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MAсIiINE LEARNING FRом HUMAN ЕхрЕm)
PERFORMANCE ОF DYNAMIC CONTROL ТДSКS1

Drrлаld Miфie алd Jсап Наусэ Miйie2

Амrасt: uзед of atortd анll-mоdеlэ to aocelcrrrtc limulator-
brred rcd-time tпriпiпg in в сопtrэl dtill аrз dircuмed, А гевl-
time coarfi rrrutt dе|iwг Blvice at thKB lеrchl (1) whвt to do rlext,
(2) uЬвt to гаtсh fог, arrd (3) whlt ш€пt lrlong. Нчвап laaming
arrd madrinc leBrning rcзчltв а,rе рплепСеd uBing diffегепt асrtеп
rleprcrentati<rnc of в polc-Bnd-r:aгt balmcing trrrb

1, INTпoDUсTION

тhе ffrrt dсmопвtrаtiоп that в nl:Blrine carr lеаrп а пеаl-timе
сопtюl r}ill Ьу imitating а human wав lTradc ф Dопаldзоп (1960). Не
urcd а mcclraлrical арраsstчr iп vhich а Bupp,rЁing body (hеrспftег
cdlcd "thc ort') шаr raotor-drivcrr Ьаг} ап,d fоrth dong а tгаd<
whilc ачрроЁiпg arr iпчrrtсd t,спdчlчпr (h*rса[tсr called 'the pole").
А Blкillc.<l humап rent cigna|; tc, tha rпоl;огrцdl thlt the polc Mrrained
balBnced шrd the салt remaincd within the оопfiпсэ of the tгвс]<, The
rлвсhiпс 'wddred' frrг а while, цrt! then ,ергэdчсеd the rНll.

lМавrвное обученчс дllrаrrяч]зr"коку упрпвJlсяlltо, основаннсе
на подраrлпп дсf,qlъхrra 9кспе"рта ,

'AI Applicationr lлrtitutet Uпirеrпitу of ЕdiпЬчцh, UK E'mBii;
D.Miфic0cd.ac.uk.
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If hчmаrrа wcrc вr clpab,ie of Поlясrиrtiопd lеаrпiпg' ш Ьп-
aldronra mаг.lriпе, thсп thе aircBft indurtry could aBve щelry mil-
liоп dollaв rппч.ll}r. Ву riпply TBtdIing Blcilled pcrbnrrarre еасh
trаiпсс pilot rvould rcplace th,: Ьчпdrсdl of hочrr поw apcnt in trial-
апd--егаог lеагпiпg оп швtlу Birnulaltrra Thir ir of courrc а farrta
ly. NcveЁhclcrr, tbe mсшr m!у поw cxirt rubtшrtially to rcdчсс
tnining oocta ф intcgrating mоdсrп derivativu of thс Ьпаlфоп
fcd. into cюrlvcnli<rnd rimulator trаiпiпg. If а mrйiпс-lсаrпсd
modcl of а hцmцl эНll слt Ьс ctDbddcd in а treining rЬчlаtог,
thсп рсrhарс it сrл Ьс tot to pcrfolm on-linc ooadring functionr,
guiding thc trial .rnd ,.rrоr сf'оrФ of tпrinecr. Вчt thc ffttt !фр Ечф
Ьс to underTtrytrl lKrw uп;idcll lrurnalrt рпrgпав llrпlrrgh thc lсаrпiпg
гаgimс, atrd whlt mdcr ювtл traincш рrоgrес fartcr фalr оthсrr,

'fhш очr чltimаl;с idca fu to inorporatc into thс aimulatodз
аоftwаrе ап autopilot 'сtсrлсdD fФлr ghilled hщrr.l ргfоrпчtсе. The
сlопg dосr ао[ il,mlf piloC |.hе rriпrulatoг but inlфad dcliveп гсаl-timс
arlvicc in tha mяппсл of ап схрсгiспоеd fying inrtructor, FЬr thir to
Ьс рооiЫс, thc clonr:'l advir:c mчrt соmс асrо, to thс trаiпсс аa
iпtаlligiЫе rrld to thl| point. ТhсrtЬrс, unlika lЬnddюn'r рчrеlу
corttlatlonal formulal,ion, it tnuit Ье rtшсtчr€d in tсIrmз of humelr-
likэ rчlсз, conrtЁint attd рdэ.

