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Abstract

In two previous studies, we had demonstrated the influence of eye position on neuronal discharges in the middle
temporal area, medial superior temporal area, lateral intraparietal area and area 7A of the awake monkey
(Bremmer et al., 1997a,b). Eye position effects also have been found in visual cortical areas V3A and V6 and
even in the premotor cortex and the supplementary eye field. These effects are generally discussed in light of a
coordinate transformation of visual signals into a non-retinocentric frame of reference. Neural network studies
dealing with the eye position effect succeeded in constructing such non-retinocentric representations by using
model neurones whose response characteristics resembled those of ‘real’ neurones. However, to our knowledge,
response properties of real neurones never acted as input into these neural networks. In the present study, we
thus investigated whether, theoretically, eye position could be estimated from the population discharge of the
(previously) recorded neurones and, if so, we intended to develop an encoding algorithm for the position of the
eyes in the orbit. The optimal linear estimator proved the capability of the ensemble activity for determining
correctly eye position. We then developed the so-called subpopulation encoding of eye position. This algorithm is
based on the partition of the ensemble of neurones into two pairs of subpopulations. Eye position is represented
by the differences of activity levels within each pair of subpopulations. Considering this result, encoding of the
location of an object relative to the head could easily be accomplished by combining eye position information
with the intrinsic knowledge about the retinal location of a visual stimulus. Taken together, these results show
that throughout the monkey’s visual cortical system information is available which can be used in a fairly simple
manner in order to generate a non-retinocentric representation of visual information.

Introduction

A fundamental problem in the control of visually guided movementwas always the same. It was suggested that these eye-position-
consists of the different frames of reference in which sensory andiependent cells could be involved in the generation of an implicit
motor signals occur. The incoming sensory signals are organizerepresentation of visual information in a non-retinocentric frame
in a retinotopic manner throughout several stages of the visuabf reference by combining eye position information with information
system, whereas the outgoing motor commands are encoded widbout the retinal location of a visual stimulus.

respect to singular muscles. Considering a typical interaction with Most theoretical studies concerning a possible coordinate trans-
an environment, e.g. reaching out for a target, the problenformation carried out so far were based on the influential study
obviously arises in how to relate the incoming sensory signal withby (Zipser & Andersen (1988). Briefly, Zipser and Andersen
the required motor output. One hypothesis for solving this problentrained a three-layer back propagation network to represent in the
is a so-called coordinate transformation from retinocentric signal®output layer spatial information in a non-retinocentric frame of
to signals encoded in a cranio-, ego- or even allocentric frame ofeference. By studying cell characteristics of the trained network,
reference (Andersen & Zipser, 1988; Zipser & Andersen, 1988they found that the discharge characteristics of neurones in the
Andersen et al, 1990, 1993; Pougeet al, 1993; Pouget & hidden layer considerably resembled the real discharge characteristics
Sejnowski, 1997). Initially, studies on awake monkeys had showrof neurones in parietal area 7A. However, none of the models
that the visual, memory and saccade-related responses of neurorgveloped so far used experimental data as their input signal.

in posterior parietal cortical areas were affected by eye position In our study therefore, we first tested whether, theoretically, the
(Andersen & Mountcastle, 1983; Andersest al, 1985). The recorded neuronal discharges were capable of representing the
strength, for example, of a saccade-related discharge was dependawctual eye position. This was carried out by means of a well-
on the initial position of the eyes in the orbit, although the established mathematical algorithm called the optimal linear
neuronal tuning for the metrics of the saccade (amplitude, directiongstimator (OLE). The OLE was applied to the discharges of a
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subset of previously recorded neurones, i.e. neurones from parietal In the fixation paradigm, used for recordings in areas LIP and
areas LIP (lateral intraparietal area) and 7A, tested during fixatiorYA, targets were back-projected in random order at nine different
in darkness. In a second step we set out to develop a concefiications on the screen without any further visual stimulation.
whose implementation had to be biologically plausible and whichLocations were the centre of the screen plus eight concentrically
had to be capable of recovering eye position from neuronalocated points 15° away from the centre ([x, ¥ [0°,0°],
discharges. This resulted in a concept which we called thd0°, +15°], [=15°,0°], [+10.6° £10.6°]). Presentation of fixation
subpopulation encoding of eye position (SPE). Two pairs of lineartargets lasted for 1000 ms after the animal’s eye position had
independent ensemble response planes represent the averdgeen located continuously within an electronically defined window
discharge of subgroups of neurones. Depending on the actual eyer at least 300 ms. Mean neuronal activity was computed for
position, the average discharge increases for the one subgroup amdch fixation location.

