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THE LOGIC OF BEING INFORMED

LUCIANO FLORIDI

Abstact

Oneof theopenproblemsn thephilosoply of informationis wheth-
er thereis aninformationlogic (IL), differentfrom epistemio(EL)
and doxasticlogic (DL), which formalisesthe relation “a is in-
formedthat p” (I4p) satishctorily. In this paper the problemis
solved by arguing that the axiom schemataof the normal modal
logic (NML) KTB (alsoknown asB or Br or Brouwers system)
arewell suitedto formalisetherelationof “being informed”. After
having shavn thatIL canbe constructedasaninformationalread-
ing of KTB, four consequencesf a KTB-basedIL are explored:
informationoverload;theveridicality thesis(l ;p ! p); therelation
betweerL andEL; andtheK p! B p principleor entailmentprop-
erty, accordingto which knowledgeimpliesbelief. Althoughthese
issuesarediscussedaterin the article, they arethe motivationsbe-
hind thedevelopmentof IL.

Introduction

As arnyone acquaintedvith modallogic (ML) knows, epistemiclogic (EL)
formalisegherelation“a knowsthatp” (K ap), whereasloxasticogic (DL)
formalisegtherelation“a believesthatp” (B ap). Oneof the openproblems
in the philosoply of information (Floridi, 2004c)is whetherthereis also
an informationlogic (IL), differentfrom EL andfrom DL, thatformalises
the relation“a is informedthat p” (I 4p) equallywell. The keyword here
is “equally” not “well”. Onemay contendthat EL andDL do not capture
the relevant relationsvery well or even not well at all. Hocutt (1972),for
example,providesanearly criticism. Yetthis is notthe point here,sinceall
| wishto arguein this paperis thatlL cando for “beinginformed”whatEL
doesfor “knowing” andDL doesfor “believing” . If oneobjectsto the last
two, onemayobjectto the rst aswell, yetoneshouldnot objectto it more.

Addresdfor correspondenceSt CrossCollege,OX1 3LZ, Oxford, UK..
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The proposaldevelopedin the following pagesis that the normalmodal
logic (NML) KTB (alsoknown asB, Br or Brouwers systent) is well suited
to formalisetherelationof “being informed”, andhencethatIL canbecon-
structedasaninformationalreadingof KTB. The proposalis in threesec-
tions.

In sectionone,severalmeaningf “information” arerecalled,in orderto
focusonly on the “cognitive” sense. Threemain waysin which one may
speakof a “logic of (cognitive) information” are thendistinguished.Only
oneof themis immediatelyrelevanthere,namely “a is informedthatp” as
meaning“a holdsthe informationthat p”. Theseclari cations are nally
usedto make precisethe speci ¢ questionaddresseth therestof the paper

In sectiontwo, the analysisof the informationalrelation of “being in-
formed” providesthe speci cationsto be satis ed by its accuratdormalisa-
tion. It is thenshovn thatKTB successfullycapturegherelationof “being
informed”.

In sectionthree,onceit is establishedhatthereis anIL differentfrom EL
andfrom DL, four consequencesf a KTB-basedIL arebriey explored:
informationoverload;the veridicality thesis(Ip ! p); therelationbetween
IL andEL; andthe entailmentpropertyor Kp ! Bp principle, according
to which knowledgeimpliesbelief. Althoughthey arediscussedaterin the
article,thesefour issuesarethe motivationsbehindthe developmentof IL.

In theconclusion] sketchsomeof thework thatlies ahead.

Throughouthepapertheordinarylanguagef classicalpropositionaktal-
culus(PC)andof normal,propositionaimodallogic (seefor example:Girle,
2000)will be presupposedmplication(! ) is usedin its “material” sense;
the semanticds Kripkean; Greekletters are metalinguistic,propositional
variablesrangingover well-formedformulaeof the objectlanguageof the
correspondindNML; anduntil section2.6 attentionis focusedonly on the
axiomschemataf theNMLsin question.

1. ThreelLogicsof Information

“Information” maybeunderstoodn mary ways,e.g.assignals haturalpat-
ternsor nomic regularities,asinstructions,ascontent,asnews, assynory-
mouswith data,aspower or asaneconomicresourceandsoforth. It is no-
toriously controversialwhethereven mostof thesesense®f “information”

1The namewas assignedy Becker (1930). As Goldblatt(2003) remarks:“The con-
nectionwith Brouweris remote:if ‘not' is translatedo ‘impossible’'(: 3), and implies'
to its strict version,thenthe intuitionistically acceptablerinciplep ! :: p becomedhe
Brouwerschexiom”. For adescriptionof KTB seeHughes& Cresswel(1996).
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mightbereducedo afundamentatoncept. However, thesortof “informa-

tion” thatinterestsushereis arguablythemostimportant.lt is “information”

assemantiacontentthat, on oneside,concernssomestateof a systemand
that, on the other side, allows the elaborationof an agents propositional
knowledgeof that stateof the system. |t is the sensen which Matthew is

informedthatp, e.g.that“the trainto Londonleavesat 10.30am”, or about
the stateof affairsf expressedy p, e.g. therailway timetable. In therest
of the paper “information” will be discusseanly in this intuitive senseof

declaratve, objectve andsemanticontenthatp or aboutf (Floridi, 2005a).
This sensanaylooselybe quali ed as“cognitive”, a neutrallabelusefulto

refer hereto a whole family of relationsexpressingpropositionalattitudes,
including“knowing”, “believing”, “remembering”,‘perceving” and“expe-
riencing”. Any “non-cognitve” sensef “semanticdnformation”will bedis-

regarded. Thescopeof ourinquiry cannow benarrovedby consideringhe
logicalanalysisof thecognitive relation“ais informedthatp”. Threerelated
yet separatdéeaturesof interestneedto befurtherdistinguishednamely

a) how p may beinformative for a. For example,the informationthatp
may or may not beinformative dependingon whethera is alreadyinformed
that(p! q). Thisaspecbf information— theinformativenes®f amessage
— raisesissuef e.g. novelty, reliability of the sourceandbackgroundn-
formation.It is acrucialaspectelatedto the quantitatve theoryof semantic
information(Bar-Hillel & Carnap,1953;BarHillel, 1964;Floridi, 2004d),
to the logic of transitionstatesn dynamicsystemthatis, how changen a
systemmaybeinformative for anobsenrer (Barwise& Seligman1997)and
to thetheoryof levels of abstractiorat which a systemis beingconsidered
(Floridi & Sanders2004,forthcoming);

b) the procesghroughwhich a becomesnformedthatp. Theinforma-
tivenesof p makespossiblethe procesghatleadsfrom a's uninformed(or
lessinformed)stateA to a's (more)informedstateB . Upgradinga's state
A to astateB usuallyinvolvesreceving the informationthat p from some
external sourceS andprocessingt. It impliesthata cannotbe informed

2 For anoverview seeFloridi (2004a,2005b). Personallyl am very scepticalaboutat-
temptsto nd auni ed theoryof informationandhencea uniquelogic thatwould captureall
its interestingfeatures.

