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The Rol.-i^.tivc Effcctrj of Internal and External

Cues on Tracld-n^ Per fornance

In the learning of a perceptual-r.iotor skill, two sets of

cues Bxe usually available for utilization by tlie subject. One

set of cues corios frora the display and other external sources

while the second set of cues corses fror. the internal neuro'uuscular

processes associated with control ir.oveir.ents (Trunbo, IJlrich, £:

Koble, 19'35).

Although the internal cues arising fror. niove-r.ents of the

human operator are regarded as fundamental to his proficiency

in a raan-r.iachine system, they are inaccessible to direct

manipulation (Adaj/.s Crea::-ier, 1952), Generally, in attempts

to investigate these interna] cues, external cues v/ere held

constant while the internal cues were indirectly manipulated

hy varying the physical features of tlic control ncchanism;

e.g., spring loading, viscous daxiping, or inertia were vajried

to raanipulate force requirements, rxiplitude v/as varied to

manipulate travel distance. If performance vexled as a

function of these manipulations, it was assumed th.at the per-

form:ance relied at least in part on internal cues.

Studies using this design showed that internal cues

served as regulatory or feedback mechanisms which helped the

operator discrimdnate correct from; incorrect movem.ents in

positioning tasks (V/eiss, 195^,^955; Bahrick, Bennett,

Fitts, 1955) and tracking tasks (Eriggs, Fitts, £: Balirick,

1957). Adams C- Creamer (1962), also using this type of design,



found that internal cues Gcrved to facilitate the correct

anticipation of temporal regulai-ities in stimulus events.

A different approach v/as used by Andreas, Green, and Sprag

(''9j>^i)j who employed a transfer of training desicn in which

internal cues were held constant while visual cues were varied.

Subjects in this experiment were (^iven eight trials on a

pursuit tracking task and then given eight trials on a coir.pen-

satory tracking task, or vice versa. The two tasks were de-

signed so that even tliough the visual cues were different, the

saivie control movements and hence internal cues were utilized

in both tasks. Little or no transfer v/as found in going from

pursuit to compensatory tra.cking or from compensatory to pur-

suit tracking. If, however, as Fitts (1951) and Fleishman

Rich (1953) suggest, internal cues axe m.ost important only

after extended practice on the given task^, the absence of an

internal cue effect in transfer "•as probably the result of

inadequate training prior to transfer.

The purpose of tiiis study was to further investigate the

effects of both internal and external cues. As in the Andreas

et al. (195^;-) study, a transfer of training paradigm v/as used,

but Ss underv/ent considerable training on an initial tracking

task before transfer to a new task. Two considerably different

tracking functions were orthogonally compsxed to two different

types of displays yielding four tracliing condi Lions during

both initial acquisition and subsequent transfer trials.

Specifically, the two types of tracking modes (displays)
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were pursuit and cornpcnsc. :ory, A pursuit display contains tvio

moving elements; one representing the target (input) and the

other representing the S's outpiit (e.g., control noveirent).

The S's task v/as to keep the two eleiiients aligned. A coirpen-

satory display contains only one liioving element, representing

error, the difference between the tar-get and the S's output.

The S's task v/as to keep the moving element centered on the

display at the aero error nark., liost studies to date have sho\ra

pursuit tracking to be superior to compensator^' tracking (Hsjrtman

8. Fitts, 1955; Chernikoff, Birminghcin, 2: Taylor, 1955; Poulton,

1967). Thus, it v.'as hypothesized that ijerformance on the pursuit

tracking task should be superior to that on the compensatory

tracking task in both accu.isition and ti-ansfer.

The tv/o types of tracking functions were step and ramp.

In a rcjnp function, the target continuously moves across the

display at some constant rate and reverses directions at pre-

determined positions. In a step function, the target moves

in discrete Jumps from one position to the next position.

These two tracking functions were selected in order to maximise

differences in both internal and external cues, 2To jDredictions

were made concerning tracking performa.nce with these tracking

functions.

The various combinations of acquisition conditions and

transfer conditions resulted in four experir.ental conditions

based on changes in cues between acquisition and transfer.

