S61

pue | = = j1 ‘Ajreagioadg ‘0 = = Ji papiaod you s1 pue | = = JqELEA B I
papiacad s13] ‘(x)gy = A *ssuodsas 121100 ® sagwads Ljpenred sonewonr
an) *padacon pue pannmqns ¢ Wed sucdsal v YOma Ul ‘g ‘feAIIUT M
unpis pue suopng aswodsas sy 01 Juaoefpe sdure] jo mos 19y1my e ySnonp
woneuLIojut ana sapiaosd vonwiado Suilynduns am jo jred 1amo

¥ ¥ f » P 2 q D 1
qy nd i £ ¥ 2 g v z
o oy yf§ 36 fp  wp  opg o £
quod  ypd  fppd  fpds  fpp wpg  apge o b
A TA IA A Al I I | e

‘sdure] [eudis

ajeudsap s1ana) o sy (wonoeq o1 doy wogy ‘e *Symoygp Sulseasp ur

palapio) mol auo unaajes Aq peuniqo am uoneaydus jo sfasa) moj pue

UMOTS S[QE] AL} Ul SULUN[0 PAIGIUNT UBWIOL SK) JO Ju0 5199]9s A|qeqord
-mba puw Apuopuns senb wwawdmba oy ey Aue je uay) ‘voneindguod
mdur ve w sdwwy pudis jo saquinu ayy sawufisap w i Apeogoadg

‘suajqosd xapdwos

1) A [RAP PUm Youal o) papest Fuipjojess aaniuSos o1 A[uo pajunome
11 oaus ‘pafesap sey suonunye xodwos ssap o) ansodde wonesmreSio
aqy fuonems xajdwons s oy sjqesipdde uonesiueSio Joom [emydasiad
e sanmbow aalgns ayy, Ainonyip ‘ssa] uwp Iaqies ‘asomm o1 51 2a1d Lew
snjnwps xa|dwos ssa v jo uonwjuasaid juanbasqns auy ‘crejdmaxa apdums
Jo Kem Aq smmums xojdwos w 0y puodsar oy 1ydney st 102lgns ¢ 51 (0561
“YUOMPOOAL 1II PANId ‘ST61) IPIPA 3P URA AQ Paonou uolsIoAul, UE WOl
sagns sampasoxd uikjnduns sqeydasoe Lpanmyur swos Jey) s papioAR
2q 03 areus ay ], “3a1wad s1 31 109lqns qusogoad Ang ® jo nondaoxa 2 A
‘pue swajqosd ynduy apduns ssaq jo souanbas v £q panone sesuodsal a0
Jo afnuaazad ayy uwp ss9] Jaaau 1 swajqosd ndur pagndwns asow jo
aouanbas v £q paiarfe sesuodsas 1324100 jo adeiuaosad o ‘s1 ey ‘Aeondums
P2t uaaq 2aw ‘(uonemedo Surlpyduns ymoluos © wioj 01) monEmqmod
19 & [a s ‘sampasoid 259t Jo yiog ssuodsal panios aiy sogmads
Amrenred yeyn vonEwojur and Surpraocsd Ul sISISUCD JIYI0 Y, ‘UONEMEHUOD
reudis v u1 sdure] Jo Jaqumiu 1) JO UONINPaI N saAJoATT ampaooxd suQ
‘asodind snpy soj pasn st
sampasord Sunlydurs omy jo uonruiquos v sindut aqn £q pesod swajgoxd
aq Suajos Lnented, so * Surpduns, £q os s20p Jf "monenys 2y jo Amd
-Iyp a1y sanpar 1snur jorendaz oy ‘ssaooid Fumaeap v s 07 Iapio up
AOUAIISQOUN 3G *SATUMSWINIALD PINV]AT JIOUL UL ‘PIoM
yorysm samomeyaq Sutajos-wagqord sNOUEA 11X 01 passoj st 1p3lqns am
nag) “Jojumdar mms-Apeais v Aq papiaosd s| ssuwisisse [EUIANXA JO JUNOWE
reoiEarw v J s0uwssT [RUINNS ()M popracxd st 2y ssaum 31 waojiad

