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Abstract. The paper considers symmetry properties of Bayesian confir-
mation measures, which constitute an important group of interestingness
measures for evaluation of rules induced from data. We demonstrate that
the symmetry properties proposed in the literature do not fully reflect
the concept of confirmation. We conduct a thorough analysis of the sym-
metries regarding that the confirmation should express how much more
probable the rule’s hypothesis is when the premise is present rather than
when the premise is absent. As a result we point out which symme-
tries are desired for Bayesian confirmation measures and which are truly
unattractive. Such knowledge is a valuable tools for assessing the quality
and usefulness of measures.
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1 Introduction

Discovering knowledge from data is the domain of inductive reasoning. Knowl-
edge patterns induced from data are often expressed in a form of ”if , then”
rules. They are consequence relations representing correlation, association, cau-
sation between independent and dependent attributes. To measure the relevance
and utility of the discovered rules many measures of interestingness have been
proposed and studied [7], [9], [11]. Among these measures, an important role
is played by Bayesian confirmation measures, which express in what degree a
premise confirms a conclusion [1], [10], [12], [13]. Such measures are extremely
valuable due to the fact that they indicate disconfirmatory rules, i.e. rules which
are completely misleading and should be discarded from further use. In this con-
text, the group of confirmation measures should be regarded as a useful tool
for evaluation of rules. Analysis of confirmation measures with respect to their
properties is an active research area. Properties express the user’s expectations
towards the behavior of measures in particular situations. They group the mea-
sures according to similarities in their characteristics. Using the measures which
satisfy the desirable properties one can avoid considering unimportant rules.
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Therefore, knowledge of which commonly used interestingness measures satisfy
certain valuable properties, is of high practical and theoretical importance [14].
Among widely studied properties for Bayesian confirmation measures, there is a
group of symmetry properties [2-6], monotonicity properties [1], [8], [14], weak
Ex1 and weak logicality L property [15]. In this article we consider symmetry
properties for Bayesian confirmation measures. Though this issue has been taken
up by many authors before (e.g., [2], [3], [4]), we propose a new set of desirable
symmetry properties that exploits the deep meaning of the confirmation con-
cept. The confirmation measures should express how much more probable the
hypothesis is when the premise is present rather than when the premise is absent.
Regarding such an interpretation, we justify that evidence symmetry, hypothesis
symmetry and the combination of them both, are the only truly desirable sym-
metry properties. The paper is organized as follows. In the next section there
are preliminaries on rules and their quantitative description. In section 3, we dis-
cuss the concept of confirmation and its interpretation. Section 4 describes the
approaches to symmetry properties in the literature. The proposition of a new
set of desirable symmetries is introduced in section 5. Finally, the last section
provides conclusions.

2 Preliminaries

A rule induced from a dataset U shall be denoted by E → H (read as ”if E,
then H”). It consists of a premise (evidence) E and a conclusion (hypothesis)
H. Throughout the paper we shall use the following notation corresponding to
a 2x2 contingency table of the premise and the conclusion (Table (1)):

- a is the number of positive examples to the rule, i.e., the number of objects
in U satisfying both the premise and the conclusion of the rule,

- b is the number of objects in U not satisfying the rule’s premise, but satisfying
its conclusion,

- c is the number of counterexamples i.e. objects in U satisfying the premise
but not the conclusion of the rule,

- d is the number of objects in U that do not satisfy neither the premise nor
the conclusion of the rule.

The cardinality of the dataset U , denoted by |U |, is the sum of a, b, c and d.

Table 1. Contingency table of E and H

H ¬H Σ

E a c a + c

¬E b d b + d

Σ a + b c + d |U |

Reasoning in terms of a, b, c and d is natural and intuitive for data mining
techniques since all observations are gathered in some kind of an information
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table describing each object by a set of attributes. However, a, b, c and d can
also be regarded as frequencies that can be used to estimate probabilities: e.g.,
the probability of the premise is expressed as Pr(E) = (a + c)/|U |, and the
probability of the conclusion as Pr(H) = (a + b)/|U |. Moreover, conditional
probability of the conclusion given the premise is Pr(H|E) = a/(a + c).