Condition EVCON was a control condition in which both visual

and internal cues remained constant throughout the experiment.



i

Condition VISCOII had the type of viGual cues held constant v/hile

internal cues v;ere changed between training and transfer. In

this condition, liolding the type of visual cues constant neant

that the iv.ode of presentation (pursuit or coKiDensatory display)

was held constant; changing internal cues v/as accoir.pl ished by

changing the input function (step oi- rccnv input). In condition

INCON, internal cues remained constant v;hile the type of visual

cues v/as changed. In condition IIOCCN, both visual and internal

cues v/ere changed.

It can be predicted that condition SVCOI^ 3hou].d shov; no

significant change between acquisitj.on and transfer stages and

that condition NOCOII should show the greatest an:ount of change.

If internal cues are more important in later trac^:ing j^er-

formance than visual cues, as shown by Fleishna.n £. Rich (19o3)>

it can be predicted that condition INCON should show less change

than condition YISCCN.

Method

Subjects , The Ss were 9o rj.ght-handed males enrolled in

the suniir.er session at Kansas State University, Ages of the 3s

varied between 17 and 25 yes'xs. All Ss were paid Z7*0C for the

five sessions needed to complete the experiment,

Ap-paratus , The Kansas State University Versatile Electronic

Tracking App:aratus (VETA), with necessary modifications, was used.

Only a general description of this appajratus will be presented

here as a detailed technical description is presented elsewhere

(Trumbo, Eslinger, Noble, 2: Cross, 1953).

This apparatus was used to present either of the two
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tracking; functions in eit'ner of the two tracld.ng modes. The

target functions were punched on mylrir tape, read out by a

Digitronics Kodel 2^00 tape reader, converted to analog volt-

ages by r!iea.ns of a digital-to-analog converter, and displayed

on a cathode ray tube (CI?T)o

Since both the target and the control positions were

represented as voltages within the system, the absolute dif-

ference between these two voltages was integrated over each

trial by an operational amplifier manifold. This integrated

error was read out on a digital voltn-.eter at the end of each

trial,

T\70 S's were run simultaneously in two identical exper-

imental booths. The S's were seated approximately 71 cm, from

the CRT.

Tracking mode . In the pursuit (P) mode, two vertical lines

appeared on the GET, Each line was 16 m.m, long and they over-

lapped by 2 mm. The upper line was the target line, which m.oved

along the horizontal axis of the CRT in either a step or rainp

function. The lower line was the control line. The position of

this line was continuously adjustable by means of an arm control

attached to S's chair in a position for easy manipulation by

S's right arm. This arm control consisted of a horizontal arm

rest, pivoted at the elbow on a vertical shaft, and an adjustable

hand grip, A potentiometer attached to the lov/er end of the

rotating shaft converted the arm control position into a contin-

uously varying voltage which, in turn, drove the control line on

the CRT. A movement of 5.6 degrees of the arm control caused



the control lir.e to move 1 c-v..

In coir.pensatory (C) tracJ-iri;;^, there were also two lines

clicplayed on the CRT. One line, t)ie ctandord, extended ver-

tically GcroGS ti:e ccr tcr of the CI?T d:' splay. This line

remained stationary v;hile another line, 16 nni, ion^, did all

the moving. The difference oetv/ecn the tv/o linos represented

rnonentary error, the difference cetv;cen the tarr^^et and control

voltages. Perfect ali^;nr.;ent of the standard and inovinj; lines

represented zero error; and to r.'.aintain zero error, 3 had to

move the ari'i control in the direction opposite to that in v/hic^

the variaole line v/as r.ovin^; on the CRT, The pattern of yct-

iable line riOve''.:onts presented in tlie compensator^' mode was

the reverse of the pattern of t'^rget movements presented for

the same input function ^n the pursuit m.ode, Hov/ever, m.over;en

necessajry to heex^ the tv;o lines of either mode superim.posed

were exactly the saine.

