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THE LOGIC OF BEING INFORMED

LUCIANO FLORIDI�

Abstract
Oneof theopenproblemsin thephilosophy of informationiswheth-
er thereis an informationlogic (IL), differentfrom epistemic(EL)
and doxasticlogic (DL), which formalisesthe relation “a is in-
formed that p” (I ap) satisfactorily. In this paper, the problemis
solved by arguing that the axiom schemataof the normal modal
logic (NML) KTB (also known as B or Br or Brouwer's system)
arewell suitedto formalisetherelationof “being informed”. After
having shown that IL canbeconstructedasan informationalread-
ing of KTB, four consequencesof a KTB-basedIL areexplored:
informationoverload;theveridicality thesis(I ap ! p); therelation
betweenIL andEL; andtheK p ! B p principleor entailmentprop-
erty, accordingto which knowledgeimpliesbelief. Althoughthese
issuesarediscussedlaterin thearticle,they arethemotivationsbe-
hind thedevelopmentof IL.

Introduction

As anyoneacquaintedwith modallogic (ML) knows, epistemiclogic (EL)
formalisestherelation“a knowsthatp” (K ap), whereasdoxasticlogic (DL)
formalisestherelation“a believesthatp” (Bap). Oneof theopenproblems
in the philosophy of information (Floridi, 2004c)is whetherthereis also
an information logic (IL), different from EL andfrom DL, that formalises
the relation “a is informed that p” (I ap) 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,providesanearlycriticism. Yet this is not thepoint here,sinceall
I wish to arguein this paperis thatIL cando for “being informed” whatEL
doesfor “knowing” andDL doesfor “believing” . If oneobjectsto the last
two, onemayobjectto the�rst aswell, yetoneshouldnotobjectto it more.

� Addressfor correspondence:StCrossCollege,OX1 3LZ, Oxford,UK..
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The proposaldevelopedin the following pagesis that the normalmodal
logic (NML) KTB (alsoknown asB, Br or Brouwer'ssystem1 ) is well suited
to formalisetherelationof “being informed”,andhencethatIL canbecon-
structedasan informationalreadingof KTB. Theproposalis in threesec-
tions.

In sectionone,severalmeaningsof “information” arerecalled,in orderto
focusonly on the “cognitive” sense.Threemain ways in which onemay
speakof a “logic of (cognitive) information” arethendistinguished.Only
oneof themis immediatelyrelevanthere,namely, “a is informedthatp” as
meaning“a holds the information that p”. Theseclari�cations are �nally
usedto makeprecisethespeci�c questionaddressedin therestof thepaper.

In sectiontwo, the analysisof the informational relation of “being in-
formed”providesthespeci�cationsto besatis�edby its accurateformalisa-
tion. It is thenshown thatKTB successfullycapturestherelationof “being
informed”.

In sectionthree,onceit is establishedthatthereis anIL differentfrom EL
andfrom DL, four consequencesof a KTB-basedIL arebrie�y explored:
informationoverload;theveridicality thesis(I p ! p); therelationbetween
IL andEL; andthe entailmentpropertyor K p ! B p principle,according
to which knowledgeimpliesbelief. Althoughthey arediscussedlater in the
article,thesefour issuesarethemotivationsbehindthedevelopmentof IL.

In theconclusion,I sketchsomeof thework thatliesahead.
Throughoutthepapertheordinarylanguageof classical,propositionalcal-

culus(PC)andof normal,propositionalmodallogic (seefor example:Girle,
2000)will bepresupposed.Implication(! ) is usedin its “material” sense;
the semanticsis Kripkean; Greeklettersare metalinguistic,propositional
variablesrangingover well-formedformulaeof the object languageof the
correspondingNML; anduntil section2.6 attentionis focusedonly on the
axiomschemataof theNMLs in question.

1. ThreeLogicsof Information

“Information” maybeunderstoodin many ways,e.g.assignals,naturalpat-
ternsor nomic regularities,asinstructions,ascontent,asnews, assynony-
mouswith data,aspower or asaneconomicresourceandsoforth. It is no-
toriouslycontroversialwhetherevenmostof thesesensesof “information”

1The namewasassignedby Becker (1930). As Goldblatt (2003)remarks:“The con-
nectionwith Brouwer is remote: if `not' is translatedto `impossible'(: 3 ), and`implies'
to its strict version,thenthe intuitionistically acceptableprinciple p ! :: p becomesthe
Brouwerscheaxiom”. For adescriptionof KTB seeHughes& Cresswell(1996).
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mightbereducedto afundamentalconcept2 . However, thesortof “informa-
tion” thatinterestsushereis arguablythemostimportant.It is “information”
assemanticcontentthat,on oneside,concernssomestateof a system,and
that, on the other side, allows the elaborationof an agent's propositional
knowledgeof that stateof the system.It is the sensein which Matthew is
informedthatp, e.g. that“the train to Londonleavesat 10.30am”, or about
thestateof affairs f expressedby p, e.g. the railway timetable.In the rest
of thepaper, “information” will bediscussedonly in this intuitive senseof
declarative,objectiveandsemanticcontentthatp or aboutf (Floridi, 2005a).
This sensemaylooselybequali�ed as“cognitive”, a neutrallabelusefulto
referhereto a whole family of relationsexpressingpropositionalattitudes,
including“knowing”, “believing”, “remembering”,“perceiving” and“expe-
riencing”. Any “non-cognitive” senseof “semanticinformation”will bedis-
regarded3 . Thescopeof ourinquiry cannow benarrowedby consideringthe
logicalanalysisof thecognitiverelation“a is informedthatp”. Threerelated
yet separatefeaturesof interestneedto befurtherdistinguished,namely

a) how p may be informative for a. For example,the informationthat p
mayor maynot beinformative dependingon whethera is alreadyinformed
that(p ! q). Thisaspectof information— theinformativenessof amessage
— raisesissuesof e.g. novelty, reliability of thesourceandbackgroundin-
formation.It is acrucialaspectrelatedto thequantitative theoryof semantic
information(Bar-Hillel & Carnap,1953;Bar-Hillel, 1964;Floridi, 2004d),
to the logic of transitionstatesin dynamicsystem,that is, how changein a
systemmaybeinformative for anobserver (Barwise& Seligman,1997)and
to the theoryof levelsof abstractionat which a systemis beingconsidered
(Floridi & Sanders,2004,forthcoming);

b) the processthroughwhich a becomesinformedthat p. The informa-
tivenessof p makespossibletheprocessthat leadsfrom a's uninformed(or
lessinformed)stateA to a's (more)informedstateB . Upgradinga's state
A to a stateB usuallyinvolvesreceiving the informationthatp from some
externalsourceS andprocessingit. It implies that a cannotbe informed

2 For anoverview seeFloridi (2004a,2005b). Personally, I amvery scepticalaboutat-
temptsto �nd auni�ed theoryof informationandhenceauniquelogic thatwouldcaptureall
its interestingfeatures.

