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Abstract To solve the highly counterintuitive paradox of confirmation
represented by the statement, “A pair of red shoes confirms that all ravens are
black,” Hempel employed a strategy that retained the equivalence condition but
abandoned Nicod’s irrelevance condition. However, his use of the equivalence
condition is fairly ad hoc, raising doubts about its applicability to this problem.
Furthermore, applying the irrelevance condition from Nicod’s criterion does not
necessarily lead to paradoxes, nor does discarding it prevent the emergence of
paradoxes. Hempel’s approach fails to adequately resolve the paradox.
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In empirical sciences, empirical data and scientific hypotheses are immensely
important, whether formulating hypotheses or testing them, empirical data—
experience—is essential. Negotiating the relationship between experience and
hypothesis is therefore one of the most important problems scientists encounter.
Methodological analysis of this relationship has, in recent times, changed from
focusing on scientific discovery to focusing on scientific proof. Aiming to find
a general criterion establishing the sort of empirical evidence required to
confirm particular hypotheses, American philosopher Carl G. Hempel studied the
qualitative, confirmatory relationship between experience and hypothesis.
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1 The intuitive and logical paradoxes of confirmation

Carl. G. Hempel discovered the epistemological paradoxes known as “paradoxes
of confirmation” in the course of his contemplation of the problem of scientific
confirmation. Early in 1937, Hempel discussed a nascent conception of the
paradoxes of confirmation; later, in Studies in the Logic of Confirmation, he
expounded upon the paradoxes. Western scholars have mainly focused on
intuitive paradoxes of confirmation and paid little attention to the logical ones.
However, both subcategories of paradoxes of confirmation merit investigation.
To this end, I will seek to elucidate the logical paradoxes of confirmation in the
following pages.

Before defining confirmation, Hempel considered a conception of confirmation
that underlies many studies of induction and of the scientific method.
Philosopher Jean Nicod provides an explicit statement of this conception in the
following passage. “Consider the formula or the law: A entails B. If this fact
consists of the presence of B in a case of A, it is favorable to the law ‘A entails B’;
on the contrary, if it consists of the absence of B in a case of A, it is unfavorable
to this law. These two elementary relations we shall call confirmation and invali-
dation.” (Nicod 1930, p. 219) Hempel added to Nicod’s statements the condition
that “it is neutral, or irrelevant, with respect to the hypothesis if it does not satisfy
the antecedent.” (Hempel 1945, p. 10) This condition is termed the irrelevance
condition. We shall henceforth refer to the above, three-condition criterion as
Nicod’s criterion.

We can restate in more formalized language the concept that Nicod and
Hempel described. Nicod’s criterion consists of three parts. The first part states
that an object that is “RaABa” confirms the hypothesis H of the form “V(x) (R(x)—
B(x))”. The second part states that an object of the form “Raa—Ba” disconfirms
the same hypothesis. The third part informs us that an object of the form “—RaaBa”
or “—Raa—Ba” is irrelevant to the very same hypothesis. Let the hypothesis H be
“All ravens are black,” and let a, b, ¢, d be four objects such that a is a raven and
black, b a raven but not black, ¢ not a raven but black, and d neither a raven nor
black. Then, according to Nicod’s criterion, it is intuitively reasonable and widely
accepted in scientific practice that a would confirm the hypothesis H, & would
disconfirm H, and ¢ and d would be both irrelevant to the hypothesis H.

Moreover, Hempel argues that any adequately defined conception of
confirmation should satisfy the equivalence condition; that is, what confirms (or
disconfirms) one of two equivalent sentences also confirms (or disconfirms) the
other. (Hempel 1945, p. 12) Obviously, this condition is very reasonable and
should be fulfilled. If it is not fulfilled, whether a given hypothesis is confirmed
or not depends not only on the contents of the hypothesis and its empirical
evidence but also on its formulation. That is to say, the same hypothesis may not
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be confirmed by the same confirmatory evidence when it is formulated in
other forms. Thus far, Hempel’s logic holds up. However, Hempel indicated to
us that some “surprising consequences” would be derived from the combination
of Nicod’s criterion and the equivalence condition, each widely accepted
individually.

