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1. Introduction 

Thie report describee a number of experiments deai^ned 

to compare the acquisition of a compensatory tracking skill 

in adaptively controlled and open loop conditions* Previous 

work has been carried out in the area of adaptively controlled 

tracking by G inee, 1968, 1969, H.dson, 196¾^ Solly, 1966, 

and Pmsk et al, 1964, 1967* The present investigations 

cover one dimensional tracking and two dimensional tracking, 

the latter in a relatively superficial manner* baverai 

one dimensional tasks were employed in order to control the 

degree of subskill interference cud memory load (which Gaines, 

1968, 1969, found to be important). These tasks are out¬ 
lined belowi 

1 • 1 • Ohe Di.ionaianal Tms^s 

Task A consisted in straightioruard tracking; thu sub¬ 

ject has on/off accoloracion control of a vehicle which is 

perturbed (acceleration 'rise) by a quasi-random forci.ig input* 

In opon loop training conditions, the moan amplitude of the 

forcing input is constant; in adaptively controlled conditions 

it is adjusted r.s a function of the subject's tracking error. 

For this task, there is no significant difference between 

the number, T, of trial blocks which are required to reach 

criterion performance in the adaptive and the open loop 
conditions of the experiment*. 

FOOiiTOTEi A trial block is defined in section 2*4* 
For the nomont, T is a ror.sonaolo no asuro 
of how long it takes to loam the skill. 
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Tas?: B conoistoci in tracldng (as in Trsî: k) but in the 
prosenco of an alternation rule which alters the sonso of 
the on/off acceleration input. Clearly, in this caso, 
there is interference botwo'n the acquiaition oh an alter¬ 
nation subs’iill and the basic tre.cl:in0 subshill. Two 
versions of Task B were used; in the subject is ßivon 
information (through signal lamps) about the prevailing 
sense of the on/off input; in Bg this information is not 
provided and a load is thus imposed upon the student’s 
monory. In both cases r. significantly lower value of T 
is o tainod in the adaptive condition .nd it may be concluded 
that the adaptive yystom aids learning in either case. If 
anything* the advantage of the adaptive system is greater 
for task Bg than for task B^ • Finally, T(B;,) >T(B^)>T(A) 
either for adaptive or open loop training. 

Task C roeaobles Task B oxcopt that the simple alter¬ 
nation rule is replaced by a complex rule. Once ¿again 
there are two subconditions (with raid vithout imowlod^o of 
state information) in each caso the dogroo of intorforenoo 
is greater than in T ok E and in T ®k C2 the memory loading 
imposed on the subject is vory much greater than it is in 
Task Bg» For both tasks, the adaptive T value is loss 
than the open loop T value and T(C2)> T(C^ ) >T(B2) >T(B^ )> T(A) 
for either adaptive or open loop training. The trouble is 
that all C2 (no lights) subjects failed to roach a critorion 
lovol of porfomanco during a reasonable tr ining interval. 
Consequently, the vehicle characteristics were modified to 
yield an "easy" vehicle (Task C*^ and Task C#2). With an 
"easy" vehicle the rato of learning is unequivocally in¬ 
ert? oed by an adaptive routine so that I(C*2) open loop > 
(TC*2) adaptive. 
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1.2. The I::o Dlraenelonal TAsk 

Ohio dimensionei tracking he.a only boon studied in 

unperturbed conditions (no aonac changing rule in the task)« 

A'aptivo two dimensional T values arc loos than open loop two 

dimensional T values, but the difference is only marginally 

significant. By hypothesis, the difference that does 

exist is due to residual interference between tracking 

along t’-e two co-ordinates of the task. **s expected, 

T (Two Dimensional) > T(Qnc Dimension?!) either for 

adaptive or open loop training. 
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2« Boacrlption of tlr. F::Dori:jQntal Satup 

The eXjpori.Tßntcl oquipvxnt fincily usod is very ciisil^r 

to thrfc do scribed in the status reports. *It differs insofar 

as certain of the tiuin;; devices hr,.d to bo discarded and 

replaced by loss ingenious but /aore reliable circuity. 

