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ABSTRACT

The results of our experiments aimed at estimating the dis-
tribution of the response delay time in human intermittent
control over unstable mechanical systems are presented. A
novel experimental paradigm: balancing an overdamped in-
verted pendulum was used. The created simulator of balanc-
ing a virtual pendulum makes the pendulum invisible when
the angle between it and the upward position is less than
5°, which enabled us to measure directly the delay time. It
is demonstrated, in particular, that (i) the response delay
time may be treated as a random variable distributed within
a wide interval and (%) the response delay in human inter-
mittent control may be determined by cumulative actions of
two distinct mechanisms, automatic and international, en-
dowing it with complex nonlinear properties.
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1. INTRODUCTION

According to the modern paradigm, human control over
unstable mechanical systems can be categorized as intermit-
tent and this type of control being rather efficient on its own
is a natural consequence of human physiology (see., e.g., [1]).
With respect to human behavior the notion of intermittency
implies that actions of a human operator in controlling a me-
chanical system form a sequence of alternate fragments of
passive and active phases, with transitions between them
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being event-driven. The latter means that the control is ac-
tivated or halted when the discrepancy between the goal and
the actual system state exceeds a certain threshold or falls
behind it, respectively. Recently, we developed a concept of
noise-driven control activation as a more advanced alterna-
tive to the conventional threshold-driven activation [2]. In
this concept the transition from passive to active phases is
probabilistic and reflects human perception and fuzzy eval-
uation of the current system state before making decision
concerning the necessity of correcting the system dynamics.
Broadly speaking, during the passive phase the operator ac-
cumulates the information about the system state, naturally,
this process is not instantaneous but requires some time in
addition to the physiological delay in human response. The
cumulative effect of the two mechanisms, the accumulation
of information about the system state and the physiological
delay, can be described by some delay time 7. The found
stochasticity of human intermittent control in experiments
on balancing virtual stick [2] prompts us to expect that this
delay time is not a fixed value but a random variable with a
relatively wide distribution; this feature is crucial for model-
ing human intermittent control. To elucidate the probabilis-
tic properties of this cumulative delay in human reactions in
controlling unstable mechanical system we have conducted
some experiments and the purpose of present work is to re-
port the obtained results.

However, before discussing our results, some comments
concerning the research of human response delay are worth-
while. Investigations of response delay in human reactions to
various stimuli including visual ones has a relative long his-
tory (see, e.g., [3]). Usually in experiments on human visual
perception the values of delay time 74 2 100 ms are detected
and they are unimodally distributed within a wide interval;
the gamma or Weibull fits are often used to characterize the
found results (see, e.g., [4]). During the last decade there
has been accumulated some evidence that mental processes
contribute substantially to the response delay and such fac-
tors as memory load and required attention are essential in
this case (see, e.g., [5, 6] and references therein). Taking
into account this fact and the possible existence of two men-
tal systems of information processing (see a review [7]) we
may expect the response delay time distribution to exhibit
complex behavior especially in cases when it is related to
decision-making in multifactorial processes like human in-
termittent control.

2. EXPERIMENTAL SETUP

As previously [2], in our investigations, we used a novel
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Figure 1: The used simulator of balancing a one-
degree-of-freedom overdamped inverted pendulum
(stick) with a region of invisibility.

experimental paradigm: balancing an overdamped inverted
stick (Fig. 1) whose dynamics is governed by the equation

T% =sinf — %ﬂcos&,
where the cart velocity ¢ is determined by operator actions,
7 is the timescale of the stick motion, [ is the stick length.
The overdamping eliminates the effects of inertia, and there-
fore reduces the dimensionality of the system. The new fea-
ture of this balancing simulator is that the stick becomes
invisible within the sector £5° (Fig. 1).

Twelve subjects were instructed to maintain the upright
position of the stick on the computer screen by moving the
platform horizontally via the computer mouse. When the
stick leaves this sector and becomes visible, a subject tries
to restore its upright position. If, nevertheless, the stick falls
it is returned immediately by computer into the invisibility
sector and the balancing experiment is resumed. Two types
of experimental set-up were studied, in the first case after
falling, the stick is placed randomly inside the invisibility
sector such that from which side the stick will appear is not
predictable. In the second case the stick appears from one
side only. The time span 74 between the moments when
the stick leaves the invisibility sector becoming visible and
when a subjects starts cart (mouse) motion was fixed and
regarded as the current value of the response delay time.

3. RESULTS AND DISCUSSION

The statistical data collected in this way are illustrated
in Fig. 2. Their analysis enables us to draw the following
conclusion.

e The response delay time characterizing the transition
from passive to active phases in human intermittent
control is a random variables changing in a wide in-
terval from the lower value less than 100 ms up to
upper value about 600 ms. It should be noted that the
lower and upper values are typical delay times of hu-
man response to predictable and unpredictable events,
respectively [1].

e The found distributions of response delay time for many
subjects contain at least two different fragments repre-
sented individually in Fig. 2 by Random and One-side
data, which argues for the hypothesis about the exis-
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Figure 2: Two histograms of response delay time
obtained based on the conducted experiments for
different subjects within the Random and One-side
stick appearance setup.

tence of two mental systems affecting together human
decision-making.

e The individual difference in the response delay time
distribution found for several subjects in experiments
with predictable and unpredictable stick appearance
demonstrates the substantial role of mental processes
in evaluating the current state of system dynamics by
human operators.

The found results are essential for constructing mathemat-
ical models of human intermittent control that operate di-
rectly with the human delay.
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