this law might be said
to be vacuously true.® One might take the option of viewing such a
law as a statement of possibility such that, if there were any bodies
on which no forces were acting, then they would behave according to
Newton's law. However, it is agreed by some regularity theorists that
the positing of a possibility-interpretation for such a law is incom-
patible with the basic-tenet-interpretation of laws proposed by the
regularity theory.* It is precisely because the regularity theory
excludes the introduction of modal terms such as 'possibility' in
characterizations of lawlike statements that it has met with so many

objections; another of which is the hypothetical cases objection.

The hypothetical cases objection

As we have just seen, considerations of the initial and somewhat
non-critical vacuosness objection have already involved defendants of

the regularity view in a discussion of possibilities or hypothetical

11bid., p. 223.

*Ibid., p. 227.







cases with respect to the analysis of lawlike statements. But the
raising of the possibility of possibility talk, brings the regularity
theorist into very dangerous territory where objections abound. As
Ayer rightly notes:

What we want to say is that if there were any bodies on
which no forces were acting then they would behave in the
way that Newton's law prescribes. But we have not made
any provision for such hypothetical cases : according to
the view which we are now examining, statements of law
cover only what is actual, not what is merely possible.!

William Kneale, who is not a regularity theorist, focuses upon
the hypothetical cases objection in much the same way:

If on the strength of our records we suggest that there
is a law of nature that all dodos have a white feather -
in their tails, we say in effect that, if there had been
any dodos other than those mentioned in our records, they
too would have had a white feather in their tails. But
an unfulfilled hypothetical proposition of this kind
cannot be derived from a proposition which is concerned
only with the actual. A contingent universal proposition
can always be expressed in the form "There are in fact no
a things which are not B8," and from such a proposition it
is impossible to deduce that if something which was not
in fact a had been a it would also have been B.?2

It is clear from the above comments that no one who adopts the
basic tenet of the regularity theory; as expressed by Hume, Ayer, and
Reichenbach; can speak about law statements pertaining to hypothetical
cases. In view of this, it would seem a wise course for such theorists
.to avoid the introduction of possibility talk into their discussion.

C. D. Broad offered a solution to the vacuosness objection which was

designed exactly to follow such a course, i.e., to avoid direct

'1bid., p. 223.
24i11iam Kneale, Probability and Induction, p. 75.
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confrontation with the problem of possibilities or hypothetical cases.
In his article "Mechanical and Teleogical Causation," Broad proposed
that seemingly vacuous laws such as Newton's force free body law be
thought of as referring not to hypothetical objects or events but "only
to the hypothetical consequences of instantial laws."! In this manner,
Newton's law is construed as implying that there are instantial laws
about non-force free bodies which, together with the proposition that
there are force free bodies, entails the conclusion that such force:
free bodies continue at rest or in uniform motion along a straight line.
The conclusion, existentially interpreted, will be false; but it will
follow as a necessary consequence of the premise and law since the
premise will also be false. Ayer is dubious about the merits of this
clever solution; but even if the vacuosity objection is successfully
thwarted without resort to possible cases, there are other non-vacuous
laws which seem to involve an analysis of lawlike statements in a dis-
cussion of hypothetical cases. These are functional laws such as 'x =
Fy,' where "the range of the variable y covers all possible values of
the quantity in question."? A law such as this cannot be regarded as
just the compendious assertion, as Ayer_says, of all its actual in-
stances since the number of instances in the rage of y which are not
actual is infinite. Ayer refers to the law which relates the volume
and temperature of a gas under a given pressure as an example which

would have the form 'x =Fy.' Ayer writes:

ICited by Ayer, op. cit., p. 223.
2Ibid., p. 224.



But now it is not to be supposed that all these values
are actually to be found in nature. Even if the number
of different temperatures which specimens of gases have
or will acquire is infinite, there still must be an
infinite number missing. . . . The formulation of the
law in no way indicates which the actual instances are.
. . . As asserting with regard to any given value n of
y that either n is not realized or that there is a
corresponding value m of x? This is the most plausible
alternative, but it makes the law trivial for all the
values of y which happen not to be realized. It is hard
to escape the conclusion that what we really mean to
assert when we formulate such a law is that there is a
corresponding value of x to every possible value of y.'*

It appears that our consideration of functional laws brings
us squarely back again to discussion of possibilities. These laws
aside, however, there are still other important reasons why the
regularity view always seems vulnerable to the hypothetical case
objection one way or another. The other important reasons are in

fact objections three, four and five.

The mere coincidence objection

The mere coincidence objection arises most easily in connection
with causal type law statements. There are alterable cases of regular
sequence which are not regarded by anyone, except the superstitious

perhaps, as cases of regular causal sequence. It may happen that walk-

ing under a ladder is always followed by bad luck. But surely this
regular invariable sequence or constant conjunction (as Hume might say)
is not considered a causal law.

