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ABSTRACT: The dbate orprobabilistic meages 6 coherence hmused onwvalating setsf@onsisterproposk
tions. In thipgperwe drav attention to the largeieglectequestion bwhether sch meases cong with
intuitions on test case@th inconsistergropositions andhether the satifyy general adeag/ constraints on
coherence and inconsisgeWhile it urns ait that for thevast mority of proposals in their original sa
thisquestion rastbe ansered in the negajwe shw that it igposdile to adst mary o them in order to
improve theiperformance.
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RESUMEN: EIl déate sbre las medidpsobabil’sticas de coherencia se ha centragduanaiuntos deroposicie
nes consistentes. En esmilartiamamos la atepcisdre una cesti-r largamentaostergada sker, si ta
les medidas coinciden con laginhes dwe los jenplos deprueba relatios groposiciones inconsistentes
y si satfacen condiciones generales deaedepara la coherengida inconsistenciaufgue estauesti-r
se rgonde negatmentgara la m@r'a depropuestasmostramos-mo eposhble adptar muchas de ellas
para m@rar 8§ rendimiento en este sentido.

Paldras chee coherencjinconsistenciprobabilidad bayesianismo

1. Introduction

Looking at thélourishing histgrof formal &plications bcoherengee see@attern @
groning comlexity. The mogprominent strand rangesm Bving® (184) eay char_
acterisationfoccoherence in termisoonsisterycand mitual denability, over LevisO
(1946) qualitative eplication & coherenpropositions a®king so related that the an
tecedenprobability of ary one bthemwill be increasetithe remaindef the set can
be assned as gnpremisesS(194, 339, to Douven andMej20() sehisticated
recpefor probabilistic meases dcoherence in the serisaubual cofirmation! Glass
(2002) and Olsson (200&h the other handae proposed a meas d coherence in
the sensd celatve setheoretic werlg. Snce this mea® urned art to be too coarse
grainedMeis (200) put forward a renedversion that is sengitito absets bthe int
tial setvhose coherence ibgcassessed. ~

The latest contrition to thispattern isSchupbact® (2011) insightl paper on an
alternatve generalisatiof $ogefi© (1999) mear® d coherence in the serfsgaa-
tion from probabilistic ind@endencesumising thatdhe problemwith Shogefi®@ meas

! For a recents/ey of Bayesian cdirmation theoy se€rupi 2014.
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ure has more to dith his meand generalising the meaghanith the mease itsdO
(2011 125) Shuphkach shas that a more btaate generalisation aidhe mease to
handle wo traubling cainterexanples. Onefahemwhich ispart d the secalledDepth
Problem will be the startingoint d our aurrent investigationWewill shav that while
most coherence meas arebte to cpewith thisproblem as it standgighty modfying
Shupbachs test case hasvastating congeence.

In more general terme will rivet on the hitherto largeteglectequestion 6
whetherprobabilistic meages 6 coherence agiatey handle inconsistent sdtsesti
monies. To do sgefoaus on wo setsfanconsistent testimoniehibiting diferent de
greesfacoherence (or incohereifomu will). 1t will turn aut thatvirtually nocoherence
measre adgquatel/ cgtures ar intuition on this test caSnce in maycases the reason
Is that the gen meages are not fieedfor setsfgaimise inconsisteptopositionswe
proposefour ways ¢ adating themFor allbout one mease ar resits are roust in the
sense that &tur adation strategigwovide adguate radts. In the second last seg¢tion
two further inuitions on ar test case anslot general agigag/ constraints on coherence
and inconsisteyare tken into acamt. It will be shan hov the measesfarewith the
additional intitions and adgiag constraintander thdour different adation strategies
and itwill bepointed ait that one bthese strategies does natetiwith the idea that €o
herence isutual cofirmation. In the last sectiabrief Immay and anwlook onfur-
therquestions concerning coherence and consistgien.

2. Probabilistic measures of coherence

A measuref coherence is @itial) function assigning setpmpositions realumbers
representing the setkegreed coherenc&/hen a coherence meas&es into accaot

soley probabilistic iformation relating to tipeopositions imguestionit is called@oba-
bilisticmeasre d coherenc®Vithout providing a motiationfor theproposedunctions

this sectiobriefly lists some them. Le={A,, ..., A } be a setf propositions.

The naeve deviation measure

1 PIA&! &A"
o ) P!A" | P!Ah"
The naeve overlap measure
LIS PIA&! & A"
PIA"VI vPIA"

2 Here and imhatfollowswe assne thaP is aegulaprobability measre so that all and pgbntra
dictions are assigned a minifprobability of 0. According| only tautologies he gprobability of 1.

3 This meage hakeenproposedyhogeii (1999).

4 This meage habeerput forward indpendenty byGlass (2002) and Olsson (2002).
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Inconsistencas a Tchstondor Coherencleasres 13

Both the nae deiation and the & aerlgpp measre ardased on a straifgimvard gen
eralisatiofirom the casd two to the casé o propositions sinply teke the cganction
of all propositions in the set andidee itby theproduct d the margingirobabilities
or theprobability of the diginction d all propositions repectively. However, for both
measres more gahisticated generalisationgeli@enproposed. The common idea
hind these fmements is toka into acamt the coherencalues 6 subsets HS and
to consider theeighted rage foall coherencaluesfor all absetswith at leastwio
propositions. To he aunifiedframevork, let[ gk denote the set all sibsets bSwith
cardinaliy k. Then the cardinajitf [§* ism, = (E) = nl/k! (n DK)!. Futhermorelet
M=-5 k. nMe

The refined deviation measure

D*(S)! !—E Y log: D(S)

K # Se[ S

The refined overlap measure

n

| (9! = 1 (S)

ki*'g [S]¢

Obwvously, both rdinedways d generalising thevgn meages arsubset-sensitinghe
sense that séking assigned the same initial coheateseori or" might difer re
gardind *or" *

The mutual support account

Thefamily of gpproaches to coherence atsiah sipport isbased on tHellowing sinple
and apealing idea s& degred coherence pends on the degréearirmation (&a
aupport) its elemenisovidefor each other. To plement this ideahoose robabilis-
tic meawe d support! and caldate the xent towhich eacproposition and cgunc
tion o propositions isupportedby each remainipgoposition and cgunction ¢ them.
Finally, the straightvaragefaall reglts rgresents the @&tegred coherencé&lorefor-
mally, mutual sipport meagres consider the degresuport between alpairs &', S,
whereS'andS" are nosenpty, digoint sibsets ©S For each s&={A,, ..., A}, let[§ de

5 Cf. Shupbach 2011INote thatSchupbach considers altermatieighting ystems. To siptify com
parisorwith the other@proachesvefoaus on the straighteaiage.

6 This measge is de toMeijs (2086).

7 Thefirst probabilistic mease based on the idehomherence asitual sipport isFitelsor® (208,
2004). LateDouven andMeijs (200) sistematicalldarelgped and generalised hiswdclor a re
cent constraidtasedwalation se&hippers 2014
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note theset of all such pairs; then the cardihafifg is given bly= - "2 in)(Z"DlD 1).
Accordingly, for each support measuihe corresponding coherence megsisréele-
fined as follows:

I "AS AS)

(S.S)els !