Consider the raven hypothesis S,, “All ravens are black,” which can be symbol-
ized by “V(x) (R(x)—B(x)),” where R(x) represents an object x that is a raven and
B(x) represents an object x that is black. According to Nicod’s criterion, the above-
mentioned object a confirms S, b disconfirms S,, and ¢ and d are both irrelevant
to S,.

Paradox of Confirmation One: S, and S, “V(x) (=B(x)—>—R(x))” are logically
equivalent yet different formulations of the same hypothesis H. According to
Nicod’s criterion, by the empirical finding “-~BdA—Rd”, the above-mentioned
object d confirms S,. Then, by virtue of the equivalence condition of confirmation,
the object d confirms S, as well. This means that, for instance, a white piece
of chalk confirms the hypothesis “all ravens are black”—an absolutely counterin-
tuitive result. Chen Xiaoping calls such a result an intuitive paradox. (Chen 1994,
p. 152)

Nicod’s criterion implies that the object d is irrelevant to S,. Moreover, by
virtue of the equivalence condition of confirmation, the object d confirms S,.
Thus, the object d both confirms S, and is irrelevant to it. In rather more strict
language, we can reformulate the intuitive paradox above as a strict logical
paradox.

(i) =BdAa—Rd confirms S, (Nicod’s criterion)

(1) S8,

(ii1)) =BdA—Rd confirms S, ((@), (i1), Equivalence condition)
(iv) =BdA—Rd is irreverent to S, (S, Nicod’s criterion)

We abbreviate the statement “some sentence E has the property of confirming
S1” as Con(E, S,), “some sentence E has the property of disconfirming S,” as
Disc(E, S,), where E is “—BdA—Rd”.

(v) Con(E, S)) ((iii), Abbreviation)
(vi) =Con(E, S,)A—Disc(E, S)) ((iv), Definition of irrelevant,
Abbreviation)

(vii) =Con(E, S,)
(viii) Con(E, S;)A—Con(E, S,) ((vi), (vii))

A self-contradictory sentence is thus derived logically from our common back-
ground knowledge. According to Zhang Jianjun’s definition (Zhang 2002, p. 8),
this sort of theoretical situation can be called a logical paradox.
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Paradox of Confirmation Two: S, is logically equivalent to S; “V(x) ((R(x)
v—R(x))—=(—R(x)VB(x)))”. According to Nicod’s criterion, the confirmations of
S, are the objects satisfying the antecedent and the consequent of the conditional.
Because the conditional’s antecedent is an analytical sentence, the confirmations
of S; can be reduced to the objects satisfying the consequent of the conditional.
This means that any nonraven object will confirm S; and that any black object will
confirm S; as well. Again, by virtue of the equivalence condition of confirmation,
we can say that any nonraven object or any black object confirms S,. This
result is counterintuitive too; so we can call it Intuitive Paradox of Confirmation
Two.

The objects a, ¢, and d mentioned above all confirm S, but b disconfirms S,.
On the other hand, by virtue of S, and Nicod’s criterion, both ¢ and d are irrelevant
with respect to S,. From the above, we can derive another self-contradictory
sentence—"both ¢ and d confirm and do not confirm S,.” Thus, we have another
strict logical paradox of confirmation. As Hempel said, “We shall refer to these
implications of the equivalence condition and of the above sufficient condition of
confirmation as the paradoxes of confirmation” (Hempel 1945, p. 14).

2 Hempel’s solution to the paradoxes of confirmation

According to the methodology of paradox solving, there are three main
approaches to solving the paradoxes of confirmation—explaining that the self-
contradictory conclusion is acceptable by revealing the hidden misunderstanding;
rejecting or modifying the equivalence condition of confirmation; and challenging
Nicod’s criterion. Hempel’s solution utilized the first approach, showing us that it
grew out of misunderstanding and was “not objectively founded” (Hempel 1945,
pp- 15-18); in other words, the paradox of confirmation is not really a paradox.