3 Therearemany plausiblecontexts in which a stipulation(“let thevalueof x = 3” or
“supposewe discover the bonesof a unicorn”), an invitation (“you arecordially invited to
thecollegeparty”), anorder(“closethewindow!”), aninstruction(“to openthebox turn the
key”), a gamemove (“1.e2-e4c7-c5” at the beginning of a chessgame)may be correctly
quali�ed askinds of informationunderstoodassemanticcontent.Theseandothersimilar,
non-cognitivemeaningsof “information” (e.g.to referto amusic�le or to adigital painting)
arenot discussedin this paper, wheresemanticinformationis takento have a declarative or
factualvaluei.e. it is supposeto becorrectlyquali�able alethically.
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that p unlessa waspreviously uninformedthat p. And the logical relation
that underliesthis statetransitionraisesimportantissuesof timelinessand
costof acquisition,for example,andof adequateproceduresof information
processing,including introspectionand metainformation,as we shall see.
It is relatedto communicationtheory(Shannon& Weaver, 1949,rep.98),
temporallogic, updatingprocedures(Gärdenfors,1988),andrecenttrends
in dynamicepistemiclogic (Baltag& Moss,2004);

c) thestateof theepistemicagenta, insofarasa holdstheinformationthat
p. This is thestatal conditioninto which a enters,oncea hasacquiredthe
information(actionalstateof beinginformed)thatp. It is thesensein which
a witness,for example,is informed(holdstheinformation)that thesuspect
waswith herat thetime whenthecrimewascommitted.Thedistinctionis
standardamonggrammarians,whospeakof passiveverbalformsor statesas
“statal” (e.g.“the doorwasshut(state)whenI lastcheckedit”) or “actional”
(e.g. “but I don't know when the door was shut (act)”)4 . Here, we are
interestedonly in thestatalsenseof “is informed”. This sense(c) is related
to cognitive issuesandto thelogicalanalysisof anagent's “possession”of a
beliefor apieceof knowledge.

Point (a) requiresthedevelopmentof a logic of “being informative”; (b)
requiresthe developmentof a logic of “becominginformed”; and (c) re-
quiresthe 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)andSanders(forthcoming)developlinesof researchcom-
plementaryto this paper. In the following pages,I shallbeconcernedwith
(c) and seekto show that thereis a logic of information comparable,for
adequacy, �e xibility andusefulness,to EL andDL.

Our problemcannow be formulatedmoreprecisely. Let us concentrate
our attentionon the mostpopularandtraditionalNML, obtainablethrough
theanalysisof someof thewell-known characteristicsof therelationof ac-
cessibility(re�exivity, transitivity etc.).These�fteen5 NMLsrangefrom the
weakestK to the strongestS5 (seebelow Figure1). They arealsoobtain-
ablethroughthe combinationof the usualaxiom schemataof PC with the
fundamentalmodalaxiomschemata(seebelow Figure2). Both EL andDL
comprisea numberof cognitively interpretableNML, dependingon thesets
of axiomsthatqualify thecorrespondingNML usedto capturethe relevant
“cognitive” notions. If we restrictour attentionto thesix mostpopularEL

4 I owe to ChristopherKirwanthis very usefulclari�cation; in a previousversionof this
paperI hadtried to reinventit, but thewheelwasalreadythere.

5The numberof NMLs available is in�nite. I am grateful to Timothy Williamson and
JohnHalleckwho kindly warnedmeagainsta misleadingwording in a previousversionof
thispaper.
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andDL — thosebasedon systemsKT, S4, S5 andon systemsKD, KD4,
KD45 respectively — the questionaboutthe availability of an information
logic canberephrasedthus:amongthepopularNMLs takeninto considera-
tion, is thereone,not belongingto KT, S4, S5, KD, KD4, KD45, which, if
cognitively interpreted,cansuccessfullycaptureandformaliseour intuitions
regarding“a is informedthatp” in the(c) sensespeci�edabove?

A potentialconfusionmaybeimmediatelydispelled.Of course,thelogi-
cal analysisof thecognitive relationof “being informed” cansometimesbe
providedin termsof “knowing” or “believing”, andhenceof EL or DL. This
is not in question,for it is trivially achievable,insofar as“being informed”
cansometimesbecorrectlytreatedassynonymouswith “knowing” or “be-
lieving”. We shallalsoseein § 3.3 that IL maysometimeoverlapwith EL.
The interestingproblemis whether“being informed” mayshow properties
thattypically (i.e.,whenever theoverlappingwouldbeunjusti�ed, see§ 3.3)
requirea logic differentfrom EL andDL, in orderto bemodelledaccurately.
The hypothesisdefendedin the following pagesis that it doesand,more-
over, that this hassomeinterestingconsequencesfor our understandingof
thenatureof therelationbetween“knowing” and“believing”.

Figure1: FifteenNormalModalLogics

NotethatKDB5 is a “dummy” system:it is equivalentto S5andit is added
to thediagramjust for thesakeof elegance.
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Synonymous
T = M = KT
B = Br = KTB
D = KD

Equivalentaxiomaticsystems
B = TB
KB5 = KB4, KB45
S5= T5, T45,TB4, TB5, TB45,DB4, DB5, DB45

2. Modelling“Being Informed”

Let us interpretthe modaloperator2 as“is informedthat”. We may then
replacethesymbol2 with I for “being informed”, includeanexplicit refer-
enceto theinformedagenta, andwrite

2 p = I ap (1)

to meana is informed(holdstheinformation)thatp6 .

As customary, thesubscriptwill beomittedwhenever we shallbedealing
with a single,stand-aloneagenta. It will be reintroducedin § 2.4, when
dealingwith multiagentIL. Next, we canthende�ne 3 in thestandardway,
thus

Uap = def : I a: p (2)

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

Simplifying, a's informationbasecanbemodelledby representingit asa
dynamicsetDa of sentencesof a languageL 7 . The intendedintepretation

6A dere interpretationis obtainableby interpretingI a p as“thereis theinformationthat
p”.

7Dynamicsetsarean importantclassof datastructuresin which setsof items,indexed
by keys, aremaintained.It is assumedthat the elementsof the dynamicsetcontaina �eld
(calledthekey) by whosevaluethey canbeordered.Thephonedirectoryof a company is
a simpleexampleof a dynamicset(it changesover time), whosekey might be“last name”.
Dynamicsetscanchangeover theexecutionof a processby gainingor losingelements.Of
thevarietyof operationsusuallysupportedby a dynamicset,threearefundamentalandwill
beassumedin thispaper:
Search(S; k) = givena setS anda key valuek, a queryoperationthatreturnsa pointerx to
anelementin S suchthatkey[x] = k, or nil if nosuchelementbelongsto S.
Insert(S; x) = anoperationthataugmentsthesetS with theelementx.
Delete(S; x) = anoperationthatremovesanelementpointedto by x from S (if it is there).
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is thatDa consistsof all thesentences,i.e. all the information,thata holds
at time t. We thenhave that I ap meansthat p 2 Da, andUap meansthat
p canbe uploadedin Da while maintainingthe consistency of D a, that is,
Uap means3 (p 2 Da) “salva cohaerentiae”8 . Note that a neednot be
committed,eitherdoxastically(e.g. in termsof strengthsof belief, Lenzen
(1978))or epistemically(e.g. in termsof degreesof certainty)in favour of
any elementin Da.

Given that IL might actuallyoverlapandhencebe confusedwith EL or
DL, themostplausibleconjectureis thatanIL thatcancaptureourintuitions,
andhencesatisfyour requirementsregardingtheproperformalisationof I p,
will probablybearsomestrongresemblanceto EL andDL. If thereis any
differencebetweenthesethreefamiliesof cognitive logics it is likely to be
identi�able moreeasily in termsof satisfaction(or lack thereof)of oneor
moreaxiomsqualifying the correspondingNML. The heuristicassumption
hereis that,by restrictingour attentionto the �fteen NMLs in question,we
maybeableto identify theonewhich bestcapturesour requirements.It is
a bit like �nding where,on a continuousmap,thelogic of informationmay
be placed: even if we succeedin showing that KTB is the right NML for
our task,thereis still an in�nite numberof neighbouringNMLs extending
KTB9 .