Obviously, the calculated degree of coherence cruciallyddperd®osen meas-
ure!. The following list assembles prominent measures of thé suppes fdd
from the literature on Bayesian confirmation theory.

Prior-posterior difference

d(B,A) =P(B| A) DP(B)

Prior-posterior ratio
r(B,A) =P(B| A) / P(B)

Counterfactual difference
s(B,A) =P(B| A) BP(B|AA)

Counterfactual ratio

. P(B|A)
IBA o Ay

8 Note that this list does not exhaust all confirmation méastead, we focus on what seem to be
the most prominent ones. Since support-based coherencetakeadstwesccounutual support,
it is often the case that different confirmation measuré®\saltie coherence measure. This is due
to the fact that some confirmation measures are so relatezsl ¢thatbe generated from the other
by systematically switching the argument positions. Healmeyelraeasures represent a wide range
of confirmation-based coherence measures. Among the alddanatesilbes (1986) and Jeffrey
(1992). Proponentssifhclude Christensen (1999) and Joyce (1999). Nleastamally equivalent
to JoyceOs (2008) odds-ratio measure. Thezmeasingependently been proposed by Crupi et al.
(2007) and Siebel (2006). Measures ordinally equivalentetdeen proposed by Horwich (1982),
Keynes (1921), Kuipers (2000) and Milne (1996). Measuredinally equivalent measures have
been proposed by Kemeny and Oppenheim (1952), Good (19&tkarndard (1988). Measures
similar td are to be found in Schippers and Siebel (2012) and Roghe (2013

Theoria30/1 *2015+: 11,41



Inconsistency as a Touchstone for Coherence Measures 15

Relative distance

P(B[A)-P(B) P(B| A)=P(B)
| —P(B)
z(B,A)! 4
P(B[A)-P(B) otherwise
P(B) |
Factual support
(BA) P(A|B) P(A|' B)

P(A|B)! P(A|! B)

The previous measures calculate the ddagoeenoéntatupport, where a proposi-
tion A incrementally supports a proposigidhP(B| A) > P(B). In contrast, the follow-
ing measure quantifies a separate kind of confirmation esoraééaisoluteonfirma-
tion (or firmness). According to this notion, a propoAitonfirms a propositi@hiff
P(B| A) >r for some threshald 0.5 (cf. Carnap 1962). To get a measure with the range
D1, +1 and 0 as the neutral valu®{Bi A) = 0.5, we propose to measure firmness not
simply by the posterior but by the following function.

Firmness

f(B,A)=2 P(B|A)D 1

Since this function is equivalem(®| A) DP(AB| A), our firmness measure can also be
seen as an analogue to the counterfactual difference nreasunerdgél support. Any-
way, inserting one of the seven support measures into tbeipdgiadds a probabilistic
measure of coherence. Thus, together with the first twesrardtbesr refinements, we
will consider eleven coherence measures.

Bovens and HartmannOs quasi-ordering

Although the main topic of this paper is probalilesdigured coherence, we wish to in-
clude thguasi-orderingroposed by Bovens and Hartmann (2003a; 2003b, ch. 1f.). They
argue that the following function enables us to determafegitlteeaoherence of two sets

of propositions:

Fr(S)| a' " a’]cl r)n
(" r)

Theoria30/1 *2015+: 11,41
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wheres is the probability thaof then propositions in s8iare false, ands the reliabil-

ity of the propositionsO sources. (The sources are suygposkzbemdent in a specific
way; and they are partially reliable such that, on therdefinid <r < 1). To be sure,

F. does not represent the propositionsO degree of cohemﬁeli)élmmnonally de-
pendent on the credibility of their sources. Bovens and w@grokmim is rather that
supplementing this formula with a simple assumption mals#siét fpocompare systems
of statements with respect to coherence:

Sis at least as cohereBtitidor all valuesoF (S . F.(S).

Thus, if thé=-values fdBare, for all degrees of partial reliability, greater (8raalkg
corresponding valuesSpthenSis more (less) coherent than

3. The Depth Problem redux

SchupbachOs Depth Problem is based on an objection riksech QT3 196f.)
against the nasve deviation measure. Remember that thisaleastbes the de-
gree of a setOs coherence in terms of the deviation frdistiprolsEpendence.
Fitelson points to the fact that there are sets of propbsitignsvise independent
(i,e.P(A, ST SA) =P(A) /M /P(A,)) butk-wise dependent fox n (so that
P(A s"”"' S'A )"O"P(A )/'”7’ P(A, ) for asubseg{ L} y {1, ...n}). Intuitively, these
dependenmes should'also been taken into account Whengamlsetms degree of coher-
ence. Hence, OShogenjiOs measure does not dig deeptythaqrghabilistic infor-
mation of the scenarioO (Schupbach 2011, 129). The folawilegséams from Schup-
bach (2011).

Imagine a court case in which three independent and eghkdlyitelesses testify
on the culprit of a robbery. All that is known for suretlsetleatprit is one out of eight
suspects who have been collected by the police and th#teeadlspects is equally
likely to have committed the robbery. In scenario 1,ivpitaestes the following infor-
mationW,:

W,: The criminal was either suspect 1, 2 or 3.
W.: The criminal was either suspect 1, 2 or 4.
W,: The criminal was either suspect 1, 3 or 4.

In scenario 2, withéggves the informatiow,' :

W/': The criminal was either suspect 1, 2 or 3.
W, : The criminal was either suspect 1, 4 or 5.
W;: The criminal was either suspect 1,6o0r7.

LetE = {W,, W,, W} andE" = {W,, W,, W;}. Then, Ointuitively, the testimonies of
the witnesses in the first scenario Ohang togetherO nwithamtite gestimonies of
the witnesses in the second scenarioO (Schupbach 201that s swore coher-

ent thanE'. However, according to ShogenjiOs measure, both scenaaigmgree.
Co{E) = 64/27 =C4(E"). This example constitutes one of the key motivationsgder Schu
bachOs refined generalisation.

Theoria30/1 *2015+: 11,41



Inconsistency as a Touchstone for Coherence Measures 17

As we know from our overview of coherence measures, $hefrttegonitare as fine-
grained as SchupbachOs measure. Hence, it comes ashad swgriséthem cope
with SchupbachOs example. Table 1 summarises the measanests genf a proof see
appendix A). Hence, besides the nasve deviation'menﬁ;ari;he ratio-based coherence
measureS, andC; and Bovens and HartmannOs quasi-ordering do not pasghthe test.
reason for the latter®s failure is not that it judgesnbei¢ssin scenario 1 equally or less
coherent than the testimonies in scenario 2, but thatris dlustajudgement. As a first
result, note that the given test case does not only prampbiEcB0Ols refined variant of
the nasve deviation measure but also many further proposals.

Table 1: Performance of coherence measures in Schuplzased #\ rosite
indicates that the measure concurs with the intuitiorietantmes are more
coherent in scenario 1, while OPO indicates that theatesausantuition.