At t’.o sa.io timo tho oscilloscope display '/as replaced by 

V. rapid responso loter display (single pointer for one 

dimension vi traol'.in¿j end crossover pointers for tv/o dLnonsional 

tracminc). Subjects who experienced both displays (not 

numbers of the expori entai groups) proferred the uotvr 

display and it was more readily instrumented. 

2.1. Overall Svotom 

Pig.1 is a blocl: schematic of the entire system. In 

open loop conditions the mean amplitude of the forcing input 

is sot r.t its m:.ximun vc.lue« In tlio adaptive conditions 

the ne an amplitude is controlled by t’m adaptive variable, 

• The interfering role operates as a parameter of 

tu control put (button Pressing) and its influence is 

nullified by turning a switch. 

2.2. Hule Operation 

The rule generator iu shown in Fig.2 and threw rules, 

based upon a cycle of si:: input (Sutton Pressing) oporations, 

are available. If R ia the output of tho rule generator 

?.nd if tho relation is written by considering successive button 

pressing operations (either button) tho rules are those 
indicated bolow. 
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Simple Alternation Rulo « R 
Complex Rulo 4 R 
Complex Rule H 

1 
0 
0 

0 1 
0 1 

0 1 

let 2nd 3rd 4th 5th 5th 1st.., 
10 10 
1*10 
10 11 

Cycle Length 

R, as later transforms tho sense of tho button pressing 
rasponees. 

At fie oni of oooh ej-cle of «1*operations, tho subject 
ie provided with on auditory sifnal to synchronise his octivitj 

„r« , . /003 n0t ò'Gt “5,i,l0'l!‘ily lost through hiooounting 
or tho like). r>:c auditory signoj. is delivered whether 
or not hnowlodge of state Infor ation io provided. Finally, 
^aiou odgo ef state Information can be given or withheld by 
turning c. awitcli ( sho\m in Fig,2 ). 

2.3. Stimulus Pyoduotlnn 

Iho 8-ohfnnel tape reader in Fig.1 is fed with a poner 
tape on which six channels of each code are used in the'present 
e*peri.»nts. Ohannols (holes) t and 2 are used to dotemine 

., SÄ;f° (+ or -> of »o 1st aeooleratien disturbonoo) no 
holes (i.e. 0,0) indie’tin no disturb.noe, (fcanaol 3 
eeterednos the duration of the diaturb.-noe (0 = 250 osees., 
. 350 as.es.) Channels 4 .nd 5 (unused in the one 
eension.il ease) dotorainu the e.nse of tlie 2nd aeoeloration 

aisturbenoo and channel 5 its duration (0 = 200 aseos, end 
i * 550 naces#* .e.s bwforo), 
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a T40''’ ÍOrOÍnc 1,lpUt > ia clorlvod fron 
rl L I (?1C’3>’ *l0h la fod ír^ « »ape reader. 
I4ia tape render le driven by the ^ster oeoillater of the 

ÍIT, (r.; COá" P0Slti0!la 0n ^ tepe „ay. Of oourse, -eo 
alBof "tes no dieturK'nee). The an.etor oecillator 
»hi! !! ! !/ Way a''a“0t0r (ïie.4) which counts over a 

lock Of 16 Easaiila (foroina input) disturhanoas or 
trials . at the end of the block (position 17) twine 

“ TO 1S trr“-8:foi’rod to a fast oscillator for S pc sit ions; 
those 8 positions in the twin;: sequence are used for 
recording purposes (Pig.4). 

, ,. ^ th° teterdii^- routine (1) the suhdoct roceivoe 
te8t teunal and (2) (1 sec . befen: the and of the 

“f “’,,1,0' 1 sco- '’“tero the start of the next block) 
SlGiia1, (3) tee adaptive systen operates. 

