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Workparts

• Motor descriptors of space

• Predicting attention / hand movement from gaze

• Shared attention



• investigate perceived space in the saccade 
adaptation paradigm in humans 
(M4 at month 12, D5.3a at month 15)

• same task will be used to train a monkey in order 
to test whether fragment location descriptors are 
motor or sensory 
(M8 at month 22, D.5.3b at month 30)

• results will be used in WP 4 for the generation of 
an action-minded representation of 3D workspace

WP 5.3 
Motor description of fragment location



WP 5.3: Saccade adaptation

F T1T2



position of the bar without making any saccade at all (to see if the
perceptual effects of saccadic adaptation were a general result of the
adaptive process or required an actual saccade). Here the fixation spot
remained on and the targets did not appear. The trial was only
accepted if the subject continued fixation throughout the trial.

In another control, we interposed 15% catch trials in the adapted
state experiments, in which the target never stepped on the saccade
trigger but just disappeared. In these trials, the subjects were still
asked to report the position of the bar (to see if the intrasaccadic target
step caused any perceptual effect or if the subjects used the final target
position as an aid to localize the flash.).

Subjects

Full data in the major conditions were collected from four subjects:
two authors and two naı̈ve to the goals of the experiment. However,
all authors served as preliminary subjects for all conditions, and their
results agreed with those of the more thoroughly studied subjects. We
took particular care to randomize both the position of the bars and the
time of their presentation within a given experimental condition, so
subjects (both authors and naı̈ve) were completely unaware of the
conditions of a particular trial, given that people are very poor in
localizing the time of presentation of a brief stimulus around the time
of the saccade (Ross et al. 1997; Schlag and Schlag-Rey 2002). This
minimizes the possibility of response stereotyping or other forms of
bias in the data. The use of two naı̈ve subjects for most major
conditions further excludes this possibility.

Before collecting data on the adaptation conditions, we trained
subjects for 1 or 2 days on the various adaptation regimens, until
adaptation occurred within the first 20–40 trials. For each adaptation
condition, 1000 trials were typically collected. Considering all the
trials performed, including training trials, a small number of trials did
not meet our stringent criteria of adaptation and were therefore
eliminated. In many of the discarded trials, the subjects made com-
pensatory second saccades. However, most of these errors occurred

early in the adaptation process. Restricting the analysis to the session
after training to achieve good adaptation, on average, 83% of all trials
could be used for off-line analysis. Adding the remaining saccades did
not change the overall pattern of results.

The experimental protocol was approved by the Consiglio Nazio-
nale di Ricerca as being within its regulations for human experimen-
tation under the Helsinki protocol.

R E S U L T S

Adaptation of saccadic gain

Before measuring visual mislocalizations around the time of
saccades, we trained subjects in the saccadic adaptation para-
digm of McLaughlin (1967). Subjects viewed a dark fixation
spot 14° to the left of the center of the screen (see Fig. 1C).
After a warning, a target appeared 14° right of center, to which
subjects immediately saccaded. As soon as the saccade began,
the target shifted to the new position (Fig. 1A). Initially,
subjects made two separate saccades, first to the initial saccadic
target followed by a corrective saccade to the new position
(dark trace of Fig. 1A). Over the course of about 20 trials, the
amplitude of the first saccade changed so that the endpoint of
the saccade approximated the new position of the target, with
the second saccade become smaller and of decreased latency
(Fig. 1A). During this time, subjects ceased to perceive the
intrasaccadic target shifts and usually perceived the target to be
at the postsaccadic center of gaze.

Effect of saccadic adaptation on peri-saccadic
spatial perception

This experiment was basically like that of Ross et al. (1997),
except we also measured localization under conditions of gain

FIG. 1. A: time course of the various events
that occurred on each trial in a particular ad-
aptation condition (gain decreasing). Trial
starts with the observer looking at the fixation
point at left (position !14°). At an unpredict-
able moment, the fixation point disappeared
and the target (T1: position "14° in this ex-
ample) appeared at a particular position to the
right, to which the observer made a saccade as
rapidly as possible. During adaptation trials,
the target was moved to T2 as soon as the
computer had detected the onset of a saccade.
Black trace shows a saccade early in the adap-
tation sequence, where the observer made 2
distinct saccades. Gray trace shows a later,
perfectly adapted, saccade that went straight to
the final destination. B: gain of the saccades
(ratio of actual movement to distance to 1st
target) in 1 experimental session, after training
sessions. After a few trials, the saccade went
straight to the final goal, one-half the initial
distance (gain # 0.5). Curve passing through
the data is an exponentially decaying fit with a
constant of 19 trials. Even after adaptation, not
all the trails met the strict criterion of being
within 5% of the amplitude to T2. C: stimulus
conditions for the experiments. Note that the
fixation (!14°), saccadic targets (0 and 14°),
and bar were never seen simultaneously, but
followed the time course reported in A.
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Saccadic adaptation induces a shift in perception 

