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The Cjwm~I/'" ~f Hu,""" LnJrnlng DM P'rfo'nwn~ 

prexn! r orm ,be objoctionappl i .. only to lengthy experi ",enl •. With h ulI\An 
• ubjecll though, if • more fundamental point of "jew i, odcopted, the 
prVtc/ple i. uni,'enOl. 

A more appropria\< parodi"" for lCCurin. cooSI"""'t conditioIU would be 
an arrang""""'1 wh .... by the .ubject (in the c.ampln. 1M .. a human 
bein~ tall be kept ... lrking ";thin h" Illdividually dcl .... min«l aDd iDdi_ 
oldua~nieaUy aI .. red O~flng rtgkHt . 

The c:<perim ... 1<f coWel. in prit>cipJe, Iakt the lite "ry prtClulions 
binudf, i.e. he might adju" !.he rale and form 0( lIimuiltion 10 thaI • 
respo_ c:rilm.:.o, iJ>dicative 0( continuing laSt petiormana:, .. Atis&d; 
for eumple, by making lif. more difficull ifan indel or cotTed. pttformance 
in<rnl$tS in val"" and making life InI diflkult if tlu: comd pnfounlnce 
index deettues in _"II .... To lMuumenlthi. plio" 1M o~ DCCds • lISt. 
and an co>ironmenl which fllnlisllct more than c"""gII _itly 10 ovenn 
tlu: ..,bjtct al any point in tlu: c:<perimtllt. 

Two problem. ~It from allowing the u pcriment<t to ~ in lhls way. 
Finl \II .... " I practical adminisuation ptoblcm. All the musu. ing and 
adju.ling i. likely to o\'ffU.:I. Ihe participant obstn .... SO thaI (even if he 
cirewnscribes a companmcol or hil mind 10 ~ ... "&u/,,,or andlcavcs 
\IIc restorit to ohJ.moe) he i,linly to find himselrlO Itmsed lhal 00 energies 
are ~ for hi. main occupation. which i, obscrvinS. Scrondly, IMre i,4I1 
experimental dcsisn probicm due 101M fact IMllhe o~ i, nO 10n8'" 
,xltTJ1(l1 bUI rather p<1r1iriplZ1tllt Itasl some of lho lime, II illaler shown 
IMI the rogu laloryacti ,100$ .... d.d to ICCUrt the desired comiS!. ney 'nbject 
working in operaline; region' cnlail oth~' \IIan cauw traMaCtion. between 
Ibe .~bjcct and Ihe • .. gulalo", and Ihl» rend .. any 'ffg~t~lor' a parlidpant 
most oflhe lime. 

The pt<>poscd method is as follows. 11U1Ud of Ih. dassica.l organi lm! 
en,itonmenl system in Fig. 57. colUnoo;( the system of Fig. S8 in ",hjeh th. 
conlroll .... iii a mechaniral or comp.net programmed. device for ex=!ing 
a steady <1.ale or null poinl operation, If p I, a performance index and if a 
]C\·.I of tasl: diffieulty il rept eseft ted by '1 then the conlfoller in question 
dctcrminn li>c value of p, compares il with a n~lI poin l \'alue! (indicali,. 
of saHHactory and OOrrtCI task perfonnanoe) and op<1"al" upon 'I. as 
follows. for c:<per;"",nwlrial. (or time i"stanll) indued.", 

0(01 - 0 
"'_) _ !;.l.j(w) 

(

+1 if,. > I unIou '1<.) _ ""., wbm tI 'lC,o) - 0 
!I,,v.) - 0 if, • _ f 

-I if.! :> 0""'"" '1<_) _ 0 wbel> tlWo) _ 0 

A. u:on~coi"""", il il u..w to assume IMI p and " .... oormaltsed so IMI 

IQ 
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Firll" 59 x, "imulul d~play: ,. ~ponIe; fix.)'), 'comet' oornpanolQr wtput; 
P.S. p<nblem ""'1'00; Simp, p<ObIem timplillcollon or dillic:utl)' ..... tion: ~, 
knowJedgc or !"CIUI!!. ir cI""', 

1 ,. p,. 0 and J ,. ",. 0, Sino. tall< dil!kully i, modified. in effect, by 
zimplij)'!Jrt task situations thai .... i""'re"tly too difficult, il i. """'0110 
inuod~ a degree of .impliDeation illdclc I'- _ 1 - Of. 