3Therearemary plausiblecontets in which a stipulation(“let the valueof x = 3” or
“supposewe discover the bonesof a unicorn”), aninvitation (“you are cordially invited to
thecollege party”), anorder(“closethewindow!”), aninstruction(“to opentheboxturnthe
key”), a gamemove (“1.e2-e4c7-c5” at the beginning of a chessgame)may be correctly
quali ed askinds of informationunderstoodhs semanticcontent. Theseand other similar,
non-cognitve meaningof “information” (e.g.to referto amusic le orto adigital painting)
arenot discussedn this paper wheresemantidnformationis takento have a declaratie or
factualvaluei.e. it is supposéo be correctlyquali able alethically
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that p unlessa waspreviously uninformedthatp. And the logical relation
that underliesthis statetransitionraisesimportantissuesof timelinessand
costof acquisition for example,andof adequatg@rocedure®f information
processingjncluding introspectionand metainformationas we shall see.
It is relatedto communicatiortheory (Shannor& Wearver, 1949, rep. 98),
temporallogic, updatingproceduregGardenfors1988),and recenttrends
in dynamicepistemidogic (Baltag& Moss,2004);

c) thestateof theepistemicagenta, insofarasa holdstheinformationthat
p. Thisis the statal conditioninto which a enters,oncea hasacquiredthe
information(actionalstateof beinginformed)thatp. It is thesensen which
awitness,for example,is informed(holdsthe information)thatthe suspect
waswith herat the time whenthe crime wascommitted. The distinctionis
standaraamonggrammariansyho speakof passie verbalformsor statesas
“statal” (e.g.“the doorwasshut(state)whenl lastchecledit”) or“actional”
(e.g. “but | don't know when the door was shut (act)”)*. Here, we are
interestedbnly in the statalsenseof “is informed”. This sens€c) is related
to cognitive issuesandto thelogical analysisof anagents “possessiontf a
belief or a pieceof knowledge.

Point (a) requiresthe developmentof a logic of “being informative”; (b)
requiresthe developmentof a logic of “becominginformed”; and (c) re-
guiresthe developmentof a logic of “being informed (i.e. holding the in-
formation)”. Work on (a) and(b) is alreadyin progress.Mark Jago,in this
issue Allo (2005)andSandergforthcoming)developlinesof researcttom-
plementaryto this paper In the following pages] shall be concernedwith
(c) and seekto shaw that thereis a logic of information comparablefor
adequay, e xibility andusefulnessto EL andDL.

Our problemcannow be formulatedmore precisely Let us concentrate
our attentionon the mostpopularandtraditional NML, obtainablethrough
the analysisof someof thewell-known characteristicef therelationof ac-
cessibility(re exivity, transitvity etc.). Thesefteen® NMLsrangefrom the
wealestK to the strongesiS5 (seebelav Figurel1). They arealsoobtain-
ablethroughthe combinationof the usualaxiom schemataf PC with the
fundamentamodalaxiom schematdseebelow Figure2). Both EL andDL
comprisea numberof cognitively interpretableNML, dependingn the sets
of axiomsthat qualify the correspondindNML usedto capturethe relevant
“cognitive” notions. If we restrictour attentionto the six mostpopularEL

4] oweto ChristopheKirwanthis very usefulclari cation; in a previousversionof this
paperl hadtried to reinventit, but thewheelwasalreadythere.

5The numberof NMLs availableis in nite. | am gratefulto Timothy Williamson and
JohnHalleckwho kindly warnedme againsta misleadingwordingin a previous versionof
this paper



THE LOGIC OF BEING INFORMED 5

andDL — thosebasedon systemsKT, S4, S5andon systemskD, KD4,
KD45 respectrely — the questionaboutthe availability of aninformation
logic canberephrasedhus: amongthe popularNMLs takeninto considera-
tion, is thereone,not belongingto KT, S4, S5 KD, KD4, KD45, which, if
cognitively interpretedcansuccessfullycaptureandformaliseour intuitions
regarding“a is informedthatp” in the (c) sensespeci edabove?

A potentialconfusionmay be immediatelydispelled.Of course thelogi-
cal analysisof the cognitive relationof “being informed” cansometimede
providedin termsof “knowing” or “believing”, andhenceof EL or DL. This
is notin questionfor it is trivially achievable,insofar as“being informed”
cansometimede correctlytreatedassynorymouswith “knowing” or “be-
lieving”. We shallalsoseein § 3.3thatlL maysometimeoverlapwith EL.
Theinterestingproblemis whether“being informed” may show properties
thattypically (i.e.,whene&ertheoverlappingwould beunjusti ed, see§ 3.3)
requirealogic differentfrom EL andDL, in orderto bemodelledaccurately
The hypothesisdefendedn the following pagesis thatit doesand, more-
over, thatthis hassomeinterestingconsequence®r our understandingf
the natureof therelationbetweerfknowing” and“believing”.

Figurel: FifteenNormalModal Logics

NotethatKDBS5 is a “dummy” system:it is equivalentto S5andit is added
to thediagramjust for the sale of elegance.
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Synonymous Equivalentaxiomaticsystems

T=M=KT B=TB
B =Br=KTB KB5 = KB4, KB45
D =KD S5=T5,T45,TB4, TB5, TB45,DB4, DB5, DB45

2. Modelling“Being Informed”

Let usinterpretthe modaloperator2 as‘“is informedthat”. We may then
replacethesymbol2 with | for “beinginformed”,includeanexplicit refer
enceto theinformedagenta, andwrite

2p=lap 1)
to meana is informed(holdstheinformation)thatp®.

As customarythe subscripwill be omittedwhenerer we shallbedealing
with a single, stand-aloneagenta. It will be reintroducedn § 2.4, when
dealingwith multiagentlL. Next, we canthende ne 3 in the standardvay,
thus

UaP =def : lal P (2

to meana is uninformed(is not informed, doesnot hold the information)
that: p; or for all a'sinformation(givena's informationbase)jt is possible
thatp.

Simplifying, a's informationbasecanbe modelledby representingt asa
dynamicsetD , of sentencesf alanguage.’. Theintendedintepretation

5A dere interpretatioris obtainableby interpretingl , p as“thereis theinformationthat
D’

" Dynamicsetsareanimportantclassof datastructuresn which setsof items,indexed
by keys, aremaintained.It is assumedhatthe elementof the dynamicsetcontaina eld
(calledthe key) by whosevaluethey canbe ordered. The phonedirectoryof a compary is
a simpleexampleof a dynamicset(it changever time), whosekey might be “last name”.
Dynamicsetscanchangeover the executionof a processhy gainingor losing elements.Of
thevariety of operationsisuallysupportedby a dynamicset,threearefundamentabndwill
beassumedn this paper:

SearcliS; k) = givenasetS andakey valuek, a queryoperationthatreturnsa pointerx to
anelementin S suchthatkey[x] = k, or nil if nosuchelementbelongso S.

Inser(S;x) = anoperationthataugmentshe setS with theelementx.

DeletdS; x) = anoperationthatremasesanelementpointedto by x from S (if it is there).
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is thatD 5 consistof all the sentencesq,e. all theinformation,thata holds
attimet. We thenhave thatl ;p meansthatp 2 D,, andUyp meansthat
p canbe uploadedn D 5 while maintainingthe consisteng of D 4, thatis,
Uap means3 (p 2 D,) “salva cohaerentiaé”. Note that a neednot be
committed,eitherdoxastically(e.g. in termsof strength<of belief, Lenzen
(1978))or epistemically(e.g. in termsof degreesof certainty)in favour of
ary elemenin Da.