Trach.in:: function . In the zter> (,S) function, the taj?set

moved fromi position to position in discrete iuFips and rem.ained

at each position for 1,5 sees. The target rioved to each of

the six different positions used in a given pattern which was

repeated 10 titnes per trial. This resulted in a trial lasting

9c sees. The pattern v/as 1, L, 6, 3, 2, 5> v;ith 1 being the

extreme left position and 5 the extrem.e right position. The

center of the CRT was m.idway between positions 3 and The

distance between adjacent positions was 1,2 cm.

In the ramp (R) function, the target moved between succes

sive positions at a constant rate of .1 2/3 cm./sec, paused at
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each pocitior: for sccc. , and reversed direction after each

pause, A pattern of six reversal i^ositions v/as repeated 10

times per trial, resultin.^ in a trial lasting l/j.S cocs. The

pattern for the rr^np function v;as 2, 6, 5, 1, 3, with the

distance between adjacent reversal points being l,b, cm.

Proceduro , The Ss were assigned, generally in pairs,

to 15 e::peri;nental groups for a total of si:: Ss per group.

The 16 groups represented the four conditions of acquisition

(PS-, PP-, C,S-, CI^-) crossed orthogonally with the four

conditions of transfer (-P3, -PP, -C3, -CP), Iloto that the

abbreviation used for each tracking :v.ode by trach.ing function

cor.bination is followed by a dash when reference is rp.ade to

the acquisition stage and preceded by a dash when reference

is nadc to the transfer stage.

Upon arrival for tlie first eicperinontal session, 3 was

led to the exporir.ental booth, seated at the controls, and

given the instructions appropriate for his assigned group.

The instructions infor;::ed 3 of the nature of the task he was

to perforr.i, the way in which his perforr.-.ance v/as to be evaluated,

and strategics he could use to improve his perfornance, Tlie

Ss were then run through 20 acquisition trials, Pach trial

was preceded by a 2 sec, warning light and followed by a 15

sec, rest interval. Error score feedback was presented during

10 randonily selected rest intervals.

On each of Days 2, 3, and each S was given 20 more

acquisition trials. Each day, Ss were reminded of the appro-

priate methods for reducing their error scores.



On Day 5, So v;ero told that the first fev/ trials v/ould

be the Der,e as the earlier trials and that then sor.ethinG

different would he tried. Three trials irnder the acquisition

condition v/erc then run.

After the final acquisition trial, each Z was given a

reproduction trial. On this trial, the S's task v/as to repro-

duce the pattern of r.ovements he had learned to the best of

his abilit;;,'. The 5 entered the experimental booth and told S

to center the control lir.e on the OPT, The intensity of the

CRT v/as then reduced until the scope face v;as blanh.. The S

was instructed to reproduce both the tinning and the positioning

necessary to duplicate his previously learned control r.ovei/.ents.

One co:?.23lete trial was then run under these conditions. Sub-

sequent exar.ination of these data., hov/ever, revealed that sore

of the Ss had apparently not understood the instructions com-

pletely. Therefore, these data were not analyzed further.

Upon conpletion of the reproduction trial, E entered the

experincntal booth, n:ade appropriate adjustments to the CIJT,

and go.ve S the instructions appropriate for the transfer con-

dition. If there was no change, S x/b.s told that the new tasl:

v/ould be sinilaj" to the ^'^evious task in that the tracking mode

and tracking function would be the saj:ie. If there was any

change involved, S -jas given that section of the Day 1 instruc-

tions which told hin about his new task. These Ss v/ere told

that the new pattern would be sirr.ila.r to the old pattern in

that it v;ould be six units long, but none were told anything

else about this nev; pattern. The S was then given 15 trials



under the trancfer condition.

Per forr.ance r.ioaGU.ro , The priir.ary measure of performance

was intec;rated absolute error, Ucin^; this noarjure, the results

Y/cro e::oj.;ined separately for acquisition, first trial after

transfei-, percent chan£:c betv;ocn acquisition and transfer, and

sulDsequent changes in performance after transfer. Also, porfor

mance Qoxly in acquisition v/as compared to performance early in

the transfer task.