sauponpy Supyona g aayidopy

B e

o

ol

01 WIBa] J0U [[OfS 3y wuopad JaypPu UED DIA0T B SUONIPUCS 253 U]
FE=1
pue 's ¢.¢ = 1y *Aypard{y, “(papropaso Ajssosd st ay 1er yoms st ‘WIS
st & waym 4 jo anpea o SurpaeBar Lurenacun sy 8:9) sjqeAlosun 73 Jo
wayuoa o ur x Kq pasod swajqoad sy spuy 921aou € (q) 1nq “AR1emads [ofs
o uezoysad wwa yalgns yuagosd Afmy v (¥) 18 08 UsAYD 2re v ‘[BAl=

[RLI)-I20UT S PUT Jg JO AN[EA 93 ‘uonemEguod [Pudis 91 JO 371 ML
woneIndyuod [Bulis Yyl Jo TONEWLIO]
-suRI) Sy} 2)0UIp 0] SUONNG [19A3s ssaxd 1snw Y 10) ‘xapdwoo s1 asuodsar
S ‘10 ‘[EAISIUI PAIALNsal A[NRINGIRp B UnpIM (X)) = { *asuodsas e
Suionposd jo wayqosd oy aa[os 01 pazinbal 513y “ndu Ue UIALD 1 21021
0] 2]qE 51 PUT I[N ST} SMOUY 3y suopIng asuodsaz 1yS1s Jo o1 v 03 sdure|
rodrs jo dnoad ay s;e(aa ‘73 ‘a[nd TONEULIOSUEL B YL Plo1 ST 37 ‘suidaq
yswadya o aa0geq sdwy 1y jo dnoid v woyy pajosyas ‘sdure] reudis
pajeurum|y anoy 03 dn jo suopwmIguoa am yaryM ‘awn ul Ajjenba paoeds
‘eyndut jo aauanbas apquuiraun KPANIAYS UE M pajuasaxd s1 joslgns v

S5t ], NONEI0JSUBL], puE Suynaea apo) [

"MO|3q PIqLIOSap ST JA1IB] UL
(8961 ‘simar] pu ysug) ndus pjojaydia uw i auo pue (L96] ‘Siwa] pue
ysug) ndur pjoj-x1s € i suo { pakojdma 1am ysu a1 JO STOISIA OMT,

g amduyD) Ul paqLIOs3p VONBMIIS
aU1 SHIAPUN YoM pun saiprys [ryusiadya ur Lj9pre pasm Us2q SEY
(AN M Ysv3 uoypwiofsua) 10 Suures] apod FuIMo[|0f 3T 1PISU0D ‘pdueys
sgaeds © 5y ‘uonwidepe o 91R1 [[RISA0 ) STWIXELL 0] ST OF 3 350072 03
spqissod sowmawos s1 31 ‘se(noned U] PrOJIIAC WANXA Ul 3q oM Koy s
*a1qifierunun Surmoasq inoyyis Surye) 5q 01 yENoua JNIYIP e sy dq
pasod swajqoad sy aaym ‘uoidas Sunraado we m pasiod (ssuren 10 Ju2pms)
1alqns ot sdaoy 11 sours 1S uMO St Ut HoRdun) SUTITEN © SEY “SANIARIE
uonesuadwos pue Suppen snouwa Jo Juipeas paads ‘(26961 12 12 ysed)
Sunuudap s YONS Y5V ¥ {IM UOHIIUUD UT PIsT ‘wayshs AErs-ApeAs Y

