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Abstract During a goal-directed movement of the hand
to a visual target the controlling nervous system depends
on information provided by the visual system. This
suggests that a coupling between these two systems is
crucial. In a choice condition with two or more equiv-
alent objects present at the same time the question arises
whether we (a) reach for the object we have selected to
look at or (b) look to the object we have selected to
grasp. Therefore, we examined the preference of human
subjects selecting the left or the right target and its
correlation to the action to be performed (eye-, arm- or
coordinated eye–arm movement) as well as the hori-
zontal position of the target. Two targets were presented
at the same distance to the left and right of a fixation
point and the stimulus onset asynchrony (SOA) was
adjusted until both targets were selected equally often.
This balanced SOA was then taken as a quantitative
measure of selection preference. We compared these
preferences at three horizontal positions for the different
movement types (eye, arm, both). The preferences of the
‘arm’ and ‘coordinated eye–arm’ movement types were
correlated more strongly than the preferences of the
other movement types. Thus, we look to where we have
already selected to grasp. These findings provide evi-
dence that in a coordinated movement of eyes and arm
the control of gaze is a means to an end, namely a tool to
conduct the arm movement properly.

Keywords Psychophysics Æ Eye movements Æ Hand
movements Æ Reference frames Æ Eye–hand coordination

Introduction

Eye–hand coordination is of great importance in
everyday life. We spend much of our time reaching for
and manipulating objects under visual guidance. Whe-
ther we grasp a pen or catch a ball, very sophisticated
calculations have to be carried out by the nervous sys-
tem. In the case of eye–hand coordination, the nervous
system depends on information provided by the visual
system. Therefore a close coupling of these systems
during coordinated movements can be expected.

Among others (for instance Fisk and Goodale 1985;
Soechting et al. 2001) Neggers and Bekkering (2000)
provided supporting evidence from psychophysical
studies for a ‘yoking’ of the two systems. During a goal-
directed movement of the hand they presented a new
saccade target and instructed the subject to look at it as
soon as possible. Subjects made the second saccade not
until offset of the hand movement. Thus, foveal infor-
mation about the position of the first target is required
until the end of the arm movement. However, when the
subjects had been instructed to perform a coordinated
movement of both eyes and arm to the new target, eye
movements could be elicited during the ongoing arm
movement (Goodale et al. 1986; Prablanc and Martin
1992; Lünenburger et al. 2000; Neggers and Bekkering
2002). Saccades accompanied by coordinated arm
movements are faster (Snyder et al. 2002); ‘faster’
meaning that the main sequence (Bahill et al. 1975) of
saccade dynamics is altered during coordinated eye–arm
movement tasks. Interestingly, if the arm movement
occurs simultaneously but in the opposite direction, no
change in the timing of the saccade is observable. Thus,
a common task for both systems is necessary for estab-
lishing a close coupling.

A site capable of mediating this sort of coupling may
be the midbrain superior colliculus (SC): it contains an
oculomotor map, and modulations of neurons related to
arm movements have been observed (Werner 1993). For
half of those ‘reach-neurons’, lying in the intermediate
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layers of the SC, discharge is coded in an oculocentric
frame of reference. The other half, lying in the deeper
visuomotor layers of the SC, discharge in relation to arm
movements is irrespective of ocular gaze (Stuphorn et al.
2000). Activation of these ‘reach-neurons’ is probably
mediated by motor-related cortical areas via projections
from the premotor cortex (Fries 1984, 1985; Werner
et al.1997) and parietal cortex (Asanuma et al. 1985).