For easeof reference,theaxiomschematain questionaresummarisedand
numberedprogressively in Figure 2, where' , � and  are propositional
variablesreferringto any wff of PC.

Following Hintikka's standardapproach(Hintikka, 1962), a systematic
way to justify thechoiceof someaxiomschematais by trying to identify a
plausibleinterpretationof a semanticsfor thecorrespondingNML. We shall
now considerthe12 axiomschemataandshow that IL sharesonly someof
themwith EL andDL.

8 As Patrick Allo hasnotedin a personalcommunication,this canalsobeexpressedin
termsof safetyof inclusionof p in D a .

9 Many thanksto JohnHalleck for calling my attentionto this point and to Miyazaki
(2005).
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Label De�nitions of Nameof theAxiom Frame
Axiom Schemata or CorrespondingNML Property

A 1 ' ! ( � ! ' ) 1staxiomof PC
A 2 ( ' ! ( � !  )) ! (( ' ! � ) ! ( ' !  )) 2ndaxiomof PC
A 3 ( : ' ! : � ) ! ( � ! ' ) 3rdaxiomof PC
A 4 2 ' ! ' KT or M, K2, veridicality Re�exive
A 5 2 ( ' ! � ) ! (2 ' ! 2 � ) K, distribution,deductive cogency Normal
A 6 2 ' ! 22 ' 4, S4,K3, KK, re�ective thesis Transitive

or positive introspection
A 7 ' ! 23 ' KTB, B, Br, Symmetric

Brouwer's axiomor Platonicthesis
A 8 3 ' ! 23 ' S5,re�ective,Socraticthesisor Euclidean

negative introspection
A 9 2 ' ! 3 ' KD, D, consistency Serial
A 10 (2 ( ' ! � ) ! (2 ( � !  ) ! 2 ( ' !  ))) Singleagenttransmission
A 11 (2 x 2 y ' ! 2 x ' ) K4, multiagenttransmission,

or Hintikka's axiom

Figure2

2.1. IL Satis�esA1, A2, A3, A5

Trivially, we mayassumethat IL satis�estheaxiomsA1 � A3. As for A5,
thisspeci�esthatIL is distributive,asit shouldbe. If anagenta is informed
thatp ! q, then,if a is informedthatp, a is alsoinformedthatq. Notethat,
althoughthis is entirelyuncontroversial,it is lesstrivial. Not all “cognitive”
relationsaredistributive. “Knowing”, “believing” and“beinginformed”are,
aswell as“remembering”and“recalling”. This is why Platois ableto argue
that a “mnemoniclogic”, which he seemsto baseon K4, may replaceDL
asafoundationfor EL10. However, “seeing”andotherexperientialrelations,
for example,arenot: if an agenta sees(in a non metaphoricalsense)or
hearsor experiencesor perceivesthatp ! q, it maystill be falsethat, if a
sees(hearsetc.)p, a thenalsosees(hearsetc.)q.

The inclusionor exclusionof the remainingseven axiomsis morecon-
tentious.Althoughlogically independent,thereasonsleadingto their inclu-
sionor exclusionarenot,andthey suggestthefollowing clustering.In § 2.2,
IL is shown to satisfynot only A9 (consistency) but alsoA4 (veridicality).
In § 2.3, it is arguedthatIL doesnot have to satisfythetwo “re�ecti ve” ax-
ioms,that is A6 andA8. And in § 2.4, it is arguedthatIL shouldsatisfythe
“transmissibility” axiomsA10 andA11. This will leave us with A7, to be
discussedin § 2.5.

10On Plato's interpretationof knowledgeas recollectionseeespeciallyPhaedo72e-75
andMeno82b-85.
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2.2. ConsistencyandTruth: IL satis�esA9 andA4

In DL, A9 replacesthestrongerA4, whichcharacterizesEL: whereasp must
be true for the epistemicagenta to know that p, the doxasticagenta only
needsto beconsistentin herbeliefs.Thereareat leastfour reasonswhy IL
shouldbecharacterizedassatisfyingA9:

1) A9 speci�esthat, in IL, the informationalagenta is consistent,but so
canbeourordinaryinformedagentin everydaylife: I p ! Up. If a holdsthe
informationthatthetrainleavesat10.30amthen,for all a'sinformation,it is
possiblethatthetrain leavesat 10.30am,in otherwords,p canbeuploaded
in a's informationbaseDa while maintainingtheconsistency of D a;

2) evenif (1) wereunconvincing,IL shouldqualify a asconsistentat least
normatively, if notfactually, in thesamewayasDL does.If a holdstheinfor-
mationthatthetrain leavesat10.30am,thena shouldnothold theinforma-
tion that thetrain doesnot leave at 10.30am. Thepoint is not thatdoxastic
or informationalagentscannotbe inconsistent11, but that A9 provides an
informationintegrity constraint:inconsistentagentsshouldbedisregarded.
Again, to appreciatethe non-trivial natureof a normative approachto A 9,
considerthecaseof a “mnemoniclogic”: it might be factuallyimplausible
andonly normatively desirableto formalise“a remembersthatp” asimply-
ing that, if this is the case,then a doesnot rememberthat : p. Matthew
mayremembersomethingthatactuallyneverhappened,or hemight remem-
berbothp (thathe left thekeys in thecar)and: p (thathe left thekeys on
his desk)andbeundecidedaboutwhich memoryis reliable. Likewise, if a
databasecontainstheinformationthatp it might,unfortunately, still contain
alsotheinformationthat: p, evenif, in principle,it shouldnot,becausethis
wouldseriouslyunderminetheinformativenatureof thedatabaseitself (see
next point 3), andalthoughit is arguable(becauseof A4, seebelow) that in
suchcaseeitherp or : p fail to countasinformation;

3) objectionsagainst IL satisfyingA9 appearto be motivatedby a con-
fusion between“becominginformed” and“being informed”, a distinction
emphasisedin § 2.1. In the former case,it is unquestionablethat a may
receive andhencehold two contradictorymessages(e.g.,a may readin a
printedtimetablethatthetrain leavesat10.30am,asit does,but a mayalso
be told by b that the train doesnot leave at 10.30am). However, from this
it only follows thata hasthe informationthat the train leavesat 10.30am,
but sincep and: p eraseeachother's valueaspiecesof informationfor a, a
maybeunable,subjectively, to identify which informationa holds. It does

11It mightbepossibleto developamodalapproachto QC(quasi-classical)logic in order
to weakentheintegrity constraint,seeGrant& Hunter(forthcoming).
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not follow thata is actuallyinformedboththat thetrain leavesat 10.30am
andthatit doesnot;

4) if IL satis�esthestrongerA4 then,a fortiori , IL satis�esA9. Accepting
that IL satis�esA9 on the basisof (1)–(3) is obviously not an argumentin
favourof theinclusionof A4. At most,it only defusesany argumentagainst
it basedonthereasoningthat,if IL did notsatisfyA9, it would fail to satisfy
A4 aswell. The inclusionof A4 requiressomepositive supportof its own,
to whichwenow turn.