,. МОТГУЛТТОN ДND ДРРПОЛСН

Аftеr Ьпаldзоп'l rvor*, cxperimentd rtчdiсэ of nrle lеаrпiпg,
both Ьу imitetion aT.d alBo чпdеr trid цrd еrrог опditiопз, have
шаiпlу Ьссп conductd with еоmрчtег-Ьшеd зimчiltоrr. The mо
tivBtion in the prclcnt Tor:k асЬ fmm the high оlt of rimulBton-
tгаiпiпg iп tlre асrосрасс iпdrшtrу. 9овс 2БS of carrdidalcr зпtеriпg
UK hсliсорtсг очrrсв fail to mcet сritсгiоп. Тhс аtфпd.пt Еarф of
ruonelr urrd pcople рпrпrрl,в Сhс idcq rktdlcd !bov€, that thc rimцlа.
Lогв thermclvcl ould Ьс cndorued Tith lctitЁ tutorid iпфlligэпе. Дr
а рrсliвiпагу re hBrB зimrrlзДеd а Ьпаldmп-фр laboretory сопЬ
ml tark Ьг lвЬrаЬrу rtudy. Пre aim i. to сrаmiпе the mцпitчdс
arrd сцrrct of hщццrr !есрощсs Со rirrrчl*оr training зituationr.

Don;JdBonlr dir*rvcry wаз rtrnarhblc аiпе complete rспrогimо-
tог сопtюl r}ilb cannot Ьс arquircd Ьу humarrr through шу щочпt
of parrivl wa,tdring. Would-bc lcrmcrr gain юmеthiпg flom thi!
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form of lсагпiпg (tеrmеd ф pyФologirв 'оЬвеrчаtiопвl lеагпiпg"),
шrd even mоте from weJl-jrrdgerl Lu|,rlгiв,l arlvkк. Brrt the eare.ntial
чпdсгрiппiпр of rелrогimоtог alcil|-aг,quiBitioT, requiгe вп iгrеdцсiЬlе
minimum of lhеег trigl and еrгог рrэсtiсе. The point i! limply
thцl the hulldcq]s оf "llying hочв" сопэчmеd Ьу trвiпее pilotB оп
computcr-,oimulatcd miаэiопз mцl grc,*l9, cxc.:cd thil miпimчm.

ТТо шауs of всс.еlегаtiпg the ехрепаiче рюс€аs sчggеst thел-
aelve.a, }'irot, followiпg cach соmрчtсг-dсtссtеd Ычпdеr, а эhоrt
pcлiod of равsirrc waKhing фчld Ье inl,erj<rterl wi r в фшрutег-
geneвted rерlry with txrrTr..clive <:tпtttпепLпrу сrп whв} went wtопg,
Sесопd, the tгаiпеэ's tйпl апd еттог рпч:ti<t could Ье accoTnparried iп
гсаl time Ьу r соmрчtег-gепсrаtеd voi(rc-ovcr !)л (1) what to do rrext,
(2) whаt to watcfi fоr. PrгJiminary tгi аlз lrave сспчiпсэd u! that the
чrс! of (1) аrе limitcd апd tbat thе п:талтdiпg gаiпэ lic in (2). FЪг"
|,hег r,паlуtiв Buggr*ted lhat thc юlс of (il) rhould Ьс to ргоmоtе
{.hе <хт:ttгrспсс of thе occaaional t'inril;htr' rерогtсd Ьу !оmе оf очr
rubjectr апd rcflcctcd in thеiг rасогdсd tl ассе. InBight iп thiB rcпrс
haB Ьесп dcfincd ar 'а ludden гсоцат.izаtiоп оr reltrtcturing of the
раl,tсrп чг Bigrrificalr<x о[ ewrrl,g ullowirrg спе to gгаrр rtlаtiопзhiра
r€levant to dhe эolution. Неrrе inoight перrевепti а Hnd of lевmiпб
Brrd it drцгаr:tегizс<.l irr цrt aIl-.oг-rrottt [аэhiоп.П (RсЬсг, 198ý). But
ЬсГок: а оtоrсd sНll-modcl сап Ьс Eled ta deliveг intelligible advkn,
it mчst itself Ьс ca.t in intelligiЫe {,_lrnr, in ,Jvhich the lc,gic of dcciBion
ia explicitly rерrcзепtеd ад гчIео аn.d Fаttеrпs.