The sensorimotor transformation required for target
selection and development of movement plans for both
effectors (looking and reaching) occurs most probably in
the posterior parietal cortex (PPC) which is located
anatomically as well as functionally between visual and
motor cortical areas. Supporting evidence is provided by
the observation that patients with bilateral parietal lobe
damage have difficulties in pointing to positions they are
not allowed to look at (Carey et al. 1997). Instead, they
point to the position they are already looking to. In
human as well as in monkey PPC distinct regions were
identified in which activity correlated with the planning
of certain movement types, e.g. saccades, reach or grasp
(Seal and Commenges 1985; Murata et al. 1996; Snyder
et al. 1997). The response fields of neurons in parietal
areas LIP (lateral intraparietal) and PRR (parietal reach
region) are coded in eye-centred coordinates, indepen-
dently from sensory input modality (vision, audition)
and subsequent motor action, e.g. reach or saccade
(Grunewald et al. 1999; Linden et al. 1999; Mazzoni
et al. 1996; Stricanne et al. 1996; Batista et al. 1999;
Cohen and Andersen 2000). The signal is gain-modu-
lated by the position of eye, head or limb. Gain mech-
anisms play an important role for multisensory space
representation as well as for decision making and
attention and emanate from the properties of the coor-
dinate transforming network. The above mentioned
leads to the assumption that space is most likely repre-
sented differently in several (cortical) areas which build
this network in the PPC and can be read corresponding
to the movement plan and the actual requirements of the
task (Pouget et al. 2002). A tight coupling of the visual
and (manual) motor system is probably established at
the SC, where the alteration of the main sequence is
thought to occur after the plan to perform a coordinated
movement has been developed and implemented in the
PPC (Snyder et al. 2002).

Although the strong influence of an arm movement
on saccades has been demonstrated, the influence of
combined movements on target selection remains to be
investigated. Gielen et al. (1984) showed that subjects
always move eyes and arm in the same direction when
confronted with two simultaneously appearing targets.
We asked whether the eye movement in such a condition
plays a leading or an assisting role, as posed earlier by
Carey (2000). In other terms: Do we reach to where we
look or do we look to where we reach? Are these two
partners with equal priority acting together or is one
system serving the other? If two equivalent stimuli are
presented simultaneously, subjects have a spontaneous
preference (bias) for one particular stimulus. This bias

depends on several parameters, e.g. the size of the
stimuli, their eccentricity (Lévy-Schoen 1969, 1974;
Findlay 1980) or the position in peripersonal space. The
effector used for choosing one of the targets also influ-
ences the preference (Scherberger et al. 2003). This can
be adapted to compare the preferences when making
eye, arm or coordinated eye–arm movements, assuming
that a certain preference is generated by a certain acti-
vated network: if preferences were alike for a couple of
the movement types under study, predictions regarding
relationships could be made. In case the preferences for
combined movements resembled those for solitary arm
movements, we would look to where we are about to
reach. If it was the other way around, the saccadic sys-
tem is likely to govern the manual system. If no rela-
tionship were to be observed, the systems would be
independent. Thus, the comparison should reveal
information about the fine adjustment of action plan-
ning in a coordinated goal-directed movement of eyes
and arm. To provide a quantitative measure for prefer-
ences we employed the following psychophysical proce-
dure: Two targets were presented at the same distance to
the left and right of a fixation point and the stimulus
onset asynchrony (SOA) was adjusted using the adaptive
procedure PEST (parameter estimation using sequential
testing, Taylor and Creelman 1967) until both targets
were selected equally often. This balanced SOA is then
taken as a quantitative measure of selection preference.
We compared these preferences at three horizontal
positions for the different movement types (eye, arm,
both).

Materials and methods

Subjects

Twelve right-handed subjects, seven women and five
men (ages 23–60 years), participated in this study. The
data of one subject (female) had to be excluded due to
unstable performance (<75% correct). Lateralization
was assessed with a questionnaire according to Ehren-
stein and Arnold-Schulz-Gahmen (1997). All partici-
pants had normal or corrected-to-normal vision and
gave their informed consent prior to their inclusion in
the study. Experiments have been performed in ac-
cordance with the ethical standards laid down in the
1964 Declaration of Helsinki.

The task was introduced to the subjects with the help
of a written instruction in order to provide equal
information for each participant.