Accordingto A4, if a is informedthatp thenp is true. Canthis beright?
Couldn't it bethecasethatonemight bequali�ed asbeinginformedthatp
evenif p is false?Theansweris in thenegative,for thefollowing reason.In-
cludingA4 asoneof IL axiomsdependsonwhetherp countsasinformation
only if p is true. Now, somecritics (Colburn (2000),Fox (1983),Dodig-
Crnkovic (2005)and,amongsituationtheorists,Devlin (1991))maystill be
unconvincedaboutthe necessarilyveridical natureof information,witness
the debatebetweenFloridi (2004d)andFetzer(2004). However, morere-
cently, it wasshown in Floridi (2005a)thattheDretske-Griceapproachto the
so-calledstandardde�nition of informationasmeaningfuldata12 remainsby
far themostplausible.In short,p countsasinformationonly if p is truebe-
cause:

“[. . . ] falseinformationandmis-informationarenot kindsof infor-
mation— any morethandecoy ducksandrubberducksarekinds
of ducks”(Dretske,1981,45).
“Falseinformationis not an inferior kind of information; it just is
not information” (Grice,1989,371).

As in thecaseof knowledge,truth is anecessaryconditionfor p to qualify
asinformation. In Floridi (2005a)this is establishedby proving that none
of the reasonsusuallyoffered in supportof the alethicneutralityof infor-
mationis convincing, andthenthat thereareseveral goodreasonsto treat
informationasencapsulatingtruth andhenceto disqualify misinformation
(that is, “f alseinformation”) aspseudo-information,that is, asnot (a type
of) informationat all. Theargumentspresentedtherewill not berehearsed
here,sinceit is suf�cient to accepttheconclusionthateitheroneagreesthat
informationencapsulatestruthor (at least)theburdenof proof is onherside.

Oncetheveridicalapproachto theanalysisof semanticinformationis en-
dorsedasthe mostplausible,it follows that, strictly speaking,to hold (ex-
change,receive, sell, buy, etc.) some“f alseinformation”,e.g. that thetrain

12Otherphilosopherswho accepta truth-basedde�nition of informationareBarwise&
Seligman(1997)andGraham(1999).
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leavesat 11.30amwhenin fact it leavesat 10.30am,is to hold (exchange,
receive, 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 misinformedthatItaly lost theworld cupin 2006becauseItaly
won it. And mostEnglishreaderswill gladly acknowledgethatMatthew is
informedaboutwhowontheworld cupin 1966only if heholdsthatEngland
did.

Themistake— arguingthata maybeinformedthatp evenif p is false,and
hencethat IL shouldnot satisfyA4 — might ariseif oneconfuses“holding
theinformationthatp”, which we have seenmustsatisfyA4, with “holding
p asinformation”,whichof courseneednot,sinceanagentis freeto believe
thatp quali�es asinformationevenwhenp is actuallyfalse,andhencecounts
asmeremisinformation.

As far asA4 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: either the veridical
approachto informationis incorrect,andthereforeIL shouldnot satisfyA 4,
or it is correct,andthereforeIL shouldsatisfyA4, yet only becausethere
is no substantialdifferencebetweenIL andEL (informationlogic becomes
only anothernamefor epistemiclogic). In short,theinclusionof A4 among
theaxiomschemataqualifying IL is eitherwrongor trivial.

The objectionis interestingbut mistaken. So far, IL sharesall its axiom
schematawith EL, but informationlogic allows truth-encapsulationwithout
epistemiccollapsebecausetherearetwo otheraxiomschematathatareepis-
temic but not informational. This is what we aregoing to seein the next
section.

2.3. No re�ectivity: IL doesnotsatisfyA6, A8

Let usbegin from themost“inf amous”of EL axiomschemata,namelyA6.
Onewayof puttingtheargumentin favourof A4 andagainstA6, is by speci-
fying thattherelationof “informationalaccessibility”13 H in thesystemthat
bestformalises“being informed/holdingtheinformationthatp” is re�exive
without beingre�ective, re�ectivity beingherethe outcomeof a transitive
relationin asingleagentcontext, thatis, “introspection”,arathermorecom-
mon label that shouldbe usedwith somecautiongiven its psychologistic
overtones.

13Thechoiceof the letterH is arbitrary, but it maygraphicallyremindoneof theH in
Shannon's famousequationandin theexpression“holding theinformationthatp”.
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If H were re�ective (if the informationalagentwere introspective), IL
shouldsupportthe equivalent of the K K or B B thesis,i.e., I p ! I I p.
However, the I I thesisis not merelyproblematic,it is unjusti�ed, for it is
perfectlyacceptablefor a to beinformedthatp while being(evenin princi-
ple) incapableof beinginformedthata is informedthatp, without adopting
a second,meta-informationalapproachto I p. Thedistinctionrequiressome
unpacking.

On the onehand,“believing” and“knowing” (the latter hereunderstood
asreducibleto somedoxasticrelation,but see§ 3.4) arementalstatesthat,
arguably, in the most favourablecircumstances,could implementa “privi-
legedaccess”relation,andhencebefully transparentto theagentsenjoying
them,at leastin principleandevenif, perhaps,only for a Cartesianagents.
Yet K K or B B remaincontroversial(seeWilliamson (1999,2000)for ar-
gumentsagainstthem). Thepoint hereis thatdefendersof the inevitability
of theB B or K K thesismaymaintainthat,in principle,whatever makesit
possiblefor a to believe (or to know) thatp, is alsowhatmakesit possible
for a to believe (or to know) thata believes(or knows) thatp. B andB B
(or K andK K ) aretwo sidesof thesamecoin. Moreprecisely, if a believes
(or knows) thatp, this is aninternalmentalfact thatcouldalsobementally
accessible,at leastin principle, to a Cartesiana, who canbe presumedto
bealsocapableof acquiringtherelevant,re�ectivementalstateof believing
(knowing) that a believes(or knows) that p. Translatingthis into informa-
tion theory, wearesayingthateitherthereis nocommunicationchannelthat
allows a to have a doxastic(or epistemic)accessto p, or, if thereis, this is
alsothesamechannelthat,in principle,allowsa to haveadoxastic(or epis-
temic)accessto a's belief (or knowledge)thatp. Soa defenderof theB B
or K K thesismay arguethat the mentalnatureof doxasticandepistemic
statesmayallow B B andK K to piggybackonB andK without requiringa
second,meta-channelof communication.Call this thesingle-channelnature
of doxasticandepistemicrelations.

On theotherhand,all this doesnot hold truefor “being informed/holding
the information”, becausethe latter is a relation that doesnot necessarily
requirea mentalor consciousstate. Beliefs and knowledge(again, anal-
yseddoxastically)are in the head,informationcanbe in the pocket. Less
metaphorically, arti�cial andbiologicalagentsmayholdtheinformationthat
p, evenif they lack a mind or anything resemblingmentalstatesconcerning
p. As a result,“being informed”shouldbeanalysedasproviding anunpriv-
ilegedaccessto somep. A dog is informed(holdsthe information)that a
strangeris approachingthehouseonly if a strangeris actuallyapproaching
the house,yet this doesnot imply that the dog is (or caneven ever be) in-
formedthatheis informedthata strangeris approachingthehouse.Indeed,
theoppositeis true:animalsdonotsatisfyany of theK K , B B or I I thesis.
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Thereareno Cartesiandogs. Likewise,a computermayhold the informa-
tion that “the train to Londonleavesat 10.30am”, but this, by itself, does
notguarantee,evenin principle,thatthecomputeralsoholdstheinformation
that it holdstheinformationaboutthetrain timetable,or we might bemuch
closerto true AI than anybody ever seriouslyclaimed. Finally, Matthew
might have the information that “the train to London leavesat 10.30am”
written in a note in his pocket, andyet not be informedthat he holds the
informationthatp. Actually, Matthew mightevenhave it storedin hisbrain,
like Johnny Mnemonic,who in William Gibson's homonymousnovel is a
mnemonicdatacourierhired to carry in his brain 320 gigabytesof crucial
informationto safetyfrom thePharmacomcorporation.Notethedifference:
Johnny holdsthe informationthatheholdssomepreciousinformation,yet
this is likeablackbox,for hedoesnotholdtheinformationthatheholdsthe
informationthatp.

