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INTERRELATIONSHIPS BETWEEN AMPLITUDE AND PERIOD
OF A CONTINUOUS HAND MOVEMENT?

JORGE GALLEGO AND PIERRE PERRUCHET
Leboratoire de Physiologie Respiratoire Laboratoire de Psychologie Différentielle

Université Pierre et Marie Curie Université René Descartes

Summary—In two experiments, subjects were trained to operate a joystick-
type lever in a continuous to-and-fro movement. In the first experiment, 21
subjects had to control the “water” level of a cistern displayed on a video screen
and were free to adopt any period-amplimde strategy. In the second experi-
ment, 18 subjects had to adjust either the amplitude ar the duration of succes-
sive cycles of lever pumping to target valoes indicated by a moving segment.
Results show that (1) during steady states the amplitude and the duration of
cycles remained positively correlated; (2) these variables were negatvely cor-
relared when the flow rate varied; and (3) subjects adjust the flow rate to
changing target values by warying the amplitude of the cycles and only sec-
ondarily by vatying duration. A superiority in perception of amplitude varia-
tions over time components could account for this. All the above features have
previously been observed for breathing, suggesting that these are general prop-
erties of continuous periodic movements whatever their nervous control may be.

The analysis of kinematic ventilatory data (ipspiratory and expiratory dur-
ations, tidal volume, flow rate, etc.) provides a suitable means for identifying
the central mechanisms of respiratory control. Linear correlations among these
kinematic variables have been abserved. During steady states, ie, when ven-
tilatory flow is constant, the amplitude and duration of breaths present small
fluctuations and remain positively correlated. When flow rate is stimulated
{exercise, hypercapnia, hypoxia), these variables vary in larger proportions;
negative correlations bave been reported for transient states and between the
mean-values for various steady states (Bechbache, Chow, Duffin, & Orsini,
1979). An imposed change in chemical drive results in an immediate com-
pensatory change in breath volume rather than frequency (Peatson & Cunning-
ham, 1973). Comparison of various steady states shows that for low levels of
ventilation the increase in ventilation is mainly achieved by an increase in
breathing amplitude, the time parameters remaining constant (Newson-Davis
& Stagg, 1975). These formal properties of breathing patterns appeat what-
ever the technique used for stimulating breathing (Hey, Lloyd, Cunningham,
Jukes, & Bolton, 1975).

*This study was supposted by the Centre National de la Recherche Scientifique (U.A.656),
the Institut National de la Santé et de la Recherche Médicale, the Université René-
Descartes, and Fonds Spécial des Comités Départementanx coatre les Maladies Respira-
toites et la Tuberculose (Grant N° 86-MR-23). Requests for reprints may be sent to
Dr. Jorge Gallego, Laboratoire de Physiologie Respiratoire, Université Pierre et Marie
Curie, 15 tue de I'Ecole de Médecine, 75270 Paris Cedex 06, France.



96 J. GALLEGO & P. PERRUCHET

The purpose of the present work is not to discuss the neurological inter-
pretations of the above results in rerms of nervous contro]l of breathing but to
investigate whether these kinematic features are specific te breathing or if they
can be observed in other periodic contimuous movements. We have therefore
carried out a correlational analysis of a simple skill, based on analysis of a task
requiring continuous and periodic movement of the hand. Correlations be-
tween amplitude and period were investigated in two different conditions, (1)
when subjects had to match the mean velocity of the movement 1o a time-varying
target but were free to combine amplitude and frequency as they wished and
(2) when subjects had to adjust one of these two variables to prescribed targets.

EXPERIMENT 1
Method

Swbjects—Twenty-one university students majoring in psychology served
as subjects. ‘They reported normal or corrected-to-normal vision.

Material—The device was composed of a 30-cm plastic joystick-type lever,
directly connected to a linear potentiometer. The cutput signal of the poten-
tiometer was processed by a microcomputer {Apple Ile) fellowing transmis-
sion via an 8-hits A/D transducer (Progetec ADC 12B25M). The lever could
be moved from left to right, with an angular rotation of 35° (generating a 28-
em displacement at the end of the lever). A cycle was defined as a complete-
to-and-fro movement (left to right and back to left). The amplitude of each
cycle was expressed as the difference (in degrees) between the far-lefr and the
far-right positions of the lever.

Moving the lever had an action similar to bhand-pumping. The left-to-
right component of the movement simulated the filling of a cistern displayed
on the video screen. The cistern was permanently submitted to a variable out-
flow, hereafter refetred to as "leakage”. Leakage was a discontinuous function
of time, tzking integer values ranging from 2 to 10, as represented in Fig. 1.
Two long plateaus were included to investigate the pattern of movement during
steady states. ‘The function represented in Fig. 1 was reproduced three times
in immediate succession during a session (a session therefore included six pla-
teaus). On the video screen, a fixed arrow pointed to the rarget level of the
cistern. o

Procedure—Subjects were seated facing the video screen. They operated
the lever with the zight hand. Subjects were instructed to adjust the cistern
level to the target value indicated by the arrow as accurately as possible, through
continuous and regular movement of the lever. No particular adjustment strat-
egy, in terms of changing frequency or amplitude, was indicared.