GiventhatIL might actually overlap and hencebe confusedwith EL or
DL, themostplausibleconjecturds thatanlL thatcancaptureourintuitions,
andhencesatisfyour requirementsegardingthe properformalisationof | p,
will probablybearsomestrongresemblanceéo EL andDL. If thereis ary
differencebetweenthesethreefamiliesof cognitive logicsit is likely to be
identi able more easilyin termsof satisaction (or lack thereof)of oneor
more axiomsqualifying the correspondindNML. The heuristicassumption
hereis that, by restrictingour attentionto the fteen NMLsin questionwe
may be ableto identify the onewhich bestcapturesour requirementslt is
abit like nding where,on a continuousmap,thelogic of informationmay
be placed: evenif we succeedn shaving that KTB is the right NML for
our task, thereis still anin nite humberof neighbouringNMLs extending
KTB?®.

For easeof referencetheaxiomschematén questioraresummarise@nd
numberedprogressiely in Figure 2, where' , and are propositional
variablesreferringto ary wif of PC.

Following Hintikka's standardapproach(Hintikka, 1962), a systematic
way to justify the choiceof someaxiom schematas by trying to identify a
plausibleinterpretatiorof a semanticgor the correspondindNML. We shall
now considerthe 12 axiom schematandshaw thatIL sharesonly someof
themwith EL andDL.

8 As Patrick Allo hasnotedin a personakcommunicationthis canalsobe expressedn
termsof safetyof inclusionof pin D,.

9Many thanksto JohnHalleck for calling my attentionto this point andto Miyazaki
(2005).
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Label | De nitions of Nameof the Axiom Frame

Axiom Schemata or CorrespondindNML Property
Ay N G | 1staxiomof PC
Az ¢! N )! ! ) 2ndaxiomof PC
As G oy v 3rdaxiomof PC
Ay 2' ! KT or M, K2, veridicality Re exive
As 2(" ! )2 ) K, distribution, deductve cogeny Normal
Ag 2' 1 22" 4,S4,K3, KK, re ective thesis Transitive

or positive introspection
A7 123 KTB, B, Br, Symmetric
Brouwer's axiomor Platonicthesis
Ag 3' 1 23" S5, re ective, Socraticthesisor Euclidean
negative introspection
Ag 2'1 3 KD, D, consisteng Serial
A1 @2¢ ! )yro(2¢ ! yro2¢ ! ) Singleagenttransmission
A (2x2y" 1 2x") K4, multiagentiransmission,
or Hintikka's axiom
Figure2
2.1. IL Satis esA1, Ay, Az, Ag
Trivially, we may assumehatIL satis estheaxiomsA; Aj. As for As,

this speci esthatlL is distributive, asit shouldbe. If anagenta is informed
thatp! q, then,if aisinformedthatp, a is alsoinformedthatq. Notethat,
althoughthisis entirelyuncontraersial,it is lesstrivial. Not all “cognitive”
relationsaredistributive. “Knowing”, “believing” and“beinginformed”are,
aswell as“remembering’and“recalling”. Thisis why Platois ableto amgue
thata “mnemoniclogic”, which he seemgo baseon K4, may replaceDL
asafoundationfor EL!°. However, “seeing”andotherexperientialrelations,
for example,arenot: if an agenta sees(in a hon metaphoricakense)or
hearsor experiencesr percevesthatp ! g, it maystill befalsethat,if a
seeqhearsetc.) p, a thenalsoseeqhearsetc.) q.

The inclusionor exclusion of the remainingseven axiomsis more con-
tentious.Althoughlogically independentthe reasongeadingto theirinclu-
sionor exclusionarenot,andthey suggesthefollowing clustering.In § 2.2,
IL is shawn to satisfynot only Ag (consisteng) but alsoA,4 (veridicality).
In § 2.3,it is aguedthatIL doesnot have to satisfythetwo “re ective” ax-
ioms,thatis Ag andAg. And in 8 2.4,it is arguedthatIL shouldsatisfythe
“transmissibility” axiomsA 19 andAj11. Thiswill leave uswith A7, to be
discussedn § 2.5.

100n Platos interpretationof knowledge asrecollectionseeespeciallyPhaedo72e-75
andMeno82b-85.
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2.2. ConsistencyndTruth: IL satis esAg andAy4

In DL, Ag replaceghestrongelA 4, which characterizegL: whereag must
be true for the epistemicagenta to know thatp, the doxasticagenta only
needgo be consistentn herbeliefs. Thereareat leastfour reasonsvhy IL
shouldbecharacterizedssatisfyingAog:

1) Ag speci esthat,in IL, theinformationalagenta is consistentput so
canbeourordinaryinformedagentn everydaylife: I p! Up. If aholdsthe
informationthatthetrainleavesat10.30amthen,for all a'sinformationiit is
possiblethatthetrain leavesat 10.30am,in otherwords,p canbe uploaded
in a'sinformationbaseD 5 while maintainingthe consisteng of D 4;

2) evenif (1) wereuncorvincing, IL shouldqualify a asconsistenttleast
normatvely, if notfactually in thesamewayasDL does.If a holdstheinfor-
mationthatthetrainleavesat 10.30am,thena shouldnot hold theinforma-
tion thatthe train doesnot leave at 10.30am. The pointis not thatdoxastic
or informationalagentscannotbe inconsistent, but that Ag provides an
informationintegrity constraint:inconsistentigentsshouldbe disregarded.
Again, to appreciatehe non-trivial natureof a normatve approacho Ag,
considerthe caseof a “mnemoniclogic”: it might be factuallyimplausible
andonly normatvely desirableo formalise*a remembershatp” asimply-
ing that, if this is the case,thena doesnot rememberthat: p. Matthev
mayremembesomethinghatactuallynever happenedor he mightremem-
berboth p (thatheleft the keys in the car)and: p (that heleft the keys on
his desk)andbe undecidedaboutwhich memoryis reliable. Likewise, if a
databaseontaingheinformationthatp it might, unfortunatelystill contain
alsotheinformationthat: p, evenif, in principle,it shouldnot, becausehis
would seriouslyunderminethe informative natureof the databasdéself (see
next point 3), andalthoughit is arguable(becausef A 4, seebelon) thatin
suchcaseeitherp or : p fail to countasinformation;

3) objectionsagninstIL satisfyingAg appearto be motivatedby a con-
fusion between‘becominginformed” and “being informed”, a distinction
emphasisedn 8§ 2.1. In the former case,it is unquestionablé¢hat a may
receve and hencehold two contradictorymessagege.g.,a may readin a
printedtimetablethatthetrain leavesat 10.30am,asit doesbut a mayalso
betold by b thatthe train doesnot leave at 10.30am). However, from this
it only follows thata hasthe informationthat the train leavesat 10.30am,
but sincep and: p eraseeachothers valueaspiecesof informationfor a, a
may be unable,subjectvely, to identify which informationa holds. It does

it might be possibleto developa modalapproacho QC (quasi-classicallpgic in order
to wealentheintegrity constraintseeGrant& Hunter(forthcoming).
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not follow thata is actuallyinformedboththatthetrain leavesat 10.30am
andthatit doesnot;

4)if IL satis esthestrongerA 4 then,afortiori, IL satis esAg. Accepting
thatIL satis esAg onthe basisof (1)—(3)is obviously not an agumentin
favour of theinclusionof A 4. At most,it only defusesary agumentagainst
it basednthereasoninghat,if IL did notsatisfyAg, it wouldfail to satisfy
A4 aswell. Theinclusionof A4 requiressomepositive supportof its own,
to whichwe now turn.