:t. RlrLF.B^sED MoDBl,S оF (jоNтROl.

Charnbeв arrd Miclric, (1969) uBBt с(|mрцtеs- simulstion оf
Dоlrвldцлr'в pole-balшrcing tBsk fоr bendt teвting theiг tгiвl-апd-
есrоr leBrTing algorithm. I'l. сопtrаýt with Dопвldзоп'в пчmеriсаJ
ond согrсlфiопd repreBenlBtirrn, the l эаtтеd rnodBlB wвrв eBBentidly
пrlетtпrсtчIзd. Тhеу ihen rrrodified thеir algcrithm fог whBt wе по,л
cdl hurrBrr-rюrrrputeгt ог l,w(r-rrвy, learnirrg. lBoth чепts leam.,d iп
parallel while сопtгiЬцtiпg tc п mсrgпd skill-barc. СhаrпЬеrв апd
Мiфiе dш loolccd *t the вш:rс rctup after dirзЫiпg the fecdback
frоm 0hс mшhiпе'r qwп dccbionB. 'l}rcy thu: оЫigвt it. to lrtlild itB
rkill-barc Ьу cBtalc guing purcly the outff mei of it, hппT rл рrrtпсгl!
вitчцtiоп-асtiоп Ьсйвчiочr, i.e, Ьу imitation аа in [}опаldsоп. Iп
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0lric lr€lrBviourd cloning шоdе they noted what todBy il фrmеd the
"<,Jеал-чрИ effect. Опсе built, cloned akilla ооmmопlу оulреrfопп the
lсчеJз of the BLilled hцmаrrr fюrв whоm they аге асqчiгеd.

А fчrthсr fсцtчrе of the СhвтпЬегв-МiФiе Btudy of thе чrc of
the бimulator tо r€cord шd arrdpe human triаl-аrrd-<rюr lcarning,
wss lвteшingled очG fоr соmm€пt Ьу Midtie, Вdп and Науеа Miфie
(t990):

'Ехрсгimспtвl ,ubjccts шеЕ€ dlvided [Ьу Chalrlllera ыrd Mldrlel
into trпo 8rочI8. One gmuр п}w шl шlimnted picture on the ,сrееп.
. . .FЬr the aec<rnd group thil wаз replaced Ьу Brr arrimated imцс of
fсцr horizontBl liпеэ of fixed length, along each of whiф s роiпtег
warrdemd Ьпсk аrtd fофh. fhе Bubjecta rrеге цпаwаге that the

роiпtеrв согrсэроrrdсd to thс счrrспt чаlчсэ of the fочr эепаеd state
чаriаЫса, сагl;-ровitiоп, vclocity, pole ш8Iэ and BrrgulBr velocily.
. . .Whепечег апу of the pointerB rшt off the end of itа line iп еithег
direction, the FAIL mевце арреалеd Bnd а пеw trial wл initiated.
Irr all оёhсr rerpactr, the .цbjcctr in thc twо grочр faced identical
lеалriпg зitчаtiопr. They шсd а light-pen to аdmiпiэtег LЕFТ atrd
RIGIIТ decioionB to thс соmрчtсг rinrulBtion, rtgаrdlсав of whidr of
0hе Cw<l grарhiсаl rсрrсsспtвtiопз warr сrпрlоуеd. Тhс lеаrпiпg curvca
ofthe tTo grочрз псrе found to Ьс indiltingriнhaЫe. T}rrrt Clrarrlbeп
arrd Michie had iюlatcd а рчrс "веаt-оI:thс-рапtз' rНll, divorccd
from соmрliсаtiопэ ariling fюm thc эчЬjсс{о' ро*тЕ of сач.с-мd-
elfect interprctation.D

Iп iпtгоdчсiпg thеir nepecition aпd ехфпsiоп of thc СhаrпЬеrв
ard Mic,lrie itпilаliоrьlемпiпб ruBultB, MiФie, Ваiп щrd Наусв Miфie
с()mm.пt on thc arчuirition Ьу humarrB of "сарвЬilitiеэ which thеу
Фrппоt aйicцlrtelt, and they сюпtiпче:

n.,. Ьу а stгЕightЬrоцd рrоgгапчriпg |,ric& thc rodelr whiФ
а..е induФively iпГеrrнl Гпlrп ttt<,lt }пtrltвlt-gепегаtяd dccНon datB
сап arttomaticall1r Ьа endowd with а rclf-explarration fасiliф, апd
tЬцr rспdеrcd аrtiсчlфс. Тhе end-productr сш jurtltrr Ь dcacribed
аз агtiсчlаtе nrodclB of iпаrtiсчlаtс 'Bubcopitivc' зkillr.'