3 Property of Bayesian confirmation

Formally, an interestingness measure c(H,E) has the property of Bayesian con-
firmation if and only if it satisfies the following BC (1) conditions:

c(H,E)

> 0 if Pr(H|E) > Pr(H),
= 0 if Pr(H|E) = Pr(H),
< 0 if Pr(H|E) < Pr(H).

(1)

The BC definition identifies confirmation with an increase in the probabil-
ity of the conclusion H provided by the premise E, neutrality with the lack of
influence of the premise E on the probability of conclusion H, and finally dis-
confirmation with a decrease of probability of the conclusion H imposed by the
premise E [6], [10].

A logically equivalent way to express the BC conditions is [6], [10]:

c(H,E)

> 0 if Pr(H|E) > Pr(H|¬E),
= 0 if Pr(H|E) = Pr(H|¬E),
< 0 if Pr(H|E) < Pr(H|¬E).

(2)

To avoid ambiguity, we shall denote the above formulation (2) as BC’. Notice
that according to BC, E confirms H when E raises the probability of H, while,
according to BC’, E raises the probability of H if the probability of H given E
is higher than the probability of H given non E.

Measures that possess the property of Bayesian confirmation are referred to
as confirmation measures or measures of confirmation. For a given rule E → H,
interestingness measures with the property of confirmation express the credibility
of the following proposition: H is satisfied more frequently when E is satisfied,
rather than when E is not satisfied.

Let us stress that the BC conditions (or BC’ equivalently) do not impose
any constraints on the confirmation measures except for requiring when the
measures should obtain positive or negative values. As a result many alternative,
non-equivalent measures of confirmation have been proposed [3], [5], [8], [14].

To help to handle the plurality of Bayesian confirmation measures, many
authors have considered desirable properties of such measures. Analysis of mea-
sures with respect to their properties is a way to distinguish measures that
behave according to user’s expectations. An important group of properties con-
stitute symmetry properties considered by many authors e.g., Carnap [2], Eells
and Fitelson [4], Crupi et al. [3]. Though the literature on symmetries is rich, we
claim that there is a need to propose a new approach to the analysis of the sym-
metry properties that exploits the deep meaning of the confirmation concept. In
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fact, a confirmation measure should give an account of the credibility that it is
more probable to have the conclusion when the premise is present, rather than
when the premise is absent. Following that interpretation we propose a new set
of desirable symmetry properties for Bayesian confirmation measures.

4 Properties of symmetry

The work of Carnap [2] had inspired many authors that took up the symmetry
topic. In particular, Eells and Fitelson have analysed in [4] a set of well-known
confirmation measures from the viewpoint of the following four properties of
symmetry:

- evidence symmetry ES: c(H,E) = −c(H,¬E)
- hypothesis symmetry HS: c(H,E) = −c(¬H,E)
- commutativity (inversion) symmetry IS: c(H,E) = c(E,H)
- total (evidence-hypothesis)symmetry EHS: c(H,E) = c(¬H,¬E)

Let us observe that the above symmetries are formed by applying the nega-
tion operator to the evidence (ES), to the hypothesis (HS), or both (EHS),
as well as switching the position of the evidence and the hypothesis (IS). The
research of Eells and Fitelson [4] implies that only hypothesis symmetry HS is a
desirable property, while evidence symmetry ES, commutativity symmetry IS
and total symmetry EHS are not. As an illustration of their reasoning, they
used rules concerning drawing cards from a standard deck. They claim e.g. that
the evidence symmetry should be discarded due to the following counterexam-
ple: if the drawn card is the seven of spades then the card is black. Obviously,
the seven of spades confirms that the card is black to a greater extent than the
not-seven of spades disconfirms the same hypothesis. As a result the equality in
evidence symmetry is found unattractive by Eells and Fitelson. Thus, in their
opinion, an acceptable measure of Bayesian confirmation should not satisfy the
evidence symmetry (i.e. for some situation c(H,E) ̸= −c(H,¬E)). Analogous
reasoning can be conducted with respect to the other symmetries analyzed in
[4].