Accordingto A4, if aisinformedthatp thenp is true. Canthis beright?
Couldnt it bethe casethatonemight be quali ed asbeinginformedthatp
evenif pisfalse?Theansweis in thenegative, for thefollowing reasonlin-
cludingA 4 asoneof IL axiomsdepend®nwhetherp countsasinformation
only if p is true. Now, somecritics (Colburn (2000), Fox (1983), Dodig-
Crnkovic (2005)and,amongsituationtheorists Devlin (1991))may still be
uncorvinced aboutthe necessarilyeridical natureof information, witness
the debatebetweenFloridi (2004d)and Fetzer(2004). However, morere-
cently, it wasshovn in Floridi (2005ahatthe Dretsle-Griceapproacho the
so-calledstandardle nition of informationasmeaningfuldata? remainsby
farthe mostplausible.In short,p countsasinformationonly if pis truebe-
cause:

“[. ..] falseinformationandmis-informationarenotkinds of infor-
mation— ary morethandecqy ducksandrubberducksarekinds
of ducks”(Dretsle, 1981,45).

“Falseinformationis not aninferior kind of information; it justis
notinformation” (Grice,1989,371).

As in thecaseof knowledge truthis anecessargonditionfor p to qualify
asinformation. In Floridi (2005a)this is establishedy proving thatnone
of the reasonausually offeredin supportof the alethic neutrality of infor-
mationis corvincing, andthenthat thereare several goodreasongo treat
informationas encapsulatingruth and henceto disqualify misinformation
(thatis, “falseinformation”) as pseudo-informationthat is, asnot (a type
of) informationat all. The agumentspresentedherewill not be rehearsed
here,sinceit is sufcient to accepthe conclusiorthateitheroneagreeghat
informationencapsulatesuth or (atleast)the burdenof proofis on herside.

Oncetheveridicalapproacho the analysisof semantidnformationis en-
dorsedasthe mostplausible,it follows that, strictly speakingto hold (ex-
changereceve, sell, buy, etc.) some“falseinformation”, e.g. thatthetrain

12OtherphilosopherSNho accepta truth-basedle nition of informationare Barwise&
Seligman(1997)andGraham(1999).
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leavesat 11.30amwhenin factit leavesat 10.30am, is to hold (exchange,
receve, sell, buy, etc.) no informationat all, only somesemanticcontent
(meaningfuldata). But then, a cannothold the information (be informed)
that p unlessp is true, which is preciselywhat A4 states. Mathew is not

informedbut misinformedthatltaly losttheworld cupin 2006becausétaly

won it. And mostEnglishreaderswill gladly acknavledgethatMatthev is

informedaboutwhowontheworld cupin 19660nly if heholdsthatEngland
did.

Themistale— arguingthata maybeinformedthatp evenif pisfalse,and
hencethatIL shouldnot satisfyA4 — might ariseif oneconfusesholding
theinformationthatp”, which we have seenmustsatisfyA 4, with “holding
p asinformation”, which of courseneednot, sinceanagentis freeto believe
thatp quali es asinformationevenwhenp is actuallyfalse,andhencecounts
asmeremisinformation.

As farasA, is concerned;knowing thatp” and“being informedthatp”
work in the sameway. This conclusionmay still be resistedin view of a

nal objection,which may be phrasedas a dilemma: eitherthe veridical
approacho informationis incorrect,andthereforelL shouldnot satisfyA 4,
or it is correct,andthereforell shouldsatisfy A4, yet only becausehere
is no substantiadifferencebetweenL andEL (informationlogic becomes
only anothemamefor epistemidogic). In short,theinclusionof A4 among
theaxiomschemataualifying IL is eitherwrongor trivial.

The objectionis interestingbut mistalen. Sofar, IL sharesall its axiom
schematavith EL, but informationlogic allows truth-encapsulatiowithout
epistemiacollapsebecauseherearetwo otheraxiomschematahatareepis-
temic but not informational. This is what we are going to seein the next
section.

2.3. Nore ectivity: IL doesnotsatisfyAg, Ag

Let usbegin from the most“infamous”of EL axiom schematanamelyAs.
Oneway of puttingtheargumentin favourof A, andagainstAg, is by speci-
fying thattherelationof “informationalaccessibility®® H in thesystenthat
bestformalises‘being informed/holdingtheinformationthatp” is re exive
without beingre ective, re ectivity beingherethe outcomeof a transitve
relationin asingleagentcontet, thatis, “introspection”,arathermorecom-
mon label that shouldbe usedwith somecautiongiven its psychologistic
overtones.

B3The choiceof theletterH is arbitrary but it may graphicallyremindoneof theH in
Shannors famousequationandin the expressiortholding theinformationthatp”.
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If H werere ective (if the informationalagentwere introspectve), IL
should supportthe equivalent of the KK or BB thesis,i.e.,Ip ! Ilp.
However, thel | thesisis not merely problematic,it is unjusti ed, for it is
perfectlyacceptabldor a to beinformedthatp while being(evenin princi-
ple) incapableof beinginformedthata is informedthatp, withoutadopting
asecondmeta-informationahpproacthio | p. Thedistinctionrequiressome
unpacking.

Onthe onehand,"believing” and“knowing” (the latter hereunderstood
asreducibleto somedoxasticrelation,but see§ 3.4) arementalstateghat,
arguably in the mostfavourablecircumstancesgould implementa “privi-
legedaccess'relation,andhencebefully transparento theagentsenjoying
them,atleastin principleandevenif, perhapspnly for a Cartesiaragents.
YetK K or BB remaincontroversial (seeWilliamson (1999,2000)for ar-
gumentsagainstthem). The point hereis thatdefenderf the inevitability
of theBB or K K thesismaymaintainthat,in principle, whatever malesit
possiblefor a to believe (or to know) thatp, is alsowhat makesit possible
for a to believe (or to know) thata believes(or knows) thatp. B andBB
(orK andK K) aretwo sidesof thesamecoin. More preciselyif a believes
(or knows) thatp, thisis aninternalmentalfactthatcould alsobe mentally
accessibleat leastin principle, to a Cartesiara, who canbe presumedo
bealsocapableof acquiringtherelevant,re ective mentalstateof believing
(knowing) thata believes(or knows) thatp. Translatingthis into informa-
tion theory we aresayingthateitherthereis nocommunicatiorchannethat
allows a to have a doxastic(or epistemic)accesgo p, or, if thereis, thisis
alsothesamechannethat,in principle,allows a to have a doxastic(or epis-
temic) accesgo a's belief (or knowledge)thatp. Soadefendernf the BB
or KK thesismay argue that the mentalnatureof doxasticand epistemic
stategnayallow BB andK K to piggybackon B andK withoutrequiringa
secondmeta-channedf communicationCall thisthe single-channehature
of doxasticandepistemiaelations.

Ontheotherhand,all this doesnot hold truefor “being informed/holding
the information”, becausehe latter is a relation that doesnot necessarily
requirea mentalor consciousstate. Beliefs and knowledge (again, anal-
yseddoxastically)arein the head,informationcanbe in the poclet. Less
metaphoricallyarti cial andbiologicalagentgnayholdtheinformationthat
p, evenif they lack a mind or arything resemblingnentalstatesconcerning
p. As aresult,"beinginformed” shouldbe analysedasproviding anunpriv-
ilegedaccesdo somep. A dogis informed (holdsthe information)thata
strangelis approachinghe houseonly if a strangeiis actuallyapproaching
the house yet this doesnot imply thatthe dogis (or caneven ever be) in-
formedthatheis informedthata strangeiis approachinghe house.Indeed,
theopposites true: animalsdo not satisfyary of theK K, BB or | thesis.
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Thereareno Cartesiardogs. Likewise, a computemrmay hold the informa-
tion that“the train to Londonleavesat 10.30am”, but this, by itself, does
notguaranteegvenin principle,thatthecomputemlsoholdstheinformation
thatit holdstheinformationaboutthetrain timetable,or we might be much
closerto true Al than arybody ever seriouslyclaimed. Finally, Matthev
might have the information that “the train to Londonleavesat 10.30am”
written in a notein his pocket, andyet not be informed that he holdsthe
informationthatp. Actually, Matthev mightevenhaveit storedin his brain,
like Johnty Mnemonic,who in William Gibsons homorymousnovel is a
mnemonicdatacourierhiredto carryin his brain 320 gigabytesof crucial
informationto safetyfrom the Pharmacontorporation Notethedifference:
Johnty holdsthe informationthat he holds somepreciousinformation, yet
thisis like ablackbox, for hedoesnothold theinformationthatheholdsthe
informationthatp.