Coherence measure ‘! ‘ !‘

SchupbachOs robber ca#e ‘ b

4. A slight modification: inconsistent testimonies

The testimonies in SchupbachOs robber case are conssgeit bettascenarios, all
of them were true if suspect 1 would have committed tHéutramesider a variant of
SchupbachOs example. Assume there to be six suspectsweqelgdikhbly to be the
culprit. In scenario 1, witniggsovides the following information

V,: The criminal was either suspect 1 or 2.
V,: The criminal was either suspect 2 or 3.
V,: The criminal was either suspect 1 or 3.

In scenario 2, witnéssstifies tv/,".

V. : The criminal was either suspect 1 or 2.
V,: The criminal was either suspect 3 or 4.
V;: The criminal was either suspect 5 or 6.

The crucial difference between{Vv,,V,, V,;} andF' = {V,, V,, V;} on the one hand and
E andE' from SchupbachOs example [sdhdE' are bothnconsmte@ts Nonethe-
less, it seems that the testimonies in the first scendlrima@ne sherent (or in other
words, less incoherent) than the ones in the second sesniaridud to the fact that,
while in the second scenario the testimonies pamaisenconsistent, all pairs of tes-
timonies in the first scenario are consiftahaanother way, there is an overlap between

N -

9 Similarly, the testimonies in the second scenario sabinaigkier degreerafonsistendyhe rela-
tionship between degrees of incoherence and degreesefidydsrisigestigated in Schippers 2014a.

Theoria30/1 *2015+: 11,41
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the accused suspects for all pairs of testimonies isdhaditet whereas in the second
one pairwise overlap is empty. We thus concli#tehialtd be assigned a higher degree
of coherence (or alternatively, a lower degree of incahardficelpwever, as table 2
shows, this demand is violated by all measures except mnapjpeadix A). We thus
have to realise that hardly any account handles inconsisteeissmonies in an ade-
quate wal.

Table 2: Performance of coherence measures in the mod#ssd robb

no%

Coherence measure ‘! ‘ !‘ * C,

0

S

C
B

‘Cr ‘Cz Ck‘Cf‘Fr
E | ®

1emodi2drobbercase‘ ‘E) ‘E) ‘E) ‘+ ‘D‘ D‘ b b b b

5. Adapting the measures

The foregoing result looks quite devastating. Does it medristiae only coherence
measure worth further investigation? No, there is stilahdgesbfor SchupbachOs meas-
ure! * and the mutual support measures.

An analysis of the calculations shows that the first twesriedswr test because
they are insensitive to pairwise agreement within incaetsiEnpropositions. More
precisely, all inconsistent sets are assignednfadcoherence value. These measures
are thus ruled out because they are clearly not sophrsticgite(tle Siebel 2005).
Bovens and HartmannOs quasi-ordering must also be dismgsedsb@amatter of
principle, it is not defined for inconsistent sets. In BuétartnannOs (2005, 368)
own words, Oour criterion is meant to impose a quasi-ordensigtemformation
setsNostra culpave should have made this explicitO. This account idithiisdtoo
from the start.

However, the situation is quite different for the remainisgresedor example,
SchupbachOs refined version of ShogenjiOs deviationlsneesavsdaf the kind of
normalisation built into it.* is an averagdagfarithmised-values. Sinteis 0 for all
sets of inconsistent testimonies, and since the logarithenEf8r S8chupbachOs meas-
ure states that both scenarios include maximally incolienentdesOne possibility to
adapt this measure would be to dispense with the logasilmplgp@derage over the in-
itial ! -value$! However, while this can indeed be considered a solutitestactise at
hand, it provokes a problem initially motivating Schupbaiclke@$ ttte logarithm. Note
that! ranges from O to infinity, where all values exceedingelcoltkcance. Hence,
when we combine various degrees of coherence and incolsresets fof a given set
of testimonies, it will happen that a high degree of catfereesabset offsets a large

10 Note that we are concerned with only two test casespethiSop an extensive analysis of a wide
range of test cases see Koscholke (2014).

11 Shogeniji (2005) anticipated the need to adapt his coheasuee for inconsistent sets of testimo-
nies. His proposal is based on the pair-wise coherenesnafntissoéa given set of testimonies.

Theoria30/1 *2015+: 11,41



Inconsistency as a Touchstone for Coherence Measures 19

number of high degrees of incoherence of other subsete, Wem@fopose the follow-
ing rescaled versioa of the nasve deviation measure:

L 4@, . A)=1D PB4

This measureOs range is [0,1) with 0.5 indicating neataldingly, our preferred re-
finement of the nasve deviation measure reads as follows:

n

| XS — | A(S)

K" S S

This variant passes the test because it assigns a valQ&@atd€eto the first scenario
and the minimum O to the scenario with inconsistent test{isemegspendix A).

The mutual support measures fail for a similar reason. &airegilem on the
scenario with pairwise inconsistent testimonies becausedgmgmdnfirmation
measures do not cope with such inconsistencies. For&xafpl¥, & V;) does
not have a value bec&(¥¢ & V,) is 0 and thuV, |V, & V;) not defined. Accord-
ingly, one could try to put forward adapted versions offittmeation measures in
order to expand their domain to inconsistent evidence. Fparspleetive of classi-
cal logic, it might be tempting to adjudicatmdikemaldegree of confirmation when
the evidence is inconsistent because, classically, inqmogistetidns deductively
entail anything. From the perspective of a coherentist,,itbvgeisean unfortunate
attempt because it means conceding a coherence-boostingaotestent proposi-
tions. Since inconsistencies are usually taken to haweampgation coherence, it
seems more adequate to assigmal degrees of confirmation in the case of incon-
sistent evidence.

However, this adaption does not solve the problem that suresraghibit sin-
gularities for inconsistdmnpothesdsortunately, there is a recipe accounting for both
of these problems at once (cf. Fitelson 2004, Roche 201Bat,Nagjain classically,
evidenc@ implies the negation of hypotHgsist only ifA is inconsistent but also if
B is inconsistent. This fact can be used for a case diffarentidtining incon-
sisent evidence and inconsistent hypothegesnplies B, we assign the greatest
lower bound of the corresponding support measure, thatr o, 5x1kfandf, and 0
forr andj. In all other cases, we just take the value provided/by theagure in its
original shapé.

Table 3 summarises the performance of the adapted measimgsoregiest
case with inconsistent testimonies (proof in appendix A), tHernfoest adaption
strategy, namely assigning minimal degrees of confirmaéarage tof inconsistent
evidence or hypotheses, leads to improved outcomes ofrtallas@upooherence
measures.