Results

Trachir ;': Condrlt j.on: s

/-ccuisitio^' , T?ie dota from Days 1-.';- v.'cro pooled into 16

successive bloclrs of five trials each. The first three trials

of Day 5 were also pooled to form a seventeenth nlocJv of acqui-

sition for each S3:"0up, The data over the first 16 blochs were

subjected to at: analysis of variance which shov;ed acquisition-

condition, ?(3,^C):=LG.^i.7, blochs, F(15, 1200)=i/l5, 10, and the

Acquisition Condition X Bloch.s interaction, F(i:.5, 1200)rrC, 3l

,

to be the only effects significant beyond the ,0^ level, the

mininumi criterion for all analyses reported herein.

Figure 1 shov/s inte::rated error as a function of blochs

with acquisition condition as a parni.ieter. Block 1? is also

included in this Fi;;;, Figure 1 shows that all acq.uisition

conditions shov/ed decreases in error over blocks. It can also

be seen that during the first IG blocks of acquisition tliere

was a consistent difference am.ong the acquisition conditions;

the order of conditions from least to miost error was PF-, PS-,

CP-, CS-, It appeoTs, however, that the Ss in these four





1

1

conditions start the experinient with vridcly differing levels of

j)erforrnance, but that by Blocli 15 their performance is much niore

uniform, Ilewrnan-ICeuls tests performed separ^ately on Block 1 and

Bloc!: 16 confirmed this conclusion. On Block 1 all acquisition

conditions differed significantly from each other; while on Block

16, condition PR- differed from each of the other three conditions,

but they did not differ fror, one another.

As a. further check on performance before transfer, the data

from acquisition Block 17 (Day 5) were also subjected to an anal-

ysis of variance. Again, acquisition condition was significant,

F(3, S0)=: 1 6, 63 J and there were still no effects for transfer con-

dition nor the Acquisition Condition X Transfer Condition inter-
'

action. It can be seen in Fig. 1 that there v/as a reversal

between conditions CR- and P,S-, but condition CS- was still the

worst and condition PR- was still the best, Newman-Keuls tests

v/ere applied to these Block 17 main effects and again condition

PR- was different from conditions PS-
, CR-, and CS-, and the

latter three did not differ from each other.

Figure 1 also shows that pursuit tracking was always better

than compensatory traclcing and that, within tracking modes, ramp

function tracking was always better than step function tracking.

Transfer . To ex3jnine the importance of different tracking

conditions in acquisition upon subsequent performance during the

transfer tasks, the first trial after transfer was analyzed. The

percent change within Ss between the last trial block of acqui-

sition (Day 5) and the first trial in the transfer task v/as also

analyzed. However, since the results of these two measures were
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quite similar, as indicated ty an overall correlation coefficient

of .79} only the first trial after transfer data will be reported

in detail.

An analysis of variance perforr.iod on the data from tlie first

trial after transfer revealed that all effects were significant;

for acquisition condition, F(3, 80)=2»99, for transfer condition,

F(3,80)=i,-0.8G, and for the Acquisition Condition X Transfer Con-

dition interaction, F(9, 80)=:5. 80, These effects are illustrated

in Fig, 2, which shows error during the last block in acquisition

(open bars) and the first trial in transfer (solid bars) as a

function of tracking conditions in acquisition and in transfer.

Looking at just the solid bars, it can be seen that the hardest

task in acquisition (CS-) led, overall, to performance in transfer

which was equal to or better than that found for any oth.er acqui-

sition condition. It can also be seen from Fig, 2 that the over-

all means of the tracking conditions in transfer are aligned in

the same order as were obtained during acquisition; tracking

condition -PR was always the best and tracking condition -CS v/as

generally the worst, regardless of acquisition condition. These

latter conclusions were supported hy Newman-Keuls tests.

Detailed inspection of Fig. 2 also suggests that, within

tracking functions, transferring fromi compensatory tasks to pur-

suit tasks (CR-PR and CS-PS) was better than transferring from

pursuit to com.pensatory (PR-CR and PS-CS), Furthermore, within

tracking mode, transferring from step to rex\]p (PS-PR and CS-CR)

was better than transferring from ram^p to step (PR-PS and CR-CS),

The heights of the open bars relative to the heights of the
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solid bars in Fi^. 2 yields an esti to of the amount of change

which occurred between acquricition and transfer conditions for

each of the 16 groups of Ss, Expressed in terns of percentage

change scores, the n:r.in effects of tracldng conditions in transfer

were such that condition -PI? had the least change and always a

positive change (+20 percent) compered to increasingly greater

amounts of negative change going from -PS to -CR to -CS, The

percent change score for the latter main effect was -200.