Recently, Crupi et at. [3] have argued for an extended and systematic treat-
ment of the issue of symmetry properties. They propose to analyse a confirmation
measure c(H,E) with respect to seven symmetries being all combinations ob-
tained by applying the negation operator to the premise, hypothesis or both,
and/or by inverting E and H:

- ES(H,E) : c(H,E) = −c(H,¬E)
- HS(H,E) : c(H,E) = −c(¬H,E)
- EIS(H,E) : c(H,E) = −c(¬E,H)
- HIS(H,E) : c(H,E) = −c(E,¬H)
- IS(H,E) : c(H,E) = c(E,H)
- EHS(H,E) : c(H,E) = c(¬H,¬E)
- EHIS(H,E) : c(H,E) = c(¬E,¬H)
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Moreover, Crupi et al. [3] go even further as the analysis is conducted sep-
arately for the case of confirmation (i.e. when Pr(H|E) > Pr(H)) and for the
case of disconfirmation (i.e. when Pr(H|E) < Pr(H)). Such approach results
in 14 symmetry properties. Using examples (analogical to Eells and Fitelson) of
drawing cards from a standard deck, Crupi et al. point out which of the symme-
tries are desired and which are definitely unwanted. For instance, they concur
with the results of Eells and Fitelson regarding the inversion symmetry only in
case of confirmation. Crupi et al. claim that IS is desirable in case of disconfir-
mation, as for an exemplary rule: if the drawn card is an Ace, then it is a face,
the strength with which an Ace disconfirms face is the same as the strength with
which the face disconfirms an Ace, i.e. c(H,E) = c(E,H). The results obtained
by Crupi et al. point that in case of confirmation only the HS, HIS and EHIS
are the desirable properties. In case of disconfirmation, they favour HS, EIS
and IS properties, finding all other symmetries as unattractive.

5 A new set of symmetry properties

Let us observe that the approaches of Eells and Fitelson [4] as well as Crupi et
al. [3] mainly concentrate on entailment and refutation of the hypothesis by the
premise. This, however, boils the concept of confirmation down only to situations
where there are no counterexamples (entailment) and where there are no positive
examples to a rule (refutation).

In our opinion, the concept of confirmation is much broader than a simple
analysis whether there are counterexamples to a rule or not. In fact, according
to the BC’ interpretation of the confirmation concept, a confirmation measure
should give an account of the credibility that it is more probable to have the
conclusion when the premise is present, rather than when the premise is absent.
This means that we should look at confirmation from the perspective of passing
from a situation where the premise is absent to the situation where the premise
is present. Then, the increase of confirmation (i.e. the difference in conditional
probabilities Pr(H|E) and Pr(H|¬E)) becomes important, not just the absence
or presence of counterexamples.

Analogically, for disconfirmation a confirmation measure c(H,E) should ex-
press how much it is less probable to have the hypothesis when the premise
is present rather than when the premise is absent. Again, we should, thus, pass
from the situation where the premise is absent to the situation where the premise
is present, just like we did in case of confirmation. Therefore, we postulate to
consider the symmetry properties together for cases of confirmation and dis-
confirmation. There is no need to treat them differently as they both consider
passing from Pr(H|¬E) to Pr(H|E).

