
Reduction of perceived visual speed during locomotion: Evidence for quadrupedal perceptual pathways in humans?

Adar Pelah , Adrian E. I. Thurrell and Miriam Berry
(1) (1, 2) (1)

ap114@cam.ac.uk, a.thurrell@ion.ucl.ac.uk and

1) Department of Physiology, University of Cambridge, Downing Street, Cambridge, CB2 3EG

2) MRC Human Movement and Balance Unit, Institute of Neurology, National Hospital for Neurology and Neurosurgery, Queen Square, London, WC1N 3BG

mb305@cam.ac.uk

Introduction

Movement of the eyes has a profound effect on the images
projected on the retinae. Thus in any visual determination of
the position or movement of an object, account must be made
of the movements of the eyes in space. Von Helmholtz (1896)
concluded that the solution was to use extra-retinal signals to
reveal object position and movement in space. Wertheim
(1994) suggested the replacement of the concept of extra-
retinal signals by that of reference signals which encode the
motion of the eyes in space rather than rotation of the eyes in
their sockets relative to the head in order to account for
percepts during sensations of ego-motion (vection). This
concept allows easy extension of the reference signal to
include not just ego-motion from vestibular or vection-inducing
optic flow, but signals from other sensory modalities as well,
providing a common reference frame for interaction. A number
of studies have found influences of limb proprioceptive and
somatosensory signals on self-motion perception (Bles et al.
1995), ocular tracking (de Graaf et al. 1994) and visual motion
perception (Brandt et al. 1977, Pelah et al. 1996). We reported
previously (Thurrell et al. 1998) that perceived optic flow speed
is reduced linearly with walking speed on an exercise treadmill.
As it is rare to walk on a moving surface, we postulated this
mechanism would preserve world constancy during normal
self-motion. The hypothesis that this effect is due to
mechanisms of perceptual constancy would be bolstered if the
effect were strongest for motor activities similar to natural
locomotion (walking). We tested the effect under four motor
activities progressively less similar to natural locomotion:
walking; cycling; 'arm pedalling' and finger tapping.

Methods

24 experimentally naïve subjects between the ages of 19 and
25 were tested. Goggles were worn allowing vision only from
the right eye and restricting peripheral vision to within the
confines of the visual display. The visual stimulus consisted of
a large screen (1.9m x 1.2m) on which was rear-projected a
moveable tunnel composed of 15 bright squares on a dark
background. A bright fixation point was also present on the
centre of the tunnel and maintained at eye level. The image
resolution was 1280 x 1024 refreshed at 30Hz, fully anti-
aliased and tunnel components faded in and out of the
background luminosity to reduce motion artefacts.

The conditions:
The walking condition was performed on an exercise
treadmill powered by the locomotion of the subject whilst
holding the hand-rails, allowing direct control of their walking
velocity.
Cycling conditions were performed on an exercise bicycle
placed to minimise changes in eye position from walking.
For the 'arm pedalling' condition, the exercise bicycle was
raised and the resistance reduced for comfort.
Finger tapping conditions were performed while standing on
the treadmill, tapping all 4 fingers on each hand together,
alternating hands. See Figure 1.
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The order of the experiments was counterbalanced across the
subjects, with 18 trials for each motor activity and subject.
Subjects adjusted the test tunnel velocity using a
potentiometer placed near their right hand.
Each trial was 45s long (see Figure 2):

Results
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15 out of 20 subjects showed the previously reported effect
of reduced perceived visual velocity due to walking.
Remaining subjects produced anomalous results possibly
due misinterpretation of instructions or lack of immersion in
the environment.
The effect of walking speed on the perceived visual velocity
was significantly greater than the other activity conditions.
The effects of cycling and arm pedalling were both
significantly different from zero, but not from each other.
The effect of finger tapping on the perceived visual velocity
was not significantly different from zero.
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Figure 4. Intersubject mean of absolute slopes for each motor
activity showing the trend in effect magnitude from walking to finger
tapping. Error bars denote ±1.96 standard errors.

Figure 2. The time sequence of each trial. Instructions were
displayed for 5s each (thin black line) alternating with the tunnel (10s,
thick black lines). Mean settings during the last 5s of each test tunnel
(blue bars) were plotted against the mean walking speed during the
last 5s of the target tunnel (red bar), see Figure 3. Activity speed (red)
in km/h, visual velocity (blue) in cm/s at mid-hemifield position, data
from subject BRD (walking).

Figure 3. Perceived visual velocity plotted against normalised motor
activity for each of the 4 activities. Data show accurate perception
without motor activity and reduced perceived velocity at higher activity
speeds for walking, cycling and arm pedalling. Slopes of linear best fits
were -3.9 (walking), -3.2 (cycling), -0.8 (arm pedalling) and 0.0 (finger
tapping). Target tunnel velocity was always +5cm/s (expanding). Data
from subject BKW.

Figure 1. The 4 motor activity conditions used.

An instruction denoting a target presentation and for the
motor activity speed, either 'stop', 'very slow', 'slow',
'normal', 'fast' or 'very fast' was displayed for 5s giving the
subject time to reach this speed from rest before…
A target tunnel velocity (always expanding at +5cm/s at the
mid-hemifield position) was presented for 10s.
The tunnel was removed for 5s and replaced with
instructions to stop the motor activity and adjust the tunnel
velocity. The tunnel velocity was to be adjusted to that
perceived during the motor activity.
A test tunnel whose velocity was controlled by the subject
was presented for 10s.
A second test tunnel followed in an identical manner.
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Discussion

Confirming our previous findings, visual motion perception is
influenced by walking. Cycling and arm pedalling, as activities
less similar to locomotion, were also found to influence visual
motion perception. Finger tapping, however, was not found to
have any effect upon visual motion perception, see Figure 4.
This trend may be explained by the similarity of the activity to
natural locomotion: Walking as the 'gold standard', would be
the quintessential activity for which this effect would be
expected; cycling uses many of the same muscles, but with a
different coordination pattern and is less natural; arm pedalling
may replicate some aspects of arm swing during walking
whereas finger tapping is completely unrelated to locomotion.
An intriguing alternative to the similarity of arm pedalling to arm
swing would be that this activity activates vestigial
quadrupedal pathways present as a result of our evolutionary
heritage or our days as infants crawling on all fours.
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