decreases for the other. Equal activity values are achieved for eye In the pursuit paradigm, used for recordings in areas MST, LIP
positions located almost along the horizontal- and vertical-zeroand 7A, the monkey had to pursue a target which (after an initial
meridians. Eye position simply can be encoded as the differencéixation period) started moving in random order from one out of
of discharge values in the different subpopulations. As an exampldive different locations, always with the same speed into the
a difference value of roughly zero for both subgroups wouldpreviously determined preferred direction. Starting locations for
indicate an eye position almost straight ahead. A difference valugursuit were 15° apart from the centre and the centre itself
of zero for the horizontal subgroups, but a positive value for the([x, y] = [ = 10.6°, = 10.6°], [0°, 0°]). Target movement lasted
vertical subgroups would indicate an upward eye position on thdor 1200 ms. For analysing neuronal activity in the pursuit
vertical meridian, etc. Combining this information about eye paradigm individual trials were aligned to the onset of the initial
position together with the available information about the locationsaccade preceding the smooth pursuit phase. Trials typically were
of a visual stimulus on the retina would allow (e.g. by simple divided into two characteristic epochs. Epoch 1 was defined as
vector summation) for encoding of the location of a visual stimulusthe time window beginning with trial onset (fixation light ON)
with respect to the head. until 100 ms before the initial saccade, taken as background
activity. Epoch 2, taken as raw activity, was defined as beginning
100 ms after saccade onset until the end of the pursuit target
movement, thus lasting for about 1000 ms. Discharge rates (relative
In previous studies we had investigated the eye position effect imctivity) were computed as activity difference between raw activity
neurones of the middle temporal area (MT), medial superiofepoch 2) and background activity (epoch 1).

temporal area (MST), lateral intraparietal area (LIP) and area 7A Differences in activity were tested for statistical significance
in different behavioural paradigms. For the sake of clarity, wewith a distribution freeanova. Two-dimensional linear regression
will present the entire procedure of data analysis for only oneanalysis was applied to quantify the eye position effect. For
subset of cells, tested in only one behavioural paradigm. As §alidating the planar model as fit to the observed dataFaest
representative subset we selected the neurones in the posterighs employed.

parietal cortex (areas LIP and 7A) tested in the fixation paradigm At the end of the experimental sessions small electrolytic lesions
in darkness (see below). This subset was chosen for two reasongere made in the recorded hemisphere by passing small direct
(i) response characteristics of neurones from areas LIP and 7Rurrent (10 uA for 20 s) through the recording electrode. The
have already been modelled by several other studies. Applyingnonkey then was given an overdose of sodium pentobarbital and
our model allows direct comparison with the outcomes of otherafter respiratory block and cessation of all reflexes transcardially
experimental and theoretical studies on posterior parietal neuronegerfused. Frontal sections were made at pBo-thickness and

(i) The population sizer{ = 89) of this subset was big enough stained alternately with the Gallyas method for myeloarchitecture
to test for effects at the population level and furthermore allowedand with cresyl violet for cytoarchitecture. As a standard procedure,
assembling of subgroups of reasonable size for testing th@vo-dimensional maps of the recorded hemispheres were constructed
dependence of remaining error on sample size (see below). Finallyafter: van Essen & Maunsell, 1980; Ungerleider & Desimone,
by presenting data from two other samples of cells, we will1986; Distleret al, 1993). Recording locations were reconstructed
demonstrate that the computational results are alike for all subseb;), re|a’[ing the penetration scheme to the e|ectr0|ytic lesions.

of neurones, tested in all behavioural paradigms, and that the

model holds as a general scheme for an implicit encoding of

eye position. Results

Materials and methods

Data recording and analysis The eye position effect at the single cell level

The procedures for monkey training, electrophysiological recordinggwo-thirds (60/89) of the investigated neurones revealed an
as well as data analysis were described in detail in previous papeisfluence of the position of the eyes in the orbit on their activity
(Bremmeret al, 1997a,b). Monkeys had been surgically preparedduring fixation in darkness. This modulatory effect was quantified
for recordings: under general anaesthesia and sterile surgicatilizing 2-dimensional linear regression analysis. An example is
conditions each animal had been implanted with a device foishown in Figure 1. For this neurone recorded in area 7A discharges
holding the head. A recording chamber for microelectrodewere strongest for fixation locations below the horizontal-zero-
penetrations through the intact dura was placed flat to the skullmeridian @nova: P < 0.001). Activity decreased for eye positions
scleral search coils for monitoring eye position were implantedfurther up. The shaded plane depicts the regression plane
All procedures were in accordance with published guidelines orapproximated to the mean discharge values.