Thedistinctionmaybefurtherclari�ed if, onceagain, it is translatedinto
information theory. We are sayingthat either thereis no communication
channelthatallows a to have an informationalaccessto p, or, if thereis, it
is suchthat,evenwith a Cartesianagentplacedin favourablecircumstances
(no maliciousdemonetc.), it may still fail to allow a to have an informa-
tional accessto a's informationthat p. The possiblynon-mentalnatureof
informationalstatesimpedesI I from piggybackingon I throughthesame
channelof communication.An I I relationrequiresin facta second,meta-
channelthatallowsanI relationbetweena andI p, but thenthischanneltoo
is not, by itself, re�ective, sinceany I I I relationrequiresa third channel
betweenI andI I p, andsoforth. As far asre�ectivity is concerned,“being
informedthatp” is not like “believing thatp” or “knowing thatp” but more
like “having recordedthat p” or “seeingthat p”. The former two require
mentalstates,whosenatureis suchasto allow thepossibilityin principleof
theB B -thesisor K K -thesis.Thelattertwo donotrequirementalstatesand
hencedonot includethepossibilityof are�ectivestate:information,records
andperceptualsensationsdonotcomewith metainformationor metarecords
or metasensationsby default,evenin principle,althoughtheremaybeasec-
ondlayerof memory, or anotherchannelof communicationor of experience,
thatrefersto the�rst layerof memoryor the�rst channelof informationor
themorebasicexperience.Call this thedouble-channelnatureof theinfor-
mationrelation.

Thedistinctionbetweenthesingleanddoublechannelof informationmay
becomparedto thedistinctionbetweena re�ective sentencethatspeaksof
itself (single-channel,e.g.“this sentenceis written in English”) anda meta-
sentencethatspeaksof anothersentence(double-channel,e.g. “the follow-
ing sentenceis written in English” “the cat is on the mat”). Natural lan-
guagesnormallyallow both. ConsiderMatthew again. He mayhave in his
pocket a noteaboutthe �rst noteaboutthe train timetable,yet this would
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be irrelevant, sinceit would just be anothercaseof double-channelcondi-
tion or meta-information.As Wittgensteinsuccinctlyput it: “nothing in the
visual �eld allows you to infer that it is seenby aneye” (Tractatus, 5.633).
Likewise, nothing in a pieceof information p allows you to infer that an
informationsystemthat holdsp alsoholds the information that it holdsp
(comparethis to thefact thatnothingin Matthew's ignoranceallows you to
infer thathe is awareof his ignorance),whereasnothingin a belief or in a
pieceof knowledgeallows you to infer that a doxasticor epistemicagent
holding that belief or enjoying that pieceof knowledgedoesnot also be-
lieve that shebelievesthat p, or doesnot alsoknow that sheknows that p.
Knowledgeandbeliefsareprimedto becomere�ective, informationis not.

Considernow thefollowing two objectionsagainstthedistinctionbetween
thesingle-channel(or re�ective or consciousor introspective,dependingon
the technicalvocabulary) natureof epistemicand doxasticstatesand the
double-channel(or opaque,or unre�ective,or unconscious)natureof infor-
mationalstates.

First, onemay point out that the I I thesisseemsto be implementedby
somearti�cial systems.Actually, thereareso-called“re�ecti ve” arti�cial
agentscapableof proving theclassicknowledgetheorem(Brazier& Treur,
1999),variouslyknown as the “muddy children” or the “three wise men”
problem, the drosophilaof epistemiclogic and distributed AI 14. The de-
scription,however, is only evocative. Arti�cial agentsmayappearto be“re-
�ecti ve” only becauseof somesmarttricks playedat the level of interfaces
andhuman-computerinteractions,or becauseof a multi-layerstructure.In
particular, architecturesor programsfor computationalsystems(of AI) and
systemsfor machinelearningaretechnicallycalled“re�ecti ve” whenthey
containanaccessiblerepresentationof themselvesthatcanbeused(by them-
selves)e.g. to monitorandimprove their performance.But what is known
asre�ectivecomputingis only acaseof metaprogrammingor acommunica-
tion channelaboutanothercommunicationchannel,preciselyasexpected15.
It is whathasbeenlabelledabovethedouble-channelnatureof theI I states.
Onemaycompareit to a dogbeinginformedthat (or barkingbecause)an-
otherdogis informedthat(or is barkingbecause)a strangeris approaching.

14Theclassicversionof thetheoremis relatedto theConway-Paterson-Moscow theorem
andthe Conway paradox(seeGroenendijket al. (1984),pp. 159–182andConway & Guy
(1996))andwasstudied,amongothers,by Barwise& Seligman(1997).For someindications
on its historyseeFagin& Halpern(1988),p. 13.

15Barklund(1995)andCostantini(2002)aretwo valuablesurveyswith furtherreferences
to the“threewisemen” problem.Notethat, for thosewho objectto EL, theaxiomatization
of thereasoninginvolvedin theclassicknowledgegamemaybedonein standard(i.e. non-
modal)FOL (McCarthy, 1971–87;McCarty, 1990); at the sametime, it is amenableto a
treatmentin termsof BDI (Belief, Desire,Intention)architecture(Rao& Georgeff, 1991).
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At a higher level of abstraction,the two dogsmay form a singlesecurity
system,but the possibility of multiagent(e.g. n dogsor n computational)
informationalsystemsdoesnot contradictthe de�ationist view that “being
informed” is nota re�ective relation.

Second,the I I thesisseemsto be implementedat leastby somehuman
agents.In thiscase,thereply is thatthis is soonly becauseinformationrela-
tionscanbeimplementedby humanagentsby meansof mentalstates,which
canthenlendtheir re�ective natureto H . It is not H to bere�ective; rather,
if anagenta canmanageI p throughsomeepistemicor consciousstate,for
example,then,if thecorrespondingrelationof accessibilityis re�ective the
I I thesismaybecomeacceptable.

To summarisewith a slogan: informationentailsno iteration. The point
concerningthe rejectionof A6 is not that “being informed” cannotappear
to bea re�ective relation: this is possiblebecauseI p maybetheobjectof a
secondrelationI (double-channelnatureof I I ), whena is amultiagentsys-
tem,or becauseI p maybeimplementedmentally, whena is ahumanagent,
andhencebesubjectto re�ection, consciousnessor introspection.Thepoint
concerningthe rejectionof A6 is that doxasticandepistemicaccessibility
relations,interpretedasmentalstates,mayrequirein principleonly asingle-
channelcommunicationto becomere�ective, so the B B and K K theses
may be justi�able as limit cases;whereasH , by itself, is not necessarily
mental,andrequiresa double-channelcommunicationto becomere�ective.
But then(a)thesecondchannelmaybeabsentevenin themostidealised,an-
imal or arti�cial agents,evenin principle,and(b) in any case,wearedevel-
opinga logic of thecommunicationchannelrepresentedby theinformation
relationbetweena andp, andthis channelis not re�ective. Theconclusion
is thatadoptingA6 to formaliseI p wouldbeamisrepresentation.