The l)"SIcm (Fi&- 59) 0pt"'l.,. in Ihe COO\e>1 01'. to"'"' 0( IUk rtquirt­
menu (PS or probkm lOum: since I&I:k rcquircmellll "iU later be idenlilicd 
.nth problmu). The subjtct A rea:j,'a problems thai ha,,, beeo simplified 
to • .-.rlable dcsm". 1'-. by tbc controller. /I, wbich may \IIu. be rtprdcd as I. 
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TM Cy/Jcn"/u 0/ Hunwo u..rnlng QN} hrf~ 

Iys~m i. ly:opul>Ov4lable if th. trajoctwy ~IWIlIy approaebn the 
origin and if it .-....er crosses from the intide In tru: ""u.idc nf a bn\&hCluy_ 

In sayi"llthal'ystt"'" IlK empirically stlble. I mtan thaI their irTeJlllu­
iLios .. ilify Ihis OOI1dilino. no l\'t'~, and lILly be OOR$ItUClcd 10 do 1(1, In 
aU particulars. by 1M choice olapprop,iale functinlU. The propnocd metItnd 
caD. be elaborated I peat dell. The alpilhm is utrem.ely primiti~, for 
enmple, and i. ~Iy impro''t'd thnus)! (u • matter nffact) ""'" imprn~ 
menlS ba,'e little pl1lct;a,1 ,"lIue, Th. conunl\cr dtSCl'ibcd abo". is unj­
dimclUinnal. ntis mui<:tion is inOSlef\lial. The majnrily of SteadY·ltlte 
conuoUe .. axe aotwly mul!ldhmnsional devi~ sn that p - (p, .. ... p~) 
and ~ _ <'1" __ .. ~~). The perl'OrP1ancc criterinn is w:ry rigid. That 
cOlUtraint is ~f1ed in at least one af the •• ample. to be di.cusscd . 

The crucial and nutslinding luue' .... ta dn ""ith some half concealed 
undetlying .... umptions. Apan from the previously voi«d disqu.iet a~r the 
.tllul of 'ph' and 'pL directedn ... · it is t'o'idcnt that ~ controlln caD. 

nnly be designed to timplify. w.k (for example) if there i • • model for the 
w.k and fOT the rontrollfd lubject. Mo __ , tty adequate mnctel for the 
w.k must be I ... pmentllion of tbe w.k as it is seen by the coatroUfd 
subject (ntherwlsc Ihet't' is It(>....,.,o to IUppose that an aUegtdly simpli­
fying open.tion Muld ba,'t' the desired comequeDm)_ It is possible 10 au 
numtTOll< e.umples in ... hich inl uili~ly plausible model. incorpon.1<d in 
controllen do /10' h ..... the rtquired properties aDd tht conuoLIen In 
question fail to uabilise thCI)lOtem. On the 0Iher hand, in Iht uamplel to 
be dted lbe necnsary ""ndilinol ace mel quile adequatoly. Perhaps this il 
a matter of happy intuition. aut it C1n be phrued otherwise. u folloM. If 
the . ubject i. held in hi. operating rtginn Ihen he is pr~ed and h. is able 
to act 11$ though the (physical) . timu Li o:on~I;luted 'inpul ,tatc" and Ih. 
(phy'ical) respon.!Claotod al 'OUIput ~tatos'; hen", to sub .. ". the .,Ie!Jtal 
observer's ocienlific doyoa, Il. could Or would nol do sn unlm he were 
maintained in an operatinl"'~on. To maintain him there, Iht experiment .. 
starts wilh the ob!om'e,', dogma in milld and designs a o:ontroll .. to hold 
tbe j;ljhjca in ILI\ cpm.tinfj rtpOQ if thai S\I~tion i$ valid. In foct, it 
btcomn nlid d ... 10 the o:ontrol opcnrtinn (>Illy, i.e. by a boot-strapping 
p,ocess.. f oo- the inuanccs 10 be cited, the booHtrllpPing works. 