the use of animals in research (European Communities Council All target positions were located at equal distance from the
Directive 86/609/EEC). During an experiment the animal sat in ascreen centre, i.e. for all eye positions gaze angi§ Varied
primate chair with the head restrained, facing a translucent screerelative to straight ahead (left, left and up, etc.) while gaze
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Fic. 1. Eye position effect during fixation in darkness: single cell level. (A) The shaded plane represents the 2-dimensional linear regression to the mea
discharge values of a neurone from area YA 0.863,P < 0.003). Thex—y plane in this plot represents the central 40 by 40 degrees of the tangent screen.
The base point of each drop line depicts the fixation location on the screen, and the height of each line depicts the mean activity value during fixation at th
location. (B) Mean activity values#( standard deviation [SD]) of the very same neurone as in A=(€entre; LU = left up; U = up; RU = right up; R=

right; RD = right down; D= down; LD = left down; L = left). Discharges were strongest for fixation locations below the horizontal-zero-meridiana(

P < 0.001). The dotted line represents the values obtained from the regression plane in A for isoamplitude (15°) eye positions.

amplitude was kept constant & 15°). With x = r cosp, and  methods are available for finding. We chose to use a stochastic

y = rsind, the equation of a regression plane in Cartesiangradient descent procedure. This method tr&dtas the weights of

coordinates a two-layer network in which the input units correspond to the
neurones, and the output layer contains two units encoding the

z=ax+bytec horizontal and vertical eye position. The network is then trained on

can be re-written as pairs of activity vectors and corresponding eye positions. The entries
_ . _ T in W are adjusted after each example according to the delta-rule. This
z = arcogp + brsing + ¢ = (a, b) X (rcosp, rsing)” + c. method is guaranteed to reach the global minimum of the mean

The product term can be interpreted as the scalar product betwe&guare error although this minimum might not necessarily be zero
the gradient of the regression plage= (a, b) and the vector of the (Widrow & Hoff, 1960).

actual eye positiom = (rcosp, rsing) and thus leads to Using the activity values recorded from the 89 cells for nine
different eye positions, we trained such a network and found that the
z=ge+ c=gecosp + ¢ optimal W leads to a residugEof 107, In other words, application

with W the angle between vectogsande. Thus, approximation of a of the OLE could prove the capability of retrieving an unbiased
regression plane with horizontal and vertical eye position as independStimate of eye position from the activity of the recorded neurones.
ent variables is equivalent to the approximation of a cosine function

with gaze angle as independent variable for a fixed gaze amplitud&he eye position effect at the population level and the

(15°). As shown by (Sanger (1994) and Salinas & Abbot (1994) thissubpopulation encoding of eye position

cosine tuning is optimal for application of the OLE (optimal linear The eye position effect, which could be observed at the single cell

estimator). The variance of this linear estimate depends on thfeevel was balanced out at the population level. This is shown in

neuronal tuning function, and the smallest variance is obtained for %igure 2. The histogram on the left depicts the average discharge

cosine tuning. We thus employed the OLE as mathematical tool fo\r/allues of the population of neurones for the different fixation locations.

testing th? capability of the population of recorded neurones to enCOOI§tatistica| analysis proved these values to be not significantly different
eye position. (anova: P > 0.9). The shaded plane on the right represents the very
same result by showing the population discharge plane which was
obtained by averaging the parameters (a, b and c) of the individual
This algorithm consists in estimating eye positiéf, by a linear  regression planes.
combination of the vectorA, corresponding to the activities of  The symmetry of the population response, i.e. the flatness of the
n neurones. population discharge plane, could result, for example, from a roughly
E* = WA equal distribution of eye position effects for all parts of the oculomotor
range. It could, however, result also from a small number of neurones
The estimator is optimal in the sense thtthe weight matrix, is  firing at high rates in one part of the oculomotor range and a large
chosen to minimize the square err®E between the true eye number of neurones firing at relatively low rates for the opposite part
position, E;, and the estimated values;*. of the oculomotor range. We therefore analysed also the distribution
SE= 3 E-E 2 o_f the_ gradients of the regression planes,_i._e. thg amount ar_u_j the
direction of the steepest increase of activity with eye position.
In our casej varied from 1 to 9, because the activities of the neuroneg~or the population of neurones, regression slopes were normally
were recorded for nine different eye positions. Several numericatlistributed, whereas gradient directions proved to be uniformly

