




TIt. Cyilm,,,,;a of JlumtlIl Lurnlng QM P"fo'm""~ 

manner ·1IIIcen.ainty/information IndioK·. In seneral. they are Joloetj". 
information Indices since Information i. p.ined by .. Iectlnglmonsst I set 
of liternath'os. The interpretation of thnc indioet depend. ~pon the 
pesis of the Iltemati, ... ts in the unl"erse(.) conccrued.lId lipan tIM' 
origin of the p numbe!'1. 

2 Stat!stk:allDdlces 

All olemal (iJnpanial, IInbimed) oI:Iscrow may o .... look "'Y'knl which 
in the: wi man Ite has defined; foruornple. the lI' pulw.llId OUtpUl1et of 
.... orgaai$In; ,timlll; It ~, .... Ind re5pOMn it emits. Fu,th .... be may 
<:(Impute 1M p numbers ill lOY Iymmatic mannet'o He could. for uomple. 
estimate them. by ~ng rlf he '""'" I Bayeoiln 11I'istiQ.an heoould do 10 
rationally) or. more often. be SIIh$cribeilO the common ltItiSli(:ol dictum 
that ... probability PI (thai x hal the value x,) is Obtai""'." the limit. for 
infin.ile W'I""""" length of the ratio 

Numb« or oc< 

'lumber of """,m 

1M formlllation depends upon 'Itationarity' of thuource of ocamences 
(I notion considered further ill Chapter 2). RO\1sh1y. 'llItionarity' mul1l 
thatlbe ulKkrlying stl'l,,;ture of Iht 1Oura! is unellanging 

Under Ibis interpretation. tbe UnttrtaintYlillformation ind", I,".M/ull­
ce/ u"""'talnty/information meUu"', Oi~n tither method of <:(Imputing 
Ibe p numbe,s, any uncertainty information indiCC$ retlc.t ~lJ uncertainty/ 
infonnation about the optem. for .~ampl •. l ubscrlblng \0 the lut dictum. 
the e'temal observer may record .~nt OCQ1"encet: in a contingency table 
to show the frequency wilh which evenll tagged by valun or x (inpulltltes) 
and y (output states) occur. including the ., .. nll due to joint occurrences. 
Th. tIltric. in the oootingency tabl. m.oy nOW be taken 1$ estimatel of the 
actual probabilities (I good onmple il &i'en ;n McCiiU (1963) who also 
provides the marbcm.otiQi apparatus needed to COIPptJle in \er1llS of counl 
numberl without tJlnsformins tbern into p numben). Some ilUta""'" of 
\hi, type of calculation ..... ci!ed in Cllaptcr 7. 

N.~t, an cxtem.ll obKrver may presuppose llIat lOme olhcr ~'er (a 
puticipant.lila an operati .... In industJy. Or an experim<nullubjcct) ..... 
an ..... /rt:IMIDI, in !he wne ~Iy tbat Itt ICeS il. If SO, be may infer wtthe 
lfaruricQlllllctrllio'y/inromatiof! indices compu,ed with m-CRJ>OO 10 litis 
enviroom"" pr",ide .. timates 01 its ,viabiIiIY. compl"';ty. regt.llarity. or 
wba~ (dep"odjn& "I"'" the cboseo Il>dc~). from the putici!*ot', poiO! 
of view. Some uamplel of targe-orp.OiSlltiOll task ... lIIlysis along tha<t 
lilIeS .... 01>0...,. in Table 1 ""d Fil- I . Similar Itudiethl~beencarricd out 
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F''!fUff I lnfonnation ... tyolo fo, , ;x ind"'trial/(Ommcrtiol tub A. S. C. D. 
£, F. Upper <:IItve (oppr"l'<i .. e to nova) I. '""" uncertainly, Lo""r """'" 
(appropriate 10 a !killed oper.'i .... ) I. u"'"'rtlimy. civen tllat all constra'''''''' 
known. Dlff....".,. (a ,raru.mi .. ion) I. U\ Index of the UIKIIIIIt 10 be pined by 
ClIperieooe. The Ie....,. <:UfVC i. U\ Index of retatl ... difficllily of tun ror any 
(ideaJiicd) proficient operati .... 

in the 1Im\)(r Industry by Van Oldt (1971) who «litH the indioellc 
ergonomic and work . tud y lllUJurementS. S!&ni.land (! 966) 1Ia. u!led sim lIlt 
techniq .... in COI1IIOCtion with laboratory tasks and hal dco;iK<l a plethora 
of redundallcy measures for this purpose. 