To assess the overall effects of tracking conditions in

transfer, the 15 transfer trials v;ere pooled into three blocks

of five trials each. An analysis of variance over these blocks

showed that transfer condition, F(3, 80)=2o. 79, Acquisition Con-

dition X Transfer Condition, F(9, S0)=3. V3, blocks, F(2, 1 60)r:12.5Z'

,

Transfer Condition X Blocks, F(6, 1 oO)=2.7A. , and Acquisition Con-

dition X Transfer Condition X Blocks, F( l8, l60)=:2.i|0, v/ere all

signific3.nt. Generally, error decreased over blocks, but not at

the same rate for all 16 groups. The order of the tracking con-

dition main effects in transfer was the same as that obtained in

acquisition. The form of the Acquisition Condition X Transfer

Condition interaction was essentially identical to that found on

the first trial after transfer and illustrated by the solid bars

in Fig. 2.

Cue Change Conditions

To investigate the relative effects of internal and external

cues, the data from the 16 groups were rearranged to reflect change

in cues between acquisition and transfer. Figure 3 shows error

as a function of tracking conditions within cue change conditions
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separately for the r.ean of the first throe trial blocl'vS in

acquisition (open bars) and the mean of the three trial blocks in

transfer (solid bars). It should bo noted that in order to obtain

the most stable estimates of tracking efficiency during acquisi-

tion, the laeans in acquisition v/ere based on an N of 2.'-;., and the

same means are shovm within eacli cue change condition.

Figure 3 clearly shows that the effects of the different

tracking conditions v/ere the sair.e for both the early acquisition

trials and the transfer trials. More importantly, however, this

Fig, reveals that tracking performance in the transfer trials was

best over all tracking conditions for cue change condition EVCOi:,

and that performance becajr.e progressively Y/orse going from INCOIT

to VlSCOrl to ITQCOil. Ilewman-Keuls tests on the cue change condition

main effects showed that condition EVCON differed from each of the

other three conditions and that IIICON differed from VISCOII and

NOCON, but the latter tv;o did not differ from each other. Essen-

tially identical effects were found for cue change conditions

when the first trial after transfer and the percent change data

were analyzed.

For each cue change condition, performance early in initial

acquisition (IT=2Zj.) was compared to performance after transfer (11=5)

to determ.ine if a.ny savings had occurred. Specifically, the first

block in acquisition and the first block in transfer were com.pared

by an analysis of variance v;hich used the cell means as data and

the interaction betv;een sts^e of learning (acquisition vs, transfer)

and tracking condition (PR, PS, CP, CS) as an error term. This
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analysis shov;ed that error in transfer was significantly less than

error in acquisition for all cue chanj'^o conditions e:-:cGpt KOCOIT,

This relation between acquisition perforrnancc end transfer per-

formance can also be seen in Fi^, 3 by coraparin^ the heights of

the oj^en (acquisition) bars and tlic closed (transfer) bars.

Discussion

Tracliinf: riode . The first hypothesis of this study, that

pursuit tracMn^; should be better than compensatory traclving in

both acquisition £'nd transfer, v;as confirrr.ec. It can be seen in

Fis. 1 that, during acquisition, tracking an input function with

a pursuit display was always associated with less error than

tracking that sairie function with a compensatory displiiy. Exami-

nation of Figs. 2 and 3 maJies it clear that this superiority of

pursuit over comipensatory tracking is also found during transfer

trials. In general, then, performance in CS is s.l\7ays worse

than performance in PS, and perforr;ance in CE is always worse

than performance in PR,

The finding that transfer from com.pensatory to pursuit

tracking was better than transfer from, pursuit to compensatory

provides further support for this conclusion.