Hempel first considered the sources of misunderstanding, identifying one as
the argument that hypotheses of the simple form “All Ps are Os” only apply to a
certain limited class of objects. Intuitively, only the objects belonging to a class
determined by the antecedent of a given hypothesis seem capable of confirming
or disconfirming the given hypothesis. However, if we consider the problem logi-
cally, the hypothesis of that form asserts something about all the objects, namely,
all Ps. These objects can be divided into two classes. The first class consists of
objects that the given hypothesis forbids and the second consists of objects that
the given hypothesis allows. In Hempel’s words, every object “either confirms
the hypothesis or violates it.” (Hempel 1945, pp. 18-19) That is to say, Hempel
held that an object confirms a given hypothesis so long as it does not violate it.
Thus, he resolved the intuitive paradox of confirmation just as he confirmed the
hypothesis “All ravens are black” with a piece of white chalk.
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Hempel regarded the tacit introduction of additional knowledge as another
source of misunderstanding regarding the paradox. In the situation where the
paradox arises, the concept of confirmation we have used consists of a given
hypothesis, empirical evidence, and additional knowledge; however, Hempel’s
concept of confirmation only involves the given hypothesis and empirical evi-
dence. Consider the case of H;, “All sodium salts burn yellow.” Suppose a piece
of pure ice was held in a colorless flame and failed to turn the flame yellow. This
experimental result would confirm hypothesis H, “Whatever does not burn yellow
is no sodium salt.” By virtue of the equivalence condition, this finding would also
confirm H,, yielding a paradox similar to the so-called Paradox of Confirmation
One. Here, we tacitly introduce the additional knowledge that the tested substance
is ice and that ice contains no sodium salt. But, if we burn an object whose chem-
ical composition is as yet unknown to us, find that it fails to turn the flame yellow,
and—through subsequent analysis—discover that it contains no sodium salt, the
outcome confirms H,. Moreover, H, predicts this outcome and is therefore con-
firmed by it as well. The only difference between these two confirmations lies in
the presence or absence of additional knowledge—namely, whether the object
burned contained sodium salt or not. Hence, additional knowledge also helps
facilitate the illusion of paradox.

By revealing the two sources of confusion, Hempel resolved the intuitive para-
dox. However, paradoxes of confirmation concern logical paradoxes and
intuitive ones, and any resolution of the general case require resolution of both
subcases. Although Hempel did not clearly elucidate his solution to the logical
paradoxes of confirmation, we still can infer his basic strategy from related
work.

Along with his own thinking, a modification of Nicod’s criterion might have
allowed Hempel to solve the logical paradoxes of confirmation. In his analysis of
the first source of misunderstanding, Hempel divided all objects into two mutu-
ally exclusive classes—one that confirms a given hypothesis and another that
disconfirms it. By virtue of Nicod’s criterion, all objects can be divided into three
mutually exclusive classes—the confirmatory, the disconfirmatory, and the irrel-
evant. We can see clearly here that Hempel discarded the “irrelevant condition” of
Nicod’s criterion but did employ his favorite, the equivalence condition of confir-
mation. That is to say, Hempel modified Nicod’s criterion and used this strategy
to solve the logical paradoxes of confirmation.

Essentially, Hempel’s discarding of the irrelevant condition makes it impossible
to infer (iv) and (vi) of the deduction in Section 1. Then, (vii) cannot be deduced,
nor can (viii). That is, no self-contradictory sentence can be derived. Thus the
logical paradox of confirmation Paradox One is resolved.

By discarding the irrelevant condition, we can regard the above objects c, d,
and a as confirmations but not as irrelevant to S;. As such, we cannot from the
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definition of “irrelevant” deduce that the objects ¢ and d do not confirm S,. Hence,
no self-contradictory sentence can be deduced and the logical paradox of
confirmation Paradox Two is resolved.

3 Shortcomings of Hempel’s solution

After the discovery of the paradoxes of confirmation, many philosophers of
science have sought a solution. G. H. von Wright tried to solve them by challeng-
ing the “universal conditionalization principle” (von Wright 1983, pp. 40-43);
whereas the common strategy of Bayesian solutions marks off continuous levels
of confirmation by assigning different “abilities of confirmation” to different
confirmatory instances. Hempel’s solution to the paradoxes of confirmation is to
reveal the sources of misunderstanding, to modify Nicod’s criterion, and to retain
the equivalence condition of confirmation. Hempel’s strategy fails to convince
however, and we can challenge it on the following grounds.

