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Detection

are peaks/units of representation separated 
from sub-threshold activation states by a gap 
caused by interaction 



Very low level perception

[Hock, Schöner: J Vision 2023]

detect this line
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Figure 6. Illustration of stimuli for Experiments 4 through 9. Each trial in these experiments was composed of a variable number of
frames during which black and white vertical line segments were presented in a sequence of randomly determined locations. (A) Two
frames per trial. (B) Three frames per trial. (C) Four frames per /trial. (D) Five frames per trial. The maximum was nine frames per
trial. Experiment 4: The contrast of the white line segment was the same during every trial. Experiment 5: Depicted are examples of
descending trials; the contrast of the white line segment was decreased during successive frames. For ascending trials, which are not
illustrated, the contrast of the white line segment was increased during successive frames. Experiment 6: The same as Experiment 5,
except that the contrast during the first frame was presented four times, always at a different randomly determined location.
Experiment 7: The same as Experiment 5, except that the contrast during the last frame was presented four times, always at a
different randomly determined location. Experiment 8: The same as Experiment 5, except that blank frames were inserted between
the frames in which the line segments were presented. Experiment 9: The same as Experiment 5, except that the frame durations
were much briefer and the distance between random relocations of the line segments was much larger.

Method: Experiments 4 to 7

As illustrated in Figure 6, the stimuli again were
composed of two parallel, vertical line segments,
each 3.3 × 33.0 arcmin (the gap between them was
3.3 arcmin). The line segments were simultaneously
presented against a gray background (luminance =
28.2 cd/m2). The line segment on the left (the flanker)
remained black throughout the experiments (luminance
= 0 cd/m2). As in the preceding experiments, its
purpose was to ensure that the observer could always
attend to the location of the variable-contrast, lighter
than background line segment on the right, which was
sequentially presented (along with the black flanker) at
a sequence of randomly determined locations.

Frame durations
The first frame of each trial was 614 ms in

duration in order to ensure that there would be
sufficient time for observers to attend to the object
(its location was uncertain) and determine whether
it was visible or not. All of the frames following the
first were 360 ms in duration. The interframe intervals
were 0 ms.

Randomized locations
During each trial, the black flanker and the white

object were presented at a succession of different,
randomly determined locations. Each location was
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Detection depends on prior state
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Figure 8. Results of Experiment 5. (A) The proportion of ascending trials during which there was at least one switch from invisibility to
visibility and the proportion of descending trials during which the object remained visible throughout, both as a function of the
contrast of the object at the end of a trial. When the initial contrast of the object was very small (0.008), it was invisible during the
initial 614-ms presentation of each ascending trial. Its contrast then increased in steps of 0.008, ending after a variable number of
steps (and, thus, a different end-of-trial contrast). When the initial contrast of the object was greater (0.073), it was visible during the
initial 614-ms presentation of each descending trial. Its contrast then decreased in steps of 0.008 at each 360-ms relocation of the
object, ending after a variable number of steps (and, thus, a different end-of-trial contrast). The vertical line segments denote ±1
SEM. (B) A computational simulation of the experimental results based on a dynamic neural field model. The stimulus-initiated
activation of the object ranged from 3.8 to 5.4.

more steps, the likelihood of visibility (or invisibility)
persisting for the entire trial would be expected
to decrease as the number of steps was increased.
Hysteresis would then be indicated when an object was
more likely to be visible for a particular end-of-trial
contrast value when it was reached via a descending
compared with an ascending sequence of contrast
changes.
Design: There were eight kinds of ascending trials
(end-of-trial contrasts were 0.017, 0.025, 0.033, 0.041,
0.049, 0.057, 0.065, 0.073, or 0.081) and eight kinds
of descending trials (end-of-trial contrasts were
0.008, 0.017, 0.025, 0.033, 0.041, 0.0490, 0.057, 0.065,
or 0.073). The sequences for descending trials are
illustrated in Figure 6. For brief descending trials
with an end-of-trial contrast of 0.017, the sequence
of presentations was 0.008–0.017, each at a randomly
determined location. The sequence of presentations for
slightly longer descending trials with an end-of-trial
contrast of 0.025 was 0.008–0.017–0.025, each at a
randomly determined location, and so on, up to the
longest descending trials: 0.008–0.017–0.025–0.033–
0.041–0.049–0.057–0.065–0.073, each at a randomly
determined location. The 16 trials thus generated
(eight descending and eight ascending) were repeated
six times, forming blocks composed of 96 randomly
ordered trials. Eight observers were tested on four
blocks of trials in each of three sessions.
Analysis of hysteresis: The analysis included only
ascending trials for which the object was invisible