The mere coincidence objection can be easily avoided if quali-

fication is added to typical statements of the regularity view such

'Ibid., p. 225.






that the regular sequences referred to are those that occur during the
justifying stage of a law's biography. A regularity theorist could

then rejoin to the mere coincidence objector that lawlike statements

are not compendious assertions of any old regular invariable sequences
of events but of those invariable sequences of events that occur in
connection with experimentation. This selectivity of constant con-
junctions might eliminate mere coincidences from the stock of universal
assertions of actual fact which are considered lawlike. Though such an
amendment is easily added to formulations of the regularity theory, it
is a mistake to think that such an amendment is unnecessary--to think
the automatic status of any invariable sequence of events one of law,

an absurd strawman of the regularity view. Quite the contrary, all
three of our representative regularity theorists: Hume, Ayer, and
Reichenbach, are in need of such a clarifying amendment in their dis-
cussions. Hume's treatment of cause is somewhat ambiguous, but com-
mentators are generally agreed that he speaks of constant conjunctions
with reference to the discovery of causes.! While constant conjunctions
may lead to the confirmation of a causal law, they do not, in and of
themselves, lead to the discovery of a cause as opposed to the discovery

of a mere coincidence.

'Hume's discussion is ambiguous in that he may mean by the
phrase "discovery of the cause" the discovery of a causal law which
is actually the confirmation of a statement that such and such is the
cause of such and such.
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We find it difficult to suppose that Ayer would deny the need
for such an amendment to certain of his words which are misleading in
this regard:

On the view which we have now to consider, all that is
required for there to be laws in nature is the existence
of de facto constancies. In the most straightforward
case, the constancy consists in the fact that events,

or properties, or processes of different types are
invariably conjoined with one another.!

So too, the formulation of the regularity view of Hans Reichen-
bach is decidedly in need of such a clarifying amendment. Reichenbach

devotes a chapter of his book The Rise of Scientific Philosophy to dis-

cussion of causal law statements in terms of the regularity theory. 1In
this chapter, "The Laws of Nature," Reichenbach curiously leaves out all
reference to experimentation as a discovery tool in the search for law-
like regularities and claims that repetition is all that distinguishes
the causal law from a mere coincidence. Reichenbach claims that Hume's
view is generally accepted now (1951, the time of his writing) by the
scientist:

To say that the electric current causes a deflection of

the magnetic needle means that whenever there is an

electric current there is always a deflection of the

magnetic needle.?

Reichenbach maintains further that when we refuse to accept one

event as the cause of another, it is due to the fact that the observed

coincidence, the shaking of a theatre when an explosion appears on the

screen, occurred only once. Since it only happened once, it is known

'Ayer, op. cit., p. 222.
’Hans Reichenbach, op. cit., pp. 157-158.
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to be a mere coincidence but if the theatre would' always shake when

an explosion is visible on the screen, then there would be a causal
relationship between the explosion on the screen and the shaking of

the theatre. Though it can hardly be Reichenbach's intent, his
description seems to reduce the discovery of causal connections to

the act of counting rather than to the act of experimentiﬁg followed
perhaps by counting.? We say followed perhaps by counting, for it is
generally accepted that there are crucial experiments which are under-
taken in order to confirm a causal law, and in these cases, one néver
counts past one. But this last consideration brings us beyond the mere
coincidence objection which may be handled by the proposed amendment to
another objection which we might call the repetition objection.

Obviously law statements based on crucial experiments cannot be
regarded as the economical compendia of actual invariable sequences of
events or as a shorthand denoter of regularities. However, Arthur Pap
raises a further interesting objection in this regard.

Arthur Pap notes that in order to carry out his program of
collecting repetitive sequences of similar events, Reichenbach must
decide at each occurrence of the repeating sequence whether a particular
antecedent event (c) and a particular consequent event (e), belong to
classes of events C and E, such that every member of C is followed by
some member of E. Unless the class C is specified, the regularity view

has no clear meaning in view of the plurality of causes. If one narrows

'Hans Reichenbach, op. cit., pp. 157-185.

2Reichenbach does not explain his use of "would." Elsewhere in
his book on pp. 97 and 175 he does mention experimentation in passing.
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the class of antecedents enough to ensure that each instance is
relevantly similar to the preceding instances, he is bringing the
regularity theory away from its basis of recurring similar sequences
more and more to a unit class or one specific sequence.! He explains:

By doing this the credibility of the generalization will

reach a maximum if A is narrowed down to a unit-class

comprising as its only member the causal antecedent

under discussion!