Setup

Subjects were seated at a table in a dimly lit room resting
their head on a chin-rest. A cylindrical board was
positioned in front of the subject (distance = 42 cm)
such that the axis of the hypothetical cylinder coincided



with the rotation axis of the head (Fig. 1a). Fourteen
light-emitting diodes (LEDs, diameter 5 mm) and seven
push-buttons [diameter 3 cm, i.e. 4� visual angle (va)]
were mounted on the board (Fig. 1b). The push-buttons
were horizontally aligned with an equal spacing of
10� va. Two LEDs (red and green) were countersunk
above each button which were only visible when swit-
ched on.

Gaze position was sampled with an EyeLink-System
(SMI, Sensomotoric Instruments, Teltow/Berlin, D) at
250 Hz for each eye. Signals were calibrated by having
the subjects fixate targets at known eccentricities.

Control of the LEDs and monitoring of the push-
buttons (temporal resolution = 1 ms) were accom-
plished through a custom-made device which was
connected to a PC’s parallel port. For the experi-
mental protocol CORTEX (Cortex: A Program for
Computerized Real Time Experiments, Laboratory of
Neurophysiology, NIMH, Version 5) was used.

Experimental protocol

The task was colour coded: If a red LED was illumi-
nated an eye-movement was required; the correct re-
sponse to the illumination of a green LED was an arm-
movement.

All trials began with the illumination of a fixation
item (referred to as FP, fixation point). After a variable
delay of 100–350 ms either one or two choice targets
were illuminated. Between two consecutive trials there
was a variable pause of 100–1,500 ms.

When an eye- or coordinated-movement was re-
quired, the FP disappeared with target onset, during
isolated arm movements it remained illuminated for the
purpose of fixation-maintenance.

In the eye-movement-only condition, both the FP
and choice targets were red LEDs. The subject was re-
quired first to look at the FP and then to look at a choice
target. Gaze position recording was used only to control
fixation and determine which target was chosen.

For the solitary arm-movement condition the FP
consisted of a red and a green LED while the choice
targets for the arm were green LEDs. The task of the
participant was first to look at the red LED and touch
the push-button indicated by the green LED at the FP.
Subjects were then required to choose a target with the
arm. Fixation was held stable at the FP throughout the
trial.

If coordinated eye- and arm-movements were re-
quired, both the FP and the choice targets consisted of a
red and green LED. The subject made combined eye and
arm movements to first the FP and then to a choice
target.

Every block (eye-, arm-, coordinated-movement)
was composed equally of single and double-target tri-
als. The position of the fixation item varied between
�20�, 0� and +20� va. In single stimulation trials
(when only one choice target was visible) the FP and

the target could be spaced from 10� to 50� va. In the
double-stimulation trials a second target was presented
in the opposite direction of the first target at a distance
of 10� from the FP.

The second choice target could be either switched on
simultaneously with the first one or with a variable time
delay with respect to the first. The time delay is called
SOA and was altered with every decision of the partic-
ipant using the adaptive staircase procedure ‘parameter
estimation using sequential testing’ (PEST). The partic-
ipant was instructed to choose the target that appeared
first. Subsequently, the less preferred target was switched
on earlier. The time delay between the onset of the two
targets was then adjusted separately for each FP until
the subject chose both targets equally often (Taylor and
Creelman 1967, for a review see Gescheider 1997). This
time delay was then called the balanced time delay
(BTD). Initial time delay was 0 ms, the initial step size
was 100 ms, thereafter the step size was adjusted
according to the rules of the PEST procedure. Each
block consisted of 192 trials: 32 double stimulation trials
at three different FPs and 96 single stimulation trials.
The measurements were repeated three times for each
participant at similar times of the day.

Data analysis

The SOA was plotted against the trial number to get
an impression of the performance of the subject
(Fig. 1c).

The sought-after measure was the SOA for which the
probabilities of left or right target choices are 0.5 (i.e. the
BTD). The BTD was determined off-line by modelling
the relationship between the preference of the observer
and the stimulus intensity (i.e. SOA) (Fig. 1d). The
psychometric function fit using the logistic distribution

P ðSOA; a; bÞ ¼ 1

1þ exp a�SOA
b

� �h i

where P is the probability of a rightward choice at a
given SOA and assuming a binomial distribution (that
is, the probability for a leftward choice is 1�P), pro-
vided the parameters a and b, where BTD is defined as a
(Scherberger et al. 2003) and b is the slope of the func-
tion at P(SOA)=0.5.