Let us now conduct the analysis aiming at determining which symmetry
properties are desirable and which are unattractive regarding the deep meaning
of confirmation concept. First, let us consider the evidence symmetry (ES).
Analyzing ES we need to verify whether the equation c(H,E) = −c(H,¬E) is
desirable or not. Let us examine both sides of this equation using an exemplary
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scenario α where the values of contingency table of E and H are: a = 100, b = 99,
c = 0, d = 1. Let us observe, that for c(H,E) we have that Pr(H|¬E) = 0.99
and Pr(H|E) = 1, which gives us a 1% increase of confirmation. On the other
hand, for c(H,¬E) we get exactly the same components but the other way
around: Pr(H|E) = 1 and Pr(H|¬E) = 0.99, which results in 1% decrease of
confirmation. Thus, clearly the confirmation of a rule E → H should be of the
same value but of the opposite sign as the confirmation of a ¬E → H rule.
Therefore, we can conclude that the evidence symmetry is desirable.

This result is in opposition to what Eells and Fitelson [4], and Crupi et al.
[3] advocated for. It is due to the fact that they treat the entailment of the
conclusion by the premise (i.e. situation where there are no counterexamples
to the rule) as the maximal confirmation, whereas we consider the increase of
confirmation when passing from the absence of the premise to its presence. For
the exemplary rule of Eells and Fitelson: if the drawn card is the seven of spades
then the card is black, the conditional probabilities are the following Pr(H|E) =
1 and Pr(H|¬E) = 51/103. They claim that just because E definitely confirms
H, while E does not definitely disconfirms H, we should regard the ES as
unattractive. However, for the rules E → H and ¬E → H, if we interpret the
concept of confirmation as expressing how much more probable is the hypothesis
(to have the black card both for E → H and ¬E → H), when the evidence (we
have drawn the seven of spades for E → H and we have drawn not-the seven
of spades for ¬E → H) is realized rather than when it is not realized (we have
drawn not-the seven of spades for E → H and we have drawn the seven of
spades for ¬E → H), the confirmation has the same absolute value but opposite
sign. Thus, we claim that using the deep meaning and interpretation of the
confirmation concept, evidence symmetry is a desirable property for Bayesian
confirmation measures.

We have conducted analogous analysis for all other symmetries. The results
are gathered in Table 2. The set of desirable properties contains only the evidence
symmetry, the hypothesis symmetry and their composition i.e. the evidence-
hypothesis symmetry. This implies that a valuable Bayesian confirmation mea-
sure should satisfy only those symmetry properties. By defining the new set of
symmetry properties we gain a tool for assessing the quality of confirmation
measures.

6 Conclusions

Bayesian confirmation measures constitute an important group of measures for
evaluation of rules induced from data. A valid research area concerns the prop-
erties of confirmation measures. Analysis of measures with respect to their prop-
erties allows to determine measures that behave according to the user’s expec-
tations. It is also a way to handle the plurality of measures and point the most
appropriate ones for particular applications.

This article concentrated on the group of symmetry properties. Our analysis
was conducted regarding that confirmation measures should reflect how much
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Table 2. New symmetry properties

ES YES
for any (H,E) c(H,E) = −c(H,¬E)

HS YES
for any (H,E) c(H,E) = −c(¬H,E)

EIS NO
for some (H,E) c(H,E) ̸= −c(¬E,H)

HIS NO
for some (H,E) c(H,E) ̸= −c(E,¬H)

IS NO
for some (H,E) c(H,E) ̸= c(E,H)

EHS YES
for any (H,E) c(H,E) = c(¬H,¬E)

EHIS NO
for some (H,E) c(H,E) ̸= c(¬E,¬H)

more it is probable to have the conclusion H when the premise E is present
rather than when it is absent. Such interpretation of the confirmation concept
led to our proposition of a new set of desirable symmetry properties. We claim
that only symmetries formed by applying the negation operator to the rule’s
premise, conclusion or both (i.e. ES, HS and EHS) are desirable. Properties
IS, EIS, HIS, EHIS are unattractive. Thus, valuable confirmation measures
should only satisfy ES, HS and EHS.

Consequently, our future research will concentrate on verification which of the
commonly used confirmation measures satisfy ES, HS and EHS, not enjoying
the other symmetries at the same time. Moreover, experiments on real datasets
shall be performed to show the advantages of using such measures.
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