The optimal linear estimator
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Fic. 2. Eye position effect during fixation in darkness: population level. A: mean activit$D) for the nine different eye positions (€ centre; LU= left

up; U = up; RU = right up; R = right; RD = right down; D = down; LD = left down; L = left). The discharge values for the different eye positions were
not significantly different4nova P > 0.9) indicating that the modulatory effect of eye position is balanced out at the population level. B: the mean population
response plane was obtained by averaging all linear regression planes. The resulting discharge plane proved to be flat.

E 30 : might share different subgroups, i.e. a neurone might be part of a
g 20 F vertical as well as a horizontal subpopulation.
Z 0k We applied this consideration by computing the average activity
E . planes of these up vs. down subpopulations. The number of neurones
0 b L . . I,
L e s s S O with stronger activity for downward eye positions & 44) was
[ 113 almost identical to the number of neurones with a preference for
2 o5l 1 upward eye positionsn(= 45). We resulted in two ensemble planes
% i z, and z, which nearly had no slope in horizontal direction, and
;-). r about the same slope in vertical direction, however, with an inverted
j-f 0.0 [ ] sign. Furthermore, these planes had about the same intercept, indicat-
2 r ing that their activity levels were almost equal near the H-0-M:
u—, L -
E; -0.5 [ ] 7. = -0.02k - 0.17% + 10.45 @ = 44)
>
L 3 z,, = 0.048& + 0.158 + 9.19 ( = 45)
05 00 05 8 The analogue symmetrical behaviour was obtained for the left vs.
Hor.Slope [(Sp/s)/deg] right subpopulations:
Fic. 3. Distribution of the gradients of the regression planes. In the central 7 = -0.12% - 0.02¥ + 10.40 6 = 41)

scatter plot each single dot represents the gradient of an individual linear
regression plane. Statistical analysis proved the directions of the gradients to

be uniformly distributed. A normal distribution as shown by the dotted lines he t i bl d | had al t
in the histogram aside and on top of the central scatter diagram turned out t-g e two resulting ensemble resporge andz.,. planes had almos

be the best fit for both the values of the horizontal and the vertical slopes. NO slope in vertical direction, about the same slope in horizontal
direction (with an inverted sign) and approximately the same intercept.
Thus, equal activity levels for the second pair of response planes
were located around the V-0-M. Locations of equal activity are given

distributed g2test: P > 0.9), as can be estimated from Figure 3. In by the following equations:

general, for a given number of neurones (like the one in Fig. 1), with

increasing activity for downward eye positions (gradient directions)

there exis_ts an a_Imost gquivalent number qf neurones with roughly x = —0.109 + 4.13 for the second pair of planes.

the same increasing activity for upward gradient directions. The same

is true considering rightward vs. leftward gradient directions. ThisOn average the difference between real and estimated eye position

led us to consider the whole population of neurones as being buifmean remaining error MRE) is the same as the remaining error (RE)

up by two pairs of subpopulations: one subpopulation of cells withfor straight ahead direction:

increasing discharge for eye positions below the horizontal-zero- 0] _ _ _

meridian (H-0-M) and the other with increasing discharge for eye MRE [] = RE(xy) - [or, o) = SAM(3.762 + 4.13%) = 5.58.

positions above the H-0-M. Another pair of subpopulations would Considering these relationships the actual eye position could be

respond better for eye positions at the right or left of the vertical-retrieved from neuronal discharges of a population of neurones in

zero-meridian (V-0-M), respectively. The same neurones therebw push—pull manner by subtracting the ensemble activity of one

Z = 0.136 + 0.008/ + 9.31 1 = 48)

y = —0.20& + 3.76 for the first pair of planes and
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tested in the fixation paradigm. To validate the subpopulation encoding
as a general scheme for an implicit representation of eye position we
L also applied it to data obtained from two different ensembles of
60 neurones tested in the pursuit paradigm. The first ensemble comprises
' f(x) = 72.3x05-27 neurones from the same two areas as before (areas LIP and 7A), the
second ensemble of neurones stems from the MST area. As shown
! previously (Bremmeket al., 1997a,b), the activity of the majority of
1? neurones from both ensembles was also influenced by eye position
- in this task. In addition, as for the discharges observed in the fixation