during its initial presentation and only descending
trials for which the object was visible during its initial
presentation (a high percentage of the trials in both
cases). For ascending trials, the first opportunity for an
invisible-to-visible switch occurred when contrast was
increased by a single step (from 0.008 to 0.017). For
descending trials, the first opportunity for a visible-to
invisible switch occurred when contrast was decreased
by a single step (from 0.071 to 0.063). The results
were statistically analyzed by comparing visibility for
end-of-trial contrast values that were common to the
ascending and descending trials (between 0.017 and
0.063).

Results and discussion
Visibility was greater for end-of-trial contrast values

that were reached by gradually decreasing compared
with gradually increasing contrast (Figure 8A). This
evidence for hysteresis was statistically significant, F(1,
7) = 30.08, p < 0.001. Thus, visibility was maintained
for descending trials despite reductions in contrast to
levels that would otherwise have resulted in invisibility.
If there were no excitation-elicited activation associated
with the descending trials, visibility would have been
equally likely for the descending and ascending trials
ending at the same contrast; there would have been no
evidence for hysteresis. Obtaining hysteresis provided
direct evidence for the linkage between successive
relocations of an object; that is, when an object was
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Method: Experiments 4 to 7

As illustrated in Figure 6, the stimuli again were
composed of two parallel, vertical line segments,
each 3.3 × 33.0 arcmin (the gap between them was
3.3 arcmin). The line segments were simultaneously
presented against a gray background (luminance =
28.2 cd/m2). The line segment on the left (the flanker)
remained black throughout the experiments (luminance
= 0 cd/m2). As in the preceding experiments, its
purpose was to ensure that the observer could always
attend to the location of the variable-contrast, lighter
than background line segment on the right, which was
sequentially presented (along with the black flanker) at
a sequence of randomly determined locations.

Frame durations
The first frame of each trial was 614 ms in

duration in order to ensure that there would be
sufficient time for observers to attend to the object
(its location was uncertain) and determine whether
it was visible or not. All of the frames following the
first were 360 ms in duration. The interframe intervals
were 0 ms.

Randomized locations
During each trial, the black flanker and the white

object were presented at a succession of different,
randomly determined locations. Each location was
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Motion detection

in the detection 
of Generalized 
Apparent Motion

Generalized Apparent Motion

(Johansson, 1950)
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Detection instability

varying 
BRLC

[Gilroy, Hock JEP:HPP 2004]



Detection instability

hysteresis of motion detection as BRLC is varied

(while response bias is minimized)

184 H. S. Hock, G. Schöner / Seeing and Perceiving 23 (2010) 173–195

Figure 5. Hysteresis effect observed by gradually increasing or gradually decreasing the background
relative luminance contrast (BRLC) for a participant in Hock et al.’s (1997) third experiment. The
proportion of trials with switches from the perception of motion to the perception of nonmotion, and
vice versa, are graphed as a function of the BRLC value at which each ascending or descending
sequence of BRLC values ends. (Note the inversion of the axis on the right.)

which there were switches during trials with a particular end-point BRLC value
was different, depending on whether that aspect ratio was preceded by an ascend-
ing (vertical axis on the left side of the graph) or a descending sequence of BRLC
values (the inverted vertical axis on the right side of the graph). For example, when
the end-point BRLC value was 0.5, motion continued to be perceived without a
switch to non-motion for 90% of the descending trials, and non-motion continued
to be perceived without a switch to motion for 58% of the ascending trials. Percep-
tion therefore was bistable for this BRLC value and other BRLC values near it; both
motion and non-motion could be perceived for the same stimulus, the proportion of
each depending on the direction of parameter change. It was thus confirmed that
the hysteresis effect obtained for single-element apparent motion was indicative of
perceptual hysteresis, and was not an artifact of ‘inferences from trial duration’.