Tracking function . It was uncertain at the beginning of this

experiment whether tr-acking the step function or the ramp function

would be easier, but exaranation of Fig. 1 revealed that within

any given tracking miode, perform.ance in tracking the ram.p function

was better than perform.ance on the step function. The same was

also found for performance after transfer (see Figs, 2 and 3)»

It was also found that transfer fro.Ti SteiD to ra.m.p was better than
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transfer frora raTip to step.

I r. tern ciiec vs . oxtcrr al ciio? . The najor hypothesis of

this study was that, after extended practice, internal cues v/ould

be more important for tracliin^ efficiency than visual cues. If

this Y/ere true, condition IITCCi' would yield better performance

in transfer than condition VISCON. In any case, condition IIOCOII

would yield the v/orst perfori.:ance. The blocks after transfer data

(solid bars in Fi^;. 3) cleajrly support these predictions. Spe-

cifically, condition IIICON led to xoerfornance v/hich v/as signifi-

cantly b'otter than performance in conditions YI JCCIT and ilOCGIT

v/hilc the latter two did not differ fror. each other.

Likev/iso, cor.parisons between early acquisition and sub-

sequent transfer, perfor:.:cd scx)aratoly for each of the cue chan£;e

conditions, clearly show that something has been transferred in

the IllCOrl and VISCOIT conditions besides the general and non-

specific mechanics of tracking per se. That is, Ss in the ITOCOIT

condition learned no more or no less than Ss in the other two

cue change conditions about the mechanics of the task, but INCOiI

and VISCON were much better in transfer than in acquisition v/hile

KOCOII showed no overall change. Therefore, some transfer of cues

occurred for both IITCON and VISCCrl.

It h^LS been suggested that after extended practice, internal

cues have becom.e miore im.portant than visual cues in a perceptual-

motor task. The fact that condition EVCCH differs from cond: tion

INCOII in the transfer trials suggests that changing any aspect of

the task leads to a regression to an eajrlier level of performance

v/herein the visual cues once again become im.portant. This means,
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in particular, that the IKCOII condition would have been adversely

affected because the internal cues v;ould not have been attended

to as they may otkerv/ise have boon. Hence, the differences in

cue chan^'e conditions may have been attenuated by the regression

to the use of visual cues.

Another i^robler. encountered in this study is the difference

in difficulty air;onc the four acquisition conditions. These

differences in difficulty probably accounted in la.vzQ part for

the significant Acquisition Condition X Transfer Condition inter-

actions found in the data for the first trial after transfer, per

cent chan£;o, and blocks after transfer. It v/ould have been bette

had the acquisition conditions been of equal difficulty. It is

doubtful that this could be accoriplished v/ith the present condi-

tions because of the extreme ease of condition PR, By using the

pursuit and compensatory modes v/ith tv/o different but equally

difficult step patterns, all the cue change conditions of the

present study could be duplicated without the problem of differ-

ences in difficulty. These conditions could also be duplicated

by changing the control/display ratio.

In conclusion, it is apparent that internal cues were presen

and effective in later tracking performiance and transfer, but thi

could have been better demionstrated and more clear cut had there

not been the problem, of unequal task difficulty and the possibil-

ity of regression to the use of visual cues after transfer.
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This study investigated, the rolsr; of internal and external

cues in a tracking task wil'L both spatial and temporal regularity.

Subjects v/cre trained on oae of the four acquisition conditions

which consisted of all coiJ.binations of tv/o tracking functions,

step and rar--p, and two tracliing inodes, pursuit and compensatory.

After four days of training, the subjects in each acquisition

condition were transferred to one of four transfer conditions,

again consisting of all combinations of tracking mode and tracking

finction.

Integrated error data indicated that there was less error

associated with the pursuit tracking mode than with the compen-

satory tracking mode both during acquisition and during transfer.

It was also found that there was less error in the ramp function

than in the step function during both acquisition and transfer.

Most importantly, however, both internal cues and display mode

(visual) cues wore shown to bo present and effective at transfer.

The data, furthermore, shows that constant internal cues were more

im^portant at transfer than constant visual cues.