Thedistinctionmay befurtherclari ed if, onceagin, it is translatednto
informationtheory We are sayingthat eitherthereis no communication
channelthatallows a to have aninformationalaccesgo p, or, if thereis, it
is suchthat,evenwith a Cartesiaragentplacedin favourablecircumstances
(no maliciousdemonetc.), it may still fail to allow a to have aninforma-
tional accesgo a's informationthat p. The possiblynon-mentahatureof
informationalstatesmpeded | from piggybackingon| throughthe same
channelof communication.An | | relationrequiresin facta secondmeta-
channethatallowsanl relationbetweera andl p, but thenthis channetoo
is not, by itself, re ective, sinceary | 1| relationrequiresa third channel
betweenl andl | p, andsoforth. As farasre ectivity is concerned;being
informedthatp” is notlike “believing thatp” or “knowing thatp” but more
like “having recordedthat p” or “seeingthat p”. The former two require
mentalstateswhosenatureis suchasto allow the possibilityin principle of
the B B -thesisor K K -thesis.Thelattertwo do notrequirementalstatesand
hencedonotincludethepossibilityof are ective state:information,records
andperceptuasensationglo notcomewith metainformatioror metarecords
or metasensatiortsy default, evenin principle,althoughtheremaybeasec-
ondlayerof memory or anotherchannebf communicatioror of experience,
thatrefersto the rst layerof memoryor the rst channelbof informationor
the morebasicexperience.Call this the double-channehatureof theinfor-
mationrelation.

Thedistinctionbetweerthesingleanddoublechannebf informationmay
be comparedo the distinctionbetweena re ective sentencehat speakf
itself (single-channelke.g. “this sentences written in English”) anda meta-
sentencéhat speakf anothersentencédouble-channek.g. “the follow-
ing sentencas written in English” “the catis on the mat”). Naturallan-
guagesormally allow both. ConsidemMatthen again. He may have in his
pocket a note aboutthe rst noteaboutthe train timetable,yet this would
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be irrelevant, sinceit would just be anothercaseof double-channetondi-
tion or meta-information As Wittgensteinsuccinctlyputit: “nothingin the
visual eld allows youto infer thatit is seenby aneye” (Tractatus 5.633).
Likewise, nothingin a pieceof information p allows you to infer that an
information systemthat holds p also holdsthe informationthatit holdsp
(comparethis to the factthatnothingin Matthew's ignoranceallows you to
infer thathe is aware of his ignorance) whereasothingin a beliefor in a
pieceof knowledgeallows you to infer that a doxasticor epistemicagent
holding that belief or enjoying that piece of knowledgedoesnot also be-
lieve that shebelievesthatp, or doesnot alsoknow that sheknows thatp.
Knowledgeandbeliefsareprimedto becomere ective,informationis not.

Considemow thefollowing two objectionsagainstthedistinctionbetween
thesingle-channeor re ective or consciousor introspectve, dependingn
the technicalvocalulary) natureof epistemicand doxasticstatesand the
double-channelor opaquepr unre ective, or unconscioushatureof infor-
mationalstates.

First, onemay point out thatthe | | thesisseemgo be implementedby
somearti cial systems.Actually, thereare so-called“re ective” arti cial
agentscapableof praving the classicknowledgetheorem(Brazier& Treur,
1999), variously known asthe “muddy children” or the “three wise men”
problem, the drosophilaof epistemiclogic and distributed Al4. The de-
scription,however, is only evocative. Arti cial agentanayappeato be“re-
ective” only becausef somesmarttricks playedat the level of interfaces
andhuman-computeinteractionsor becausef a multi-layer structure.In
particular architecture®r programsor computationakystemgof Al) and
systemdor machinelearningare technicallycalled“re ective” whenthey
containanaccessibleepresentationf themselesthatcanbeused by them-
selhes)e.g. to monitorandimprove their performance But whatis known
asre ective computingis only acaseof metaprogrammingr acommunica-
tion channebboutanothercommunicatiorchannelpreciselyasexpected®.
It is whathasbeenlabelledabore thedouble-channetatureof thel | states.
Onemay compareit to a dogbeinginformedthat (or barkingbecausean-
otherdogis informedthat(or is barkingbecausea strangetis approaching.

1 Theclassicversionof thetheorenis relatedto the Conway-Paterson-Mosow theorem
andthe Conway paradox(seeGroenendijket al. (1984),pp. 159-182and Convway & Guy
(1996))andwasstudied amongothers by Barwise& Seligman(1997).For someindications
onits historyseeFagin& Halpern(1988),p. 13.

15Barklund(1995)andCostantini(2002)aretwo valuablesuneyswith furtherreferences
to the “three wise men” problem. Note that, for thosewho objectto EL, the axiomatization
of thereasoningnvolvedin the classicknovledgegamemay be donein standardi.e. non-
modal) FOL (McCarthy, 1971-87;McCarty, 1990); at the sametime, it is amenableo a
treatmenin termsof BDI (Belief, Desire,Intention)architecturdRao& Geogeff, 1991).
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At a higherlevel of abstractionthe two dogsmay form a single security
system,but the possibility of multiagent(e.g. n dogsor n computational)
informationalsystemsdoesnot contradictthe de ationist view that “being
informed”is notare ective relation.

Secondthel | thesisseemdo be implementedat leastby somehuman
agentslin thiscasethereplyis thatthisis soonly becausénformationrela-
tionscanbeimplementedy humanagentdy meansf mentalstateswhich
canthenlendtheirre ective natureto H. It isnotH to bere ective; rather
if anagenta canmanagd p throughsomeepistemicor consciousstate for
example,then,if the correspondingelationof accessibilityis re ective the
Il thesismaybecomeacceptable.

To summarisawith a slogan: informationentailsno iteration. The point
concerningthe rejectionof Ag is not that “being informed” cannotappear
to beare ectiverelation:this is possiblebecausé¢ p maybetheobjectof a
secondelationl (double-channehatureof | 1), whena is amultiagentsys-
tem,or becausé p maybeimplementednentally whena is ahumanagent,
andhencebesubjectto re ection, consciousnessr introspection.The point
concerningthe rejectionof Ag is that doxasticand epistemicaccessibility
relations nterpretecasmentalstatesmayrequirein principleonly asingle-
channelcommunicationto becomere ective, sothe BB andK K theses
may be justi able aslimit cases;whereasH, by itself, is not necessarily
mental,andrequiresa double-channetommunicatiorto becomere ective.
Butthen(a)thesecondthannemaybeabsentvenin themostidealisedan-
imal or arti cial agentsgvenin principle,and(b) in ary casewe aredevel-
opingalogic of the communicatiorchannekepresentethy theinformation
relationbetweena andp, andthis channelis notre ective. The conclusion
is thatadoptingA to formalisel p would be a misrepresentation.