Results .
Amplitude-leskage and durmion-leskage corvrelations—TFor each subject,
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the mean amplitude of the lever movement was computed for each of the nine
leakage values. The individual product-moment correlations between amplitude
and leakage values are shown in Fig. 2, upper right panel. All the coefficients
rezched high positive values (p < .01), and they averaged .978, after trans-
formation of 7 to z (cf. McNemar, 1969, p. 158). Correlations for mean dura-
tions of cycles and leakage values were similarly computed and are shown in
Fig. 2, upper-left panel. These coefficients were far more heterogeneous: most
were negative (10 reached p <C .05), but three were significant and positive.
This pattern of results suggests that most subjects adapted the movement to the
variation of the leakage by varying rhe amplitude of the cycle and only sec-
“ondarily by varying duration.

Duration-amplitude correlation.—Individual correlations between duration
and amplitnde of the cycles were computed separately for steady and transient
states. For the steady states, each of the six plateaus served as a basis for com-
puting one coefficient. For the transient states, the coefficients were compured
from the nine mean values for amplitude and duration corresponding to the
nine leakage values. Results are shown in Fig. 2, lower panels: during constant
leakage, amplitude and durations of cycles presented variations and were posi-
tively correlated, such that the mean flow tended to be constant across cycles.
For the nine leakage values, the duration and the amplitude tended to be nega-
tively associated: when the flow increased, the duration decreased wheréas am-
plitude increased. Of the 21 coefficients 13 were negative (nine at p < .05);
three were significant and positive (they correspond to the three subjects who
exhibited positive leakage-duration correlation).

For illustrative purposes, variations in amplitude and duration as a func-
tion of time are presented in Fig. 1 along with leakage values and the deviation
from the target (Constant Error). The dara wete averaged over subjects and
over the three identical leakage functions used for each session. The initial
portion of the duration curve (which reflects in part the initial data of the
session) indicates a major change which may be attributed to subjects diffi-
culty in performing the task at the beginning of the session. The difference
between the respective weights of amplitude and duration appears clearly: am-
plitude variations closely paralle]l flow variations, which contrast with the more
etratic pattern: of duration cutve.

EXPERIMENT 2

Method

Subjects—Eighteen students majoring in psychology who had not partici-
pated in the previous experiment served as subjects.

Material and procedure—The experimental setup was identical to the one
used in Exp. 1. However, visual feedback was provided for either duration or
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amplitude of the left-to-right component of each cycle. This was provided
during the right-to-left component of cycles and consisted of a moving horizon-
tal segment displayed on the video scteen. The target was represented by a
borizontal line; subjects were instructed to maintain the moving segment as
close to this line as they could. There were six different randomly ordered tar-
get values (ie, six different positions of the line). Target durations ranged
from 04 to 1.5 sec,, and target amplitude ranged from 18 to 47°.

At the beginning of the session, the notions of petiod and amplitude of
the periodic movement were briefly explained to all subjects. Subjects were
randomly divided into two groups of nine. Fach session was divided into two
phases: Group 1 subjects practiced duration contro]l (with corresponding feed-
back) during the first phase and amplitude control during the second phase.
This order was reversed for Group 2. Subjects were informed at the beginning
of each phase which variable (amplitude or duration) was relevant.

Resylis

Dependent variables were the duration and zmplitude of the left-to-right
component of each cycle. Data were averaged separately for each of the two
successive tasks and for each of the six targets. Data from the two groups
(amplitude, duration, and absolute deviation from the target) were not signifi-
cantly different, excluding any effect of task order. These data were pooled
for cotrelational analysis. Product-moment correlations were computed sep-
arately for each task for the six pairs of mean-values (one for each target value);
these data are shown in Fig. 3 (the mean flow was computed as the ratio ampli-
tude/duration).

Correlation targer amplitude-flow and target dz;mzmﬁ—flaw —The upper-
right diagram shows heterogeneous values which nevertheless tend to be posi-
tive. In contrast, the uppes-lefr diagram shows a high homogeneity of data.
When controlling amplitude with large targets, subjects tend to decrease the
velocity of their movement, which results in a decrease of the mean flow.

Correlation duration-amplitude for the two tasks—A sttong positive cor-
relation was observed when subjects controlled the amplitude, similar to what
was obsetved during the steady states in the previous experiment. On the othet
hand, when controlling duration, many subjects dissociated this variable from
the amplitude; which could change in either direction or remain steady. This
accounts for the number of nonsignificant correlations between amplitude and
duration in the duration task, as well as the dispersion shown in the target
duration-mean flow diagram.