(4) The error integrator is zeroed. (5) iho vehicle . . . . v*' «lé; VUJliCJ 

P on is zeroed. At position 16 + 8 = 24, ti.ing 
control iS transferred to th „aster oscillator unless a 

°f 10 bl00k8 hav. been ooaplotod. In this caso, 
ooess is halted and is wstartod by the expori.enter. 

fhe cntiiv sequence of events is surunrised in Pi -.5 

IIZT, te the tino parweters ^ 

Tiiao per iïipulso fron .»aster oscillator 
Tine por sequence of 15 impulses 
Tiix i»r S recording impulses 
Tioo per completo block 
Ti-no per sequence of blocks 

s 5 socs# 
=* 48 sees. 
8 2 sees. 
8 60 socs. 
=500 sees. 
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SiffléPtor eild Error Integrator 

Tho vohicio fliiouiator and orror integrator are rn^de 
up on a standard at^iio^Q coaputor using the block circuitry 
of Pig.6 for the ono Q-ln^nsional system (“normal vehicle” 
c*nd ^c.sy vohicle" paraiuD^o^g indicatofl,) or of Pic*7 for 
tho two dimension?! system. 

2.6. tfcbijrfc.i^o,ghr.pj,ga 

The error integrator output is sampled towards the end 
of Qú.ch sequence during the recording routine and before 

the vohicle integrators and the orror intogr. tors are zoroed 
specifically, th~ sampling talces place at selection position 
17. The samplo, /o, is presented to a comparator with a 
pair of thresholds, and ^ and tho co iparator output 

is, for * 15v., /¾ = 20v. (Pull/Os 50v.): 

&Vj a + 1 if ^ 

gry * 0 if /°2 >/> >/® 
4 a - 1 if /«^/O 

It will bo notod thot /o in Pig.6 is a function of ono 

variable and in Pig.7 it is a function of two variables. 

At selector position 18 tho value of L* determines 
the incrementation or decre iontrtion of a 1 5 way ^ countor 

so that at tho n + 1th sequencei 

^(n + 1) = 1 (n) + A7(n) 

unless it happens that = 0 (whon no docroaoo can occur) 

or 15 (whon no increase can occur). 
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tf the adaptive ays toa is engaged tlio potential c.t 
point p in Pig. 6 or Pig. 7 assuaoe tho value of x tJ. 

2.7. m ft 

Pig.8 shows tho 'display and responso board for the ono 
dimensional task; for tho two diuonsional task tho singlo 
pointer noter of Pig. stis replaced by a double pointer 
crossover typo ixtor and tho single pair of buttons (accelerate 
positive or negative) ) ie replacod by Uto pairs (ono 

pair for the loft hand and ono pair for tho right handJ.Fuj.^«* 

Consider, first, the one diaonsional system. ^ho 
button output passos to t v. delay circuit of Pig.9» which 
is so constrained that (1) a single button doprossion produces 
a singlo 200 ra.socs. output impulso (contact closure, gating 
a potential, V, to tho acceleration control input). (2) 
Depression of both buttons loads to an alternación of 200 
u.socs. impulsos spaced 300 m.soos. apart (pressing both 
buttons at once is forbidden by the instructions but this 
behaviour docs occasionally occur by accident or in r. fit 
of frustration). ^hc button relays of Pig.9 ‘'-Iso feed 
tho rulo circuitry of Fi0.2 and the binary output oi this 
circuit, R * 1 or 0, determines the senso of tho acceleration 
control input. '^hus tho input in question ist 

200 m.sccs. + V 
200 m.socs. - V 
200 m.sccs. + V 
200 m.socs. - V 

0 

if R = 1 and right button 
if R » 0 and right button 
if R » 1 and loft button 
if R a 0 and loft button 

if ne button is pro seed* 
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Por Tasl: A only the vevluo of R is sot constant .wt R « 1 

so th?.t the sense of fc’u acocil ration control input is 

dotorminod uniquely by the button that is pross^d. 

T.7ith respect to vohiclo controllability, ’./c note that 

tho for cinr- input impulses nr y have durations of oit .er 

200 m.socs. or 350 n.socs. (as in Pis* 1 ‘’-nd Fis.3) and 
that those nay ho dolivored in either ' positiv^ ur negative 
so tso to point p (Pie# 6). The naxinio aaiplitudo cf the 

forcinj input is - 15 x U .vad tho eyston is op-rated with 

|15 X U I = |v I • 
Still res trio tine, our retention to the one dLiuii bienal 

task, the subject roceives certain roicill .ry infer i tion, 
over and above tlie point-r position. Thin Infor lation is 
öunnt.riscd bolor wit'; respect to the tasks outlined in 