The BTD was determined for three FPs in each of the
three conditions.

For the evaluation, raw data were used as well as
normalized data to compare the data of different sub-
jects among each other.

To compare the data of the three different conditions,
the area lying between the six data points of each pair of
conditions (arm–eye, arm–coordinated, eye–coordi-
nated) was calculated separately (Fig. 2). This area
should be small if the difference between the preferences
of two conditions is small. Great differences in prefer-
ences should result in a larger area. The Wilcoxon



matched-pairs signed-ranks test was used to test for
significant influences of different parameters, level of
significance was a=0.05.

Results

The experiments had the aim to study the relationship
between both subsets of a coordinated movement of eye
and arm: control of gaze and control of the arm.
Therefore the preference for one of two appearing tar-
gets was measured in terms of BTD, i.e. the time needed
to compensate for a selection bias. Preferences were
collected for movements of eyes, arm and both eye and
arm. The horizontal fixation position was varied be-
tween �20� and 20� va with respect to the head.

Influence of fixation position

The determined preferences for the left or right target of
all subjects under the three conditions (eye-, arm-,
coordinated-movement) are presented in Fig. 3. A

Fig. 2 Illustration of the enclosed area. a Normalized BTDs at the
three fixation points for each task. Data of one session are given as
an example. Thick dark line ‘eye’, gray line ‘arm’, light gray line
‘coordinated’. The enclosed area between the respective normalized
BTDs at the three fixation positions of the tasks ‘eye’, ‘arm’ and
‘coordinated’ is indicated by the arrows. Units of area are arbitrary
due to normalization. BTD balanced time delay (see Materials and
methods)

Fig. 1 Experimental setup and data analysis. a The subject is
seated at a table in front of a cylindrical board, containing red/
green LEDs and touchbars. The distance to the board was 42 cm
and the space between the neighbouring LEDs/touchbars was 10�
va. Gaze position on the board was measured by an infrared
camera system (250 Hz). b Frontal view of the board. Two LEDs
(red and green) were countersunk above each touchbar. The three
fixation positions with the adjacent choice targets are indicated by
the rectangles. FP fixation position, va visual angle. c Target
selection with SOA: Algorithm, left (red dots) and right target
selections (green dots) in a block of 32 trials. SOA (left target onset–
right target onset, positive values indicate that the left target
appeared first) is adapted using the adaptive procedure PEST and
converges toward the BTD, for which left and right targets are
selected equally often. d Logistic function fit. Circles probability of
a leftward choice at a given SOA. Sigmoid curve maximum-
likelihood estimate of the logistic distribution. Vertical line BTD,
defined as the SOA for which the logistic distribution reaches half-
maximum (50% rightward choices, horizontal line). BTD balanced
time delay, SOA stimulus onset asynchrony (see Materials and
methods)

b



positive value for BTD corresponds to preference of the
right target when targets are presented simultaneously.
The three columns show the data for the three different
fixation positions (�0�, 0�, 20� va).

A main effect was found for fixation position as dis-
played in Fig. 4. Fixation on the left side primary led to
selection of the target to the right of the fixation point
(median BTD: 67.33 ms), fixation on the right to selec-
tion of the left target (median BTD: �2 ms). Fixation
straight ahead led to a slightly higher preference for the
right target (median BTD: 25.13 ms), see also table 1.
This effect was found regardless of the movement type
and was highly significant (P<7.4·10�14, Wilcoxon
matched-pairs signed-ranks).