Disenssion

In the present study, some of the methods used to investigate breathing
patterns have been applied to a nenventilatory movement. The manual move-
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ment under considetation was in no way a model of breathing, either from a
dynamic or from a kinematic point of view. Righeleft and left-right com-
ponents were both active (although only the latter contributed to filling the
cistern in the first expetiment or setting the moving segment in the second
experiment); this contrasts with the important differences berween (active)
inspiration and (passive) expiration. Moreover, this skill was mainly volun-
tary whereas breathing pattern studies are mainly concerned with automatic
breathing. ‘These and many other differences make direct comparison difficult.
However, they do not negate the aim of this study which was to clarify the
genera] properties of distinct continuous and pericdic movemnents.
~ Aslong as the task did not require flow modifications, amplitude and dura-
tion wete positively associared. This trend was observed when subjects were
instructed to maintain constant leakage (Exp. 1) and when subjects attended
to either amplitude or duration (Exp. 2). Ventilatory data present similar
characteristics. During spontaneous breathing, the total duration of cycles is
relared to the tidal volume (Priban, 1963). This correlation was also observed
in a previous experiment when subjects had to control inspiratory duration in
conditions similar to those of the second experiment: subjects tended to increase
the amplitude of breathing at the same time despite the discomfort it produced
(Gallego, Ankaoua, Lethielleux, Chambille, Vardon, & Jacquemin, 1986).
When the task required flow modifications, the amplitude and the dura-
tion of cycles were negatively related, which parallels Bechbache, et #l.’s (1979)
report on ventilatory data. The increase of flow relied on both increase of am-
plitude and decrease of period, but leakage variatiops were more accurately re-
lated to amplitude than to period, as indicated by the results of Exp. 1. To
compensate for leakage, subjects are mote likely to adopt a strategy based on
amplitude than on frequency changes. Breathing behavior is also characterized
by a pronounced increase in amplitnde for augmenting mean flow rate, at least
at low levels of ventilation: during incremental load exercises, inspiratory and
expiratory durations remain essentially constant with changes in tidal volume
up to a threshold of 1.41, then inspiratory and expiratory durations decrease
as volume increases (Lind & Hesser, 1982). A similar strategy has been ob-
served during rebreathing (Clark & Von Euler, 1972). As regards voluntary
control of bresthing, studies have shown that it is easier to keep ventilation at
a constant level by adjusting tidal volume to imposed modifications of frequency
than the reverse (Katz-Salamon, 1984). This strong asymmetry between am-
plitude and frequency in the control of a completely different movement has
also been reported by Den Brinker, Stzbler, Whiting, and Van Wieringen
(1986) : in their study, subjects had to perform a slalom-type ski movement on
a simulator comprising a platform moving over bowed rails. They wete in-
structed to match the frequency or the amplitude to fized values or to perform
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in as fluent a way as possible. Subjects received informative feedback either
on amplimde, frequency, or fluency. Subjects who attended to amplitude were
not only successful with respect to this parameter but also with respect to fre-
quency and fluency. In contrast, subjects who attended to frequency did less
well on the amplitude measure than the other two groups. This result, along
with the present study, suggests that the control of a continuous periodic move-
ment does not rely on amplitude and frequency in similar ways: amplitade ap-
pears as the leading variable.

The above observations suggest that information related to amplitude and
time components of a periodic movement are processed by the subject in dif-

" ferent ways. ‘The control of amplitude (Exp. 2) is basically 2 positioning task,
which is correctly achieved by slow adjustments, in particular for large target
displacements which are more difficult to perform. Such an ubiquitous strategy
might account for the low between-subjects variability observed on the ampli-
tude-control task. Conversely, the large between-subjects variability in corre-
lations for time control suggests that the time-production task generates a va-
tiety of strategies. In some subjects, this control could be mainly based on
kinesthetic cues, the duration being linked to the amplitude of displacement
(high positive cotrelation}. Other subjects might adopt a counting strategy:
in this case, the amplitnde and time componeni:s of the movement are largely
dissociated (low correlation). Lesser acuity in estimating the time components—
of the movement, as compated with perception of amplitude which is directly
based on movement-related proprioceptive information, might explain the
leading role of amplitude, as Katz-Salamon (1984) has suggested for voluntary
breathing. :

These similarities between breathing and the present skill may indicate
that both movements present common kinematic features despite the different
ways they are cenitally controlled. Breathing frequency and amplitude are gen-
erally assumed to be controlled by the bulbopontine rhythm generator to fulfill
metabolic and behavioral requirements while minimizing the force or work of
the respiratory muscles (Hémaildinen, 1983). In particular, this may be related
to the principle of “maximum comfort” of breathing suggested by Otis, e /.
(1950), which is probably related to minimization of accelerations. The posi-
tive correlation between amplitude and period observed in the present study,
which has precisely this same effect, might be similarly interpreted.

The present work shows that analysis of breathing pattern cannot be re-
duced to its metabolic aspects and must also be analysed in the context of gen-
ere] motor skills. Periodic and continuous skills, based on time and amplitude
components may indeed share some common features. The joint investigation
of the cognitive strategies, percepiual information, and mechanical laws under-
lying the control of these features may provide insights into their origin.
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