1 Error Score ComtalllJ In I !\1uual T ask 

The subject i. presented with. IXImpensatary diopl&y, usually no I r;albode 
rayoocilloocopc. In the one-dimoruiorW r;aot 1hown in Fig. 61 he perui .. " 
the locus of a point on aline and isl't'<luiM<! 10 adjust. manual control in 
orde, to k«p Ihe point within' line .-gment around a fuced po$ition. Hil 
manual control dot .. mints the ."""Ieration of an ideali.ed vehicle (Ihe 

,~ 

TM S,Nd, S'D" '" N,,/I'PDln' Tf<lMiqw 

-- --
I -- ..... -. - f-.-

-~. 

-- - -
r"...- 6J Doe di"' ...... w. compo 'Dr)' tracki"l:. wlr.1J'S'UII. 

,"ehide ohantc:teri$ti", of the S)ltem in Fig. 61 are opecified by a coupk of 
integralOf'l,). The di'played point (de.cribcd 10 the subject II 'an indicator 
of ~hic1e displ.",menl·) varies from its Ii,fd position, e,'en if Ihe .ubject 
dots nothing. because of u input perturbation that i, added to thelubjecl', 
acceleration control signal before it i, integrated. The form of this perlur­
balion is unleamabl.1U1d hence ill valu. is unpwlictablc_ But the subject 
can learn 10 ·!wIdl. the vehicle' when it i. perturbed by unpredictable 
di$turl>ancn.. Further, It Is empirically loaf. (o"'Y that the 'vehicle-handling' 
job is made incrc"";ngly dillicult by an increase in tilt mean amplituck of 
thi$. perWfbatiOn. 

Tbc subjccu. e".or $COI'C. y, (lhc COR'-.nc of p) i. computfd eilher u the 
"'eI1IrF .oot-mcan·squa ... d"'iatinn froID lhc fu:fd point or U the .'"mIrF 
val"" of the moduli .. 01 thil de\ialion. l.ec; be a critical error score, Tn 
maintain COPStancy of error SCOf'C, • •• $<'I 

~ _ c-. )( T.". I<Ikj;nI (e - 7) 

and choose lb. (pos;th'e) COllllanl SO !bat the: man-maohillC' 'y.~m does 
no( becolDC unstable due to o""r.colDpenoation. rn olher wotdl. the task 
difficulty i. <onlinuilly mDduLoted in order to "",inlain the chOlen form of 
con'taney. tbat $ - y ... 0 (or, pht"",d in a slightly different ... ay, the 

'" 
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n.: Cyblntl!tiCl of HumM U4m/II£ and P~rforman(;. 

,. R{t,) "" 1 - V(t. - 1) 

The "e.t part of the control operat,on selects the eI ... of events from which 
one e,'ent will be 'randomly' .. mplod at 1 _ 1 .. if some test trial i. IllAde 
on lhi. <>COII"on , The selettion probability for lb. cia" X, is denolod ",: 
and the conlroller of Fig. 66 i. designed so that 

, ~~n)::! I - :~") 

Finally each of U.e term, R(t,) and ",(n) i. interpreted as a bias applied 10 
a probabilistic .. lection device (a variable 'window width' random nddr." 
~neralor). Th. e!feet of equation (1) i. 10 inerea .. the test trial rate a. the 
.ubje,f. ,igilance decreases. and the e!focl of equation (2) i. to uhtar.." 
most frequently, Ihe most negleeted .. ",nlS. The lall'" prIX''' maintairul 
tho a"era~ ".10<'$ of lhe ",(n) do .. 10 11m n.I required in the definition 
of vigilance. 