Thia by-product of cloning mвЕr Ье tеrmеd 'behavioural рго-
filingt. lЪr the ргаr:Lir:rd obje.clive оf пlB|-timc iпвtгчсtiоп during
вiпrulа,tоr-tгвiпiп8, we do not аее вчФ profiling ra s lid€-€fiесt, ьut
пrthсr ш the mаiп dсliчегаЬlе. The plarr, validated аа fеаriЫе in
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рrclirпiпагу tйdв, iB Chat а rtoMl urodel, whсthег hmd-{sdt€d оr
rloned, эhочld dсliwг Счtоrid adйcc to thе ttъiпсе Ьу voice-own

4, I,ЕлRNINс то FьY
Пrc nc:tt rtер in Йа cloning *or5l rаз to ;сс whсthеr the fiпdiпр

oould Ьс зстlеd чр to morc complex led-time tаэlся. The piloting
of cilrrulrl€d rdлсгцIt wас dtосзп, ш dercribcd Ьу Saпrmut, HurBt,
Кеdziе.г ;пd Michie (1992). The fоllогiпg ,ummaly of the fliфt
rimulаtог схрстimспtа il сопdспзеd fюпr rrr ассочпt Ьу D. Midlie
шrd С. ýашпrчt (109Б).

А ffiфt зimчlаtог рrэgrrп iэ rnodified to log thе actionr tеlrэп
Ьу а hчmшr Bubject ш hc оr shе fiicr а эimцlвtеd Bircraft. The log
filc ir ured to сrсаф thе iпpltr to rrr indlrctivc lcr,TTing рrгоgгrrп
Тhе qudity of thc output from thс iпdчФiоп рtlgfпm il tcatad Ьу
пrrrrriпg 0he rirпчlаtог in arrLopilot modc whсrа thc artopilot code ir
tlсriwrl fпlпr lhe der:irrion tгсс (cqrrivdcnt to рtтdчфiоп ruler) forTr.ed

ф iпdчФiоп. At thc Unilrcrrity of Ncw ýочth \Pelcr (l!NýlY) щчгсе
сэdе to е ffight rimчlаtог wвв madc anilable Ьу ýilicon Gгарhiс.;
Inc., rпd thc tшk war to fiy в Ссrrпа In сопfirmвtоrу dudicr ф
Сщrdrо $ СЬ. IllЕiпg Imtituф, Фпtiпчсd at the Oxford Uпiчсrritу
Computing LаЬогв|,оrу, Сhе puЫic-dorrrain ЛСМ ПiФt оtпчlаtоr чri,
uBcxl with thе lпопr difiicult tlrk pored ф в BlrnulBted coвbat рlале
(liidrie elrd CrrnaAo 100,t).

Д fевtчrе agJn noted in Ьth ltчdic, rp!, that sutopllotв реr-
foгrrrr:rl пrоrэ conBiBlelri.ly tharr the hчmцr ехсmрlrгв. Пrlr cficct of
thc indrrrd.kln рmсеlв la explBined Ьу the frct that hчmпп bchbvioutT
тhlф аrс not lepert d in а conrirфnt farhion аrе eliminatad frэrr
thе mаdfiпе'в digсяt аз 'поiry datC. Тhiэ сlешr-чр ellаcl, iB BrrKrng
the ооmtцrt ffпdiпgв in cloning wоrk Cha[ lrгЬiп(:iс цrd ВгаtЬ ligt
in thсiг 1094 rcview. ТЬеу diac.rlш polrarrd-cart Ьпlшсiпg, ffighb
rimulalor сопtго| tефhопе-liпс rdreduliпg arrd thсir шп rоrlс оп
сrапе,вimчl*ог опtrоI, сопсlчdiпg rr follmr:

l. 3ucgsful <.lопсв hаче Ьееп induccd чзiпg atarrdard madrinc
lеагпiпg tedlniqucr in dl fочг dоmаiпr.