J SdK'tf.-. OJlft1lIiom and Sd«1hr Work 

Suppose t1w" aDd, .... the: inpu'and output .. ts of all orpni.m, perhaps 
• human being (II an UpnlilOl')' con ...... ience ; the lItJ'U'!"o' if quite 
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1M 0",--/Q pf H_ UamiIPK "'" Perfi1nlU1#l« 

,",ph. Be)'<llld a .:ertain fi,ed pace, any trainee commiu ctTOl"'. If hoe i, 
able t(I compenAle for .rrors up t(I • limit II which breakdown occun (by 
aoalogy only, by etTeaive 'encoding·). lhere i,. di5COnlinuity as shown in 
Fig. 3a (by 111IIogy only, lbe 'capacilyl In COOlttit , <ome tnlin<CI commit 
.... rors al any pant of operation and tbe .. is DO real limit. "Ibe$e trainees 
also fail t(I\eam \he repetiti'" still (FJ$- 3b ,1>0 ... error pant curves for tho 
sam .... bjecu...n .... I further I' bODI"ll of training). 

Ii i.<)gk.1 Uoo:ertlinty/ lDformation IDdla:s 

The gen.ral (m.thod-of<emPUlalion independen') ind .. ' R lective work· 
i$ u<dully contralled with an information index which il. in one .. n .. , iu 
polar opp<»it_n inf""""tion IllUlure bued upoo ODC class of possible 
computing metbocb. Mea, ...... of lhis kind .re called 1000eal information 
JQCa$ures and art: spocified in respen 01"1 formallanguap which is ,try 
restricted; the class of computltioll$ \)e;nl th. clus of dtrivatioas obtai .... 
I ble by u,ing lb. infere~ I nd produClion rules in lhi. Iang""F. These 
meaSu res ... cre deviled by Camap (19SO), Clrnap and Bat·Hiliel (19Sl) 
and Bar-Hillel (1964). Some imporlanl gen ..... lisalion. are due 10 Clliar_ 
'Yigillio (1971). and Harrah (1966). Th. slrongcstllalements in such. 
language, to~ .. ""th their complements, form al1<mltive .. u (the 
·information giwn· by I statemenl in lhe language mrllSlIl"C$ tbe Ollmber 

oflogically pomibk: dtri""tiom thot om udllded by .;nut of lbe JtalCmenl) 
but, If comPUled o_lItcmati.., .. u."uy. tl>c logical met.IUrt: oorrespoudl 
nu m<rically 10 a .. lecti.., measure. 

Rather Jilll~ u .. has been made of Ih ... information in~kes in P')'tho­
logical experiment, or Ias.i: ,ilpalions, al any ratc at a quantitalive Jevel 
(Ihe 'informalion' talked of in mosl .. pcrim~nlS on deduotiv. problem-
5OIvio g is 0( this kind ho .... ver) and obviously the iDdice1.re only. ppropri_ 
ate if the mind functions (perIJ'P' impcrlectly) in a 'Iopcal' mode (I.t. it 
obeys !be presaibed inf~..,..., rul .. ). An ouutandinSlnd very interesting 
exceplion il rurnished by the "",Ii,,,,i,, empirical work of SeigmaM and 
Stapleton (1971). 

7 Confidence Estimation 

Consid.r an "rnl who iJ; a senticnt bein, (a mao or possibly a macbiM Or 
an Inimal) able to inl.rpret and DDfUptchCfld. lan~age in which questions 
CIJI be 1$Iu:d. The vol)' mtriCled fannal IaDguagcs of \he last ..aion CI.II 

be aupncnled (II in lbe Scigmann and SIO.pielOIl pa.pcr) 10 M1"Vi! in lhis 
capacily. [ .1Ia11 u ...... Iurallansu .... in order to gi"" uamples; in fact, 
some intermedille oompl.~ily of Iln,uage i • • mployed [or much of our 
turreol work. 