3 ction 1.1• 

(usin¿: M1M to indic.'.to "present" and "0" to signify "absent") 

Visurl 
R ady 
Signal 

Task A 1 
Task Bij 1 
T sk B2 1 
T-Bk 01 1 
T sk C2 1 

Visual 
Rost 
3 nal 

1 
1 
1 
1 
1 

auditory 
einmal fron 
start of 
cycle counter 

0 
1 
1 

1 

1 

h otrledßo 
of state 
loups 

0 
1 
0 
1 

0 

2.8. Arran^LOjrts for Double Tracking Skill 

Por tho two dinensional task the reoponac circuitry is 
duplicated but no outputs ;-rc delivered to the rule unit 
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(which is now functionless with R ** 1 perpetually)* Conse¬ 
quent^, tho sense of the input on eit'.cr di mension is solely 
deterr.iined 'oy the button pressed (Just as it is, for the one 
dimensional case, in Task A). For two dimension..! tracking, 
the subject presses a pair of buttons with the 1st and 2nd 
finders indicating "up" and "down" accelerations on the 
crossover meter; the ripht hand button prir refero to the 
right hmid crossover pointer and the left hand pair to the 
loft hand pointer. Rest and ready signals .ire delivered 
as in performing the one dimensional task but the remaining 
auxiliar^' infor.xtion is irrelevant uid t! .is part of tho 
display is unused. 

L- 
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3. 3xr>erioontc.! Dotailo 
3.1. Subjects. 

ího 64 subjects were nr.los ‘■ne', fenalos obtained from 
a population of students and coffee bar inhabitants. Their 
ages ranged between 13 and 27 years. They wore assigned 
t conditions on an arbitrary basis, without diacrf.iination. 
8 subjects failed to conplote the oxporiao.it and their 
results have boon discarded. Subjects aere paid lOe.Od. 
per hour. 

• 

3.2.2Q£tjQ&tion& 
A subjoct is introduced to ch- equip lent Paid the purpose 

of the experiment. Ko is allowed to «..nipulato tbe system 
and is told that training will extend over several days but 
not more fian a couple of weeks. If he ajroos to participate, 
ho is accepted and as ignod to a condition. For Task A (one 
dimensional) and for all twe dimension 1 nuis, the instructions 
aro straightforward! 

"Try to keep the pointer (or pointers) in the centre 
region (the crossover or the contre area) by pressing 
the acceleration buttons. Y u arc controlling an 
idealised simulation of a space vehicle". 

For t“sks B,¡, Bg, and Cg (or C^) the instructions 
are more elaborate. I addition to the material given above, 

"Y ur acceleration control has a u-noe which depends 
upon your previous actions (demonstrate by switching on 
the knowledge of state display lamps and showing how the 
state depends on the button pressing operations). This 
dependence is given by a rule (oxhi.it rulo and make 
certain the subject knows it). Yu will find the task 
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difficult but do not got dishoartonod". 

For all conditions, the subject is asked to consider 
how ho loams to perform the task and so far as possible 
to discuss his strategies* 

3.3. Procedure 

Training is carried out in daily sessions* which are 
scheduled as shorn in Fig*10, following the technique 
adopted in previously reported experiments (Final 
Scientific Report, Contract No* AP 61(052)-964). A 
sequonco consists in 10 trial blocks (Section 2*4. )• 
Those arc followed by 2 trial blocks designated Mtost 
blocks” during which tho system is run in the open loop 
condition and before which the subject is informed that 
his proficiency is to be tested* If the experimental 
conflition is open loop in any case, the test blocks only 
differ from the training blocks insofar as tho test 
instruction is delivered before they begin* 

Call the sequence of 10 training blocks and the 2 
test blocks an augmented sequence* The session 
consists in 5 augmented sequences bet’,roen which the sub¬ 
ject is allowed about 5 mins, rest, to avoid fatigue* 
The sequence proper (training sequence) occupies 500 secs, 
and the 2 tost blocks occupy 100 secs, between them so 
that on augmented sequence is 600 secs* or 10 mins* in 
length* Hence a session, including tho rest periods, 
lasts about 70 mins. At tho end of each session, tho 
subject is questioned about tho strategies he adopted* 

