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ABSTRACT.
Discusied are data concernidg a simple visuomotpr-

tracking task, especially the expectations and cognitive
representations nvolyed it performing such a task. The tasi
'consisted in tracking' 'the horizontal displacement of a target 'spot on-
the screen by appropriate forearm rotations. Each subject
'participated in two sessions: first, at a .8 Hz target fre enay and,
at leist 48 hours later, at a .2 Hz target.frequency. In 4 1 cases,
the performances were recorded during 35 full cycles of target
movement. Subjects were- 50 children 5 through 9 years of age. Results'
indicated' the existence of a 90 degree phase lag at .44Hz for the
younger groups which, with increasing' age, approaches monotonically
the adult performance.' Two control experiments, exploring the role of
thy velocity of the stimulus on performance, further,inveStigated the
basic-characteristics of performance .at the age of 6. It is concluded
that the tracking of sinewaves by children depends dramatically on
target fregdeficy. The acquisition of thiskskill cannot be adaquaiely
described as a monotonic maturational process.'One major modification
appe s at the age of 6 year in the-strategy of perceptuo-motor
eordination..This.modificati is relative to the control of the U

veldEity of the movement on ]1y i case of spatio-temporal constraints.
Two tables and ve figures ale ppended. (RH)
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This posteiwresents sore data aboilt a simple visuomotor
tracking task. The main'emphasis of'this study is on the
expectations andPcognitive representations involved in
performing. such a task. Consequently, we have-only consi
dered predictable sinusoidal target for whichr;unlike
pseudo-random targets, an abstractkrepresentation of a'
general motor plan may be utilized.

We have tested this.skill in children from 5 to 9 at two
frequencies t,4 and .8 Hz) definitely lower and higher
than the critnal valu (.5 Hz) above which a_pure posi-
tic-mai servomechanism does not longer allow to succeed
in the task (cfl Magdaleno, JeX and Johnson, 1970).

METItbD

p;21Djec'ts 5 groups
of 10 Ss:

Apparatus : See Fig. 1 And 2.

an 9 years-old.boys)

Task and procedure : The task consisted in tracking the
hoOzontal displa ement of a target.

spot on the screen by aPpropriat& forearm rotations.
'Each subject participated in two sessions : first, at,

a a .8 Hz target frequency, and at least 48-hours later,
at a .2 Hz one.

In all cases, the performances were recorded during 35
full cycles of target movement (i.e. 43.75 and 175 sec
respect.).
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RESULTS

Some of the yoaggar children were unable to accomplish
the required perfopance, espec' .ally at= the higher fre-
quency. By convention, a performance was defined correct
if and only if each stimulus cycle:.rediulted'into a response
cycle. HoWever, the response may have a wrong amplitu0e or
a phase difference with respect to the target, or preept
distorsions (See Fig-. 2) According0a this criterion, the
_number .of subjects who performed successfully is reported
in Table I.

The performances can be characterized by plotting the phase
lag and the gdin of the response fundamenal.versus 'the
average group age-iFig,. 3).. At the dynamics of system
for those subjects who can,perform the task is independent of
age. At .8 Hz, a 90° phrase lag exists for the Younger grdups
which/ with increasing age,' approaches. monotonically the
adult performance's

THE CORREPONDING EVOLUTION QF THE GAIN IS NOT MONOTONE. 4

IN PARTICULAR,'THE.6 YEARS-OLD CHILDREN PRODUCE MOVEMENTS
WHICH ARE MUCH SMALLER THAN THOSE_OF ALL OTHER AGE GROUPS.

In order to understand the basic chazacteritics of the
performances at the age of 6, we have Undertaken two control
experimeDs. ;

In the= first dne -we have investigated the role of the
velocity of the stimulus,by varying its amplitude.-Results
can be seen in Table

From this
amplitude
increases

table, it appears.obvioUsly that reducing the
of the target motion - thus its velocity .

the. success rate.