souryoeyAl Sungoea], aAndepy 8



bt g

ATTBIUIWAIIUT ST YA 210 1521 ¥ 15pUN JoUwULIOIad Furydures o) pajeaoqe
51 3WN AWI0S INQ 'PAISACISIP 1] OS ANJNA I83q, AL} IV IWN Y} JO jsow
J0J PUTRIUTEW SI 3 JO An[eA JUALIND L) *Spawmuio 1utod s1y) WOl *anfea 153y
P123§95 Apua.1mo 343 1e pjay) (¢ snipy pun) 3 s fe w aswasdut jo e (payewm
-rxoxdde) 43 sE Yons UOHOUN] B SISIWIXPW aN[EA J9AITRM $Y1d ‘Fuijdmes
AATSEA00NS AQ ‘puw ‘sarimpunog asay) UIiM 3 Jo sanpa 15a) $1a3(es 1
+S3LIBPUNOG AQEIS ) JUTULIA}AP 01 7 JO SANJRA $193[36 JUNIVII L YONS *SIosTl

-ndo [poo| se s1esado 1o soumorw sandepe 2sn o alqissod st 31 “ssoum)s

“HIMDILD 25241 JIPUN 2 10 SINTVA IANGYA YST[q¥IS3 PUR VWIS 0 JIPI0 U]
uosses Surumn ¥ Suump ‘enpapuo
WO J0J WIS “paxy surewar 3 wnwiydo we yeyy annun Ljjensn 51 31 *Jaa0250w
‘3jqruatun st vondwnsse sy ‘praausd U ‘SENPIAIPUT USIMIAG SILIRPUNOG
worias Furresado sy jo Louersuod paurnsse i uodn sagas § jo 221010 # §ang

uopenday andepy 7

(z¢ ‘81 'y smdey Jo
asuas oy un) vonwiado Fumm, (eardi v s Juownsnlpr sy -ajqidiyerunm
10u yanoy “aqqissod se ymoygp se are ey swaqosd Sunuasasd snIp
pue juiod propaso ay o3 seau 5 Sursooyp £q posiurxwm st oges vopudepe
PR S741 JO [[1s ¥ 30] ‘sny waishs [onuos ares-Apeats 31 up Ajiquasug
03 Spua] £ ul monanpas saqung *(d << 100-) [ead] A 3ad [0 A 1® JUED
-yruSis st (5).2 Ut puan Juapia? aipl 153y puan (b561) s, aeayouof Jursp)

6864 05 SLh=3
HL-89 §-98E §90 =3
413 Lt s60=3

(uonwisap prepums) (uwai) 7

o JO ON[EA 2L SISTWIUIW YaIyM 5 JO SN[RA 2A1139[19, 1501
4] UTELI30SE 03 J3pJO Ul paUediued a5e SURSW £ 3y puR § JO anfwa SjqEIs
nq Juasayp Japun Suryiom (mofeg umoys vrep a3 Jof dnosS yoea ur ua)
sjuapms jo sdnoad 105 paunuamap a1 g jo ST UESW AL F ‘UoIipuoa
2auewlopad [euTuLR Siy3 Yawal 0 ([enpiapul uasif v £q) papasu sjein Jo
daquinu a1 18D '§-0 < duaym pue g = I uaym “2jdurexa soj : (2anposyur oy
uomysod ® uy st 31 jarima 2t paisnegxe Auwau svy uonunSar ayms-Apras
U3 HIMYM 38 3 ) 03 twau) uopipuod sourwioped une seprumns
© SIhsuus 10 uonmdupe Jo 21w ) SISTWIXEW YOIYA SUO SI an[eA panajad
) Juawafunim muoim € s wosis o Surpredar ing “a8ues urenas w
urs 2w Aoy papiaoad ‘apqms arw sanfea 3 Auww ‘ad st o [pfs v g
'3 anjea Jujod-pnu v 01 1wau 10 3w *d jo anpua wnod-nu v urwuren
o1 & sysnfpe wsmueysaw jonuos ayms Aprats o andeys s8] 913 11 SY