When visual references were not available after the
saccade, during the adaptation phase localization judgments
shifted leftwards on average 1.5° relative to pre-adaptation
(significantly different from 0, Student's t-test, pb0.05), not as
much as in the previous condition although the difference just
failed to reach significance (pN0.06). The shift of localization
judgments appears to be spatially non-uniform (Fig. 3b), with a
larger localization shift for probes to the right of the 12°
saccade target than for those to the left. This spatial
heterogeneity of localization shift size appears similar to the
spatial heterogeneity of adaptation transfer (Fig. 2a). For
example, the leftward shift of localization judgments for the
probe at the same position as the saccade target was 1.8±0.5°.
The probe 2° to the rightwas shifted leftward by 2.0±0.2° while
the probe 2° to the left by only 1.2±0.5°. The probe 2° above the

saccade target position was shifted by 1.5±0.3°, and the probe
2° below 1.4±0.5°.

To quantitatively compare the amount of localization shift
to the amount of saccadic adaptation, Fig. 4 plots the
correlation between the two effects (i.e., between the ampli-
tude of the “adaptation tails” in Figs. 2a and 3b). There was a
positive correlation between the size of the amplitude
reduction of a saccade to a given position and the size of the
shift in localization judgment for a probe at the same position.
This suggests that the estimated probe location depended in
part on themetrics of the saccade that wouldmove the eyes to
that probe (as measured in the saccade condition), even when
that saccade was not the one actually made at the time of
localization. Such motor targeting information might also be
used in the condition where subjects localized with post-

Fig. 3 – Localization judgments (a) with and (b) without the post-saccadic visual reference provided by the saccade target, and
(c) in the fixation condition. Each data point corresponds to the average across the 4 subjects. (□) Probe positions. All other
conventions as in Fig. 2a.

Fig. 4 – Correlation between the size of the saccade change (SACC) and the size of the localization shift, in degrees of visual
angle, for trials in which subjects localized with (◊, dashed line) or without (♦, full line) visual references (VR). Each data
point corresponds to the average over the 4 subjects for one tested position. (a) Size of the change of saccades made to each
tested position in the saccade condition. (b) Size of the change of the saccades towards the 12° target executed during the
localization trials.
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with visual references without references

target during which the target disappeared, saccades to any of
the other 38 targets).

2.2. Characteristics of saccadic adaptation

In the pre-adaptation condition, the average amplitude of the
saccade directed to the target located 12° to the right was 11.3±
0.7°. After 50 adaptation trials during which the target stepped
back by 4°, the amplitude was significantly reduced to 9.8±0.6°
(pb0.02). Fig. 1b presents an individual time course of adapta-
tion. The average amount of adaptation of the 12° saccade was
13±0.5% (%gain change: [(AmplitudePRE−AmplitudeADA) /
AmplitudePRE]×100). The amount of adaptation did not depend
on whether the target remained on or was extinguished during
the saccade (Fb1).

2.3. Saccadic adaptation field

Subjects made saccades towards 39 different targets with
different horizontal or vertical components, amplitudes and

directions than the adapted 12° horizontal saccade. In the pre-
adaptation phase, saccades slightly undershot the targets.
After 50 adaptation trials, endpoints shifted leftward. The
extent of the adaptive shift is measured by the distance
between the pre-adapted and adapted saccade endpoints (i.e.,
the length of the adaptation ‘tail’ in Fig. 2a).

We assessed the effect of the 12° horizontal saccade ad-
aptation on neighboring saccades of different amplitudes and
directions by calculating the % adaptation transfer from the
adapted 12° saccade to each of the other 38 saccades. First, the
gain change for each saccade was calculated as for the
adapted 12° saccade. Then, this gain change was compared
to the gain change of the 12° adapted saccade: ((%gain
changeSACCi /13%)×100). Transfer of adaptation depended on
the distance separating the tested saccade from the 12°
adapted saccade. Globally, transfer decreased with increasing
distance to the 12° adapted saccade. However, this decrease in
transfer was asymmetric: the decrease in transfer to saccades
larger than 12° was less pronounced than to saccades smaller
than 12°. To quantify these observations in a manner
comparable to previous reports on monkey adaptation fields
(Noto et al., 1999), the amount of transfer was plotted for
saccades sharing the same horizontal or vertical component
as the 12° adapted saccade (Fig. 2b). A steeper drop in transfer
for saccades smaller than 12° than for saccades larger than 12°
can be seen, but no such asymmetry was observed along the
vertical axis.