As a lheorttical aside, il i, worth com menti n g that th • recur."'" dell oi tion 
embedded in the design i, Iypical of .. I .. i"islic system •. Here, vigilance;. 
defined on the ossumption that Ihe ",(n) art ~arly equal. There i. a rule 
(namely a psychological principle of familiari .. lion due 10 rtJ"'tition) 
which, if va~d, juslifies the I .. t control oJ"'ralion as an ',pedient for 
serurlng equalily of tbe "',(n). Since tbe rule i. ps~hologica1, the entire 
operalion is a Muristic recursion. 

4 Maintaltwtg a Const:ant Proflclency In a Coordinate 
TraDSIonnation Skill 

The subject is presented with. the display and r .. po"",,, board shown in 
Fig. 67. Each trial, 1:., apart, he is presented wilh. figtue in Ih. alphabelic 
display and requir«l to seleot the rOW and coltullll buUolU lhal designate 
Ihe row and columJI coordinates of the figure in the 3 x 4 rectangular 
di.play befort ~, seconds af\e, Ih. stimulus. With ~, sel at 2'5 seconds. 
tu al S second., and the between-tria] inlerval al 1·5 second. Ihi. is a 
difficult job, and Ihe no,itt is unabl. to do it unl .. , he i. provided with 
cueing inforlllAtion. 

The &kill i, characlerised by a couple of error factors (in the sense of 
Harlow. 1959), namely, a row and column error [aotor, si nce the .ubjecf. 
response may be row...",....,t "od coIumn-cofToct indeJ"'ndently. He.lC<, 
Ihe cueing information i. de~,·ered with rtfertnee to Ihe row-response 
sr:1CC1ion and the column_rt'ponse selection separately, Th. information 
concerned i. provided by the row lam?" and Ib. ,oolumn lamp. of Fig. 61 
which are illuminated al a vlU"iable interval (within the allowed iOlen'a] of 
M second.) after thup!",""'n,. of .stimulus fi gtue in Ihe alphabetic display. 

'" 

1'/0" S,$lJdy Stau or Null-Pom' T.cluriq~e 

(I (I 0 0 _"0' .. .. • ... o , • • 
.~ ....... '"','" .. 0 , • , • , 
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x , • ~ 
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" 

figwt 67 C""rdi"..,. t",,,.formation 'ask >howing display and "'PO"'" 
r""ililies, 

Let j _ 'colunm· or 'row', .nd letp, be a profici.ncy index 

" .. A .. rage valLIe (f,) 

where 

~ _ 1><10'" lbe ith typo cueiog information; 

(

+ I, if ,be i,h tJlp< .... 1"''''. select.," i, comoct and P ..... Oted) 
, O. iflbe I'h Iype selection i. correct but too lale; 

_ I, iflhe j'h typ< response oelectloo ;. m"tak~" Or aboen' 

Th. value of + I in this role may, wilh advantage, be replaced by the 
term 1:.1 _ latenoy. Define~ , as lite proportion of tJ.t Ih.l elapse. before 
the 'lh Iype of cueing infannalion i, delivered to the subject. The maximum 
value of~, is M and if~, _ '1_ . run no cueing information ofthe jIb type 
i, delivered. 

The control mechanism for variable delay cuei ng sali$li .. 