12 The resulting measQyds FitelsonOs (2003, 2004). Roche (2013) proposed amilaagarthsi
corresponding variantGf

Theoria30/1 *2015+: 11,41
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Table 3: Performance of support-based coherence medssiesdaptibe
strategy.

r i z

1 e modi2d robber case ‘ ** *\ 4 %

Coherence measure ‘ C, ‘ C ‘ Cq ‘ C ‘ C ‘ C, ‘ C ‘

However, since the first strategy might smack of adhocoasgjevehree alternative
proposals. The first two try to solve the problem from a confirmaaodglosnt. The

issue then is how much inconsistent evidence confirmsfondiscbgpothesis, and a
natural answer is that it hasvidential impact at all. The same seems to hold for incon-
sistent hypotheses: whatever the evidence may be, it canppeitheor undermine

such a hypothesis. Given these thoughts, we suggestdbthesgmimum but the
neutraldegree of confirmation once the evidence or the hypotbessstent, viz., 0

ford, s z, k andf, and 1 for andj. If both evidence and hypothesis are consistent, then
again the original measureOs value will be chosen. Tdnelrisssétsond proposal can

be seen in table 4 (proof in appendix A). As this tablesintlieasecond adaptation
strategy yields improved results for all coherence meedunesdoasientadupport.
However, this is not the case for the measure basatsmtute®ncept of confirma-

tion because here we get identical values for the scenarios.

Table 4: Performance of support-based coherence measw@sdoadtyion
strategy.

elolalale]

i pd

1 e modi2d robber case ‘ ‘* ”'\ *{ ‘#

Coherence measure ‘ C, ‘ C

The third strategy is a mixture of the first and the seapiltl@nbasic ideas here is that
consistemvidence maximally disconfirms hypotheses whose negasidrofllbe evi-
dence. Since, classically at least, the negation of aenogdolésvs from any evidence,
we should therefore, parallel to the first strategy, assmiggstimnfirmation value if the
hypothesis is inconsistent and the evidence consistenasa deonsistervidence,
however, the second strategy comes into play insofaridsrsiecks éaken to have nei-
ther a positive nor a negative evidential impact. Thatlsaicase the neutral degree of
confirmation is assigned. The results for this mixed st ajigy an table 5.

Table 5: Performance of support-based coherence medburksdaption
strategy.

Coherence measure ‘ Cy ‘ C

1 emodiedrobbercase |t 4+ 4 4 A 4

13 We thank two anonymous referees for suggesting the fagtdgvwes sb us.
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There is yet a fourth possibility to improve the measweeéwperfsi[nply neglect the
troublesome elements entering the calculation of each measageOBhat is, in order
to determine the coherence of a set of propositions, waks&nipdyaveragedefined
confirmation values. As is shown in table 6, this stratedlgeygsdme positive results as
the first and third one (proof in appendix A).

Table 6: Performance of support-based coherence medsurts adaghieon
strategy.

Coherence measure ‘ C, ‘ C

1 e modi2d robber case ‘ + }l ** *\ 4 4 *{

6. Including two further intuitions and two adequacy ®onstraint

We have offered four proposals for adapting the measueesncedolilt after Douven
and MeijsO recipe. For the vast majority of proposallis taee reshwist insofar as they
do not depend on the chosen modification: no matter whistiosuggeadopt, all of the
given measures let the pairwise consistent testimoniesdigereatehan the pairwise
inconsistent ones, the only exception being the firmneswehasexl So far, so good.
But let us broaden the perspective now by including tworfuuitiers on our test case
and by proceeding to general adequacy constraints on anterensistency.
Up to now, we were only concerned with one intuition:

(Intl) The testimonies in scenario 2 have a lower degreeeontedhan the testi-
monies in scenario 1.

It seems that we can go beyond this comparative claim bygadtitagve and a quan-
titative claim. First, even if the testimonies in scenanmtl@airwise inconsistent, they
are still inconsistent as a whole. This could be seeonefajuelasng themcoherent

(Int2) The testimonies in scenario 1 are incoherent.

Second, since the testimonies in scenario 2 are pairwientcirey exhibit an ex-
tremely strong kind of inconsistency. It thus appears thet ti@yonly incoherent but
incoherento a large extent

(Int3) The testimonies in scenario 2 are highly incoherent.

Table 7 shows that, regardless of what type of adaptiosey¢thehe@re support-based
measures not complying with both of these further intuitafsr{ppendix A). For
examplei;j invariably delivers the neutral value for scenario 1 @ndhisdhflict with

the second intuition in any case. Even worse, when we selopdhsrategy by assign-
ing the neutral degree of confirmation in the case of erdosgidénce or hypotheses,
we are left with no measure confirming to intuition 3. Headube of all measures are
either in the middle or the upper half of their incoherege fEmey thus judge the tes-
timonies in the second scenario not highly but only moderdiehgnt.
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Table 7: Performance of support-based coherence mdéhsures astter

intuitions.
Coherence measure C, C G | G C, C, C
Minimum value strategy, Int2 + T + B + + +
Minimum value strategy, Int3 + T + 1 4 4 +
Neutral value strategy, Int2 t+ a + b i+ t+ +
Neutral value strategy, Int3 P b b b b b b
Mixed value strategy, Int2 + + + b i + +
Mixed value strategy, Int3 + + + T + + +
De2ned value strategy, Int2 i+ i+ i D + + +
De2ned value strategy, Int3 D) + b + + + +

The second intuition might be considered an instance afl adeqaacy constraint
to be found, among other things, in BonJourOs cohererifiseciiascture of Empirical
Knowledg@A system of beliefs is coherentO, we read therds GamibalfyittconsistentO
(BonJour 1985, 95; cf. Bartelborth 1999, 136). Strictly ggpekiformulation leaves
open the possibility that inconsistent sets are neithett conénenoherent; but it is pre-
sumably meant to be understood in the slightly strongbateusk sets are incoherent.
Moreover, a set of propositions can be inconsistent bswaasesih inconsistent prop-
osition, and it can be inconsistent because two or meteréitentailan inconsist-
ency. We will focus on the former type so that our adegti@ytceads as follows:

(AC1) Sets with an inconsistent proposition are incoherent.

Note, however, that this is not plain sailing. BonJour $uggesits in a footnote
that a sufficient number of coherence-boosting relations thetyweapositions in ques-
tion could compensate for inconsistencies (cf. BonJour.1B88346n Amaya 2007,
441). The first adequacy constraint is thus debatable,santethelds for the second
intuition. Note furthermore, that a positive result for eupmrtneasure regarding con-
straint AC1 does not mean that the measure also satisfiesatheogstraint theit in-
consistent sets are incoherent. On the other hand, a mekdime OSAC1 entails that
the measure also violates the general constraint.

In contrast, the following adequacy constraint seems t® $a@idquEven if one al-
lows inconsistent sets to be coherent under certain condidomd, proscribrais-
ing the coherence of an otherwise consistent set by addingsiateimigaroposition
(cf. Bartelborth 1996, 193). That much seems evident. Fla, éxdrapestimonies of
witnesses cohere and a further witness appears on thengceomsthaing inconsist-
ent, then the resulting set of testimonies is less cohertet dniginal set. Likewise,
adding an inconsistent testimony to an incoherent set loth@s ayen more inco-
herent set. There might be one case where the cohereatgoddesn: given that a
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consistent set can be maximally incoherent anyway, addorgsiatent proposition
cannot make such a set less coherent. However, in alestimeonastencies have a
negative impact:

(AC2) Adding an inconsistent proposition to a consistemtesstdoherence (pro-
vided the set is not maximally incoherent).