Training continues, day by dey, vint il either tho 
subject reaches a criterion of /° ^ > Z' for 2 consecutivo 
blocks at maximum difficulty (open loop) or T>700 (14 
days or 2 weeks* training)* The latter criterion was 
only used for 02 subjects who showed no signs of learning* 

A~ 
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3»4« Peta 

Data is recorded from cloctromechanioal ewMiary counters 
and from a meter reading tho valuó of /• at the end of each 
trial block. This oonsists in* 

1. N.mbor of impulses from 1st button (Itight hand or pair) 
2. Number of impulses from 2nd button (Right hand or pair) 
3. Number of impulses from 1st button (Loft hand, two 

dimensional only) 
4. Ni.mbor of impulses from 2nd button (Loft hand, two 

dimensional only) 
5. N-mbor of blocks of trials 
6* V luo of variable (adaptive condition only) 
7. Valuó of variablo /° 

For a few 02;periments, iakwritor records were obtained of 

8. Sequence of ono dimensional button depressions 

In an adaptively controlled experiment, tho data from 
tho training scquonco (Fig. 10) is recorded as training data 
and that from tho tost sequence is recorded asi 

Tost data ( ^ sot at ^ ^ 15 for these trial blocks) 
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4« Experinental Design. 
The design, already outlined in Section 1, is shown 

in Table 1, together with the number of subjects 
assigned to each condition in the experiment* 

t 
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5. Result^. 

Typical learning curves for the principal conditions 

are shown in Pig.1i (condition A, non adaptive), Pig. 12 

(condition A adaptive), Pig.13 (condition B1 non adaptive), 

Fig.14 (condition B1 adaptive), Pig.15 (condition B2 non 

adaptive). Pig.16 (condition Eg adaptive), Pig.17 (condition 
C1 non adaPtive), Pig. 18 (condition adaptive), Pig.19 
(condition C*2 non adaptive easy vehicle) and Pig.20 

(condition C*2 adaptive £agx vehicle). The learning curves 

for the two dimensional task are shown in Pig.21 (two dimen¬ 

sional non adaptive) and in Pig.22 (two dimensional adaptive). 

5.1 gross Data. 

Values of T (Trial Blocks to Criterial Proficiency) 

appear in Table 2 end of the mean incidence of button de¬ 
pressions in Table 3, The latter figures are of peri¬ 

pheral interest but indicate (1) Possible differences in 
strategy and (2) A rough guide to the fuel that would be 

used in navigating a real vehicle. It will be observed 

that subjects do not differ a great deal with respect to 

this variable. 

5.2 Analysis of 

Analyses of the T value data are shown in Table 4 and 
mie 5 together with the significances attached to relevant 
differences. 

5.5 discussion. 

As in Section 1, (and as expected), Task 0 is more 
difficult than Task B and Task B is more difficult than 

Task A; moreover, two dimensional tracking is more diffi¬ 

cult than one dimensional tracking. Within the one dimen¬ 

sional ooí ditions, the task without the knowledge of state 

information is more difficult than the task with it; thus, 

Task C2 is much more difficult than task C1 
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and I sk is more difficult than Task B^ » and ( for the 

easy vehicle ) Task 0*2 is more difficult than Task * 

Comparing tho adaptive and the non adaptive conditions, 

it is clear that the adaptive method enhances learning in 

all those one dinensionpl tasks (B, C, 0*) that entail 

interference betvon subskills. This result is significant 

at the 0.1 fe level. I dividual results (T(B) Non -adaptive > 

T(B) adaptive and T(C#) Non Adaptive > T(C#) Adaptive) are 

significant at the 2 ?;• level. statistical treatment 

of tho C condition is hampered by the fact th. t none of 

tho Og subjects achieved tho criterial level of 

performance in the timo allo’./od. However, ranking the 

(counter hypothetical) assumption that they would have 

reached criterion after quitting the task**, thero is also 

a significant difference for this group. 