The problem revolves around the regularity view phrase,
"exactly similar circumstances," which one sometimes finds in regqu-
larity view literature. Pap's criticism is that the only antecedent
exactly similar to the antecedent A is the antecedent A itself. In
light of this criticism, it is the singular occurrence of an event

sequence which should indicate with the most certainty that the sequence

was a causal one between the antecedent and the consequent.

The accidental generalization objection

The accidental generalization objection is similar to but not
quite the same as the mere coincidence objection. Ayer, among many
others, notes that the accidental generalization that all the ciga-
rettes now in his pocket are made of Virginia tobacco and the lawlike
generalization that the planets of our solar system move in elliptical
orbits are both formulated as '(x) & x o ¥ x' on the regularity view.
The first generalization, while not a mere coincidence, (Ayer likes

Virginia tobacco) is, nevertheless, merely a generalization of fact.

'Arthur Pap, "Regularity Theory of Causation," Journal of
Philosophy, XLIX (1952), 659.
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However, the material implication formula which expresses this
generalization of fact also expresses the generalization of law about
planets. In search for a formal difference between the two generali-
zations Ayer says:

. . . there seems to be a sense in which the generality

of what we are calling generalizations of fact is less

complete. They seem to be restricted in a way that

generalizations of law are not. Either they involve

some spatio-temporal restriction, as in the example of

the cigarette case, or they refer to particular indi-

viduals.!

These last words of Ayer suggest a proposal, the restrictedness
solution, for distinguishing generalizations of fact from lawlike gener-
alizations. The restrictedness solution provides that generalizations
of fact are simply conjunctions of particular statements which defi-
nitely refer to individuals. In this sense, accidental generalizations
may be considered restricted while lawlike statements are not. However,
such a proposal will not solve the problem posed by the accidental gen-
eralization objection for there are accidental generalizations which do
not refer definitely to individuals. An example of this latter kind of
sentence is "All the pears in this basket are ripe" or "All members of
the Greenbury School board for 1964 are bald."? As Hempel indicates,
the sentences just mentioned as examples of non-lawlike statements do
not refer definitely to any individuals and therefore are of essentially

generalized form just as one might want to say lawlike statements are

those which are of essentially generalized form. It is also the case

'Ayer, op. cit., p. 226.
2Carl Hempel, Aspects of Scientific Explanation, p. 339.
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that accidental generalizations can always be written so as to exclude

! and, conversely, it is

any reference to specific places or times;
possible that lawlike statements can be expressed so as to contain
reference to particular individuals or to specific places and times.?
To eliminate accidental generalizations, we would have to stipulate
that no general sentences are lawlike which happen to have only a
finite number of instances. Restrictedness thus is now identified
with a finite extension of the terms in an accidental generalization.
However, this qualification cuts too deeply again for it excludes some
lawlike statements of science which are concerned with a finite number
of objects such as some laws derivable from those of celestial mechan-
ics.® The tack of proposing a restrictedness difference between acci-
dental generalizations and lawlike statements seems doomed unless one
adopts yet another construal of restrictedness in the manner of Popper.
According to his interpretation of restrictedness, a universal statement
is restricted, not merely because its extension is finite, but because
its extension is closed. As Walters explains:

The normal kind of restriction in universal statements is

restriction to a specified finite space-time region; with

certain other assumptions it is sufficient to say that the

class denoted is closed, although it may not entail any
particular number."

lAyer, op. cit., p. 226.

2Nel1son Goodman, Fact Fiction and Forecast, p. 78.

*Hempel, op. cit., p. 340.
“Walters, op. cit., p. 413.
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K. Popper in his article "A Note On Natural Laws and So-Called
'Contrary-To-Fact Conditionals'"! criticizes an argument advanced by
critics of the regularity view, particularly critics of the view's
construal of law statements as material conditionals. Popper summarizes
the argument he considers faulty as:

Natural laws may be written simply as universal statements,
such as "All planets move in ellipses." But if we formu-
late them in this form, then we do not give full expression
to what is meant--we do not fully cover our use of natural
laws. If we wish to give some expression to their logical
peculiarities, we should rather write something like "All
planets must move in ellipses”" or "Planets necessarily move
in ellipses" in any case, we should indicate that natural
laws are logically stronger than ordinary universal state-
ments; an ordinary universal statement always follows from
the natural law, and it can replace the natural law for
many purposes, but it is not equal in 1og1ca1 strength to
the law and should be distinguished from it.?2

Popper notes that the above argument is supported by the claim
that subjective conditionals follow from law statements, but that
"corresponding subjunctive conditionals do not follow from such uni-

"3 In answer to

versal statements which do not express natural laws.
this argument, Popper maintains that the fact that subjunctive condi-
tional statements follow from law statements but corresponding ones do
not follow from accidental generalizations is not due to a difference
in the logical form of these two types of statements but rather to a
vacillation concerning the extension of their respective terms. Using

the example "A1l men are mortal," written as (3.0) "A11 A's are B's,"

1Karl Popper, "A Nete on Natural Laws and So-Called 'Contrary-
To-Fact Conditionals,'" Mind, LVIII (1949), 62-66.