Error [deg]

iy
o
1

paradigm, the whole population of neurones revealed a symmetric
{ response, i.e. no discharge bias for any eye position. As before,
1 E """ Eii ----- 7 Y S gradient directions of the approximated regression planes were
0 1 — I r : . : r . r uniformly distributed for both neurone ensembles. Application of the
subpopulation encoding scheme led to essentially the same results as
before, as shown in Figure 5. The upper two panels (A, B) represent
. . the result for splitting up the population of MST neurones according

POPUIatlon size to the sign of the horizontal (A) or vertical (B) slope of the

Fic.4. Mean remaining error as function of the population size. Nine subset@Pproximated regression planes. Analogue results are shown for areas
of different size f = 2, 4, 10, 20, 30, 40, 50, 60, 70 and 80) were chosenLIP and 7A in the bottom panels (C, D). The MRE proved to be

by a random process from the complete sample of neuranes 89). One- 3 49° for data from the MST area and was as small as 0.79° for data
hundred different subsets of each size were generated and mean remaini m areas LIP and 7A

error between real and estimated eye position was computed for each subset.
This error (meant SD shown by black circles and respective error bars)
proved to be a function of the sample size and could be fit by an invers
square root function. This estimate predicts less than 700 neurones necess

to achieve a remaining error smaller tharri@egree. A number of theoretical studies suggested that the functional properties
of neurones affected by eye position might be used for accomplishing
a coordinate transformation of the incoming sensory signals and the
subpopulation from the activity of the other. A net zero activity generation of a non-retinocentric representation of visual information.
within one pair of subpopulations would indicate eye positions almostrhe most influential work from (Zipser & Andersen (1988) could
along a meridian. Increasing activity levels would indicate moreshow that, by combining information about the location of a stimulus
eccentric eye positions with respect to this meridian. This computatiogn the retina with information about the position of the eyes in the
could easily be conducted if the neurones in the follow-up structuregyrbit, it was possible to train a neural network on generating an
would have antagonistic inputs, depending on whether the inpuputput in head centred coordinates. Modelling was performed by
neurones had stronger discharges for eye positions on one side of thesans of a back-propagation network. The input layer of this network
meridian or the other. received (i) a visual input organized in a retinocentric frame of
Encoding of a visual stimulus in a head-centred frame of referenceeference and (ji) an extraretinal input, signalling eye position with
then could be accomplished, e.g. by simple vector summatioa. If respect to the horizontal and vertical meridian. The neurones in the
depicts the vector representing eye position arble vector repres-  oytput layer generated a head-centred representation of the visual
enting the retinal location of a visual stimulus, thers e + r would  environment while the units in the intermediate hidden layer revealed
give the location of a visual stimulus in head-centred coordinates. fynctional properties resembling the discharge patterns described for
) ) ) o ‘real neurones’ in area 7A. From this finding it was suggested that
The influence of population size on the remaining error area 7A might be capable of generating a non-retinocentric space
We were also interested in the question whether the mean remainingpresentation.
error (MRE) we observed was potentially influenced by the number More recent studies were mainly based on the model by Zipser
of neurones considered in our computation. To answer this questiomnd Andersen. The major goal of the study of Mazzeial
we selected by a random process differently sized subsets of neuron@®91) was to be biologically more plausible than the original back-
from the entire sample of neurones. For these subsets we computggopagation approach. Goodman & Andersen (1989, 1990) evaluated
the remaining error between estimated and given eye positions in th@ more detail the characteristics of a network generating such a
above described manner. Computation was replicated 100 times fe¢read-centred representation of visual information. Finally, Pouget
each subset. This resulted in a quite robust estimate of the MRE as al. (1993) provided a computational explanationidry gain fields
a function of sample size, as is shown in Figure 4. Non-linearcan be used for sensory motor transformations. None the less, to our
regression proved the MRE to be inversely related to the square ro@howledge, even these more recent studies did not use real experi-
of the sample size, indicating less than 700 neurones to be necessafental data to be put in the respective algorithms in order to test for
as to obtain a remaining error less tharri@egree. This implies an ongoing coordinate transformation.
that with a large enough number of neurones the subpopulation From our point of view it therefore seemed to be necessary, given
encoding is, on average, capable of providing an unbiased, i.e. corregiat the neuronal discharge was capable of encoding eye position, to

N
o
1

iscussion

estimate, of the actual eye position. develop a concept which is based on the data collected in experimental
sessions and which uses these data to generate the hypothesized