It also happons that, on average, the '.daptivo te clinique 

is more effective in tho absence of knowledge of stato 

information. This result is predictable, since wo should 

oxpoct tho partially cooperative influence of adaptation 

to bo greater when tho subject is working under a higher 

intermediata ¿o ory load than it would be otherwise. How¬ 

ever, on clo xr scrutiny, tho B condition subjects do not 

show a marked difference (though T(B2) Non Adaptive - T(B2) 

Adaptive) is greater thru 1(3^,) Non adaptive - T(B^) captivo, 
as predicted). 

Finally, the adaptive system is of some banofit in two 

dimensional tracking (probably because of initial interference 
between the dimension specific subskillo). 

7 
FOCTiTOTB i Jo do not maintain that this task is unloam&hi «a 

pjid wo fully appreciate that our time iT ii", 
imposed for administration reasons, is arbitrary. 
The fact is, however, that only ono of thoso 
subjects showed any sign of learning during the 
last fow blocks of trials. 
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In contrast, for Condition k (no intcrforono«) tho 
adaptively controlled group do not ler.rn eignficancl^ 
faster than the non adaptive group# Ihis oonfims our 
findings in an oarlior, noro extensivo, study of sinplo 
couponsatory tracking. (Contract Wo. AP 61 (052)-964). 

5.4. Strategic n- ?ects of the Skill 

5.4.1. Introductory—CoiaaeiLt^. 

T’*.e interviews and oelected pen-recording protocols 
give a quite clear picture of the way subjects, in tne 
various conditions, conceived and organised the shill. 
The skill is such that the proficient operator .nust have 
developed strategies and tactics for the control of his 
vehicle, i.e. he arust have built up integrated sequences 
of responses and corresponding higher level controlling 
processes. The necessity in the matter is due to the 
temporal constraints imposed by the task; correction of 
disturbances and correction of corrections of disturbances 
have to be integrated. The vehicle, in its maximum 
difficulty (open loop) node, goes out of control if the 
subject waits for feedback from his actions before making 
further responses. This is especially true cf conditions 
B and C and C*, where the further task of remembering the 
sense of the buttons is introduced. k the overall results 
show, subjects trained in the open loop mode for conditions 
B and C*; need a long tine to acquire the skill and for 
condition C find it virtually impossible. 

5.4.2. Strategies Q .eratiag An Condition.^. 

In condition A, tv?© strategies for controlling the 
vehicle are reported and recorded (these are very similar 
to the strategies described by Pew (1966), though his task 
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differ» from tho present one in several ways - notably 

that the subject has fiPBt’iflPiVSPiY correct his corrections, 
rather than correct for external disTtirbanco»). 

The two strategies are found for both open and closed 

loop conditions. The only difference is seen by inspection? 

on the whole, the open loop group show the beginnings of a 
particular strategy earlier than the closed loop groups but 

take no re time to consolidate it as an integrated piece of 

behaviour. This is probably due to the fact that the form 

of the strategies required is not obvious to a naive subject, 

when operating-at the lowest difficulty levels of the closed 

loop condition, and that, when they aro obvious (usually 

in the middle ranges of the difficulty levels), the vehicle 

dynamics are such that the strategies can be sustained for 

longer periods, before the vehicle goes out of control, than 

in the open loop condition. 

The two strategies are as follows: 

1 .“Oscillation with feedback correct ion" 

In this form, the subject is seen to correct for a 

disturbance, to quickly correct for overshoot of 

the first correction, to correct for overshoot of 

the second correction and so on. Eventually, he 

reaches a state where his button pressing is causing 

tho needle to oscillate around the centre point. 

Givén a large disturbance, the oscillation cycle is 

broken and a separate set of responses is used to 

return tho needle to the centre region of the scale, 

where it is captured and oscillation is continued, 

as in tho following typical pattern of actions. 
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Sense t 

Buttons : 

Oscillation 

LH LR LR Lr' 

AB AB AB as 

Correction 

'Üt Ri' 
SB BA 

Oscillation 

LR^LR ” LR" 
AB AB AB 

Disturbance to loft 

The main difficulty for the subject is judging the 

sizo of tho disturbance and the corresponding fro*» 

quency of correcting pulses. An overestiiuation may 

send the vehicle out of control, 

2« "Pagination with modulated correction" 

This strategy is similar to the first in so far as 

an oscillating control is exerted to maintain the 

needle in its central position, though it is less 

overtly a manouvre designed to maintain a slight 

motion. The aim is more clearly that of centring 

tho needle and button presses subside when this 

goal is reached. Similarly, correction of dis¬ 

turbances tends to be achieved by the extension of 

one swing of the oscillation, i,e, by the inter¬ 

polation of extra thrusts on one side, until the 

needle is captured, at which point a nodulated 

oscillation is used to guide it back to the centre, 

as in the following typical sequence. 