Thereis afurther objectionto the latter conclusion but we shall seeit in
the next section,sinceit is connectedo A1g. Before,we maybrie y look
ataconsequencef the exclusionof As by consideringAg. This axiomtoo
is re ective, andthereforeequallyinappropriatgo qualify IL. Fromthefact
thatanarti cial agentdoesnot hold theinformationthat: p it doesnot fol-
low thatit holdsthe informationthatit is missingthe informationthat: p.
We shall returnto this pointin § 2.5. In this casetoo, the previous con-
siderationsregarding the possibility of meta-information(two-channel)or
mentalimplementatiorof theinformationrelationapply but do not modify
theconclusion.

2.4. Transmissibility:IL satis esA1p andA1;
The exclusion of Ag from the group of axiom schematacharacterizingL

mightstill beopposedn the basisof thefollowing reasoningif therelation
of informationalaccessibilityis notinterpretecastransitive, thenit becomes
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impossibleto transferinformation,but this is obviously absurd so Ag must
beincluded.

Theobjectionis awedfor threereasonsFirst,transmissioroesnotnec-
essarilydependon transitiity: in the KD-basedDL, a belief may be trans-
ferredfrom a to b despitethe factthattheaxiomschemaB,' ! BaBja')
andthecorrespondingelationof accessibilitydo not characteriz&kD. Sec-
ond,theexclusionof Ag doesnotconcerntheexclusionof thetransitvity of
modalinferencedormulatedin A 1o, which caneasilybe shavn to be satis-
ed by IL. Ay is atheoremin all NML and,beinga wealer versionof the
K -principle, it formulatesavery weakproperty unlike theK K -principle.
Third, theexclusionof Ag concernghetransitive natureof H whenasingle,
standaloneagentis in question. It doesnot precludethe inclusionof A1
(Hintikka's axiomof transmissionjn a multiagentcontext. Onthecontrary
in this case,A1; correctlycharacterizedlL, asit is perfectlyreasonableo
assumeahat(l a1y ! 13" ): if Matthew is informedthatJenty is informed
thatthetrain to Londonleavesat 10.30am, thenheis alsoinformedthatit
does.Notethatthis is madepossiblealsothanksto A4, i.e. theassumption
thatto beinformedthatp thelattermustthetrue.

2.5. Constructingheinformationbase:IL satis esA~;

A7 is the de ning axiom schemaof the systemKTB. IL satis esA7 in
the sensehat, for ary true p, the informationalagenta not only cannotbe
informedthat: p (becausef A,), but now is alsoinformedthata doesnot
hold theinformationthat: p.

Theinclusionof A7 in IL doesnot contradictthe anti-re ective (i.e., zero
introspection)constraintsupportedn 8§ 2.3. True, the conclusionl Up can
be inferred both from Up andfrom p. However, in the former case(Ag),
onewould have to assumesomeform of negative re ection (introspection),
in orderto allow the agenta to draw the inferencefrom an informational
stateUp to therelevant, meta-informationastatel Up. Whereasn thelatter
case(A7) theinferenceis dravn externally, by an obsenrer, who concludes
that, for ary pieceof information p, one can attribute to the agenta the
informationthat a doesnot have the informationthat : p, irrespectve of
whethera lacksary kind of re ection ona'sinformationalstatesThis holds
true for theoremssuchas! | (p _ : p), which are demonstrablén KTB-
IL: aswe saw in 2.3, the point hereis not derying the possibility of meta-
information— it is trivially truethatcomputersanhave informationabout
their informationthatp, for example— but objectingagainstthe re ective
(introspectve, single-channelhatureof it.

16 amvery gratefulto Patrick Allo for having calledmy attentionto this point.
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Thedistinctionmaybebetterappreciatedf we look atasecondbjection
againstthe inclusionof A7, which actuallyturnsin its favour. It concerns
the provability of 32 * ! ' in KTB. Ontologically this is knowvn to be
a rathercontroversial result. Yet, informationally Ul' ! ' hasavery
intuitive reading. We alreadyknow from Ag thata is an informationally
consistenagentand,from A4, thata is informedthatp only if p, sowe only
neednow anaxiomof constructabilityof a'sinformationbaseiif, for all a's
informationit is possiblethata holdsthe informationthat p (if, according
to a'sinformationbaseD 5, D 5 canbe consistentlyextendedto includethe
informationthat p) thenp mustbe the case. In otherwords, the negation
of UI" ! ' would make no sense:if ' is false,thenno coherentincre-
mentationof theinformationdatabasés possibleby uploadingtheinforma-
tionthat' . This shaws, quiteinterestingly thatthe connectiorbetweerthe
intuitionistically-inspiredKTB andIL is not accidental. What lies behind
bothis a concernfor directmethodgo expandtheinformationbase.

It might seemthat, by satisfyingA7, IL embedsa closed-vorld assump-
tion'’. Thesimilarity is indeedthere,but thereis alsoa fundamentatiffer-
ence.In ary interestingformalisationof “being informed”, it is plausibleto
assumehattheagenthasonly incompletdanformationabouttheworld. This
precludesasinappropriatethe assumptiorthat, if a is notinformedthat’
then' is falsé®. WhatA; guaranteess thatary possibleextensionof a's
informationbasecorrespond$o a genuinestateof theworld. Sincethe dual
(A7q)" ' 32 ' canreplaceA; asthecharacterizingaxiomschemaof ary
KTB-basedsystem,in the next sectionwe shalladoptit asa moreintuitive
alternatve.

2.6. KTB-IL

We have now completedheanalysisof all theaxiomschemataT heresultis
a KTB-basednformationlogic (KTB-IL). Comparedo EL andDL, KTB-
IL satis esthefollowing minimal setof axiomschematandinferencerules
(modusponensandnecessitation):

17 am gratefulto Daniel Lemire for having called my attentionto this point. | agree
with Patrick Allo that an elegant way of readingLemire's suggestioris by explaining the
wealeningof the closed-vorld assumptiorby sayingthatbeinginformedis “prospectrely
or purposefullyconsistent true', andhence closedfor thelimiting case'.

Bror aquali ed assumptionin termsof local closed-vorld, seeGoldenetal. (1994).
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Two birdswith the samestone asthe sayinggoes:we have a NML-based
logic for “beinginformed” anda cognitive readingof KTB.

3. Four epistemolgical implicationsof KTB-IL

Thedebateon informationoverload,the veridical natureof information,the

unsatisctorystateof theK p! B p principle,andmoregenerallythe“Get-

tierisable”natureof thetripartitede nition of knowledgeasjusti ed truebe-

lief, arewhatmotivatedthe searcHor alogic of information. In this second
partof thearticle,we shallbe concernedvith theseissues.

3.1. InformationOverloadin KTB-IL

KTB-IL is notimmunefrom the classicdif culty of informationoverload,
generatedy the inevitable inclusion of the rule of necessitatiortogether
with IL's closureunderimplicationthroughthe axiomschemaAs (1 5(p !
! (ap! 1a0). Theinformationalagenta is informedaboutall the-
oremsprovablein PC aswell asin KTB-IL. This is a lot of information,
perhapdoo muchto berealisticallyattributedto a.