Movement type

Table 1 contains the median values for each condition.
The data of the three fixation points are pooled. The
median BTD for target selection by means of eye
movements was lowest with 13.72 ms (�0.93 ms,
43.40 ms), for arm movements 28.43 ms (�7.70 ms,
61.40 ms) and for the coordinated movement 28.90 ms
(�3.31 ms, 60.85 ms), respectively. The slope of the lo-
gistic function used to determine the BTD did not vary
systematically with the various conditions. Statistically,
subjects did not have different (P=0.69) preferences
when selecting a target with the arm alone or with a
coordinated movement of arm and eye. The preferences
for target selection with an eye movement differed sta-
tistically from those for an arm movement (P=0.044).
The comparison of the preferences for ‘eye’ and

‘coordinated’ movements produced not quite a statisti-
cally significant difference (P=0.0737), but this P-value
is lower by a factor of �10 compared to the P-value for
preferences of arm and coordinated eye–arm movement
(P=0.69).

Interactions/relationships between movement types

The scatterplots in Fig. 5 compare the preferences for
the three different movement types. Data from the dif-
ferent fixation positions are pooled again. The dotted
line corresponds to x=y, the solid line marks the linear

Fig. 3 Determined BTDs of all
subjects and sessions in the
three tasks. Three successive
data points are obtained in the
three subsequent sessions with
one subject. Solid lines mark the
median values of each data set.
Upper row BTD ‘eye’ movement
task at �20� va, 0� va (straight
ahead) and +20� va. Middle
row BTD ‘arm’. Lower row
BTD ‘coordinated’. BTD
balanced time delay (see
Materials and methods), va
visual angle, m median value

Fig. 4 Influence of fixation position on target selection. Boxes
show data pooled for all three tasks according to fixation position.
Median values with the respective lower and upper quartile are
given. Whiskers extend to ±1.5 * IQR at most. IQR inter quartile
range. The asterisk indicates a statistically significant difference to
the other two data sets. A positive value for BTD indicates
preference for the right target if targets were presented simulta-
neously



regression with minimized x and y offsets (line of best
fit). Correlation coefficient and slope of the regression
for the respective data set are annotated. The data set
which compares the movement types ‘arm’ to ‘coordi-
nated’ bears the highest correlation coefficient as well as
the slope that is nearest to 1. The data of the two other
sets are somehow more scattered with greater distances
to the line of unity slope. The boxplot shows the median
difference between the data sets. It is smallest (1.37 ms
(�3.19 ms, 21.45 ms)) between the preferences of the
movement types ‘arm’ and ‘coordinated’. The differences
between the other combinations are �21.61 ms
(�0.14 ms, 15.99 ms) for ‘eye’ minus ‘arm’ and

�17.34 ms (�7.07 ms, 16.44 ms) for ‘eye’ minus ‘coor-
dinated’. This demonstrates clearly that similar prefer-
ences exist for arm and coordinated movements. These
results are summarized in Table 2.

Enclosed area

The enclosed area between each pair of datasets (see
Fig. 2) was calculated. Figure 6 presents the results. The
area between ‘arm’ and ‘coordinated’ is smallest. The
other two areas are greater and statistically similar
(P=0.4886). Both differ significantly (P<0.0001) from

Table 1 Effect of fixation position and preference with respect to condition

FP �20� va FP 0� va FP 20� va

BTD [ms] 67.33 (40.43, 111.63) 25.13 (0.73, 47.58) �2 (�3.79, �.16)
Eye movement Arm movement Coordinated movement

BTD [ms] 13.72 (�0.93, 43.40) 28.43 (�7.70, 61.40) 28.90 (�3.31, 60.85)

Median BTD with respect to fixation position and movement condition; Values in parentheses are the upper and lower quartile; BTD
balanced time delay (positive value corresponds to an overall preference for the right target); va visual angle

Fig. 5 Comparison of
preferences. a–c The determined
BTDs for the different tasks are
plotted against each other. Data
from different fixation positions
are pooled. Dotted line line of
unity slope, solid line line of best
fit (see Materials and methods),
r correlation coefficient, slope
slope of linear regression. d
Median difference with lower
and upper quartiles. The
asterisk indicates a statistically
significant difference to the
other data sets. a, b, c
Respective pair of datasets



the former. This alternative view at the data confirms the
similarity between left–right preferences in arm and
combined eye–arm movements. The P-values of the
parameters ‘difference’ and ‘area’ are given in Table 3.