" 

/JrjortrWIon 

The " .. nl (J .. ked • multiple-choico l)'pC of qPHuon. Syntactically, il il 
an exclu,ive disjunction O[ , lal.=nll. Bu! these ltalemenll have. semantic 
in lerpretalion whereby Ibe agenl rcl"crslh.m to a body of i 0 I.rnal or oxterM! 
data and the question;. pre[Kl:d, ... h.o il i •• ddreued, by lb. '~iTt=1 
U> I4lisfy a relation (whicll il 0 ... lIIW"Iiog of the nuony·fa.:eled aDd on.n 
misu.ed word 'goal"). SlIOCi!lClly, • question of lbi.1ypc pt>ICS a problem; 
to Jiod ( .. y) the one and only OM .Iten>ati,.., amwef, .. tisfyiog the •• latiOll 
'bridge-building .ngineer'. within 10 inlerval, <1t (which may be inddinite), 
given I Rmantic interpretation o[ lb. language in r .. peeI of indu,trial 
history and the following allernati .... stalemeou : 

(a) 'Brunei buill the Bristol Suspension Bridge·, 
(b) 'Step/leninn built the Bristol Suspensioo Brid .. ', 
(e) 'W11:e6eld buill lbe Bri'lo! Suspension Brid!'"·. 

"!be semantic inlerpreuotion admits. for .>llJlpIc. such faetual data as: 
'the Brislol (Road) IU'pension bridge ..... , buililry an cop""r who buih 
.. ilways· and 'W.kefield built no /1Ijlways' and 'Steph.nson did no! de>ign 
Temple Meads SIation al Bri l lOl·, , uch inferenccs u ·Wakefield did nol 
build Ihe bridge' l od 'ifit il true lhal Ihe bridge wa, bulJI by an engioce. 
who buill. /1Ii1> .... y to BriMl then it i. not false lhal Brunei built Ibe 
suspcnsi<m brid!,"'. The pragmatic io!erpreution ha, u imperative,! 
iDlerropti .... put (I qDCStion 0( this kind il ioomorphic with I command 
t(I aDS" .... ) and it lpec:ifics the .... lion d«med .COI"feCl' (na"",ly between 
, oadbridges and bullM,·~ _J).II is improper 10 gloM lh. ios"" by co .... 
ceiving Ihe queslion "" Ibe Ilimulul for a correct rcspome, ..... n though 
!hi, idenlificalion i • • uUe.ted by Ihe usual r''''IUII, namely: 

Wbo built !be Bristol S, I ..... 
fIricIJe : (II, (bl, or Ie)! (""" aod only 
000 " rip) 

(a) Bruod 

"'­(e) Ww1lcld 

7.1 ~ OM pou ihilily, lbe asen! mighl <lui,.., a .tal.ment 10 '"'<ll .... 
the .. dusi .... diljunction (a). (b), (e), lry computation in tbe language (the 
objocllanp!,"ofthe-=bemc), uliD, infeunces Dflbe kiud wgested abo.., 
aud lIutinl 00" ftom the t1illiog.nd comprebended dall. AI a t:OIIIDlC1ll, 

if be did in Icd merely tioked or marked lbe a1tc:mati.., oormpoooing 10 

hi, derived (Iliis computed) object lanlul!'" statement, lben this kind or 
enquiry Si_lil ~e of the pate ntiaUy ••• ila ble i nfo.mali On. The "Fnt mi ghl, 
for example, ha.., been .. ked how he arri ved al hi s solulion 10 the problem. 