The dif culty haslong beenrecognisedn EL as a problematicconse-
guence(Hintikka, 1962),to the point of beingsometimesleployedasare-
ductioad absudum

A rst reply, of course,s to bite the bullet andarguethat, in IL, the rule
of necessitatiomlescribeonly anidealagent(Lemmon,1959),onewho is
stronglylogicalomniscientto adoptGirle'sappropriatelassi cation(Girle,
2000). One may then stressthat cognitive overload— whetherinforma-
tional, epistemicor doxastic— is a problemcommonto all cognitive modal
logics aryway, not just KTB-IL. This is not a solution, of course,but “a
problemshareds aproblemhalved”; KTB-IL is notlesssuccessfuthanDL
or EL, andary agumentusableto limit the damageof cognitive overloadin
thoselogics (again, seeGirle (2000)for an overvien) canbe adaptedo try
torescueKTB-IL aswell. With anextraadvantagetheinformationalagent
a couldbeanidealarti cial agent,a Turing Machinefor example,andone
may arguethat, in this case(but the caseis of coursegeneralisablénsofar
asa Turing Machineis not computationallymore powerful thana human
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agentprovidedwith the sameboundlessesources)}therule of necessitation
is statingthe corversionof ' from beingatheoremto beinginferableby an
agentwho, throughthe relevantaxioms,could eventuallydeducethe infor-
mationthat' without ary externalinput (a priori, usinga classicKantian
vocalulary), atleastin principle.

Thelastsuggestioris relatedto a secondmoreinterestingreply, referring
to the non-informatve natureof logical truths (Floridi, 2004d,2005b). In
informationtheory the“InverseRelationshigPrinciple” stateghatthe prob-
ability P of p — which may rangeover sentencesf a given language(as
in BarHillel & Carnap,1953)or events,situationsor possibleworlds (as
in Dretsle, 1981)— is inverselyproportionateto the amountof semantic
informationcarriedby p. Informationgoeshandin handwith unpredictabil-
ity. It follows thatwhenp is a logical truth, we have P(p) = 1 andthe
informativenessof p is O, thatis Inf(p) = 0. Recallnow the distinction
introducedin 8§ 1 betweenp beinginformative anda holding the informa-
tion thatp. If theinformationthatp is “empty”, i.e. entirelyuninformatie,
asit is the caseof e.g. atautology(q _ : ), thena canhold the (empty)
informationthat(q _ : g), but cannotbe informedby receving it, i.e.,a's
de cit of informationcannotbe lled by receving (q_ : ). If youaskme
whenthetrain leavesand| tell you that eitherit doesor it doesnot leave
at 10.30am, you have not beeninformed, althoughone may indifferently
expressthis by sayingthat what | said was uninformatve in itself or that
(it wassobecauseyou alreadywereinformedthatthe train did or did not
leave at10.30amaryway. Thenext stepconsistdn realisingthatinputtinga
logicaltheorem ' into aisindistinguishabldrom assuminghata already
holdstheinformation(is alreadyinformed)that' , which is exactly whatis

statedin = ' ) |'. It turnsoutthatthe apparendif culty of information
overloadcanbe defusedby interpreting” ' ) |' asanabbreiation for
) P(C)=1) Inf(")=0) " I',whichdoesnot meanthata is

actuallyinformedaboutall theoremgprovablein PC aswell asin KTB-IL
— asif a containedh giganticdatabasevith alookuptableof all suchtheo-
rems— but that, muchmoreintuitively, ary theorem provablein PCorin
KTB-IL (indeed,ary ' thatis truein all possibleworlds)is uninformative
for a. Recallthata might bea Turing Machine,andnotethe difference:we
arenotsayingthata cannothold theinformationthat' .

One may objectthat we have assumedhe availability of boundlesse-
sources. Thereply is that this is a useful abstractiorand the approachis
neatlyconsistentvith the “implicit knovledge” stratgy developedto solve
thelogical omniscienceoroblemwhenthis affectsresource-boundeagents
(Levesque1984;Fagin& Halpern,1988).
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3.2. In Favourof the Veridicality Thesis

Oneof the counterintuitve consequencesf the “InverseRelationshigPrin-

ciple” is thatthelessprobablep is themoreinformative it becomeswith the
resultthatthemostinformatie p is acontradictionsinceP (contradiction =

0. In Floridi (2004d)! de ned this asthe Bar-Hillel-Carnapparadox(Bar-

Hillel & Carnap,1953). | thenarguedthat the paradoxmay be solved by

assuminghat factualsemantianformationencapsulatesuth: Matthew is

informedthatmilk containscalciumif andonly if Matthev holdsthatmilk

containscalciumandit is truethatit does.Weremilk notto containcalcium
we would deemMatthew disinformedor uninformed.The detailsof the so-
lution arenot relevanthere. What mattersis that this approachto semantic
information hasbeencriticised for beingtoo strong(seefor exampleFet-
zer, 2004). | have answeredsuchcriticism elsavhere(Floridi, 2005a),but

it mustbe acknavledgedthatary strongly semanticheory of information
(i.e. onethatde nesinformationasnecessarilyeridical) facesa dif culty,

namelythelack of alogic thatmayallow truth-encapsulatiowithoutfacing
epistemiccollapse(i.e. thetransformatiorinto anepistemidogic). We have

seenthat this is the dif culty solved by the availability of KTB-IL, which

shaws that a modallogic that captureghe relationof “being informed” by

interpretingit on the basisof a stronglysemantidnterpretatiorof informa-
tion is possible.

3.3. TheRelationsBetweerDL, IL andEL

AsLemmon(1959)rightly remarled,“With differentinterpretationgn mind,
andwith genericallydifferentjusti cations, onemayacceptasin someway
correctary of theformal systemq...] M, S4andS5 Oncethe compleity
of the notion of correctnes$ereis madeclear thereis little temptationto
view these(and other) modal systemsasif they wererival competitorsin
thesame eld, of which only onecanwin. Thevery multiplicity of modal
systemss preciselyanadwantagebecausét givesopportunitiesor choice’”.
(p. 40.) Mutatis mutandis,a similar temptationshouldbe resistedin ary
“cognitive” interpretatiorof NML. Let usbrie y look atthevarietyof alter
natves.

The exclusion of A4 from KTB-IL yields a KDB- or KB-basedlogic,
which may be confusedwith somekind of DL (seeFigure 3). Yet both
systemsstill include A-¢4, which makesa doxasticintepretationunfeasible.
KTB-IL is not basedon a morebasic,doxasticlogic, not evenwhenDL is
constructedusingthe “logic of strongbelief’ asin Lenzen(2002). For in
this case,Cp formalises‘a is rmly corvincedthatp”, but axiom A4 still
fails to apply soUl p cannotbe interpretedasbeingequivalentto Cp. We
shallseetheimportanceof this conclusionin the next section.
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Ontheotherhand,the exclusionof A4 from KTB-IL yieldsa KT -based
IL, whichis modally equivalentto, andhencesubjectvely indistinguishable
for a from, the correspondindEL: KT may be equally usedto formalisea
weakIL or aweakEL, with atleastthreesigni cant consequences.

First, KT-IL may be generatecby addingA,4 to a KD-basedDL. This
is interestingbecausét allows a differentinterpretationof DL asa logic
of (well-formedand meaningful)dataholding, free from arny mentalcom-
ponent. Moving from K to KD to KT, one may readeachsystemasfor-
malisingincreasinglystringentlogics of “a holdsthatp”, wherep is some
well-formed and meaningfuldata,i.e. somesemanticcontent,expressed
propositionally

SecondKT -IL canthenbeusedo generateanS4-basedby addingAg) or
anS5basedcEL (throughS4or by addingAsg), whichis alsoobtainabldrom
KTB-IL, throughAg or Ag. All this goessomeway towardsexplainingwhy
conceptuabnalyseof knowledge,belief andinformationmay move rather
freely, andhencesometimeconfusingly betweerDL, IL andEL.