2Ibid., p. 62.
*Ibid.
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Popper claims we can always deduce the indicative conditional "If x is
one of the A's then x is one of the B's" and also the subjunctive con-
ditional (3.1) "If x were one of the A's then x would be one of the B's."
But we can never deduce (3.2) "If x were added to the A's then it would
be one of the B's." By "added to," Popper claims to mean some operation
corresponding to the class-addition {a} + A. Popper using another
example-universal "A1l my friends speak French" claims that we cannot
deduce "If Confucius were a friend of mine, then he would speak French"
because 'this latter statement means: "If Confucius were added to the
people I call my friends, then he would speak French."'® Popper goes
on to say:

Similarly, we can now see that, from "Al1l planets move in

ellipses,”" we can of course deduce "If the moon were a

planet it would move in an ellipse." (For this means:

"If the moon were one of the planets, or belonging to the

class of planets, then. . . ." But we cannot deduce "If

we extend the class of things covered by the name "planet"

so as to include the meen, then she would move in an

ellipse [sic]. . . .2 We thus find that we make a mistake

because we neglected the extensional or class-aspect of

our terms; we did not see that in the case of type (3.1),

we kept our terms extensionally constant while in the case

of type (3.2) we assumed that the extension of our terms

may vary (which is, of course, impermissible in exten-

sional logic).?

It appears that the main thrust of Popper's answer to critics

of the regularity view is that subjunctive conditionals of a certain

sort are dedueible from accidental generalizations just as subjunctive

'Ibid., p. 64.
2popper may be guilty of petitio principi in these lines.

*Ibid.
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conditionals of this same sort are deducible from law statements.
However, this is not the point at issue. As Ayer says:

Thus one cannot say that generalizations of fact do not
entail subjunctive conditionals, for they may very well
contain dispositional predicates: indeed they are more
likely to do so than not: but they will not entail the
subjunctive conditionals which are entailed by the
corresponding statements of law.®

The subjunctive conditional objection

The argument Popper intends to defeat can still be raised if
one claims, as its advocates do, that there are, nevertheless, subjunc-
tive conditionals which assert that the moon would move in an elliptical
orbit not only if it were numerically identical with one of the planets,
but also if it belonged to the class of planets intensionally.? Such
subjunctives are not deducible from accidental generalizations simply
because the intensional aspects of the terms in such accidental gener-
alizations are not considered while their extensional aspects are. When
I say "A11 my friends speak French" I can enumerate who my friends are
but perhaps not what makes each of them my friend. There is no clue in
such a statement as to whether or not speaking French is a requisite
property that any x must have in order to be a friend of mine. On the
other hand, this is precisely what is indicated by a natural law as
Popper himself recognizes:

Accordingly, the phrase "If x were an A . . ." can be
interpreted (1) if "A" is a term in a strictly universal

law, to mean "If x has the property A . . ." but it can
also be interpreted in the way described under (2); and

lAyer, op. cit., p. 229.

2'Intensionally" here means defined according to property.






18

(2), if "A" is a term in an "accidental" or numerically
universal statement, it must be interpreted "If x is
identical with one of the elements of A."!

Popper concludes:

. . . there is no need to admit that the two types of
statements are different in import or in logical form,
except in the structure of their terms which, in the
case of natural laws, may be called "strictly universal
(or qualitative or perhaps intensional) terms," and, in
case of numerically universal statements," numerically
universal (or enumerative or individual or singular or
particular or perhaps extensional) terms.?

Though Popper chooses to regard the difference between
restricted and unrestricted universals as not one of logical form,
but as one of the structure of their terms; his opponents might well

fail to see how the differing structure of terms is not in some sense

a difference in logical form.

Conclusion

The characterization of law statements in science as unre-
stricted universals seems to introduce possibility talk into the dis-
cussion and to thereby debilitate once again the regularity theory
characterization of laws. As Ayer notes:

If generalizations of law do cover possible as well as
actual instances, their range must be infinite; for while
the number of objects which do throughout the course of
time possess a certain property may be finite, there can
be no 1imit to the number of objects which might possibly
possess it: for once we enter the realm of possibility

we are not confined even to such objects as actually exist.
And this shows how far removed these generalizations are

Popper, op. cit., p. 65.
21bid.
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from being conjunctions: not simply because their range

is infinite which might be true even if it were confined

to actual instances but because there is something absurd

about trying to list all the possible instances.?