(1) The reasons for retaining the equivalence condition are not sufficient.

Hempel regarded the equivalence condition as wholly reasonable and therefore
accepted it. We should not make the same mistake. Richard Swinburne, among
others, intended to discard the equivalence condition, believing that the statement
“E confirms H,” could not be derived from “E confirms H,,” and that “H, and H,
are logically equivalent” because “confirms” shares a property possessed by many
intentional verbs such as “hopes for” or “believes”. That is to say, when in a given
proposition the clauses following such verbs are replaced by logically equivalent
clauses, the new proposition is not logically equivalent to the original. For
example, “John is 6 feet tall” is logically equivalent to “John is 72 inches tall,” but
“George believes that John is 6 feet tall” is not logically equivalent to “George
believes that John is 72 inches tall.”

Hempel retains the equivalence condition because “it will be conceded
that this is a necessary condition for the adequacy of any proposed criterion of
confirmation.” (Hempel 1945, p. 13) Otherwise, “the question as to whether
certain data confirm a given hypothesis would have to be answered by saying:
‘that depends on which of the different equivalent formulations of the hypothesis
is considered’—which appears absurd.”(Hempel 1945, p. 12). I find Hempel’s
reasoning very ambiguous.

Firstly, what Hempel means by “the hypothesis” is unclear. Does it mean the
hypothesis that is formally, logically equivalent to the given hypothesis, or the
hypothesis that has the same empirical contents as the given one? It seems we
should suppose it refers to the latter. Otherwise, Hempel would have made a
syntactical mistake, because “equivalent” refers to a relation between at least two
things, whereas “the hypothesis” refers to only one thing. And if “the hypothesis”
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refers to the latter’s empirical contents, the very same empirical contents can
certainly have different formulations, which must be logically equivalent. No syn-
tactical mistake has been made. As for “the different equivalent formulations” in
the quotation, we may also interpret it in two ways—either different formulations
express the same contents or different formulations are equivalent with respect to
logical truth-value. According to the context of Hempel’s argument, “the different
equivalent formulations” should be understood as the latter. For example, he said,
by virtue of formal logic, “V(x) (R(x)—B(x))” and “V(x) (—B(x)—>—R(x))” are
equivalent. In a word, Hempel asserted “the hypothesis™ both from the standpoint
of logic and of information; he did not rigorously distinguish empirical content
equality from logic equivalence.

Secondly, those hypotheses that are logically equivalent may not equally
express the information or the empirical content of “the given hypothesis”. For
example, although the hypotheses “V(x) (R(x)—B(x))” and “V(x) (-B(x)—
—R(x))” are logically equivalent, the information they convey differs. The scien-
tific method generally dictates that we may, after observing some objects of a
certain class possessing certain properties and formulating a hypothesis, cautious-
ly extend the hypothesis to all objects of the same class, though not to all objects
within the universe. The typical locality of a scientific hypothesis’s predictive
power should be noted. If a scientific hypothesis is negated, the subject of the
“new” equivalent hypothesis refers to the objects of the former’s complementary
class. That is to say, the range of the “old” hypothesis differs from that of the
“new” hypothesis. Universal scientific hypotheses are expressed in natural
language, and any meaningful scientific hypothesis must indicate the range over
which it is applicable by virtue of background knowledge. In formal language, on
the other hand, the universal hypothesis stresses “everyone”; it applies to all the
objects of the universe. So, when we render in symbols the hypothesis originally
expressed in natural language, we change the range. If we restate the “symbol-
ized” hypothesis in natural language, we can clearly see that the information it
conveys changes greatly. In a word, in the process of symbolization, the empirical
predictions are changed. Of course, a scientific hypothesis can have different for-
mulations, but because a scientific hypothesis is mainly used to convey empirical
information, the different formulations of a hypothesis must necessarily fulfill the
condition that they convey the same empirical information. Obviously, the two
formulations above do not fulfill this necessary condition. On the other hand, if
two hypotheses convey the same information, they are logically equivalent, and
no counterintuitive conclusion can be derived. Hence, Hempel cannot reasonably
regard the equivalence condition as a necessary condition in the definition of
confirmation. The information equality condition may be more advisable.