2. Ttre clcarr-up cftect, зhсЕЬ}, tha clonc !чrраr.оr itr originBl,
har Ьссп оьвсrrcd in all Ьчг domaina

3. Iп dl domainl bcrt сlопс, sсrc oШaincd whсп сrаmрlса fюm
в ringle hчmшt опlу rcr,с uBcd.
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4. The prcBent .,ppsolch ladсв юЬчrtпаав iп that it doсl not
griararrtee inducing ritb high рFоЬ!ЬiIiф arucocarful clone fron givи
dBta_

П. Typicdlи the induccd clonea але not rufrcicntly гоЬчrt rith
rвpect [о сlrаlцэо iп [he r:olrl,rol tBrk

8. Alйough donca do ргочidе aorne in.ight into фе control
Btrstegyt they in g€пегвl la& coneptusl ,tпrctчrt that gould сJеаг|у
сарtчrс thс сацсаl relationr iп the domein шd йе god .trофч!е of
the Фпt rul uСrrlеgу.

The ргсэспt поrlк всеЬ rcmedial gr,ound fог фе lart-lirtcd diэ
ability Ьу firаt *udyiпg humarr lеrrпiпg behaviour. Uling coBputs
ег эimчlеtсd variarrh of thc origind polc arrd cart сопtгоl problcm,
attcntion Ь focuпcd оп:

r thс lсц:riпg ч€nt', carsrl aoncept!
I the lеаrпlпg ц.ntt 8oJ раtфrпr.

5. rlUмлN IJЕдRNING оr, тнЕ IJлв тлýк

Past ,tцdi€s of рGttсрtц.l шd mоtоr akillз щd thei8 lcquilition
have рпеrаllу Ьсеп limitcd сithеr to iп-<lер[h Btudirrr оf indiйdudr,
оr to gгочр аtrcгаgеr. VвlrtаЫе сопсhшiопr hаrrc сrпецсd, c.g. thc
'Lвw of Ргасtiсе' relating зрэоdr of tark--exocution to !лrоцпt of
ргiоr practicg Fil,tr' lаш rэlаtiпg rpeed of mошrепt to dЬtцrса апd
вiяс of tацеt, and wлiочз inЪrтration-thcoвtic relationr Ьеtшееп
d,iverBity of Фоiе шd mrропrе time!. But thеу hаw Ьп limited
Ьу lK.} о[ <larl.lt olr wrir.tion among individuab gircn equd cxpocurt
to givan ргесtiас regimcr. Очг cxpcrimmtr aupplicd .шýцr to the
bllowing qucationB.

1. Qucatdooз How lаце ir individual variation of lеаrпiпg
вtез?

Аваlасг ; Vадiаtiоп tчrп€d out to Ь зxaeptiondly hцс, with
шве rцЬjссtr lсаrпiпg mBrry timea fаrtег than оthегr. T}rir Ь iп
rСriНпt сопtгslt with the gепеrd пrlе with biologicd tгait. Iп
groupc of аimilаr pnctic arrd епчiюпmспtd badground, rtarrdard
dейttiопа of pyФophyrical mса.чlЕlr€пЬ l,g!d lo tall inro thc
гшtр l0in очг rtal-tirne <кlttlпtl lплk, <rre(fit,jerttB of wsiation in
гlw вcorc, спmmопlу cx<*c<le<l 100S. Тhiз Btriking рhспоmспоп
findl сопfiгmйiоп in cxtcnrirrc obcerrBtionr Ьу UгЬаrrсiс arrd Вгаtkо
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(199б) of humBrr dynarnicBl mпtюl of зimчlвtеd сопtвiпег сгапез.
ТЬсу Btlrr'rr thBl,: фrtlrrаrtаЫе individual diffеrепсса wеrе oberved
геgаЕdiпg the lpe€d of learTring аs well ав the Bpeed ofcontrolling, the
frcqucncy of Bucccroful cxpcriment! [trialr] arrd the Фаrасtеriаtiсз of
0hс в[rа[еg5l uBed.'

2. Cbrа ,ilttt: Дrc arry mсаrчrаЫе рюрсЁiсэ of бчЬjесЬ
prcdictive of thcre lrrgc r,агiаtiопв?

. l{поrосг: Gепdсr, ар шd cducationd bar:kgmund wеrt Bll
сIсвгlу irrrplicded, bul iп [,lrнlrrclrrcr only accountcd fог а раrt of
thс lаrgс iпtсr-rчЬjссt nгiability.