Popper says as much himself elsewhere in his article "A Note

on Natural Laws," for he claims that a strict universal "can never be
defined by enumeration of the elements which belong to them."? If laws
are considered as strict (unrestricted) universals, it is difficult to
see how they can be subject to the basic tenet of the regularity view.
However, it may be the case that advocates of the regularity theory
would accept the qualification that laws of science are unrestricted
universals, as Popper seems to, but not that laws are logically
necessary. Such an advocate might argue, as Walters suggests, that
statements about possible instances stand in the same relation to
unrestricted universal law statements as do statements about actual
unobserved instances. Kneale claims that regularity theorists who take
this route consider laws as expressive of two conditions: "Either it is
a law of nature that every A thing is B, or there has been or will be
somewhere at some time an A thing that was not or is not B."® 1In short,
they are committed to the view that every natural possibility, i.e.,

every state of affairs not excluded by a law of nature, must be realized

somewhere at sometime.” Indeed to avoid such a commitment Popper made

lAyer, op. cit., p. 227.
2popper, op. cit., p. 65.

*William Kneale, "Universality and Necessity," British Journal
for the Philosophy of Science, XII (1960-1962), 98.

“Ibid.
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the following suggestion in the appendix to his Logic of Scientific

Discovery of 1959. Kneale quotes from Popper:

Popper concedes that something more must be done to
distinguish laws from accidental generalities and
P;‘Oduces the following definition of natural neces-
sity:

A statement may be said to be naturally or physically
necessary if, and only if, it is deducible from a
statement function which is satisfied in all worlds
that differ from our world, if at all, only with
respect to initial conditions.!

Supposedly natural necessity is different than logical necessity
in that the former avoids talk of possibility while the latter does not.
However, as Kneale points out:

For to say that a statement function is satisfied in
all worlds that differ from the actual world, if at all,
only with respect to initial conditions is to say in
effect. that it holds for all possible worlds that con-
tain instances of the same attributes and relations as
are exemplified in the actual world and of these only;
and what holds for all possible worlds is obviously
necessary.?

Apparently the regularity theorist is inevitably forced to
introduce intensional aspects such as necessity into his analysis of
law statements. From considerations of the above objections to the
regulavity theory and their attempted answers, it is easy to see that
the main intent of such a view is to avoid characterizing the law
statements of science as logically necessary. The chief reason for
avoiding this identification is the belief that the laws of science

are a posteriori or empirical statements which are always subject to

1bid.

2Ibid.
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refutation. Laws are deemed contingent and based on observation
(directly or indirectly). Since contingency and necessity are
traditionally fhought of as contradictory concepts, laws if contingent
cannot be necessary. As prelude to our analysis of the law statements
of science, we will briefly consider some necessity characterizations
of law statements and the objections that they have elicited. Among
those objections, we shall no doubt find the beliefs mentioned above

which have motivated expositions of the regularity view.

Necessity Views and Objections

Necessity view of Ewing

Unlike the regularity theorists, A. C. Ewing claims that
"besides regularity we must introduce the notion of determination and
necessity" into discussion of causality! such that "the effect not
merely does but must follow the cause, and this depends on the specific
nature of the cause as such."? He claims that this necessity is analo-
gous to that "underlying valid inference." In elaboration, Ewing says:

Where a conclusion follows logically from a premise,
this must be because the fact expressed by the premise
is so connected with the fact expressed by the conclu-
sion that the former could not possibly occur without
the latter occurring. This is logical necessity. The
theory according to which the connection between cause
and effect is the same as or very like that of logical
necessity may be called the rationalist or the entail-
ment theory of causation.®

'A. C. Ewing, Fundamental Questions of Philosophy, p. 162.

2Ewing directs his discussion toward Humean thought and he
therefore speaks about causality instead of law statements.

*Ibid., p. 162.
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The above passage, though vague, is the most detailed

explanation of the entailment theory that Ewing gives. He maintains
in his writings on the subject that causation is not just entailment,’
and he recognizes, as well, that "entailment" is a word more properly
used in reference to a relationship between sentences yet he says "we
can after all make legitimate inferences from cause to effect. How
could we do this if the cause did not in a very important sense entail
the effect? The relation need not be exactly the same as the entailment
which occurs in formal logical reasoning, but it must at least be analo-
gous to it in the important respect that it justifies the conclusion."?
The precise characterization of this analogous entailment is left un-
formulated. Ewing at best proposes only the germ of an entailment
theory about causation, and one which promises confusions between claims
of necessary connection in nature and necessary connections between
statements which describe nature. Ewing himself was aware of the like-
1ihood of such confusion, for, as he emphasized:

It does not indeed follow that the relation of causality

is simply identical with or a species of the relation of

logical entailment, indeed this seems to me certainly

false; but it does follow that this is one of the rela-

tions which together make up the complex relation of

causality.?