As table 8 displays, the first adaption strategy is the le@gliog to a general satisfaction
of the second constraint. On the fourth strategy, thisrddestmat only by the firmness-
based measure; and on the second and third strateghyinis measure at all. As to the
second proposal applled to meaSuegslC, if the consistent set is incoherent, the set
with the inconsistency is less mcoherenéﬁﬁgc C, andC; let the set with the in-
consistency be just as coherent as the original set vvtmnstmreimer coherent nor in-
coherent. The third account leads to results being aketldutaaevertheless in conflict
with the second constraint. Moreover, on the second, tfucathreirategy, all or almost
all measures come into conflict with the first adequaciyntcbestiase they rule that the
set with the inconsistency is coherent if the originalhsaeist¢proof in appendix B).

Table 8: Performance of support-based coherence méasuves adetpuacy
constraints.

Coherence measure C, | C C | G C C | G

Minimum value strategy, AC1 + b i+ b + + +

Minimum value strategy, AC2

_,_
+
+
-
+
4
+

Neutral value strategy, AC1

Neutral value strategy, AC2

Mixed value strategy, AC1

Mixed value strategy, AC2

De2ned value strategy, AC1

UEEVERVARVARVERY
CEECEEVAREEC R RV
vERvERVARUVERUERU)
vERvERVARUVERUERU)
vERvERVARUVERUERU)
vERvERVARUVERUERU)

O U U O

De2ned value strategy, AC2

But which kind of adaption is the means of choice all tisrdgred? If we take into ac-
count all intuitions and adequacy constraints and just ceurtyfetrategy how many
measures satisfy these intuitions and constraints, the wieadgtrategy onk is the
only strategy on which all but one measure satisfy thenfatbeenotuitions; and there

IS no other strategy allowing more measures to satisfygbatly adastraints. Hence,
the first proposal, where inconsistent evidence and intdngistbéeses lead to the
smallest possible confirmation value, seems to be themdst apgpting coherence
measures in the light of inconsistent testimonies. Whattisisnstrategy was already es-

tablished by scholars like Fitelson (2004) and Roche (2018 ewds some additional
merits.
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However, from a confirmational point of view this strategyigtoblematic. Re-
member that the measures in question are meant to quanetifyecohrms of mutual
supportlf we take that seriously, the underlying measlges, k andf must be fine-
tuned in line with the principles regulating support. Buadbgeting the first strategy
means burdening oneself with the claims that (1) inconsdgangeaximallydiscon-
firmsany hypothesis and (2) an inconsistent hypothesigrially disconfirchby any
evidence. Since these presuppositions are questionapieistféedsbm clear that the
coherence measures resulting from the first proposal catdoedcoreasures of mutual
support.

First of all, it seems to make much more sense to sapdisénesidencleasno
evidential impact on any hypothesis whatsoever. This istiigagommon core of strat-
egies two and three. The second strategy assumes furthieemonedhsistehypoth-
esigan neither be confirmed nor disconfirmed by any evidencthaGthes strategy
produces devastating results as to intuition 3 and botty axegti@ints, however, opt-
ing for it seems to be a non-starter when it comes toréheecoheconsistent testimo-
nies. The mixed account three assesses incbhygatesgasline with the first one, but
inconsistengvidenca line with the second one. As to intuition 3, it improtres set-
ond account, but it is equally bad regarding both adegtrasysddaving to choose be-
tween these strategies, we appear to be on the hornsvdd. &Ediemwe stick to meas-
uring coherence as mutual support and thus adopt the seicdredrategy; but then we
do not come to grips with inconsistencies because, anthimgsthvee cannot satisfy the
adequacy constraints. Or we choose the first strategycantettaugrips with inconsist-
encies; but then we do not measure coherence in the serésbpout anymo'e.

Does the fourth proposal provide a loophole? This propastal inomsnaining
with the original support measures while neglecting theedrciefes when it comes
to coherence. To accept this proposal means to take no #tandegoee of confir-
mation in the case of inconsistent evidence or hypotheset. islaticactive for peo-
ple who want to adhere to the conception of coherence asuppdriadbut think that
there is no true approach to inconsistent evidence or hypdtdveseer, such peo-
ple should drop all of the given measures except the &rranebscause the latter is
then the only measure satisfying the adequacy constraints.

Remember that there are two further measures conforminagtitethat the
pairwise inconsistent testimonies in scenario 2 are morenincwraely, MeijsO vari-
ant" * of the nasve overlap measure and our Schupbach-likéj\adriatnasve devia-
tion measure. How do they fare with the additional intuitibadesuacy constraifitg?
and! 7 fare well with both of these intuitions (proof in appendixdA): also satisfies
both constraints (proof in appendix B)! Buteeds the same type of helping hand as the
support-based measures because the underlying Shogehji smeasudefined when
one of the propositions is inconsistent. Unlike the suppdrtHeasurdsy is not an
average of confirmation-values but of the coherence-valgogivescaled versign
of the Shogenji measureThus, to adopt the first strategy means heré joakign
minimum coherence to all sets containing an inconsistentiqoropbs second strat-
egy would be to ley assign the neutral coherence value in these cases.tidteghird s

14 However, see the remarks on pairs of inconsistent proposigarenclusion.
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where we distinguish between inconsistent evidence antemicoysttheses, does
not seem to make sense for deviation-based measures andidettalen into ac-
count. The fourth strategy simply is to exclude these ucdsésddom the calculation
of the average. It can then be shown that the first sttetemylysone wherg satisfies
both constraints (proof in appendix B).

Table 9 brings together all results. What is the meanikgstf ik3ou waiatl in-
tuitions and adequacy constraints to b€ raetiC, are ruled out. For both satisfy (AC1)
under no strategy, afdlso violates intuition 2 under all strategies. The messines r

Table 9: Performance of all coherence measures asdonsafindtailequacy
constraints.

Coherence measyre * | | 7 G|G |G| GGG |G
Strategy 1 + + + + + + +
Strategy 2 H O+ + + + +| D
Intuition 1 + |+
Strategy 3 H oo+ o+ o+ +| O+

+
+
+
+

Strategy 4 H 4+ O+

Strategy 1 H +H + B H H O+
Strategy 2 H 4+ + B H O H O+
Intuition 2 + | +
Strategy 3 H o+ o+ B H H O+
Strategy 4 H O+ + B H O H O+
Strategy 1 HoOoH o+ H |+ O+
Strategy 2 B ® b p b | b
Intuition 3 + | +
Strategy 3 + + + + + + +
Strategy 4 B + P + + + +
+ | Strategy 1 + B 4 + 4+
b | Strategy 2 p b p b b |[B D
Constraint 1 +
Strategy 3 B p P p b B b
b | Strategy 4 p b p b B |BD +
+ | Strategy 1 = I o I o R S R I o B
b | Strategy 2 P b P b |[b b
Constraint 2 +
Strategy 3 B B p b |b b
b | Strategy 4 P b P b |b +
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ing are the refined overlap medsyrthe refined deviation measuyfeC,, C, C, and

C, under strategy one, &hdinder strategy one and three. However, since strategy one
does not go well with the notion that coherence is mutud| adppoates of this no-

tion seem to be left with no other option than the mutuadgrariad, under strat-

egy three.