Third, the partial overlappingbetweeniL andEL in KT pointsout that
thereis somethingmissingin EL itself. In the epistemologicatontet, the
relationof “knowing” is normally expectedto include morethanjust true
(doxasticor informational) content. Normally, “being justi ed” (or some
similar relation of well-foundednesse.g. Planting's “warranty” or Noz-
ick's “truth-tracking”) playsa signi cant role. Yet, in EL thereis no refer
enceto ary furthercondition. This reinforcesthe pointmadein § 3.2: there
isroomfor IL betweerDL andEL attheveryleastbecausé&L isjustre ec-
tive (introspectve, in more psychologistiocvocalulary) IL. The presenstate
of EL maytherefore nally look unsatisctory insofar asa crucial feature
of the“knowing” relationescapeshe formalizationsofferedby the various
versionsof EL. EL needgto be augmentedy a logic of arelationof well-

foundednessLuckily, work in this directionhasbeenin progresfor some
time?®.

Byan Benthem(1991)hascalledattentionto theimportanceof developingan epistemic

logic reinforcedby a logic of justi cation. Researchn this directionincludesVoorbraak
(1991,1992) and more recentlyseveral papersby Artemov and colleaguesseeespecially
Artmemor & Nogina(2005),which providesanoverview aswell.
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Figure3: Summaryof the main“cognitive” modallogicsdiscussedn § 3.3

3.4. Againstthe Untoudhable

Thecommonlyheldprinciple?® thatknowledgenecessarilympliesbelief—
known astheentailmentproperty(Lenzen,1978)ortheK p! Bp principle
(Girle, 2000)— althoughreasonablegannow be shavn not to bethe only
alternatve. Thisis because Bp ! : K p is no longernecessarilytrue,
sincewe mighthave Kp ! I p andit is nottruethatBp ! |p or that
therelationof “being informedthatp” is necessarilyeducibleto a wealer
relationof “believing thatp” (see§ 2.6). This meanghata may know that
p only if ais informedthatp anda beinginformedthatp maynotbe based
on ary doxasticstateor process. EL may be basedon IL bypassingary
DL entirely, becausébelieving” maybearno relationto coherencer truth,
but doesrequirea mentalattitude of assentand may encompasshe BB
thesis,whereasbeing informed” may not be a mentalconditionandhence
avoidsthel | thesisput cannotbedecoupledrom theveridicalnatureof the
contentthroughA-q or A4.

Rejectingthe Kp !  Bp principle requiresa new approachin episte-
mology, yet the readershouldnot be scandalised.“Doxasticism”in epis-
temologyis a recentphenomenongespitesomepenasive propa@nda.The
GreeksandespeciallyPlato,could not have mistrusted‘doxa” more; mod-
ern philosophersvere equally concernedvith epistemicprocessesvolv-
ing ideas(Descartesl.ocke, Hume) or judgementgKant) not necessarily
beliefs; and mary philosopherof sciencehave always beensuspiciousof

20|n theliteratureon epistemidogic, theprincipleis usuallyintroducedasuncontraersial
andunproblematicseefor exampleSchlesingef1985),Girle (2000)or Lenzen(2002).The
sameholdstruein analyticepistemologywhereit is oftenattributedto Plato,mistalenly.
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“doxasticism”, consideringit far too closeto forms of armchairpsychol-
ogismto provide a reliable starting point (one may recall Poppers “epis-
temologywithout a knowing subject”). As Plato forcefully arguesin the
Theaetetus

“[208b] SocratesSomy friend thereis suchathing asright belief
togethemith justi cation, whichis not entitledto be calledknowl-
edge.

Theaetetust amafraidso.

[210a] Socrates]...] So, Theaetetusneitherperceptionnor true
belief,northeadditionof a “justi cation' to truebeliefcanbeknowl-
edgé.

It wasanuncritical revival, betweerthewars,of a psychologistiaeading
of the Cartesiartradition (Floridi, 2003)thatbroughttheK p! B p princi-
ple to the forefrontandsilently transformedt into a dogma. The time has
cometo approacht with a pinch of critical attitude. The invitation is not
entirely new. Recentresearch{\Voorbraak,1991;Halpern,1996)hasraised
substantialdoubtson the indiscriminateacceptabilityof the principle, al-
thoughfor reasonglifferentfrom thoseexpoundedhere. Voorbraak(1991)
hasproved, for example,that objective knowledgeasformalisedin S5EL
doesnotimply rationalbelief asformalisedin KD45-DL. A critical, if not
suspiciousattitudetowards“doxasticism”is a healtty outcomeof episte-
mologicalinvestigationsusedto dealwith arti cial epistemicagents.

DethroningtheK p! B p principlefromits safepositionasa defactoax-
iom?! hasacrucialconsequencet opensupthepossibilityof anon-doxastic
but informationalapproacho the de nition and conceptuaunderstanding
of knowledge.Thisis important.Sincethe Gettierproblemis demonstrably
unsohable (Floridi, 2004b),it follows not only thatthe tripartite accountis
logically inadequatesit is, but alsothatit is irretrievably soin principle.
The Gettier problemis not a mereanomaly requiring the recti cation of
an otherwisestableand acceptableaccountof propositionalknowledge. It
is proof thatsomethingn the core of the approachneedsto be abandoned.
Now, of the conditionsrequiredby the tripartite de nition of knowledge,
oncewe excludethe possibilityof ddling with thetruth requirementit has
alwaysbeenthe justi cation relationthat hascomeunderinvestigation, to
berevisedor augmentedby a fourth condition,dependingn the verdict. It
canbe proved, however (Floridi, 2004b),thatthe relationof justi cation is

2lKraus& Lehmann(1986)andvanderHoek (1991)have developedepistemicsystems
thatincludeK p! B p amongtheaxioms.
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not guilty, i.e. thatnothingonecando aboutit canactuallychangethe out-

come: the Gettierproblemremainsunsohable. Whereelsecould we look

then? The culprit might have beenin front of our eyes, unsuspectedall

along: it may be the doxasticcondition,the corviction thatif a knows that
p then,necessarilya mustbelieve thatp. This seemgo befarfrom obvious
nov. We have beenblindedby the uncriticalassumptiorof theKp! Bp

principleasa dogma:a mayknow thatp because maybe informedthatp

(plus otherconditionsof well-foundednessand“being informed” requires
adifferent,non-doxasti@nalysis.

Conclusion

Theresultsjust seenpave the way to a betterunderstandingf therelations
between“knowing”, believing” and “being informed”, to a non-doxastic
foundationof knowledge andto thepossibilityof anon-psychologistiapon-
mentalisticandnon-anthropomorphiapproacho epistemologywhich can
easilybe appliedto arti cial or syntheticagentssuchascomputersrobots,
webbots,companiesandorganizations.Thereis, admittedly quite a lot of
work to be done. For example,if aninformationalanalysisof knowvledge
is possiblethenthe strategy to defusethe problemof informationoverload
proposedn § 3.1 couldbe extendedto try to solve the problemof strongly
logical omnisciencén EL aswell. More generally the agendancludesthe
developmenbf, ontheonehand,aclearanalysisof theconnectionbetween
KTB-IL andthelogicsof “becominginformed” andof “being informative”
and,on the other of aninformational(asopposedo doxastic)approacho
the de nition of knowledge. Luckily, however, thesearetopicsthatcanbe
left to future researchFor asfar asthe taskof this articleis concernedye
have cometo anendof ourtoil.
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