Another necessity theorist N. Maxwell endeavors to give a more

explicit account of this entailment by saying:

11bid., p. 163.
21bid.
3A. C. Ewing, Idealism: A Critical Survey, p. 168.
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At the time of the occurrence of event E , there exists
that which can only be completely described by proposi-
tions P, [sic], which logically imply propositions P,
[sic], that state that E; occurs subsequently. This
says that there exists a logically necessary connection
between E,, and E,. The logical connection is between
propositions not events [sic].?

This last passage betrays the confusion Ewing warns against.
Maxwell's use of "the" and "a" logical connection implies, as his
passage suggests, but one logical connection--between propositions
not between events. But he arbitrarily asserts mid-paragraph that
the logical connection which he believes to hold between propositions
holds also between events. Surely it does not seem that the same
(numerical) connection can hold between two sets of relata at the same
time.? A more compelling rationalist, or necessity, view is expressed
by Mr. H. W. B. Joseph who speaks only about objects in nature and not
about sentences describing those objects. However, the clarity and
detail of his view permit easy translation into "sentence about object
talk"; and Ayer raises objections to Joseph's theory on the level of

talk about sentences.

The rationalist position of Joseph

In his book The Foundations of Empirical Knowledge A. J. Ayer

summarizes, in direct quotation, the view of Mr. H. W. B. Joseph which
Ayer takes to be representative of the kind of view we are here pro-

posing. He quotes from Joseph's An Introduction to Logic:

Nicholas Maxwell, "Can There Be Necessary Connections Between
%ucceisive Events?" British Journal for Philosophy of Science, XIX
1967), p. 2.

2This is the least that can be said by way of objection.
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. . . if a thing (a) under conditions (c) produces a
change (x) in a subject (s), the way in which it acts
must be regarded as a partial expression of what it is.
It could only act differently if it were different. As
long therefore as it is (a) and it stands related under
conditions (c) to a subject that is (s), no other effect
than x can be produced; and to say that the same thing
acting on the same thing under the same conditions may
yet produce a different effect is to say that a thing
need not be what it is. . . . But this is in flat con-
flict with the Law of Identity. A thing, to be at all,
must be something and can only be what it is. To assert
a causal connexion between (a{ and (x) implies that (a)
acts as it does because it is what it is; because in fact
it is (a). So long therefore as it is (a), it must act
thus, and to assert that it may act otherwise on a sub-
sequent occasion is to assert that what is (a) is some-
thing other than the (a) which it is declared to be.!

Ayer objects first that Joseph is treating all general proposi-
tions of law as if they were logically necessary. Hence, the evidence
which was formerly taken to establish the existential proposition that
this is an instance of A% will not be sufficient to establish it once
the connotation of A is widened by making it logically necessary that
every instance of A should, in the relevant conditions, be conjoined
with an instance of X. Unless one has reason to believe that every
instance of A is not logically but factually conjoined in conditions
such as these with an instance of X, there can be no reason to believe
that this really is an event of the kind A in the revised sense.

Ayer is misguided in that it does not appear to be Joseph's

claim that the statements of law which are, in some not yet fully

'A. J. Ayer, Foundations of Empirical Knowledge, p. 208.

2Note Ayer's change of 'a' in the quoted passage to 'A' as he
talks not of a thing 'a' but of a predicate A.



¢

- 0 - - &/ ey atd
o (b et a I8 ) -
w o . ‘2 N w v oaq w %) = - ¢ s © & "3
N ¢ [ F N <oty - o v o o« — P
A4 ¢ L) . (3 A B ) et -— IS Y] w -— (=) =
) [ [$] N N € o3 i g I (%3 [ a’ - +>
[§ [T} . . ar " v - — P -3 » wr
e - ) [ 3 wy w . T w»n &3 k] s R 3 o Y
"y ay v = a ® o . N vy g [ v el T -~ 4
" Moo o I L . i
ot i b HY B -t ~ ‘o’ HE i H
. o o

“wr wy



25

explained sense, definitional are logically necessary. Only further
statements based upon these laws such as "if this is an instance of A,
X must occur" are logically necessary; and we know instances of X to
be instances of A on the basis of laws which contingently claim a
connection between A and X. As Hospers writes:

When we say, "Water must boil at 212°F, we do not have

a statement which is necessary in and of itself, such as

“A is either a rose or not a rose." Rather, the "must"

is spoken only by way of logical inference from some

statement of law in which boiling at 212°F is taken to

be a defining characteristic of water.!