Е. Qrrcrбjoa: 'Ь whаt схфпt carr thc v:riBtionB Ье аttгiЬчtсd
to схрсrimспtdlу пriеd conditionr, including thс taakla пrппiпg
зрезd rrrd iф virud rcрr€rспtаtiоп (arrimatcd саrtооп vcrrur moving
indicBtorB)?

Апалсrз At slow spccds unPractircd subjecф чrФ€ aided Ьу the
cмoon rreprcбentBtion, but gчь.сqчепt leBrning rы,еr чпdсг practice
rrcre not dеtесСаЫу a,ffcctcd Ьу шiBtion сithсг of rtprtrcntstion оr
clf Bpaed, alona оr in combination.

1. Qolcotion: 1Ь UhrJ .xtcnt do effecta of thele cэntrollrd
чалiа.Ыеа thrоw Iight on the aubjecta' чье of mantal mоdеlэ, e.g.
dесlагаtirв ччrча procadurd?

,ttтrшс:г: Tlre lin<ling uп<lег 3 Blr<rve <:ш Ье relBted to the lопgег
tima nee<ic.<l fог dclibeгative inфrprctation of cBuBal rnodela thBrr Ьг
reactive rcзропаеа. Although pre-exioting mentBl mоdеlз cBrr й of
чsс чпdсr зlоw-rrrппiпg condition; in зчрроrt of the ЬфппеСв еаrlу
вtt€mрts, they play по dеtа;tвЫс пlIе iп BtlbcrKluenl, lеrrгпiпg rBteB.

6. Quеаtiопz Ву aepacating out вчегцеd lеаrпiпg счгчtз iпiо
indiйdual trасеэ, cart wс вву whеthеr Bubjecta lеаrп in Bmorэor leaa
aontintlorta f;rhiоп, ог wcrT thcre llow climb occarionally punФuatcd
Ьу lcapr?

Аrсэшсг: Iп t}rc чрреr рсгfоrmаrrсс guartilc of lсагпсrt, the
lесопd раttсrп gаr оЬrcгчсd, llУithin the гc.lafively limited total
practice ехроочге of 200 minutcr, the rlоwсr lcarncro did not !ссrп
to вhоw idепtifiа,Ые leapв. Iп сопrсqчспсэ thсу пспrаiпсd во dcficient
in inright into thс trrk'r cubgoal ФшФчгс ar rcvcrTly to limit tbcir
a.bility to iпсtеаве their Bkill.
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0. Qucltrdoпl Ь thiз ехрlвiпаЫс in terrar of previouBly
deacribd leBrning рhепоmепв?

ДtlatoBrl Еалliел ассочпtа of lсrrпiпg thrочф intcnairre ргасtiсе
,чggеJt thst pcriodr in whiй в ргосеdчгd mcntal modcl ir "tunedn
ale punctuBted in юmе зчЬjесЬ Ьу occariond 'iпзiфtа". FЬr
cxeвplc ýсаrhоrе (1061) writcc: 'Тhс rчddсп progrrc., rrloci.&d
wi{,lr irrBighC lerrning ir рюЬаЬlу ttl Ье rl,tributc<l чегу lurgcly 0о Chc
percciving ol псг quditative раttсrпэ of асtiоп. Оп thc оthсг hапd,
ttrc rclatively ,tcady ргоgtсЕ frBquently оЬэсrчсd iп lcarning of all
tурсз iз чзчdlу attributsblc to rсffпсrпспtа witbin а pattcm.'

L Quсо}iоп: Do thоос who lсагп [аr!сr, wiй "irrright, lcap",
dегiчс ап rцcfi:ial,ed irrlрruчеtпслi in c;rplicit чпdепtшldiпg of thс
tn k?

Аlлоtоеп Sсоrcg on a qчGсtiоппsiЕ to mеаrчrе explicit чпdсв
rl,шrding соrrеlаtсd rlocitivcly (r 2 0.i) uith ffnal pcrforurarroc lcrrcla.

t. Qасrldов: Ir watdring r t.rk perforrвed Ьу rпоthеr, а'
oPposed to prxtiring the taBk oncaelf, ацftсiспt to lmраrt crplicit
undeпtarrding?