• 
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F""p"''' 8did' ( .. un<ftl.OiDty) and corrta belief as • r""",100 or ropealed 
'l ..... Iooin&: ( .. ) wiIh k ....... k<IF of results; (b) ";lbouI ....... "Itdf;O ol rauIh, 
Plain ~ne, uno,mifll, (H); doIlOd line,""""" belief; n, numbc:r oflrlal, 

The e.porimeow lnSion begin. wilh pretraining in the uoe of 80SS 
(.nough to """,re plob:.bilillk j..dgcmcnts o.'or genui ... ly risky Of ILoltOry 
ahemat i .... <1. ond also rhUllgr of opinion duo to ralUill/(}I!o/ informat ion). 
T he p,..!",ining m"criall afO no ... 1,1 aside ud SIIcccssive judgem,nlS OVer 

~ 

~~nt (Jf't/olu alld pwdwtr p<Id~ optilJlU an: ~ in lhe 
foUo"';o, ~'1uencc (lICe Fit- 9). 

I. l nilially; 
2. aflor .. mpliog bdi,fuboul fac1U/1) .lSp«U ollhe prodlX'l Mid; 
3. af,or uposure 10 ad .... tiJinB in favour of a new prodUC1: 
4 .• ft •• an .1~mp1 '0 ~nfum the chaoge of opioion; 
5. oft .. IdvmQ.iogln r,"our of th. original (nolth. ".w plodlX'l) Ind: 
6. after trarning in r.,~ of factual data with corr..,1 or millak.n 

'blo ... lcd", of mulli". 

Th. last (Irainins) opo.ation i. i"se.ted to check lhal the measum! 'un. 
<m ainly' i. I qUlnlily that iI, a. it should be, reduced by the """.ipl of 
objeeti,·. information. Opinion change in r..-our or lh. " .... produ" i. 
deorly perpetuated ""On though the origina.] plod.,CI il ad"eniS«! (the 
products an: ,Iunati"", for all ptllctieal pIIrposes). 

In Fi~, 10 the: order of presentation of mallriall (4) and (5) il reversed. 
Under th""" COiIditionl (oo immediate ooofinmtioa of tbe DeW pcodllC1 
hypo1besil) tbm: "appreeiabk opinion change io favour of the original 
product. H.DCC, tlIm: ill .... "ttSaJ. Since tho _ prodlX'l .. "....w;nl hili 
IlOl t.« .. ~nfumed, lbe Pmnltatioo of data Cavouriol the "'IKbu>J product 
lead. to In ambigllity, Wt is resoh-.d by 'e'lmion to tbe original 

10 A 11I00re1lCI) Poilu about Information and Its Measure.~ 

It i ..... 11 kno ... n that the mathematical form of .. p .... sion used to represent 
a selectiv. uneerlointy/information ind.x mirrors the mllhemalica) form 
of an 'nf"'py: Ihat ii, Ih. ph)'$iOllI quantity which inc .... es over lin", in I 
physical dosed usembly as en ... sy;s d.graded inlo leli speciJle and uSible 
forms, fOf <:.llmple, in lhe OJX1"'tiOIl of a heat engine Of the metabolilm of 
a ~JJ wkm: "''<Irk is done. The co .... ponder>ee COlOn .bout because. al a 
molecular Itvt~ \he increut in ..,tropy caD be expreaoe<l in terms of In 
ill<rU$lDg disorder amongsl such S)~tems "" motions of particles, dim,· 
butions or eltm..,lI, U \bey .pprar io lbe desaipti"" fnmework of pIIy$icI, 
The quaotity !hat decnasn ... ben eotropy iDcreases '_ '''!rOpy" is taJled 
"'tnllrop, Ind., lfIUed by BrillooUn (19S6, 1964) or, ill lhe domain of 
ijving S)'llmlJ, by Schroedi"!" (1'#1) 1liiy IlU a/informalion demands In 

~"Iin ne","trop)' which m!at be fW"nisMd bylhe pl"o>;sion ofcnersy 
Or degradabl. m,uerills,l""h al' food$l lIIf. Brillouin mak .. a distinction 
betw~n 'Bound Information' CODCCrned with the configuration. of • 
ph)'lic.1 .ysltm and 'F .... Inform.tio,,· concerned ... ith tM possible cOn' 
figutation. of. n ~~lmcl.y>t.m h.ving no spocially phy.ical interpretation, 
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