Discussion

The presented experiments yielded two main results:
preferences for one out of two possible targets were
similar when subjects moved only the arm or made a
coordinated movement of eyes and arm. This was true at

three different fixation positions. Thus, in a coordinated
eye–arm movement condition, we look to the target we
selected to grasp.

Secondly, targets in central peripersonal space were
chosen more frequently than peripheral targets, irre-
spective of the effector used for selection.

The first result implicates that the saccadic system is
no longer autonomous during a coordinated, goal-di-
rected movement of eye and arm. The visual information
provided (with foveal resolution) is valuable to the
manual system and therefore must not be lost or per-
turbed for the duration of the goal-directed movement.
The work of Sarlegna et al. (2003) demonstrates the
impact of visual target information on coordinated eye
and arm movements. They provided their subjects with
either erroneous information about the position of the
hand or intrasaccadic target shifts in two series of
experiments. Due to saccadic suppression, subjects could
not perceive the shift of the target during the execution
of the saccade. The correcting arm movement was
clearly greater and was induced earlier (about 150 ms)
when the target was shifted. Thus, the visual informa-
tion is used primarily to localize the target and only
secondarily to provide the actual position of the hand
for error computation.

Two retinofugal pathways exist for the generation
and control of saccades. One projects from the retina to
the SC of the midbrain and is called the extrageniculate
pathway. The other pathway projects from the retina via
the lateral geniculate nucleus (LGN) to the occipital
cortex and involves the PPC and the frontal eye field
(FEF). It is commonly accepted that the extrageniculate
pathway is involved in mediating reflexive eye move-
ments (Frens and Erkelens 1991; Pashler et al. 1993;
Wurtz and Goldberg 1971), whereas the geniculo-corti-
cal pathway is active in situations when more response-
preparation processes are needed, e.g. when a saccade
shall be directed in response to a symbol or an antisac-
cade is required (Guitton et al. 1985). The occipital
cortex and the SC are interconnected with area LIP in
the PPC whose function relates to spatial attention and
saccade planning (Snyder et al. 1998; Andersen et al.
1990; Asanuma et al. 1985; Fries 1984; Barbas and
Mesulam 1981). New data suggest that the SC itself can
also focus attention on a distinct position in space
(Cavanaugh and Wurtz 2004, Muller et al. 2005) and
lower psychophysical thresholds in that particular po-
sition. Hence the SC might be sufficient to ‘choose’ a

Fig. 6 Enclosed Area. Median dimensions of the area enclosed
between the preferences of the different tasks (see Materials and
methods). Median values with the respective lower and upper
quartile are given. The asterisk indicates a statistically significant
difference to the other data sets. Units of area are arbitrary

Table 2 Relationships between movement types

Eye–arm Eye–coordinated Arm–coordinated

Slope (line of best fit) 0.7 1.3 0.88
Correlation coefficient 0.69 0.76 0.87
Ratio 0.57 (0.04, 1.35) 0.71 (0.28, 1.80) 1.09 (0.69, 1.47)
Difference (ms) �1.61 (�0.14, 15.99) �7.34 (�7.07, 16.44) 1.37 (�3.19, 21.45)
Enclosed area 753 (457, 1246) 718 (507, 1039) 363 (284, 647)

Characteristics of different comparisons are given. Values in parentheses are the upper and lower quartile

Table 3 Comparison of the difference of preferences and the en-
closed area

Eye–arm Eye–coordinated Arm–coordinated

Eye–arm 0.4886 0.00002
Eye–coordinated 0.8544 0.00007
Arm–coordinated 0.00086 0.00079