~, .. CMltllnt x Time Integral (" - <Jdt 

where; is Ihe required 10>'.1 of proficiency and Ihe con,tant is. p"'iti .. 
rate term, The ,)-.tem is started in In. initial condition 'ItO) _ o. The value 

of ,/, i. defined unless or until~, - '1 .... ' 

4. 1 C10JUping T.chnlq.... Th. n.lsumplion underlying .implifieation 
by a ''lIriable dday cueing procedurt. with 6.t COlUtanl, is that lh •• ubject 
oJ"'rot .. doci.ively (to .. Iect r",ponses) at Ihe same rate thtoughout tho 
eXJ"'rimenl. Oi .. n thi .. the ~ng information can be delivered al an 
optimal (constancy·maimaining) instanl during lhe deci.ion pr~ taking 

'" 
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Tht Cyberllt:rics of Human Uaming ilM PerfoFm""c~ 

th~m. Morwver, Ibo sloadY'Slate system i,. in faet brought inlo rustonee by 
'1uilO differonl mearu . 

(a) The subje<1 i. goal..Jiruted in lbe thoroughly full·blooded = of 
enlertaining an inlonl;on or purpose .' Thai i., the subje<!'$ brain acts as a 
goncr.1 purpose compuler which exe<U1es g""l-<lirecled procedu ..... alia. 
probltm-sol"';ng prO<'tdure$, alia. intenlion.<. Generally Ihese procedure. 
are non-<loiermin istic programme, in Ihe knlC of Manna (1970) or fuzzy 
algorithm. in the ICnlC of Zadeh (197). 

(b) Under Ihe"" circumstances, lbe env;ronm~nl i •• ymbolicaUy ioler­
preted aJld IClected by the .ubjoet, so,similarly. is the procciure h ...... eroles. 
11\0 subje<1 auend.1<> a fi~ld ofallenlion. The exrerimenter may delermi .. 
whal he auend. I<> by .[>t<ifying (II< a programming oreration) the pro_ 
cedure lhal he exeroteS. Also, lhe .,;perimenter may pose pfoblems as 
condition, in which thc goal is nol satisfied . BUI hc does nOlconstruct an 
inpul 10 which Ih. subject reaCiS in any other sense. 

(c) Under Ihe .. cireuDmanccs the mooled equiv.lence belw""D difficully 
and simplifiC3tion makes sense. A simplified problem is a partially solved 
problem and is Ie .. dillkull lhan Ihe uDdiluted problem, in so far as lhe 
solulion·method used 10 oblain the partial $Olution is compalible wilh Ihe 
melh<>ds realised by Ihe currenl goal di""'led pr<l<'Cdu .... 

In gtneral, Ih"e i. no guaranlee thai a simplification (partial $Olul;on) 
which "",,m. plau .. "hl< to the experimenter will serve as a simplification 10 Ih. 
subj« •. In ordor to satisfy thi$ condilion it i. n=ssary 10 have a m<>dellhAl 
replicales Ihe $ubje<f. problem .olving procedure. The cases considered 
are specially .ractable eilher became Ihe ,Ubj«I', melhod is dictated or 
because il is p"'siblelO choose an ordering of d illkulli .. (eilher one ordering 
iDd ..... ed by tbe scaler ~ or several ordering indexed hy ~,) which sY'lemali­
cally simplify in respoet of ""y melhod. 

(d) The various rerformance indices, p, are inrerpreted ... estimate. of 
Ihe ....... nt 10 which an ;nlcmal·lo-tbc·,ubjeCI·hypothes;s i. confirmed or 
an internal·lO-the--.ubj«1 cdleri on aehi ",·ed . All of them a ... measure. of Ihe 
subject's dcgr« of bel i.f in th= I<:clilutlc of a ggal direct~ , i.e. intenlional 
Or purposeful, action. In addition, of course, lhey iDdex the eXlenl10 whicb 
the behaviour under this goal salislics lhe .. te,nal observer·, crileria. Bul, 
fi"l and forem"'I, they are e.l;mates of subjective quanlities and il i. a 
• ubj«li .... quantity (the .ubjccl',dcgr« of certainty) thai is stabilised by the 
SST. This poinl is obvious in conneelion with reflective m~a,ure" lik. r, a, 
Ihese make liltle sense out.id. ,ueh a fmmewor!:. 