Second, if you think that intuition 2 and constraint 1 aydebalise sets containing
just one inconsistency can be coheren€, thedC, remain in the running for the mo-
ment. Furthermore, likk, they allow for intuition 3 not only under strategy onscbuhal
der strategy three and four. However, since they confostramic@ronly under strat-
egy one, which is in conflict with the notion that cohenenuteaksupport, again, they
seem to provide no option for someone who wants to qusunioftyotti

More generally, there are two stances one could takeisipheis-€sults in table 9.
On the one hand, one could try to devise arguments foritrgysapa particular adap-
tion account and then dismiss measures violating certainsiruitonstraints on this
account. On the other hand, one could argue for the supeagpgyticular coherence
measure and dismiss those adaption strategies givingyaseetoeselts for this very
measure. For example, if one adheres to the firmness-teasmtimehsute (like Ro-
che 2013 seems to do), then the only possible kinds ofadaptomaximum discon-
firmation strategy and the strategy based on defined vategbdvitrmer was indeed
proposed in Roche 2013). It thus seems that our results geoel@dl be considered a
toolbox for coherentists who can draw on our work whenedttgrirfigr the superiority
of an adaption strategy or the superiority of a coherenee measu

7. Conclusion and outlook

In their original shape, the vast majority of probabilisicesaid not properly quan-
tify the degree of coherence of the inconsistent testinmuriéssincase. The nasve devi-
ation measure and the nasve overlap measure deliverechtdgudgement that both
scenarios are equally incoherent. The measures of mutuia kuppath Douven and
MeijsO recipe, as well as the refined deviation measiegrsaaddBasartmannOs quaS|-
ordering, were not even able to tackle the test case bgaausairihsilent on pairwise
inconsistent sets in general. The only measure copingewémplar was MeijsO refined
variant of the naeve overlap measure.

In the next step, we adapted the refined deviation measgadilhy it, and we put
forward four different proposals for extending the scopenofuhlesupport measures
to pairwise inconsistent propositions. Although all buttbeenoéasures provided the
desired judgement on our test case under each proposalutitesedrserious difficul-
ties when we included two further intuitions and two geegualcgcdconstraints. For the
first three adaption strategies ushered in the dilemmafitsitathe produces satisfying
results but is in conflict with the conception of coherengeassupport, whereas the
second and third one are (more) in line with this conceppordbae bad results. The
fourth strategy offered a way out, the consequence ba&hgrératecis to be quantified
with the help of our firmness measure if all intuitions atmdictaare to be satisfied. In
other words, someone who takes this route is well-adesecbtevence not as mutual
incrementadonfirmation but rather as muaksoluteonfirmation.
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However that may be, there is room for further thoughtsoWlalst case focused
on sets ondividuallyconsisteropositions, it seems that there are alsssHtsrifa-
dictorypropositions exhibiting different degrees of incoherenesefhpsese a threat for
all probabilistic measures of coherence. To see why,lmhswiset§ = {A, A} and
S ={A, A}, where

A : 2'is larger than 128.
A,: 128 is lower than 2
A, 2 is lower than 128.

Since 2= 128, all of these propositions are internally incorfsmtetiteless, whitg

only rephrases what is assertag bye assertions madeé\pwandA, are diametrically
opposed. There is thus a sense in which the former propidtbitiogk inconsistent, are
less incoherent than the latter. Nonetheless, all probabditiesy any of these contra-
dictions are necessarily identical. Consequently, nonkeovkt@@roaches can account
for the intuitive difference in coherence.

Another example pointing in the same direction was givieel §808®8). Imagine a
physicist who cannot recall the voltage of a power sotscatiésehin an experiment.
The only thing she knows for sure is that it was eitheR ¥ \6E or 50 V. Accord-
ingly, she assigns equal prior probabilities to theseabedteBhe asks three of her as-
sistants and receives the following answers:

B,: The voltage is 1 V.
B,: The voltage is 2 V.
B,: The voltage is 50 V.

Given the proximity of the voltage® iandB,, it seems appropriate to claim that the
set B, B,} is less incoherent thBp B,}. However, both sets involve pairwise inconsist-
ent propositions. Hence, given equal priors and equal siEioyspa@ll probabilistic
coherence measures will assign identical degrees of cobetlersstst Again, these
measures cannot account for the intuitive difference inceolBarethese guesses need
a thorough investigation we leave for further researchhitpdot, the only viable
general conclusion is that bringing together coherenceraigtancy is a difficult
taski®

APPENDIX
A Test cases
TC1 denotes SchupbachOs original test case, TC2 is ovithvartamisistent testimo-

nies. TC2 (min.) are the results for the minimum-based ad&jfigneutr.) for the
neutrality-based adaptation, TC2 (mixed) for the mixed strate@2 (def.) for the

15 This work was supported by the Deutsche Forschungsgenmionsithg@rogrammdew Frame-
works of Rational{§PP 1516). For many valuable hints we are indebted to Zigendakob
Koscholke and the anonymous referBlesafaand a further journal.
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approach where only defined constituents are taken into &abeonalculations were
made with a computer programme in GNU Octave written byakatuiikie.

TC1 TC2 TC2 (min.) TC2 (neutr.) TC2 (mixed) TC2 (def.)
SC1| sSC2| sC1 sC SC[1 sC¢2 sc1 3$C2 [sc1 SC2 |SC1 | SC2

Measure

1A

C, 0.198| 0.188 P0.042 NaN D0.p42 H1.000 £0.042 H0.167 |D0.047 P0.750 £22B42 DO
C 1556 1778 0.730 NaN 0.750 0.p00 0{750 0.500 [0.750 |0.250 | 0.750| 0.000
C 0.308| 0.229 D0.038 NaN DO0.038 D1.000 £0.038 H0.250 |D0.03§ D0.750 33838 DO

[

G 2.458| NaN| 1.00p NaN 1.000 0.000 1.p00 01500 1.000 |0.250 |1.000 | 0.000
C, 0.311| 0.25¢4 D0.375 NaN DO0.375 D1.000 B0.375 H0.500 |D0.375 D0.750 DOG7/5 D1
G 0.382| 0.343 D0.333 NaN D0.833 D1.000 £0.333 H0.500 D0.333 0.750 ©DOG33 D1
G 0.084| B1.00p B0.5P0 NaN H0.500 H1.000 £0.500 P0.500( £0.500 H0.7%01D0HBO0 D
! 2.370| 2.370 0.0Q0 0.0EP
" 0.250( 0.148 0.0Q00 0.0({)
¥ 0.312| 0.162 B3 b3
"o 0.438| 0.186 0.230 0.090
] 0.354 0.230 0.323 0.0¢0

0
0

As to Bovens and HartmannOs quasi-ordering, remeaierthieaprobability thabf
the given three testimonies are false. For scenario lact&efiapiginal case, we thus get:

g, = P(suspect 1) = 1/8

a, = P(suspect 4) P(suspect 3) P(suspect 2) = 3/8
a,=0

a, =P(suspect 5, 6, 7 or 8) = 1/2

LU #( 1)

RS LU (0 o)t/ #( )

And for scenario 2:
ay =P(suspect 1) = 1/8
2, =0
a, = P(suspect 6 or 7)P{suspect 2 or 3)P{suspect 4 or 5) = 3/4
a; =P(suspect 8) = 1/8

VEARVEN (G
L"T# S )W (1)

R(S)!