Ayer goes on to argue that if Joseph's argument is accepted

it would not be possible for us, as it is at present, to abandon a
"causal law without making a change in our usage of words."? It is
more inconvenient, he claims, to be constantly altering the meaning of
words than merely to discard a series of empirical hypotheses. Ayer
continues that it would not be profitable to adopt the practice of
making all causal expressions definitional unless we had very good
reason to believe that the concepts that were yielded by these defi-
nitions would continue to be applicable to the empirical facts. But
this is exactly the case, is it not, when we formulate not empirical
hypotheses but laws? We do so only after very good inductive evidence
and the weighing of pragmatic reasons. Perhaps by accident, Ayer uses

the phrase "empirical hypotheses" interchangeably with "causal laws"

when in fact the two are not interchangeable. Empirical hypotheses are

1John Hospers, An Introduction to Philosophical Analysis, p. 282.
We shall present a theory re: this necessity in Chapter I11.

2A. J. Ayer, The Foundations, p. 202.
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not definitional and can always be discarded with no change in the
meaning of their predicates, even when their predicates are used in
new hypotheses. On the other hand, there are terms such as "mass"
which occasionally do undergo a change in meaning as new laws replace
old ones in which this term occurs.

While these last statements of Joseph and Hospers indicate
a plausible avenue of analysis, there is still need for a detailed
explicit necessity theory which will characterize law statements and
explain nomic necessity. But before we propose the details of our
necessity theory, it will be well first to examine some general objec-
tions to necessity theories which have been raised by empiricists in
the past. As the name of our theory suggests, we intend to formulate
a characterization of law statements which analyzes their necessary
aspect in a manner consistent with the fundamental empiricist belief
that the law statements of science express contingent non-self-evident
truths.

Empiricist objections to rationalist
necessity theories

The following are some of the main empiricist criticisms of
rationalist necessity views such as that of A. C. Ewing:

1. We cannot prove any such law (causal) a priori but
only establish it as an empirical generalization.

2. In cases of a priori reasoning we attain certainty,
but in cases of causal reasoning only probability.

3. We cannot prove any logical connection between cause
and effect . . . as regards the physical world at least.!

'Ewing, Fundamental, pp. 164-166.
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Arguments in support of the three objections above can be
found in the writing of David Hume, the father of modern empiricism.
Objection (1) is supported by arguments in Hume's writing which we
shall refer to as Hume's a priori argument and his conceivability
argument. Objection (2) is supported by Hume's induction argument,
as we shall call it, and objection (3) by his impressions argument.
We shall now present the details of these four arguments and examine
each critically. During the course of our examination we shall seek
to establish the following claims concerning Hume's arguments:

Re: the a priori argument.

a. The cause of an effect and the effect of a cause can,
in some cases, be known independently of any obser-
vation of their constant conjunction or of even one
single conjunction as one might accomplish in the
case of a totally novel object. We shall call this
our novel object objection.

b. The cause of an effect and the effect of a cause can,
in some cases, be known or discovered via the observa-
tion of just a single conjunction of that cause and
effect. We shall call this the single case objection.

c. There are constant conjunctions of events which are
not directly pronounced to be causal sequences. We
shall call this our mere correlation objection.

d. There are causal laws which are not confirmed by the
observance of the constant conjunction of the cause
and effect to which they pertain but by one single
crucial conjunction. This we shall call the crucial
experiment objection.

Re: the conceivability argument:

a. Hume's conceivability criterion is psychological.
Appropriately we shall call this our psychology
objection.

b. If matters of fact are known via empirical observa-
tion, hypothetical empirical claims cannot be based
on the use of a non-empirical criterion such as the
conceivability criterion. This we shall call our
imaginary facts.
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Re: Hume's induction argument:

a. Belief in the uniformity of nature is, in fact, not
derived by inductive empirical observation but is
presupposed. This is our presupposition objection.

b. The belief in the uniformity of nature may not be
a probable belief if it is not based on empirical
observation. This objection shall be discussed
as the historical certainty status objection.

Cc. Hume suggests that in some cases of causal reason-
ing we attain certainty. He also talks of proofs
about matters of fact. This is our certainty proof
objection.

Re: Hume's impressions argument:

a. Hume's assertion that all simple ideas are directly

derived from simple impressions is an unproved

assumption. This will be our arbitrary assumption

hypothesis.

b. There are those who claim that causal connections

are known primitively by observation. We do not

necessarily agree with this claim nor are we inter-

ested in talking about causal connections in nature.

But for sake of full treatment, we shall discuss

this causal perceptibility objection.