Thereis a furtherobjectionto the latterconclusion,but we shallseeit in
thenext section,sinceit is connectedto A10. Before,we maybrie�y look
at a consequenceof theexclusionof A5 by consideringA8. This axiomtoo
is re�ective,andthereforeequallyinappropriateto qualify IL. Fromthefact
thatanarti�cial agentdoesnot hold theinformationthat : p it doesnot fol-
low that it holdsthe informationthat it is missingthe informationthat : p.
We shall return to this point in § 2.5. In this casetoo, the previous con-
siderationsregarding the possibility of meta-information(two-channel)or
mentalimplementationof theinformationrelationapply, but do not modify
theconclusion.

2.4. Transmissibility:IL satis�esA10 andA11

The exclusionof A6 from the groupof axiom schematacharacterizingIL
mightstill beopposedonthebasisof thefollowing reasoning:if therelation
of informationalaccessibilityis not interpretedastransitive,thenit becomes
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impossibleto transferinformation,but this is obviously absurd,soA6 must
beincluded.

Theobjectionis �a wedfor threereasons.First,transmissiondoesnotnec-
essarilydependon transitivity: in theKD-basedDL, a belief maybetrans-
ferredfrom a to b despitethefact that theaxiomschema(Ba' ! BaBa' )
andthecorrespondingrelationof accessibilitydonot characterizeKD. Sec-
ond,theexclusionof A6 doesnotconcerntheexclusionof thetransitivity of
modalinferencesformulatedin A10, which caneasilybeshown to besatis-
�ed by IL. A10 is a theoremin all NML and,beinga weaker versionof the
K -principle,it formulatesaveryweakproperty, unlike theK K -principle16.
Third, theexclusionof A6 concernsthetransitivenatureof H whenasingle,
standaloneagentis in question. It doesnot precludethe inclusionof A11
(Hintikka'saxiomof transmission)in amultiagentcontext. On thecontrary,
in this case,A11 correctlycharacterizesIL, as it is perfectlyreasonableto
assumethat(I aI b' ! I a' ): if Matthew is informedthatJenny is informed
that the train to Londonleavesat 10.30am,thenhe is alsoinformedthat it
does.Notethat this is madepossiblealsothanksto A4, i.e. theassumption
thatto beinformedthatp thelattermustthetrue.

2.5. Constructingtheinformationbase:IL satis�esA7

A7 is the de�ning axiom schemaof the systemKTB. IL satis�es A7 in
thesensethat, for any truep, the informationalagenta not only cannotbe
informedthat : p (becauseof A4), but now is alsoinformedthata doesnot
hold theinformationthat: p.

Theinclusionof A7 in IL doesnot contradicttheanti-re�ective (i.e., zero
introspection)constraintsupportedin § 2.3. True, theconclusionI Up can
be inferredboth from Up andfrom p. However, in the former case(A8),
onewould have to assumesomeform of negative re�ection (introspection),
in order to allow the agenta to draw the inferencefrom an informational
stateUp to therelevant,meta-informationalstateI Up. Whereasin thelatter
case(A7) the inferenceis drawn externally, by anobserver, who concludes
that, for any pieceof information p, one can attribute to the agenta the
information that a doesnot have the information that : p, irrespective of
whethera lacksany kind of re�ection ona's informationalstates.Thisholds
true for theoremssuchas I I (p _ : p), which are demonstrablein KTB-
IL: aswe saw in 2.3, the point hereis not denying the possibility of meta-
information— it is trivially truethatcomputerscanhave informationabout
their informationthatp, for example— but objectingagainstthe re�ective
(introspective,single-channel)natureof it.

16I amverygratefulto PatrickAllo for having calledmy attentionto thispoint.
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Thedistinctionmaybebetterappreciatedif we look atasecondobjection
against the inclusionof A7, which actuallyturnsin its favour. It concerns
the provability of 32 ' ! ' in KTB. Ontologically, this is known to be
a rathercontroversial result. Yet, informationally, UI ' ! ' hasa very
intuitive reading. We alreadyknow from A9 that a is an informationally
consistentagentand,from A4, thata is informedthatp only if p, soweonly
neednow anaxiomof constructabilityof a's informationbase:if, for all a's
informationit is possiblethat a holdsthe informationthat p (if, according
to a's informationbaseDa, Da canbeconsistentlyextendedto includethe
informationthat p) thenp mustbe the case. In otherwords, the negation
of UI ' ! ' would make no sense:if ' is false,thenno coherentincre-
mentationof theinformationdatabaseis possibleby uploadingtheinforma-
tion that ' . This shows,quiteinterestingly, thattheconnectionbetweenthe
intuitionistically-inspiredKTB andIL is not accidental.What lies behind
bothis aconcernfor directmethodsto expandtheinformationbase.

It might seemthat,by satisfyingA7, IL embedsa closed-world assump-
tion17. Thesimilarity is indeedthere,but thereis alsoa fundamentaldiffer-
ence.In any interestingformalisationof “being informed”, it is plausibleto
assumethattheagenthasonly incompleteinformationabouttheworld. This
precludes,asinappropriate,theassumptionthat, if a is not informedthat '
then' is false18. WhatA7 guaranteesis thatany possibleextensionof a's
informationbasecorrespondsto agenuinestateof theworld. Sincethedual
(A7d) ' ! 32 ' canreplaceA7 asthecharacterizingaxiomschemaof any
KTB-basedsystem,in thenext sectionwe shalladoptit asa moreintuitive
alternative.

2.6. KTB-IL

Wehavenow completedtheanalysisof all theaxiomschemata.Theresultis
a KTB-basedinformationlogic (KTB-IL). Comparedto EL andDL, KTB-
IL satis�esthefollowing minimalsetof axiomschemataandinferencerules
(modusponensandnecessitation):

A1 ' ! (� ! ' )
A2 (' ! (� !  )) ! (( ' ! � ) ! (' !  ))
A3 (: ' ! : � ) ! (� ! ' )

17I am grateful to Daniel Lemire for having calledmy attentionto this point. I agree
with Patrick Allo that an elegant way of readingLemire's suggestionis by explaining the
weakeningof the closed-world assumptionby sayingthat beinginformedis `prospectively
or purposefullyconsistent/ true', andhencè closedfor thelimiting case'.

18For aquali�ed assumption,in termsof local closed-world, seeGoldenetal. (1994).
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A4 I ' ! '
A5 I (' ! � ) ! (I ' ! I � )
A7d UI ' ! '
MP ` '; ` ' ! � ) ` �
Nec ` ' ) ` I '

Two birdswith thesamestone,asthesayinggoes:we have a NML-based
logic for “being informed”andacognitive readingof KTB.

3. Four epistemological implicationsof KTB-IL

Thedebateon informationoverload,theveridicalnatureof information,the
unsatisfactorystateof theK p ! B p principle,andmoregenerallythe“Get-
tierisable”natureof thetripartitede�nition of knowledgeasjusti�ed truebe-
lief, arewhatmotivatedthesearchfor a logic of information.In this second
partof thearticle,weshallbeconcernedwith theseissues.

3.1. InformationOverloadin KTB-IL

KTB-IL is not immunefrom the classicdif�culty of informationoverload,
generatedby the inevitable inclusion of the rule of necessitationtogether
with IL's closureunderimplicationthroughtheaxiomschemaA5 (I a(p !
q) ! (I ap ! I aq). The informationalagenta is informedaboutall the-
oremsprovable in PC aswell as in KTB-IL. This is a lot of information,
perhapstoomuchto berealisticallyattributedto a.

The dif�culty has long beenrecognisedin EL as a problematicconse-
quence(Hintikka, 1962),to thepoint of beingsometimesdeployedasa re-
ductioadabsurdum.