The reliability parameteranges from 0 to 1. By subtraBf{§9 fromF.(S) for these ar-
guments, we obtain the following function graph:
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05

025+

This means thB{(S) is for some values lafger and for other values smallef {Eanwith
the result that Bovens and HartmannOs account does wetdieadn ¢he given test case.

B Adequacy constraints

Mutual support measures

LetS={A,, ... A} be a consistent set of propositionS*ands%{ A} ; and let§] and
[S*] be the set of pairs of non-empty and non-overlappin@sbheefst respectively.
Then we have the following cardinalities (see Roche 2013):

) IIS|1=3D2%+1
i) [[S=3"p22+1
i) [[SI\[S[=I[S1IP |8 =253 2

Given the partition of the paifs T') within [S*] into the pairsU, UY) within [S] and
the pairs\{(, V) within the remainde®f] \ [S], we can rewrite the coherence value for an
arbitrary coherence mea@ubased on confirmation measaefollows:

C (S)! et M) wwyst YY), (V,V)[S‘]\[S]'(V’V)!

's*] ' 's*] 'S

ST ey st UYL s’ V),
|'s¥] 'S 's*|

V.V)

| |!SI| " (VV) [SNS]
! C.(S '
's¥ 's¥
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We begin with thierst adaption strategywhere the degree of confirmation is the mini-
mum in the case of inconsistent evidence or hypothesdisp&mscef édhe second ad-
dend in the equation above are suchAth&tor A « V', we get:

Is| 'S*\1S| min(!)

C, (5!
R 7

Ci(9)"

a) Let «{d, s, z, k}fso that the minimum is D1 and the neutral value 0. Then:

C (SY)=!
IS’ IQ®\ Q. _
< |'S‘. C,(9)! wz!
1S¥ s
©|!S'|-C! (S)Z|!S*'\!S"
©C! (S)2||S’\"\IS" LN i

S| noim g

But 3> 1, and therefore 2621 =3 b 21 + 33> 3 D 2*1 + 1. The latter fraction
is thus greater than 1, which is in conflict with the fatttetmaximum of the given
measures is 1. Her§¢S*) < 0, viz., inconsistent sets of theStygue incoherent; and
thus the constraint (AC1) is satisfied. (AC2) is also s&istedhaC, (S) > D1, add-
ing an inconsistency lowers coherence because the oppgsits &sdails a contra-
diction:

‘!S'| |!S*"\!S" |
‘!S*"| C!(S)!W C.(9
srs] o S
|!S*'| ! I |!S*"
c(g LSTVSI L . [stus], isus],
s ST ISTS] B
s

Since the minimum of the measures in question is B1, thega#iy is satisfied only

if C,(S) = b1, that is, §is maximally incoherent. Then the addition of an inconsistency
leads to a sBtwith the same coherence value, namely the minimum. InGdbeshe

C (8% <C,(S).

b) Now let e {r, }. Here the minimum is O and the neutral value 1, withotke foll
ing result:
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C,(SH!!
S| ¢ gL
's*| 's*|
4
C (9! ——
9 g

SinceS*contains one element more Bao that §1| > |[]], the fraction on the right
side of the latter inequality is greater than 1. Becee,be coherent as lorfgiaso-
herent (to a certain degree depending on its size). Beréneedh*cannot be higher
than the one &because this would result in a contradiction:

C(SNC(S
s L |rs*\ s
2le 92 >l ¢ (s
=ige O g1 0O
=[St |'s*]

The latter is impossible beca@dg H |[J]. On the other han8*can possess the same
coherence valuesabut this is the case on@ (§) = 0, that is, is maximally incoher-
ent.

According to theecond adaption stratedlge degree of confirmation is the neutral
value when the evidence or the hypothesis is inconsistesinégaill paitg, (V) in
[S§\[] are such thak <V or A « V', we get:

'S*\!S'| neutr()
's*

IS
C.(S) ‘! s*!\ C.(9"

a) Let «{d, s, z, k}f These measures have the neutral value O; therefore:

C, (S9! !
S| RISV
1S¥ ¢© |'s*| &
C (9!

Hence, if the consistent S& coherent, the inconsistent expaBgignalso coherent.
On the other han&3*cannot be more coherent tBhecause, again, this assumption en-
tails a contradiction:
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C(ENC(S
IS NISEVETE
'S! |t

However, iC,(S) is 0, the€,(S") is also 0. In other words, the addition of an inconsist-
ency leads to a set with the same coherence value iatleesgireither coherent nor
incoherent. This is also in conflict with the adequacy mtothsttauch an addition al-
ways lowers coherence.

b) Now let e {r, }}. Since the neutral value of these support measurestis 1, we g

C (S9!
I'sl /(9" IS*\IS| ! ¥
ME s
G9! 's*] |'s*\!s| \!s*'\_\!s*'\!S'\#|'s|
- ISl bS] s S|

This means th&*is coherent 8is coherent. Still more, the cohere®*eaf be higher
than the one &because

C(SH)NC (S
151 eSSl o g
%!C!(S) | %
11C (9

Therefore, the coherence val8&ighigher than the on&dfthe latter set is incoherent.
Thethird adaption strategis a mixture of the first two: according t(Bit,A is

neutral ifA is inconsistent and minim& i$ inconsistent. Hence, we get

neutr(!)

E min(t) |
(W WIS SN S|, WL V' Zw wi)esNs, wel

|'S|
‘C,(S
S*| O+ 'S i 'S

C,(SY=
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a) Lett < {d, s, z, k}fsuch that the minimum is D1 and the neutral value is 0. Then
we get:
I!SI
Regarding adequacy constraint (AC1), this means:

Ci(S) !

| is*\IS)|
']

C(S)! =k ci(9 =

|'s]
'S

1S*\IS]
C, |_—
9!+ e

S| /(9! = |s*\!S]

(I mmEr C (I ot

In "n
[
C'(S) !n unu#

The given inequation is satisfiabies 2, therC, (S) > 5/6, which lies in the range of the
coherence measures in question. Hence, these measureS yitlatase they allow

a set with an inconsistency to be coherent. Even morell@sitigederivation shows,
they also violate (AC2):

Ci (8 Ci(9
|!S~Hl‘ C(©S - |!S*'| C (9
NISAVSIISIVEY
I 157 Ci(9
Ce

Accordlngly i5is fa|rly incoherent, that@s(S) < B1/2, then adding a contradiction
yields an increase in coherence; 3l dlegree of coherence is equal to D1/2, then adding
a contradiction has no impact on the degree of coherence.

b) Now let e {r, |} so that the minimum is O while the neutral value is 1. Then

|is*is]

SYENR I ETES =

'S
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We get the following result with respect to adequacy cqAstdgint
C (&) !
| Jsus] Jisv]

=G93 IS

1S*- L sets

=C, (9! S

=C,(9! !_.‘!S*""‘!S"
' " 'S]

) o)

!
<C, (9! g

To show that this latter inequation is satisfiabies [t TherC,(S) > 1 if and only if
C,(S) > 7/2 Given that both measures in question range fromeddoh&rence value
above 7/2 is not hard to achieve. We thus conclude thae#isesesnviolate (AC1).
That the same conclusion holds with respect to (AC2) is \shiogviotbowing deriva-
tion:

C (8 =C,(9

©ﬁ.c! (9! !_.|!S*I\!Sl|
TS

|!S*"| =C, (S

oL [SNS]_[sMs]

= C (S
I R =

|
@’C! (S S:T

Hence, for fairly incoherent et C (S) 6 1/2, adding an inconsistency does not yield
a decrease in coherence and may even yield an increabéhgirthedmequation is
strict).