SauIDpy Sunppa] aondopy

951

“s[BLI] JO §320]q JUAIYOD 1240 Jou 3o paiydam Louaiv s ‘sauanbay
asuodsal o100 Fuidersaw Aq payemo st d ‘vapur usngosd v
"150]
) BYR S | +56.0 + 19 =5 6.¢ = sy payussard srsn[niuns yean ay) pue s |
JO [RAISUT 38521 ¥ §1 0101 L, "paysnIunxa 1w SIOTEJIPUI A1) pue pasiSisus-ap
are sfejar do], o ‘snmuns 3@ jo souwreadde am 1=y S50 + a0
SUESUl UR JY CUSNEISII 3O (1aL0d suondsjes ssuodsaa ) j0amo0
Apmapdwos st ssuodsar sty sayiaym awwaipur o1 (dwre) pue sazzng) eulis
[ENSLA puu Azojpne uw saslanos palqns o) ‘Aqpepuapuo) (4 ‘asuodsas
remow siy pue (X)i5 aredwos 01 13lqns iy Sumop smp 4 jo afwur aq
TUA SIPIOUTDD 31 JEL1 0) J¢ JO pu2 31 Jalje °s €. J0j sisisied wonuiussad
s ‘(x)5 asmodsas 300100 s apedipup e ‘suopng ssuodsar am
I J9351521 T “SI0180TpUI S)Nsad Jo aFpajmony, JO UOnTUITN]I JUAPISTIOD
a pue [eudis indur o jo 2oumeaddusip sy Ag pareunuay st jp eAzaym
ayL, A Jo P01 [ensia B $3pia0ad SIOIEIIPUT PARUIWNANN JO 195 IY) PUE
pa1BUIN || st uonng asuodsar ayy 01 Jusde(pe so1Ea1pur U ‘pasifious st Azfal
ag) IS[IYA "1¢ JO PUa ST I3)E § -0 [un pasiFioua surewal puw passasd st
uonng Suipuodsauiod oy3 J1 pasi3iaua st yanym BRI Y0[, B IIM pajedossE
s1 moyng ssuodsas yaes Kpedes L1owsw ajerpaun s to pro| pATRATM
ue pIoA® o], 'saseald ay Japio Kuw ur £ jonnsuos o1 paniwaad st jealgns aip
puw {snosuwjnus passaid oq 10U Pasu suoNng asvodsar 3y3 J9AIMOH
“posdeps sy 7¢ 13)J% sAnDaoUT paIspuI A[[EIEWOINE a5e suonng asuodsas
aq) pue pasodya s (wpr yoim Fummp jo [azeu g1 unpia pajerdmon
aq ysnu (1) *asuodsal 3931500 B S8 1UN03 0] JAp10 U ‘sjusuoduwos w sy
ospe ‘[(w)x]5 = (u) *asuodsa1 pazi0a v uay ‘sjuauodwos w swy Y{u)x ‘e
u o1 g¢ ndw ot ji pue suoyng 2swodsas o3 oadsas Y sdurey reudis
jo uwonmnmad v st g5 31 *(¥)75 = 4 vogwindyuos repnonred a1 199128 0
pasinbay 51 puw suoying asuodsar jo 4 ‘wonwm3yuos v Junoajes Aq spuodsas
1algns sy 'smofoj sE pauimgo st puw xajdwoa si ‘4 “zsuodses sy

1 0 | 0 | 0 | 0 £ Joanres
I 3 . ¢ ¥ wjoomEap
I < | ael | | i 8 I jo aney

—_
[ |
4
=
ot

0 = l wsds 2 Joj UONIPUOD [BNIUT UE §Y WSTUBYIIW [013U0D
aes-Apeags ayy Aq pauraiap Juiag b jo sanfea {mojaq usoys Sunst oy
Aq paupwiaep s| sampaooad jo uonEwIqWod AT "l ‘aquisea oY1 Aq paxapu

Aymoyip jo seasdap SR apuaoid 0 pamquos ame sampacosd asay
‘osuwodsag

1091100 ¥ 241N 0] JAPI0 UJ SYEWL IS 3y JRYy) uonoafas Sumnnaar A
Jo uonwogads ® st papiaoad Aqpesuvwoine s1 9y 44 jo slaquiawr 3921309
1 = s parospes suy 10alqns aip) sage way) ‘uonemiguoo dwey-w ue st x i