2.4. Probe localization

When visual references were available after the saccade, we
hypothesized that subjects would use them to estimate the
localization of objects presented before the saccade. The
preponderant role of post-saccadic visual references in locali-
zationhasbeensuggestedby the landmark effect (Deubel, 2004).
When a visual object changes position during the saccade,
subjects do not notice because of saccadic suppression of
displacement (Bridgeman et al., 1975), but when the object is
no longer visible when the eye lands, position changes are
detected (Deubel et al., 1996). If a continuously visible object
changes position during the saccade and another does not
change positions but is blanked, the permanent object will be
seen as stationary and the blanked object as moving (Deubel
et al., 1998). Thus, objects present after the saccadewould serve
as landmarks and other objects would be realigned accordingly.
In the present experiment, the saccade target at (12°, 0°) could
act as a landmark. In the adaptation phase, other visual objects
not present after the saccade (i.e., the probe) could be realigned
according to the new target position, 4° to the left of the pre-
saccadic position. As seen in Fig. 3a, during the adaptation
phase, over the 39 probe positions, judgments were on average
shifted leftwards by 2.2° relative to the pre-adaptation phase
(significantly different from 0, Student's t-test, pb0.01).1

1 We did not expect the judgment shift to be as large as the
back-step of the saccade target (4°). Indeed, previous reports
about the landmark effect (Deubel, 2004) have shown that the
apparent displacement of a probe is smaller than that of the post-
saccadic object whose displacement drives the illusion.

Fig. 2 – (a) Saccade endpoints in pre-adaptation (•) and
adaptation (tip of the black tail) phases. Each data point
corresponds to the average across the 4 subjects. (+) Saccade
targets; (+) fixation point. Inset: individual data (Subject 1) for
three example saccade targets (open symbols: adaptation).
(b) Adaptation transfer from the 12° horizontal saccade to
saccades sharing the same horizontal (gray) or vertical
(white) component. Each data point corresponds to the
average across the 4 subjects.
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no saccade amplitudes



Work in the reporting period

• Time course of shift during adaptation 
(Georg et al., Exp. Brain Res., 2008)

• Reactive vs. scanning saccades 
(manuscript ready) 

• Re-evaluation of shift during fixation 
(data collection almost finished)

• Model of adapatation and induced shift 
(starting)



Reactive and scanning saccades
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Magnitude of adaptation and mislocalization

reactive saccade
flashed target

pre!test post!test
!6

!4

!2

0

2

4

lo
c
a
liz
a
ti
o
n
e
rr
o
r
!deg"

HF

pre!test post!test
!6

!4

!2

0

2

4

lo
c
a
liz
a
ti
o
n
e
rr
o
r
!deg"

HF

pre!test post!test
!6

!4

!2

0

2

4

lo
c
a
liz
a
ti
o
n
e
rr
o
r
!deg"

HF

pre!test post!test
!6

!4

!2

0

2

4

lo
c
a
liz
a
ti
o
n
e
rr
o
r
!deg"

HF

reactive saccade
stationary target

scanning saccade
flashed target

scanning saccade
stationary target



Magnitude of adaptation and mislocalization
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• transfer between different saccade types is 
asymmetric

• transfer of reactive saccade adaptation to 
space perception is stimulus-specific

• the reactive system      flashed targets

• the intentional system     flashed and 
stationary targets 

Conclusions



Adaptation-induced shift during fixation

Fixation Target

adapt & locatefixate & locate fixate & locate
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Adaptation-induced shift during fixation
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Adaptation-induced shift during fixation
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• adaptation induces mislocalization even 
during fixation

• this is more pronounced for outward 
adaptation

• continous target displacement causes 
further adaptation and mislocalization

• localization is linked to motor parameters

Conclusions



• report on the respective influence of motor and 
visual parameters on fragment location obtained 
from saccade adaptation data on humans 

• includes results from reactive / scanning 
experiments

• includes results from fixation experiments

• conclusion: motor planning is involved in object 
(fragment) localization

D 5.3a at month 15 (May)



• study sequence of allocation of attention, gaze, and 
arm movement in human cooperation
(M9.ante at month 18, D5.4 at month 27)

• perform similar studies with monkey subjects 
(M8 at month 22)

• important for the model in WP-3 and WP-4.  
When developed far enough, study cooperation 
behaviour between human and model in WP 4 
with eye tracker in UJI lab.

WP 5.4 
Predicting behaviour and cooperation in shared workspace



Work in the reporting period

• Build and test setup

• Begin data collection (single actor)

• Design cooperative task with UJI and UNIBO



Predictive eye movements
in gaze and action observation

• The observer is able to use the gaze direction of the other 

person to anticipate the pointing movement with a saccade. 

Task: look as soon as possible the end-location of the pointing movement. 

gaze & objects

gaze & no objects

no gaze & objects

no gaze & no objects



Predictive eye movements
in gaze and action observation

gaze & objects

gaze & no objects

no gaze & objects

no gaze & no objects
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• gaze information gives a 200-400 ms advantage in identifying the to be pointed location



• continuous sequences

• fooling / concealing

• interation between two actors

• find task to cooperate with robot

Next things to do (try)