Ааочоrз ;\ rmСl 5mчр шtrе allorpcd to watdr thc plrybark of
ввmрlеэ of bcginnec реrfоrпшrсе Brrd of expcrt рсrfогmаrrсе. Аftег
watdring в fiче-miпчtе rample of Ьеgiппеr peгbпrrarrcc rпd fivE mi-
nuteB of exilerC регfоrmвrt<хl, <1uaationnairne шgпэrэ телз оmрагЙlс
Ь tholcl of albjcг.ta whо had had 200 miпчtеа of harrdaon practicT.
But whеп thеу thеп цttспрфd the control tarlt fог thernrelв, they
рслfоrпrсd liltc bcginneTB.

8. рпотмсIЕD PRAс:тIсB

Тhеru вгt, ntr kп,,rwп limib to akill acquiritlon чпdег continued
ргв*iсс, whicb iп romc carсl hаr Ьссп follorrcd очсr pcгiodr ar lоп5
аа 30 щаrr. But ш'diminilhing rctчml' effcct bccoтrcr oonrpicuour
оr l.:rв апd lсяв rcra.ainl to Ьс 'automltircd'. lb gct в оmрш,'аtiw
ideB of thcae mоге intcnrivcly ргrдti.еd da,tca thc регЬrпrrrrое of а
rubjcct war invcrtiga,ted uith аррrохimаtсlу l00 tincc mоrс practioc
on thc polc -urrd-csгt tr.& thаrr йс mоiп aarnplc (mott tharr 300
lrоцIr .pnPrd оlеr а пttmЬег of уеrrrl). 1Ь еасh of Йе qucationa: 'Ь
learning Btill сопtiпчiпg?' arrd 'Do пеw inaight lсарз rtill оссчr?',
thс цпэwег wвr ptвitivc:.
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7. DýcUýsIoN

If inBight leapr соптзропd to scquiэition of пеw BubgoBla, far-
rcaciing implicBtionB foIlow fоr the deBign of t}re ;tпlрtrше<} пrаl-Lirпе
advicc mоdчIсэ. Unstructuгed induction of "fiBt' з}ill-mоdэlв fгсm
гсооrdсd t acea of еrреЁ Ьhsчiочг lhould Ье relinquiBhed in fBvrrur
of stгчсtчrеd induction in the эtуIе of ýhарirо (1987). Тhе lаttег
Ьваев itBelf orr lhe нСгчсtчйпg of а BИll in the fопп of в hiеrалФу of
aubgoalr. Eadr of ChcBe will Ье ilrtсгрrеtаЫс in tlre ргсаспt сопtехt аl
в врrtkеп |'whal kl wrrl,t*t [оr' rlcrt iп аррrоргiаtе rcreen-diaplrycd
ritrr*ionr cлrrplcrl with ап arrociated "What to trу foP, - tlruB
D[юоk fог thе centrc approaah mоmспt - поw try::ог а !ечеrэС of
thc polc'l |carr.'

The rcаdеr mау шопdег whеthеr advice giving эlrill modelB hBrre
lrечшсагilу Lо Ьс rlra{:hinc-lcrrned. Could thctrl not Ьеttег Ье hrrd-
сгаft€d? contrФl th€оry iз поt at pneaent equipped Йth methods fоr
gcпclrulirlg gсrч.l-lriсгадйiсв Brrd зituation-action rrrler. But sп еrреrt
рсrfоrmсг mву rмk to схрrсtэ control skill iп а rlrrц*riпе-iпlегргеtаlllе

рюdчсtiоп-rulе lBrrguцc thrt сшr hurdle thеяе. Preliminary ехр+
Йепсе BuggeBtB thet fоr s tasl( as slmple ад the pole and c tt ап ех-

реrl carr writс а рпrdчсLiоп-гчIе control рrcgrаrп thut ,imulr,ia, the
tkill оГ rr.п arlvanr:cll [rнiпее, but falls fаr rhort of hiB ошп logged Ь+
hвчiочr. bductive extгaction fгоm the |atter of mм.hine-executa.ble
ckill rnodelB fвrrл Ьеttеr. YYe conclude tbBt, eBpeciBlly with morэ
complex elвboгBtiona of ачф tаэIв, Ьеhвчiочrаl t;lolring will turn эчt
to Ье шr iпdiврепваЫе tool iп сопrtгтсtiпg tbe artomated соmрчtег
tчtогr of thе future.
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