0UBLLO[4a g pup Supapa T uowng fo sonmsgs ayp



The Cybernetics of Human Learning and Performance

distinct from the current value. If the current value is superior, then an
increment in the opposite sense is selected as the next test value and if not
the next current value becomes the test value. The process is iterated and is
chiefly limited, in practice, by the number of trials over which the rate of
change in # can be estimated. Such a device is shown in Fig. 75. This, and

[ I S S Ry

- Bimp

e, )

¥

Figure 75 Adaptively controlled system: x, input; y, response; ¢, knowledge of
results; P.S., source of problems; Simp, simplification; Sley), umm response
function (for example, 1 if {x, & £1; 0 if not); , performance index; §, steady-
statecriterion; 5, difficulty index; Ad, adaptation rule; s, student; &, comparators,
as in control engineering notation.

other more complex arrangements (described in the following sections)
were programmed on a special-purpose computer (Plate 5) as well as being
built into numerous experimental or industrially used equipments (Plates
6 and 7).

21 Two variations on this theme indicate the scope of adaptive regula-
tion and the adaptive machine as a training mechanism. One variation is
based upon the code-learning or transformation skill of section 1, and the
other upon a multidimensional steady-state system, ex:mp!.!ﬁed +b3r a
trajectory recognition and target interception skill, biefly described in the

next section.

22  The cellular display of Plate 6a consists in a matrix of signal lamps
which are turned on and off at variable intensities to form a mnttusmg or
‘noisy" background. Trajectories of illuminated signal lamps, moving from
left to right across the display, can be superimposed upon the ‘noisy
background at various intensities and thus (if other things were equal; for
example, if all trajectories were equally recognisable) would correspond to
varying degrees of prominence of discriminability.

1R

f

Adaptive Teaching Machines

There are eight classes of trajectory, differing in their pattern of motion.
Members of each class are sampled equiprobably, but each class of trajec-
tory may be presented with higher or lower intensity (the lower the intensity
for the ith class, the greater is 7).

The trainee is required to intercept the target responsible for a trajectory
by using one or, if need be, both of two vertical interceptors that move up
the right-hand side of the display. He is warned if a target may be in the
offing but is nof told which class of trajectory will characterise its motion.
This information, which is essential in order to intercept the target at all
and which must be received as early as possible to achieve a provident
interception, is garnered from observing the first phase of a trajectory and
combining the clues so obtained with background knowledge about the
possible classes of trajectory (in certain variants of the task, also from
positional information, furnished by the cue lamps bordering the display,
about regions where targets are likely to be found).

Training® begins with y; = Oforalli =1, . . , 8. A proficiency measure
#, is computed with respect to each trajectory class as a function of success
and the number of interceptors used up at a trial. The resulting p, values
form the input to eight subcontrollers that adjust the 7, to maintainp, = £,
With , = 0 the task is quite easy to perform. At the upper limit of loading
and it is impossible for anyone to maintain perfect and provident inter-
ception.

The adaptive form of this block of eight steady-state subcontrollers
contains an additional overall controller which prescribes separately
determined values; &, to maximise the expected rate of increase in the
product of the stabilised #,. Tt is shown in Fig. 76. In fact, it is difficult to
operate the system in a stable manner without the adaptive control loop.
Typical data are shown in Fig. 77.

2.3  An obvious extension of the code learning or transformation task
described in section 1 is to require a student to deal with two or more
coding rules; say {1, and £}, For example, the tenure of rule, {3, or {1, is
alternated, haphazardly, from one block of six or eight trials to the next
{though the student is informed which code rule is applicable at any trial
block).

In changing the transformation or code rule, it is, of course, necessary to
change the steady-state controller for there is no reason whatever to suppose
that £, and £, are homogeneous. Thus there are two subcontrollers, one

1. Several varintions on this training system have been used from time to time. For
example, in one of them, the relative frequency of appearance of members of the
trajectory classes in regulated, asg #,, in place of display intensity,
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