Thefourth adaption strategyg to identify the coherence of a set with the average of
definedupport values. Due to the fact that we constdatsupport, in half of the pairs
(V, V) within [S \ [§ the inconsistency is contained in the hypdthasdsin half of
the pairs it is contained in the evidénce

a) Let « {d, s, g These measures are not defined for inconsistent evigaeoee and
vide the neutral value O for inconsistent hypotheses. @irare the SSi[\[ §| pairs
with inconsistent hypotheses and tjis-|L/2 5 §]\[ §| pairs in total, we get:
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|
2(U sV, IS S]|-#

C[ (Sk)l | !
1S ASNS| S| ASNS]
! I\[S]‘ .C, (9
'S (SN S|

Since the other terms in this fraction are p@&it&¢ will be positive @ (S) is positive.
That is, the inconsistentSetan be coherent. Furthernf®rean possess a greater coher-
ence value th&For the given fraction is smaller than 1C%8) 16 a negative number,
C,(S) will be greater th@n(S). In other words,$fis incoheren' is less incoherent.

b) Now lett « {r, j, B. Then the values definedSoare just the valuesSoFor
[SY\ [ consists of paifg, (V) where at least one of these sets cahtBuisif the evi-
dence/'is inconsistent, the numer&@{V') ofr and is not defined and the denomina-
tor P(V'[V) + P(V'|AV) ofk is 0. Similarly, if the hypothésgsinconsistent, the numera-
tor P(V'|V) BP(V'|AV) ofk is not defined and the denomin&@rg ofr andP(V|AV')
are 0. Since all of the additional support val8ear®thus not defined, calculating the
coherence & boils down to calculating the cohere&élehce, first, inconsistent sets
can be coherent; and second, adding an inconsistencyod@sabetence.

c) Finally, considerThis measure is not defined if the evMaadrconsistent, and
it provides the minimum D1 if the hypotkasisiconsistent. We thus get:

C(SY! !

1S C (! - 1S \IS]-—
IS] C((9)! . [!s*\!S]
# I

'S)! 1-|!S*'\!S'|
#
=S| (9 %|!S*'\!S'|! |

Is*\1S]

(! #1S]

#e # g o
#($ #1n) o

C(9)!

3'D2>3D 21+ 1ifand only i"2 1, which holds formll 2. But this would mean
that the latter fraction is greater than 1 for. &l which cannot be true because the
maximum of is 1. Hence, sets of the §p@e not coherent. Even more, provided that
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C/(9 > b1, they must be less coherent than the ori§ibataese, again, assuming oth-
erwise leads to a contradiction:

C:(S)=C (9
IS]-C((S)! L Js*\1S]-—!

<= 0 ZCf(S)
IS is*\Is|

S[IS|-C((9-=IS*\IS|= S| L IS*\IS| C((9)

1S]-C((-—-S*\IS| |'S|C( (! = 1S*\IS| C/((9)

I Ct(S

Since the minimum bis B1, the latter inequation is true o8lis imaximally incoher-
ent. In this case, adding an inconsistency does not logrerecbbeause it leads to a set
which is likewise maximally incoherent. Bgf> D15 is less coherent tisan

The refined overlap measure

LetS={A, ... A} be a consistent set of propositionsSghthe set of subsetSuiith a
cardinality of at least 2. Then:

(s 2( ; J! In=(n"")

il

If we add an inconsisted¢yso thas = A, ... A, A}, we get:
[ST2\[F2] =|[ST?] BI[F?|=(2"' D (+2) D 2D +1)=2D1

Since the sets B][?\[ §-? contain an inconsistency and thus get the value 0 by the nasve
overlap measuPewe have the following representation for the refinednovasiae:

| nt!

O gy 2 ) I[S!*—]!I"[S] 1= (tn-ty1”
i SES
[, .
s ®
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Assuming that 0.5 is the neutral value separating cohereocckeardce, we get:
|
I *(SY)! =
>
LIS g L

e

[ST]
NEH

1" (nll)

It (intl)

=1 *(9)! !

=1 *(9)!

I*()I

Sincé' *(§ 6 1 for al§ the latter inequation cannot be true. H8nhealways judged
incoherent. Now we turn to the question wh&tisan be more coherent tBan

I (ST *(9)
=>|[SZ!|,| *(S)l 1 *(S
ISPl (CIREC)

SR C/N

The latter inequation is unsatisfiable beSawsatains one element more than
AccordinglyS* can never be judged more coheren&iiidn (S > 0. Otherwise,

"9 ="*8)=0.

The refined Schupbach-measure

We begin with the first adaption strategy. Givenjtliman average of coherence-values,
we adapt this measure by assigning the maximum degreemtenezdbeall inconsist
subsets, i.e., all subs&saaintainingA. Hence we get:

nl'l

S ) =S aeren

|[Sk] | 7 & [s17]

, 1S 0 S
s

Accordingly, for the neutral value 0.5 we get the follawing res
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1
1X(S*)>—
(9

s
(ST

!;(S)>I!T
[S7]
NN

Lt (nll)

I (I net)

1X(9)!

X9 -
= 1X(9>1

Given that }(S 6 1 for alf the latter inequation leads to a contradiction. Accordingly,
S is always judged incoherent. B& caavertheless be more coherengthan

Dy ($)! Di(S)

= IS )5 s
LI D292

(st [s7]

The latter inequation is, again, unsatisfiable. Th&empadged less coherent §ién
A9 > 0. Otherwisé,ﬁ(S) =1 A8 =
The second adaption is to assign the neutral value 0.Sisteimicembsets:

eI SEIHONEE
OV g 3Oy |(l[] FECIENE
Thus we get:
D;‘(S*)>%
| &Y -1 1
(s O

@2-|[S]22\-D;(S)+(2“—1)>\[S*]22I

=2 g
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Given that 1 'z 0 for alh . 2,! }(S) always exceeds the threshold 0.5 Soished-
herent. Furthermore:

D (5%)>D;(S)

)
[

S
s—>Di(8)————
e |[Sk]=!|

Di(9)+ >D;(9)

" I[S*] |

I n_

L -
BT

\[S*]>' |

|
©D§(8)<:T

Therefore$* is more coherent tHaih and only $is incoherent.
The third approach only considers defined constituents aiiatincacoherence.
We thus get:

RS —— NS T A A9

\[S] |

AccordinglySandS* are always on a par with respect to their degrees of.coherenc
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