(e) The goal d ircclednCI$ requircmcnu «a). (b), (0), and (d» .,." satisfied 
by lhe "islenec of an e.perimental contract in which the .ubject agrres to 

t. R. l.. Orexory m""pend.oUy mot .. ,ho WI>< po"" ., .. yillg , .... , ,h. bra;" uOOer 
,booo """"""",_ om ... ~If'. ~. 

,~ 

Tht Sltady Sial. or Null-Point Torhnlque 

participate. Thi. i. a nOmlati .... or game-like scheme (nol a behA"';ouml 
poradigm) which is sel up by a oommanding or programming operation 
'giving the experimeDtaI inslnlC!ions·. II i. useful to \tress lhalihe contract 
i, agrttdto by the subje<!. ·Gi,ing instructions' i, nota malter of pre .. n.ing 
a .pecially forteful stimulus. The conlraci has a semantic and a pragmatic 
aspect. The .ubject, for hi. part, agrees I<> inlerpret .ymbols in a particular 
way; namely, u members ofa field ofaltenlion. The«rerimeDie"f, for hi. 
part. agrees 10 pro,ide an SST conlroU" lhal does so as well. The subject 
agrees 10 adopt a rol., thai i., I<> oim for a certain class of goals and Ihe 
"potimenter, for hi, part. agrees 10 furni.h a coDtroller lhal win cooperale 
(in the agreed domain) by simplifying problem. po>Cd nnder the gGaI so 
!hal the subject may be able I<> keep hi, part of the contract. Notably, Ih. 
controller is designed under the assumption thaI the conlTact is kept. II 
does cooperate and is able 10 ooorerote if, and only if, the subject has the 
intention of keeping the contract in Ibe firsl pl.ce. 

(f) Though thi. "spect is tri"';al for the case $0 far cited, lhe CODtracl 
al$O has a .yntactie component. The subje<! and the controU" speak: Ihe 
same interaction language (formally an ""fro' IQrlgwge di,tincl from the 
obse""-s descripti .... memlanguage) which has defi nite grammatical rules, 
which, for .:<ample, determine whAl i$ Ihe form ofa cor"",1 respon .. or the 
conslnlction of a logical subproblem (5ubgoal) of the origioal. The g""l­
directed procedu,.." art- programmed in Ihis language, Ihe rules ofth. game 
a ... staled in il. 

(g) Although Ihe Iheory does nOI demand a physiological inlerpretation. 
il i, iDlere,tiDg th.1 the <ubjecti .... conditions (a), (b). (0), and (d) hA .... 
... liable neurophysiological coDcommilan!, in man . These are de5cribed by 
Grey WaUer (1969) who is respon,ible for much of the original work (Ihi. 
paper is <SSCDtial reading). 

By way of summary, consider a subjecl as a reaclive d.,ice in r=ipl of 
. Iimnli Ihal are pure 51imuli , and no morelnan thai. 

If an audilory stimulus i, presenled to lhe subje<1 it is usual1y poss;ble 10 
record an electrical rtspo= from the specialised auditory ... gion gr the 
,nbje<fs cofle~. Th. same is lnIe of a vi,n.1 Slimu!u$, or any other, as e,..h 
stimulus e,",,~es eJe<uical re'pon..s from ... gions prorer 10 its modality. 
I n add i t i on , for each effective ,timu lu, Ihal does e,·oke an el.., trieal res pollSC • 
there i, a trarui~nlelectrical response d i=mible agai .. t a background of 
Ihe usual eleetrirnl rhythms., in the frontal region. of the cortex . Iflr""'" of 
activity art- Iaid oul in time following lhe stimul us and if th ... traces are 
inscribed in compuI" .Iorage and their values are averaged 0'.'. period 
of time in which .. vera! sl imu!i are del; .. red ($0 ... 10 .u ppr ... the unwanted 
background by canceUalion), thoD Ihe transients are aectnlt13ted. BUI no 
Olh.r changes of r<spcn'" pall"" are obsen-ed whilstlhe stimulu, remain. 
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