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In natural environments, optical flow patterns resembling spiral stim-
uli contain speed gradients (e.g. in an expanding spiral objects accel-
erate while moving away from the center of heading).
Several studies have found that MT neurons in monkeys are selective
for different kinds of speed gradients (e.g. accelerations or
decelerations) (Treue and Andersen, 1989; Xiao et al., 1997)

0

10

20

30

40

50

60
overlapping distributions
the cell cannot discriminate
between two directions

distribution of inter-trial response variability

non-overlapping distributions
the cell can discriminate
between two directions

Sp
ik

es
 / 

se
co

nd

20 deg

0

20

40

60

80
spiral direction

 Introduction

This unit can discriminate
between two spiral directions
that are 20 degrees apart. In
our sample of 29 MST units
the lowest discriminability
was 10 degrees.

spiral direction

In order to answer these questions, we conducted the following
experiments

Do speed gradients influence the discrimination
of optical flow stimuli in humans?

Is the discriminability of single units for spiral
stimuli similar to the one of human subjects?

Single neurons in area MST of macaques show selectivity for differ-
ent kinds of spiral stimuli (Tanaka and Saito 1989, Graziano et al.
1994). The figure below represents the tuning curve of one MST
neuron for spiral stimuli. We have used tuning curves to compute
the ability of MST neurons to discriminate between different kinds
of spirals (Snowden et al. 1992)
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For radial patterns, a rotational component was added. Subjects deter-
mined the direction of the component (CW or CCW, see example
above). For rotating patterns, a radial component was added, subjects
determined the direction of the component (expanding or contracting,
not shown). Three sessions of 240 trials per block (i.e. radial or
rotation) were run. Four subjects participated in the experiments.
Discrimination Thresholds (DT) were defined as the amount of
change in the component's direction necessary for the subjects to
make correct judgments in 75% of the trials.
Results

Methods
Stimuli: were moving random dot patterns (RDP) resembling radial
(expansion / contraction) or rotational (clockwise (CW) / counter-
clockwise (CCW)) spirals with and without speed gradient.

With
Speed Gradient

Without
Speed Gradient

Change in rotational component (degrees)
(> 0: CW, < 0: CCW)

Psychometric function for radial patterns with (blue) and without
(red) speed gradient . The DT is lower in the former case. The DT
is also lower than the one of single neurons (see Introduction).
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Example trial:
Expansion with speed gradient

Experimental design
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CONCLUSIONS
Speed gradient information influences human
DTs for spiral stimuli.
Human DTs are lower than the ones of single
neurons in the monkey.
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Methods
Stimuli: were moving RDPs (100% coherence) accelerating or decel-
erating following straight paths. A trial consisted on the presentation
of an adapting pattern lasting 20 sec. followed by a test pattern lasting
0.5 sec. Subjects decided whether the test pattern was accelerating or
decelerating. Four different conditions (staircase method) consisting
of 33 trials each were run by three subjects.

 Experiment 2
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Speed gradient values ranged from -3.03 cm/s2 to +3.03 cm/s2 . “-”
indicates deceleration and “+” acceleration. The Point of Subjective
Equality (PSE) was the speed gradient value at which subjects per-
ceived neither acceleration or deceleration in the test pattern.
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DT were 35% lower for radial patterns and 25% lower for rotating
patterns with than without speed gradient.
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CONCLUSIONS
Our results suggest that the human visual system
possesses channels selective for the orientation of
speed gradients. Such channels seem to interact
with motion direction sensitive mechanisms.
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In all the subjects the PSE was the highest when the adapting pat-
tern moved in the same direction and had the same speed gradient
orientation as the test. However, adaptation to the orientation of
the speed gradient alone also resulted in PSEs higher than the PPE
in all subjects.

 Experiment 1