A �rst reply, of course,is to bite thebullet andarguethat, in IL, the rule
of necessitationdescribesonly an idealagent(Lemmon,1959),onewho is
stronglylogicalomniscient,to adoptGirle'sappropriateclassi�cation(Girle,
2000). One may then stressthat cognitive overload— whetherinforma-
tional,epistemicor doxastic— is aproblemcommonto all cognitivemodal
logics anyway, not just KTB-IL. This is not a solution, of course,but “a
problemsharedis aproblemhalved”: KTB-IL is not lesssuccessfulthanDL
or EL, andany argumentusableto limit thedamageof cognitiveoverloadin
thoselogics(again, seeGirle (2000)for anoverview) canbeadaptedto try
to rescueKTB-IL aswell. With anextra advantage:theinformationalagent
a couldbeanidealarti�cial agent,a Turing Machinefor example,andone
may arguethat, in this case(but the caseis of coursegeneralisableinsofar
asa Turing Machineis not computationallymorepowerful thana human
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agentprovidedwith thesameboundlessresources),theruleof necessitation
is statingtheconversionof ' from beinga theoremto beinginferableby an
agentwho, throughtherelevantaxioms,couldeventuallydeducethe infor-
mationthat ' without any external input (a priori, usinga classicKantian
vocabulary),at leastin principle.

Thelastsuggestionis relatedto asecond,moreinterestingreply, referring
to the non-informative natureof logical truths(Floridi, 2004d,2005b). In
informationtheory, the“InverseRelationshipPrinciple”statesthattheprob-
ability P of p — which may rangeover sentencesof a given language(as
in Bar-Hillel & Carnap,1953)or events,situationsor possibleworlds (as
in Dretske, 1981)— is inverselyproportionateto the amountof semantic
informationcarriedby p. Informationgoeshandin handwith unpredictabil-
ity. It follows that whenp is a logical truth, we have P(p) = 1 and the
informativenessof p is 0, that is Inf(p) = 0. Recall now the distinction
introducedin § 1 betweenp beinginformative anda holding the informa-
tion thatp. If theinformationthatp is “empty”, i.e. entirelyuninformative,
asit is the caseof e.g. a tautology(q _ : q), thena canhold the (empty)
informationthat (q _ : q), but cannotbe informedby receiving it, i.e., a's
de�cit of informationcannotbe�lled by receiving (q _ : q). If you askme
whenthe train leavesandI tell you that either it doesor it doesnot leave
at 10.30am, you have not beeninformed,althoughonemay indifferently
expressthis by sayingthat what I saidwasuninformative in itself or that
(it wassobecause)you alreadywereinformedthat the train did or did not
leaveat10.30amanyway. Thenext stepconsistsin realisingthatinputtinga
logical theorem̀ ' into a is indistinguishablefrom assumingthata already
holdstheinformation(is alreadyinformed)that ' , which is exactly what is
statedin ` ' ) I ' . It turnsout that theapparentdif�culty of information
overloadcanbe defusedby interpreting` ' ) I ' asan abbreviation for
` ' ) P(' ) = 1 ) Inf(' ) = 0 ) ` I ' , which doesnot meanthata is
actuallyinformedaboutall theoremsprovablein PC aswell asin KTB-IL
— asif a containedagiganticdatabasewith a lookuptableof all suchtheo-
rems— but that,muchmoreintuitively, any theorem' provablein PCor in
KTB-IL (indeed,any ' that is true in all possibleworlds) is uninformative
for a. Recallthata might bea Turing Machine,andnotethedifference:we
arenotsayingthata cannothold theinformationthat' .

One may object that we have assumedthe availability of boundlessre-
sources.The reply is that this is a usefulabstractionand the approachis
neatlyconsistentwith the“implicit knowledge”strategy developedto solve
thelogical omniscienceproblemwhenthis affectsresource-boundedagents
(Levesque,1984;Fagin& Halpern,1988).
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3.2. In Favourof theVeridicality Thesis

Oneof thecounterintuitive consequencesof the“InverseRelationshipPrin-
ciple” is thatthelessprobablep is themoreinformative it becomes,with the
resultthatthemostinformativep isacontradiction,sinceP(contradiction) =
0. In Floridi (2004d)I de�ned this astheBar-Hillel-Carnapparadox(Bar-
Hillel & Carnap,1953). I thenarguedthat the paradoxmay be solved by
assumingthat factualsemanticinformationencapsulatestruth: Matthew is
informedthatmilk containscalciumif andonly if Matthew holdsthatmilk
containscalciumandit is truethatit does.Weremilk not to containcalcium
we would deemMatthew disinformedor uninformed.Thedetailsof theso-
lution arenot relevanthere.Whatmattersis that this approachto semantic
informationhasbeencriticised for being too strong(seefor exampleFet-
zer, 2004). I have answeredsuchcriticism elsewhere(Floridi, 2005a),but
it mustbe acknowledgedthat any stronglysemantictheoryof information
(i.e. onethatde�nes informationasnecessarilyveridical) facesa dif�culty ,
namelythelackof a logic thatmayallow truth-encapsulationwithout facing
epistemiccollapse(i.e. thetransformationinto anepistemiclogic). Wehave
seenthat this is the dif�culty solved by the availability of KTB-IL, which
shows that a modallogic that capturesthe relationof “being informed” by
interpretingit on thebasisof a stronglysemanticinterpretationof informa-
tion is possible.

3.3. TheRelationsBetweenDL, IL andEL

AsLemmon(1959)rightly remarked,“With differentinterpretationsin mind,
andwith genericallydifferentjusti�cations,onemayacceptasin someway
correctany of theformal systems[. . . ] M, S4andS5. Oncethecomplexity
of the notion of correctnesshereis madeclear, thereis little temptationto
view these(andother)modalsystemsas if they wererival competitorsin
thesame�eld, of which only onecanwin. Thevery multiplicity of modal
systemsis preciselyanadvantage,becauseit givesopportunitiesfor choice.”
(p. 40.) Mutatis mutandis,a similar temptationshouldbe resistedin any
“cognitive” interpretationof NML. Let usbrie�y look at thevarietyof alter-
natives.

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 includeA7d, which makesa doxasticintepretationunfeasible.
KTB-IL is not basedon a morebasic,doxasticlogic, not evenwhenDL is
constructedusingthe “logic of strongbelief” as in Lenzen(2002). For in
this case,Cp formalises“a is �rmly convincedthat p”, but axiom A4 still
fails to apply, soUI p cannotbe interpretedasbeingequivalentto Cp. We
shallseetheimportanceof thisconclusionin thenext section.
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On theotherhand,theexclusionof A7d from KTB-IL yieldsa KT-based
IL, which is modallyequivalentto, andhencesubjectively indistinguishable
for a from, the correspondingEL: KT may be equallyusedto formalisea
weakIL or aweakEL, with at leastthreesigni�cant consequences.

First, KT-IL may be generatedby addingA4 to a KD-basedDL. This
is interestingbecauseit allows a different interpretationof DL as a logic
of (well-formedandmeaningful)dataholding, free from any mentalcom-
ponent. Moving from K to KD to KT, onemay readeachsystemas for-
malisingincreasinglystringentlogics of “a holdsthat p”, wherep is some
well-formed and meaningfuldata, i.e. somesemanticcontent,expressed
propositionally.

Second,KT-IL canthenbeusedto generateanS4-based(by addingA 6) or
anS5-basedEL (throughS4or by addingA8), which is alsoobtainablefrom
KTB-IL, throughA6 or A8. All thisgoessomewaytowardsexplainingwhy
conceptualanalysesof knowledge,belief andinformationmaymove rather
freely, andhencesometimeconfusingly, betweenDL, IL andEL.