P. R. Wilson of the University of Sydney provides another novel critique,
observing that if S; was asserted to be true, by elementary logical rules, S, follows.
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Similarly, if S, was asserted, then S, follows. Within the framework of deductive
logic, S, and S, are indeed equivalent, but no paradox of confirmation can arise,
because a statement that is asserted as true in deductive logic is not subject
to confirmation. (Wilson 1964, p. 196) Logical equivalence means that the
consequence is true (or false) if and only if the antecedent is asserted to be true (or
false). Deductive logic cannot judge whether a particular meaningful scientific
hypothesis (or proposition) is experientially true or false; precisely, the subject
that confirmation theories discuss.

(2) It is irrational for Hempel to discard the irrelevance condition.

The discarding of the irrelevance condition is crucial for Hempel’s solution to
the paradoxes of confirmation, but I argue that this strategy is irrational.

Firstly, keeping the irrelevance condition of Nicod’s criterion does not neces-
sarily cause paradox. Nicod’s criterion consists of three conditions, all equally
constitutive of and vital to the whole. Together they describe three kinds of situa-
tions associated with the logic of confirmation. Hempel dismembered them and
discarded the third one, making it possible for irrelevant evidence to enter the
process of scientific confirmation. The paradoxes of confirmation arise if the first
condition of Nicod’s criterion is combined with the equivalence condition. I will
explain it by the case of intuitive Paradox of Confirmation One.

(i) E, “—~Baan—Ra” confirms S, (the first condition of Nicod’s criterion)
(i1) S, and S, are logically equivalent

Now, we will add the other two conditions of Nicod’s criterion. The second
condition tells us that “Raa—Ba” disconfirms S, and that “—BaARa” discon-
firms S,. Obviously, “Raan—Ba” and “—BaaRa” are the same. According to
the equivalence condition, the same evidence disconfirms the two logically
equivalent hypotheses. And there is no paradox. In addition, E, “—Baa—Ra”
negates neither S, nor S,. Because Nicod’s criterion cannot be dismantled, but
rather must be regarded as a whole, according to its third condition, we now
find

(ii1) E, is irrelevant to S,.
According to (iii), E, does not confirm S,, so no intuitive paradox appears.

Secondly, discarding the irrelevant condition of Nicod’s criterion does not nec-
essarily solve the paradoxes of confirmation. On the contrary, to discard it may
cause new paradoxes. According to Hempel’s definition of confirmation, it should
include the entailment condition, the special consequence condition, and the
converse consequence condition. (Hempel 1945, p. 103) However, if we combine
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the three conditions together, a confirmatory disaster follows. Let E be an arbitrary
observational statement and H be an arbitrary hypothesis. By virtue of Hempel’s
entailment condition, E confirms E, and, HAE entails E. By virtue of the converse
consequence condition, E confirms HAE. Obviously, HAE entails H, and again,
by virtue of the special consequence condition, E confirms H. This means that
any observational statement confirms any hypothesis; clearly, another intuitive
paradox of confirmation.

Moreover, we can demonstrate that the combination of Hempel’s entailment
condition with his converse consequence condition will result in the same
confirmatory disaster.

(1) Let H, be a logically true sentence

(i1) Let E be an arbitrary observational statement; so E entails H,

(iii) Let H be an arbitrary hypothesis; so H entails H,

(iv) E confirms H, [(ii), entailment condition]

(v) E confirms H. [(ii1), (iv), converse consequence condition]

From the above, we can see that Hempel’s solution may in fact result in
several new paradoxes. According to the RZH standard of paradox solution
Zhang 2002, pp. 30-33, Hempel’s solution does not fulfill the requirement
of “sufficient rigor”. Moreover, Hempel’s solution’s insistence on keeping the
equivalence condition seems ill-founded, given that it demands that there be no
background knowledge provided during the process of confirmation—which does
not accord with either our intuitions or actual scientific practices. So Hempel’s
solution proves insufficient, and cannot be rated a good one.
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