7. Near-Threshold Neural Dynamics

The perceptual hysteresis effect described above indicates that there are two stable
activation states possible for the motion detectors stimulated by generalized ap-
parent motion stimuli, one suprathreshold (motion is perceived) and the other sub-
threshold (motion is not perceived). Because of this stabilization of near-threshold
activation, motion and non-motion percepts both can occur for the same stimu-
lus (bistability), and both can resist random fluctuations and stimulus changes that
would result in frequent switches between them.

7.1. Why Stabilization Is Necessary

Whether an individual detector is activated by a stimulus or not, a random per-
turbation will with equal probability increase or decrease its activation. Assume it



Selection



reaction time (RT) paradigm

time

imperative 
signal=
go signal

response

RT

task set



the task set

is the critical factor in such studies of selection: which 
perceptual/action alternative/choices are available… 

e.g., how many choices 

e.g., how likely is each choice

e.g., how “easy” are the choices to recognize/perform 

because the task set is known to the participant prior 
to the presentation of the imperative signal, one may 
think of the task set as a “preshaping” of the 
underlying representation (pre=before the decision)
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weak preshape 
in selection

specific (imperative) 
input dominates and 
drives detection 
instability

[Wilimzig, Schöner, 2006]
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using preshape to account for 
classical RT data 

Hick’s law: RT increases 
with the number of 
choices
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metric effect

predict faster response 
times for metrically close 
than for metrically far 
choices
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experiment:  
metric effect

[McDowell, Jeka, Schöner ]
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Time course of selection decisions: 
Behavioral evidence for the graded and 

continuous evolution of decision

time
move on 4th to tone

imperative stimulus

imposed SR interval

timed movement 
initiation paradigm

[Ghez and colleagues, 1988 to 1990’s]



[Favilla et al. 1989]



[Favilla et al. 1989]



0

20

40

60

0

20

40

60

125  75  25
0

20

40

60

0

20

40

60

0

20

40

60

125  75  25
0

20

40

60

Peak Force (N)

D
is

tri
bu

tio
n 

of
 P

ea
k 

Fo
rc

es

Experimental results of Henig et al

short
SR
interval

medium
SR
interval

short
SR
interval

long



[Erlhagen, Schöner. 2002, Psychological Review 109, 545–572 (2002)] 
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place with minimal changes in the hand paths. Table 1
shows the means and standard errors of curvature and
linearity indices (see Materials and methods) across sub-
jects (n = 5) for predictable targets and for each time in-
terval for unpredictable targets. Small increases in curva-
ture of 1°–2° and reductions in linearity occur among
movements initiated between 80 and 200 ms after target
presentation. However, all values are well within the
range of normal values for linearity in reaching move-
ments (e.g. Atkeson and Hollerbach 1985; Georgopoulos
1988a, b; Georgopoulos and Massey 1988; Gordon et al.
1994b). Moreover, as can be noted among the hand paths
illustrated in Fig. 5, change in direction associated with
curvature did not appreciably reduce the directional error
at the end point. Similarly, the improvement in accuracy
was not achieved through variations in movement time.

Those data will, however, be considered in greater detail
below when the systematic effects of target separation on
movement time are described (see Fig. 10).

Threshold target separation
for discrete directional specification

Figure 7 shows the distributions of initial movement di-
rections in one subject at five target separations and
smoothed for clarity. Data from the same three succes-
sive S-R time interval bins used in earlier figures are
shown in different line types. For the 30° degree target
separation, at S-R intervals ≤ 80 ms (dotted line and his-
togram to show effect of smoothing) initial directions are
distributed unimodally around the midpoint of the range

224

Fig. 7 Experiment 2. Distribu-
tions of movement directions at
the time of peak acceleration in
one subject for five target sepa-
rations. In each plot, distribu-
tions were fitted with a smooth
line using a cosine function
(Chambers et al. 1983). The ar-
rows on the x-axis point to the
required direction for each tar-
get separation. In the top plot,
the actual histogram for re-
sponses with S-R intervals
≤ 80 ms is displayed to demon-
strate the relationship of the fit-
ted line to the actual distribu-
tion. On the right side of each
plot, the actual target locations
are displayed for reference &/fig.c:

[Ghez et al 1997]

infer width of 
preshape peaks in 
field



0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

N
um

be
r 

of
 t

ri
al

s

parameter, x

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

rare frequent rare frequent
probability in timed movement initiation

short SR interval: 
observe preshape

long SR interval: 
observe stimulus-defined 

movement plan

rare frequent

Ghez et al, 1997