Third, the partial overlappingbetweenIL andEL in KT pointsout that
thereis somethingmissingin EL itself. In theepistemologicalcontext, the
relationof “knowing” is normally expectedto includemorethan just true
(doxasticor informational)content. Normally, “being justi�ed” (or some
similar relationof well-foundedness,e.g. Plantinga's “warranty” or Noz-
ick's “truth-tracking”) playsa signi�cant role. Yet, in EL thereis no refer-
enceto any furthercondition.This reinforcesthepoint madein § 3.2: there
is roomfor IL betweenDL andEL at thevery leastbecauseEL is just re�ec-
tive (introspective, in morepsychologisticvocabulary) IL. Thepresentstate
of EL may therefore�nally look unsatisfactory, insofar asa crucial feature
of the“knowing” relationescapestheformalizationsofferedby thevarious
versionsof EL. EL needsto beaugmentedby a logic of a relationof well-
foundedness.Luckily, work in this directionhasbeenin progressfor some
time19.

19vanBenthem(1991)hascalledattentionto theimportanceof developinganepistemic
logic reinforcedby a logic of justi�cation. Researchin this direction includesVoorbraak
(1991,1992)andmorerecentlyseveral papersby Artemov andcolleagues,seeespecially
Artmemov & Nogina(2005),whichprovidesanoverview aswell.
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Figure3: Summaryof themain“cognitive” modallogicsdiscussedin § 3.3

3.4. AgainsttheUntouchable

Thecommonlyheldprinciple20 thatknowledgenecessarilyimpliesbelief—
known astheentailmentproperty(Lenzen,1978)or theK p ! B p principle
(Girle, 2000)— althoughreasonable,cannow beshown not to betheonly
alternative. This is because: B p ! : K p is no longer necessarilytrue,
sincewe might have K p ! I p and it is not true that B p ! I p or that
therelationof “being informedthatp” is necessarilyreducibleto a weaker
relationof “believing thatp” (see§ 2.6). This meansthata mayknow that
p only if a is informedthatp anda beinginformedthatp maynot bebased
on any doxasticstateor process. EL may be basedon IL bypassingany
DL entirely, because“believing” maybearno relationto coherenceor truth,
but doesrequirea mentalattitudeof assentand may encompassthe B B
thesis,whereas“being informed” maynot bea mentalconditionandhence
avoidstheI I thesis,but cannotbedecoupledfrom theveridicalnatureof the
content,throughA7d or A4.

Rejectingthe K p ! B p principle requiresa new approachin episte-
mology, yet the readershouldnot be scandalised.“Doxasticism” in epis-
temologyis a recentphenomenon,despitesomepervasive propaganda.The
Greeks,andespeciallyPlato,couldnot have mistrusted“doxa” more;mod-
ern philosopherswereequallyconcernedwith epistemicprocessesinvolv-
ing ideas(Descartes,Locke, Hume)or judgements(Kant) not necessarily
beliefs; andmany philosophersof sciencehave alwaysbeensuspiciousof

20In theliteratureonepistemiclogic, theprincipleis usuallyintroducedasuncontroversial
andunproblematic,seefor exampleSchlesinger(1985),Girle (2000)or Lenzen(2002).The
sameholdstruein analyticepistemology, whereit is oftenattributedto Plato,mistakenly.
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“doxasticism”, consideringit far too closeto forms of armchairpsychol-
ogism to provide a reliablestartingpoint (onemay recall Popper's “epis-
temologywithout a knowing subject”). As Plato forcefully arguesin the
Theaetetus:

“[208b] Socrates:Somy friend thereis sucha thing asright belief
togetherwith justi�cation, which is not entitledto becalledknowl-
edge.
Theaetetus:I amafraidso.
[210a]Socrates:[. . . ] So,Theaetetus,neitherperception,nor true
belief,northeadditionof a`justi�cation' to truebeliefcanbeknowl-
edge.”

It wasanuncriticalrevival, betweenthewars,of a psychologisticreading
of theCartesiantradition(Floridi, 2003)thatbroughttheK p ! B p princi-
ple to the forefrontandsilently transformedit into a dogma.The time has
cometo approachit with a pinch of critical attitude. The invitation is not
entirelynew. Recentresearch(Voorbraak,1991;Halpern,1996)hasraised
substantialdoubtson the indiscriminateacceptabilityof the principle, al-
thoughfor reasonsdifferentfrom thoseexpoundedhere.Voorbraak(1991)
hasproved, for example,that objective knowledgeasformalisedin S5-EL
doesnot imply rationalbelief asformalisedin KD45-DL. A critical, if not
suspicious,attitudetowards“doxasticism” is a healthy outcomeof episte-
mologicalinvestigationsusedto dealwith arti�cial epistemicagents.

DethroningtheK p ! B p principlefrom its safepositionasadefactoax-
iom21 hasacrucialconsequence:it opensupthepossibilityof anon-doxastic
but informationalapproachto the de�nition andconceptualunderstanding
of knowledge.This is important.SincetheGettierproblemis demonstrably
unsolvable(Floridi, 2004b),it follows not only that thetripartiteaccountis
logically inadequateasit is, but alsothat it is irretrievably so in principle.
The Gettier problemis not a mereanomaly, requiring the recti�cation of
an otherwisestableandacceptableaccountof propositionalknowledge. It
is proof thatsomethingin thecoreof theapproachneedsto beabandoned.
Now, of the conditionsrequiredby the tripartite de�nition of knowledge,
onceweexcludethepossibilityof �ddling with thetruth requirement,it has
alwaysbeenthe justi�cation relationthat hascomeunderinvestigation, to
berevisedor augmentedby a fourth condition,dependingon theverdict. It
canbeproved,however (Floridi, 2004b),that therelationof justi�cation is

21Kraus& Lehmann(1986)andvanderHoek(1991)have developedepistemicsystems
thatincludeK p ! B p amongtheaxioms.
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not guilty, i.e. thatnothingonecando aboutit canactuallychangetheout-
come: the Gettierproblemremainsunsolvable. Whereelsecould we look
then? The culprit might have beenin front of our eyes, unsuspected,all
along: it maybethedoxasticcondition,theconviction that if a knows that
p then,necessarily, a mustbelieve thatp. Thisseemsto befar from obvious
now. We have beenblindedby theuncriticalassumptionof theK p ! B p
principleasa dogma:a mayknow thatp becausea maybeinformedthatp
(plus otherconditionsof well-foundedness)and“being informed” requires
adifferent,non-doxasticanalysis.

Conclusion

Theresultsjust seenpave theway to a betterunderstandingof therelations
between“knowing”, believing” and “being informed”, to a non-doxastic
foundationof knowledge,andto thepossibilityof anon-psychologistic,non-
mentalisticandnon-anthropomorphicapproachto epistemology, which can
easilybeappliedto arti�cial or syntheticagentssuchascomputers,robots,
webbots,companies,andorganizations.Thereis, admittedly, quitea lot of
work to be done. For example,if an informationalanalysisof knowledge
is possiblethenthestrategy to defusetheproblemof informationoverload
proposedin § 3.1 couldbeextendedto try to solve theproblemof strongly
logical omnisciencein EL aswell. More generally, theagendaincludesthe
developmentof, ontheonehand,aclearanalysisof theconnectionsbetween
KTB-IL andthelogicsof “becominginformed” andof “being informative”
and,on theother, of an informational(asopposedto doxastic)approachto
thede�nition of knowledge. Luckily, however, thesearetopicsthatcanbe
left to futureresearch.For asfar asthetaskof this article is concerned,we
havecometo anendof our toil.
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