At .this point, it becOmeS possible' to argue~ that above a
given threshold in velocity, the control of this parameter
is deficient at the .age of'6.

the second control experiment has shown that the previoug
conclusion can be owned only in situations.where spatio-
temporal constraint are impose&.
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Subje is were asked to produce to And fro forearM movements
-in r sponse.to an auditoryAsinusoidal induction. p
The figure 4 presents the frequency histogram of the
responses compared with the auditiirp induction, at the

The moVemtnts produced-at the frequency of .8 Hz are
characterized by a mean amplitude or 45.6 cm (sfgma,..,=_ 18) 4

eftresponding to a mean velocity of abou! 7316/s. Note
that in the mainitracking experiment, th target velocity
is 48 cm/s.

DISCUSSION

The results hate demonstrated the following points

The tracking of sinewaves by children depends dramatically
on target frequency.

- The acquisition of this skill cannot be adequately described
as a monotonic maturational process.

- One major modification appears at the age of 6 in the stra-
tegy of perceptuo-motor coordination.

- This modification is not relative to the control of the
velocity of the movement.

;.This modification is relative to the control of t1e velocity,
Of the movement only in case of spatio-temporal constraints.

f

Considering the acival performances of the 6 years-old children
(examples are shown in Figure 5), it can be suggested that the
sharp reduction in gain is the consequence of the processing
load associated with the control of.the frequency of the stimulus.

This age consists in a transition stage betweema purely-reactive
. mode of motor control - allowing to track a' low frequently

stimulus - and aeanticipatory mode necessary-to track a high
'frequency-one.

This last mode must be based on g central representation of
tie temporal characteristics of the stimulus. One can consider
that this representation is elaborated during this transition
stage; to' the rejudice of-its spatial characteristics.

eas
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TABLE NUMBER OF SUBJECTS (N = /101 WHO-SUCCESSFYLCY
TRACK IIWUNCTION OF.AGEAND TARGET FREQUENCY.



AMPUTUDE! MEAN . OF
VELOCITY- . SUCCESSFULL

(CM) ACM/S) TRIALS

( .

3Q

) 30

t 48 so.

48 4O

) 484 20.

IAB E : TRACKING OF A .8 HZ TARGET
AT THE AGE OF 6 FOR VARYING
AMPLITUDES OF THE .TARGET6
PERCENTAGE OF SUCCESSFUL
TRIALS (N OF .SUBJECT =15
N OF TRIALS BY SUBJECT 6).
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FIGURE 1 A I NM:, souRa f L I AND A _GALVANOMETRIC .MIRROR ( G ) PPDJEC T ON
A SCREEN (S) A TARGET' SPOT (T): THE SUBJECT HAS TO TRACK. ITS
POSITION CX) BY ROTATING HIS FOREARM WHOSE DISPLACEMENTS ARE

*MEASURED-BY .A POTENTIOMETER CP). ANGULAR iPDSITIONS OF BOTH
THE FOREARM AND THE MIRROR ARE RECORDED (cF., FIG. 2)
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25 5.0
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7.5 sec

-FIGURE/2 : 'EACH RECORD -DESCRIBES
7 FULL' CYCLES- OF MOVE-
MENT OF TARGETt(DASHED
LINE) AND TRACKING
(6BNrINUOUS LINE) POT

FOR A REPRESEkTA T E lt
SUBJECT OF EACH AGE
GROUP AT .8 frez.
DISPLACEMENT'S ARE
CALIBRATED IN CM.
ON THE SCREE/4k

610'
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THE LEFT GRAPH REPRESENTS THE PHASE DIFFERENCE BETWEEN THE STIMULUS
AND THE HARMONIC CPMPONENTS OF THE RESPONSE WITH THE SAME FREQUENCY
OF THE TARGET POSITIVE VALUES INDICATES THAT THE PURSUIT LAGS WITH
RESPECT TO THE TARGFT .

THE RIGHT GRAPH REPRESENTS THE RATIO BETWEEN THE AMPLITUDE OF THE
RESPONSE AND THE AMPLITUDE OF THE TARGET . .

EACH POINT IS THE AV GE OVER' ALL SUB ECTS WHO COULD. SUCCESSFULLY
TRACK IN THE I NO I CATED AGE GROUP . WI THIN- R I AL MEAN VALUES .
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FIGUREA. HISTOGRAM OF THE FREQUENCIES OF MOVEMENTS
PRODUCED BY THE 6 YEARS-OLDS .(DARk AREA)
IN RESPONSE TO ,A SINUSOIDAL AUDITORY STIMULUS
VARYING FROM 3 TO 'L2 la f4HITE AREA).
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