For every pair of the data sets the difference between the raw data
and the area enclosed between the normalized preferences are
computed. Upper right: P-values of the difference of preferences.
Lower left: P-values of the enclosed areas



target when considered in isolation but is under physi-
ological conditions governed by the aforementioned
cortical areas. Together, these sites probably form a
synergistic network. Neggers and Bekkering (2002)
proposed a model for the implementation of coupling
ocular gaze and arm movements which focuses on the
saccadic and reach-related neurons of the SC. They as-
sume that not only the saccadic neurons but also the
reach-related neurons are aligned in a kind of topo-
graphic map so that movement fields do overlap. This
model proposes that the intention to carry out an arm
movement puts extra activity on the SC which results in
a coupling of eye and arm movements. Thus, the SC
might play a constructive role in the coupling of eye and
arm movements to the same target. For preliminary
target selection and establishing space related prefer-
ences other sites are likely to be involved, which are
connected to the SC. Many studies emphasize the central
role of the parietal cortex in space representation for
visuo-motor actions (for instance Goodale and Haffen-
den 1998; Goodale and Milner 1992). The transforma-
tion of spatial information for limb movements is also
located in the PPC (Snyder et al. 1997; Lacquaniti et al.
1995; Crammond and Kalaska 1989). The spatial
proximity between these areas and area LIP could
facilitate a concertation of eye and arm movement
planning. Pouget and coworkers proposed a model—the
‘basis function framework’—which is able to explain
coordinate transformations, provide different frames of
reference, and predict the sensory consequences of a
movement. This model consists of a multilayer network
which can perform bidirectional coordinate transfor-
mations and uses basis function units. They claim that
the common integrating layer for reaching towards
stimuli independently of sensory modality works with a
combination of eye/head-centred and head/body-cen-
tred frames of reference.

When all these considerations are taken into account,
both of our main findings are coherent: (1) Our results
provide further evidence that such a common spatial
framework for eye–hand coordination does exist and is
applied in visually guided reaching. (2) In this context
the result that the central targets were preferred over the
peripheral ones could originate from the common head-
centred reference frame of the integrating layer of the
model network.

For movements of the eye or the left/right arm a
strong influence of the horizontal fixation position was
observed already by Scherberger et al. (2003). They
tested two macaque monkeys (Macaca mulatta) with a
paradigm comparable to the one used in this study and
found through variation of eye, head and trunk position
that target selection preference was embedded in a head-
centred frame of reference. Our results not only support
this finding but indicate that the same frame of reference
holds true for coordinated movements of eyes and hand.
The slight preference for the right target at the central
fixation position is most likely a result of the right-
handedness of the subjects tested. Wardak et al. (2002)

found a similar preference (50 ms animal A, 25 ms
animal B) for the right saccadic target in two macaque
monkeys.

However, it should be mentioned that the preference
we measured is not as stable as a sensory threshold:
preferences are more variable between consecutive ses-
sions of one subject. The variance may be influenced by
certain activities of the subject before the test session or
the overall configurational state of the system. This
influence will most likely affect all of the measured
conditions uniformly, so that the basic relations between
them remain static.

Deciding which target to choose is an important task
for the framework described above. Numerous studies
suggest that the actual decision is a distributed process
in which several areas participate (see for instance
Horwitz and Newsome 1999; Platt and Glimcher 1998).
Selection of targets for saccades seems to occur at
multiple sites in the brain, for instance in the SC (Basso
and Wurtz 1997; McPeek and Keller 2004) and in
prefrontal and parietal cortices (Iba and Sawaguchi
2003; Wardak et al. 2002). If FEF or LIP are inacti-
vated, saccade target selection is severely impaired
(Schiller and Chou 1998; Wardak et al. 2002). The
activity of neurons in SC and LIP is modulated if the
number of possible movement targets is varied or the
statistical probability of becoming a saccade target is
altered (Basso and Wurtz 1997; Platt and Glimcher
1999). If a monkey has to decide in which direction a
coherent motion signal of a random dot display moves,
the activity in LIP correlates with his decision before a
movement is generated. This correlation is existent even
when the stimulus contains no directional information
(Shadlen and Newsome 1996). Modulating the activity
of decision-related areas in advance of a new stimulus
presentation could be a means of incorporating prior
probabilities. Similar mechanisms may be applied to
establish preferences like those observed in our experi-
ments.
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