Oscillation Correction Modulated 
Oscillation 

Sense: LR LR LR RRL RRl' RiTHR Lr"lR 

Buttons: AB AB AB | BBA BBA BA BB AB AB 

Disturbance to tho left. 

Tho main difficulty for the subject here is that the 

centring operation of the correction procedure, when 

applied to large disturbances, can take time, which 

means that error is being accumulated and that a 

second largo disturbance can wreak havoo. 
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Both strategies are successful in that the proficient 

operator can apply then accurately and smoothly enough to 

avoid the difficulties mentioned* 

5*4*3* Strategies Operating In condition B 

The strategic operations found in condition B are 

analogous to those for condition A, but are complicated 

by the reversal in the sense of the buttons and a higher 
order organisation is required. In general, the two forms 

of oscillation are used but have a flexible organisation 

which can be applied by either button operating alone* 

Higher level organisation is needed to integrate the 

oscillation modes with the changing sense of the buttons* 

This is necessitated as the components of the skill inter¬ 

fere; subjects report difficulty in applying the oscillation 

strategies whilst remembering the sense of the buttons* 

Even where the present state cf the buttons is indicated 

by lights, subjects do not have time to attend to this 

information continually, as well as control the dynemios 

of the vehicle. Typically, naive subjects attempt to 

control the vehicle.by attending to the light information 

continually; finding this unsuccessful, they then develop 

patterns of response pressing guided by occasional, 

confirmatory reference to the state lamps, especially 

when in difficulties* At this stage, the skill is 

conceived as the integration and maintenance of whole 

patterned groups of responses. 

The form of the organisation is as follows* oscillation 

is achieved by continual pressing of one button; correction 

of a disturbance requires an extra pulse in a particular 

direction end is carried out by pressing the other button; 

oscillation is then continued on that button. In the 

most difficult conditions, more than one extra pulse may 

bo required; thus, the subject has to switch from button 
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to button and ontor tho oscillation mod« on the final 

button in tho soquonco* f'5*** ^xamplo» in tho following 

typical soquonco* 

Singlo Double 
Oscillation Pulso Oscillation Pulso Oscilla^ 

Correction Correction tion 

• • •• mm* % 

Sonso* LR LR LH LR' R 

Buttons * AA AA AA AA B 

LR LR L LL' 'RL Rl' 

BB BB B ]- AB BB BB 

Disturbmeo to Dinturbanco to 
tho left. tho right# 

At maximum difficulty (open loop), tho nood for 

correcting pulses is more frequent and double or troblo 

pulses may be required, thus, tho periods of oscillation 

on a single button become brief. Tho proficient subject 

by now has a well-integrated, smooth control of his 

vehicle and reports that ho is no longer consciously 

aware of tho state of tho buttons. 

5#4#4# Strategiea Operating In Conditions C and C» 

In conditions C and C*, a similar need for higher 

level integration of response patterns is found (though 

the nature of the patterns acquired is difficult to discern 

for condition C as tho majority of subjects failed to 

control the vehicle in its maximum difficulty conditions 

for more than part of a single trial). 

Oscillation, again, is tho basic mode of the strategies. 

This is not so easily achieved as in conditions A and Bf 

in condition A, the two buttons are pressed alternately 

to achieve oscillation; in B, one button only is used. 

In condition C, tvro basic oscillation patterns are found, 

as follows* 
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(D 
Sense : 
Bvttons: 

Rule Cycle 

LR LR LR LR 
ÁS AA BÀ 43 

(2) 

Sv.nse t 
Rule Cycle 

^LR LR LR 'LR'* 

3Á BB AB BA 

Their structures are 
of sets of three presses 
the subject. 

isomorphic and seen as consisting 
(e.g, 'lyz* or 'xxy1 or ,yxx') by 

Correction of a disturbance, by a single extra pulse 

to right or left, switches control tactic from, say, pattern 

1 to pattern 2. A correction requiring two extra pulses 
will return to previous control tactic; a three pulse 
correction switches patterns and so on, for example* 

Cycle 
Start 
l Oscilla¬ 

tion 

Sense* LR LR LR' 

Buttons: AB AA BA. 