After discussion of the above rejoinders to Hume's four
arguments: the a priori argument, the conceivability argument, the
inductive argument and the impressions argument; we will begin recon-
structions of the terms "analytic," "a priori," and "necessity." We
will argue in Chapters III.and IV not only that logical relations may
hold between statements concerning matters of fact but that due to
these logical relations, some empirical statements entailed by others
may be known true with the necessity typical of deductive inference.
We shall argue in Chapter V that the law statements of science, though
contingent assertions about the empirical world, nevertheless give rise
to corresponding definitional statements; and these definitional state-

ments are much like axioms one might find in a mathematical axiomatic
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system. As such these factual definition statements® can entail other
empirical statements with deductive certainty within a given scientific

paradigm. 2

Hume's Arguments and Rejoinders

The Humean view of causal connections

As we have seen earlier in our discussion of the regularity view,
Hume implicitly reduced causal law statements to generalizations of fact

when he gave the following definition of "cause" in the Enquiry Concern-

ing Human Understanding:

. . . we may define a cause to be an object followed by
another and where all the objects, similar to the first
are followed by objects similar to the second.?

It is this definition which gives the crux historically of the
regularity view that laws express the constant conjunction of events.
As we look about us, we notice that C is regularly followed by E and
we say that C is the cause of E. But we notice only invariable
sequences and we do not perceive any necessary connection between
- C and E such that the one should always follow the other.

Hume based his above claim on a thoroughly empiricist episte-

mological theory which today strikes us as exceedingly simplistic, but

1In Chapter III we shall explain these quasi-reportive legis-
lative statements in full.

2See The Structure of Scientific Revolutions by Thomas S. Kuhn
for discussions of scientific paradigms.

3Hume, op. cit., p. 100.
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let us closely examine each point of Hume's claim with regard to his

definition of cause.

Hume's a priori arqument

Hume first explains what he means by a priori by discussing
two kinds of statements, i.e., those that express relations of ideas
and those that express matters of fact. He says:

A11 the objects of human reason or enquiry may naturally
be divided into two kinds, to wit, Relations of Ideas and
Matters of Fact . . . that the square of the hypothenuse
is equal to the square of the two sides is a proposition,
which expresses a relation between these figures. . . .
Propositions of this kind are discoverable by the mere
operation of thought without dependence on what is any
where existent in the universe. . . . Matters of fact

. . . are not ascertained in the same manner; nor is our
evidence of their truth however great of a like nature
with the foregoing. The contrary of every matter of fact
is still possible; because it can never imply a contradic-
tion and is conceived by the mind with the same facility
and distinctness as if ever so conformable to reality.
That the sun will not rise tomorrow is no less intelligible
a proposition and implies no more contradiction than the
affirmation, that it will rise.!

It is, of course, only reasonings about the relation of ideas
which can be discovered a priori. Reasonings concerning matters of
fact seemed to Hume to be founded on the relation of cause and effect
which is the only relation by which we can go beyond the evidence of
our memory and senses. But Hume goes on to claim that:

The knowledge of this relation is not in any instance
attained by reasonings a priori; but arises entirely
from experience, when we %ina, that any particular

objects are constantly conjoined with each other.
Let an object be presented to a man of ever so strong

1bid., p. 62.
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natural reason and abilities; if that object be entirely
new to him, he will not be able, by the most accurate
examination of its sensible qualities, to discover any
of its causes or effects.!

In support of the above claim, Hume goes on to say that in
pronouncing the effect of an object without benefit of past observation
the mind can only invent or imagine some event which it ascribes to the
object as its effect; and this invention must be entirely arbitrary.
Thus, even with "the most accurate scrutiny and examination," the mind
can never possibly find the effect in the supposed cause.?

The novel object objection to Hume's
a priori argument

It has already been noted that Hume maintained that if a man is
presented with an entirely new object, he cannot by the most accurate
examination and scrutiny of its sensible qualities discover any of its
causes or effects. Without the benefit of past observation, the mind
can only invent possible candidates as the effects or the causes of
effects and this is entirely arbitrary.

While Hume's language seems straightforward enough, one can yet
only wonder what thoughts are really being conveyed within this great
clarity of expression. Are not the words "examination" and "scrutiny"
connotative of empirical observation? Is Hume saying that without past
observation, present observation is useless in determining the causal

properties of an object or the effects which it might issue; or is he

'Ibid., p. 63.
’Ibid., p. 65.
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saying that accurate examination and scrutiny of an object are not
instances of observation?

If we have never seen a bowling ball in all our life and
suddenly, some Monday morning, one appears on our doorstep, is it not
possible that by close examination and scrutiny we can tell that the
ball will dent the top of our wooden dining table even though we should
not toss this heavy, hard object upon it? Though we have had no previ-
ous experience with bowling balls, we have noted in the past that
billiard balls dropped on thin glass crack the glass. We have also
seen wrecking crews knock down buildings with a large ball suspended
from a cable. Surely then Hume must mean, not only that a man must be
devoid of any past experience of a particularly newly presented object,
but also in this case that the man must be devoid of all experience of
balls and 