Patte r.Ti 1 

Single 
P- Ise Oscilla- 
Corroction tion 

R LR LR L 
B .AB BA B 

Pattern 2 

Disturbance to 
left. 

Double 
PuJ.se Oscilla- 
Corroction tion 

.. . 'W N 

LL RL RL 

AA BB AB 

Pattem 2 

Disturbance to 
right. 

Thus, in this condition, a quite complex control strategy 
is required, whoso structure is not immediately obvious. The 
adaptive conditions are most efficient, presumably because, 

without excessive disturbances, the subject can construct and 

maintain the basic oscillation patterns easily and has opportunity 
to integrate then without frequently losing control of his vehicle. 

á 
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5.5* Mafia fator-Qf. Button Presse a and 3tra.tflgi 

Inspection of the records of the nu-iber of button 

presses made by subjects in each of the conditions, 

show no significant differences. In fact, the records 

are remarkably similar, especially over the final stages 

of training, which is consistent with the conclusions 

drawn above, about the strategies operating» the general 

form of all the strategies is very similar (an oscillatory 

mode integrated with spocific correction operations) and 

snould give rise to similar amounts of button pressing* 

Two exceptions are seen, both of which are to be 

expected; (1) C* subjects, with ’’easy vehicle” dynamics 

tend to make fewer presses, and, (2) all closed loop 

conditions show an overall increase in the moan number 

of presses per trial as training proceeds. Both trends 

are presumably due to the fact that fewer rapid corrections 

are required when the disturbances are not at the maximum. 
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UM 

Adaptive Non-Adaptive 

fibrmaL kcde {£) 4 4 

Reversal 
rule 

Lights 
(B,) 

4 4 

No Lights 
(B¡T 

4 4 

Complex rule 
(difficult 
vehicle.) 

Lights 

(§,) 

4 4 

No Lights 
(c2T 

i i 1 » Í i 1 i 

Complex rule 
(easy 
vehicle ) 

Lights 

.. (cv 4 4 

No Limits 
(o*2) 

4 4 

Tvo dimensional 
task. 

4 4 

Tr.ble 1 • Layout of Design showing number of 
subjects per condition. 
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TABLE 3. 

! 

Hon-adap- 

tive. 

24.6 

25.2 

23.2 

“547n 
23.2 

24.6 

23.8 

23.6 

25.4 

22.1 

Tsn 
23.2 

22.8 

24.1 

¿3.V 
20.8 

24.6 

25.1 

20.0 

21.9 

19.8 

TTTz 
19.6 

20.3 

20.5 

Adaptive. 

19.2 

30.1 

22.2 

22.8 

23.5 

22.6 

21.3 

22.4 

22.1 

20.3 

19.6 

24.2 

24.5 

21.9 

21.8 

23.1 

25.2 

20.0 

21.2 

20.9 

19.2 

17.6 

20.8 

20.0 

20.5 

18.4 

19.6 

21.2 

A Bi ¾ °2 o*1 0*2 

Trble 3. Moan number of button pressea per trial for 
each subject. 

A- 
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Dînons ion 1 Diaunsion 2 

Circuit:.'!' as t-low 

Dwlay 20 ii/aoca. \Relay d. 

d 

t_r~ 
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t. 
1 Monoatablo 

350 vyaocs 

¡Monostable 
200 ni/oecs 

.j Relay o | 

L.J 

+u 

-u 

Figure 3* Stimulus Production 
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5 iiUgacntod Seouonc's = 1 session 

^ training 1 toot 
sequence sequence 

10 trial 
blocks 

2 trial 
blocks 

Rest 

1 trainin* 1 test 
sequence aQq}XOnco 

1st augmented 
sequence 

5th aunonted 
sequence 

Figure 10. Exp.rimental Procedure used for tracking. 
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