The subpopulation encoding in another experimental coordinate transformation. As a data base we used discharges from

paradigm posterior parietal neurones observed in a fixation paradigm. Utilization

So far we have presented data only for one specific subgroup of cellsf the OLE unveiled the potential of the observed discharges to
tested in only one paradigm, i.e. neurones from areas LIP and 7&ncode actual eye position.
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Fic. 5. The subpopulation encoding for pursuit related activity. Data are shown for recordings from areas MST (A, B; medial superior temporal) and LIP
(lateral intraparietal) and 7A areas (C, D). The two planes in each left panel (A, C) represent the relative activity (see Materials and methods for definition) ¢
the subpopulations whose discharge was stronger or less strong with respect to the vertical-zero-meridian (V-0-M). Analogue data, yet with respect to tl
horizontal-zero-meridian (H-0-M), are shown in the two right panels (B, D). Equations for the two respective average discharge planes and the number
neurones within in each subpopulation are given below each panel.

In considering the entire population of neurones as being built ugledicated axes, as both are ‘represented’ in biological systems. First,
by subpopulations, we succeeded in the generation of two pairs dadarly visual signal processing strongly separates information coming
ensembles of neurones whose difference in activity could be encodddom the contra and ipsilateral visual hemifield, i.e. with respect to
via a push—pull mechanism the distance between actual eye positidhe V-0-M. Secondly, the otolith system of the vestibular organ is
and the H-0-M and V-0-M. Yet, such a push—pull mechanism woulddedicated for signalling not only linear acceleration but also tilt of
require specific projections from eye-position-dependent neurones tine head, i.e. deviation with respect to the H-0-M. Thus, inherent
their follow-up structures. However, this seems to be reasonable tsignal processing properties in biological systems make both meridians
assume because such specific projections of subpopulations of neymetential candidates for selecting them as reference axes for the
ones recently have been shown to exist, e.g. for the cortical contribwelassification of neurones.
tion to the optokinetic system (llg & Hoffmann, 1993). The division
of the entire population of neurones into subgroups firing strongly orApplication of the classical population code
less strongly for eye positions above or below the H-0-M or left or
right from the V-0-M seems to be arbitrary. It is in fact true that this As shown at the beginning, the response of a single neurone can be
specific choice of the two meridians as ‘dividing lines’ for splitting written asz = ge + ¢ = gecos) + c. This equation describes
up the population into subgroups is not the only possible one. As caneuronal activityz for an eye position defined by a vectecomprising
be estimated from Figure 3 all divisions of the entire ensemble ofan angley between itself and the direction of the gradignof the
neurones using axes almost perpendicular to each other (like the Hieurone’s eye position affected discharge plane. This equation matches
0-M and the V-0-M) would generate subpopulations with an encodinghe equation given by Georgopoulesal. (1986) for the directional
relative to these axes. tuning of neurones in primate primary motor cortex investigated in

However, when reflecting on the central processing of sensoran isoamplitude reaching task. As for the neurones from motor cortex,
information let us consider specifically the H-0-M and the V-0-M asthe parietal cell’'s activity is broad and cosine tuned with respect to
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the preferred (gradient) direction. Furthermore, as all preferrecheuronal discharges are unbiased at the population level, i.e. for an
directions are equally represented (as shown in Fig. 3), this suggests teasemble of cells there exists no specific eye position eliciting a
possibility of application of a weighted vector summation algorithm tostronger or weaker average activity compared with others. In this
our data. We did test the performance of this population code on theespect, our results are in good agreement with what Andertseh
LIP/7A neurones tested in the fixation paradigm and this resulted iff1990) reported for the eye position effect on visual, memory, and
a relatively small mean directional error of 7.9 degrees. Howeversaccade-related activities for neurones in areas LIP and 7A. It
only the direction of eye position is represented by this type offurthermore seems to be very similar to what Galletti and colleagues
encoding. Different amplitudes, as required for a non-retinocentricdescribed for area V6 (Galletit al, 1991, 1995). Results from area
encoding of spatial locations, cannot result from this type of populaVV3A appear a little different, because the very same authors found a

tion code. preponderance of cells with highest activity for fixations in the
hemifield contralateral to the recording site (Galletti & Battaglini,
Different concepts of space representation in monkey cortex 1989).

All areas mentioned so far belong to the so-called dorsal stream

The hypothesis of a distributed network of neurones generating a8t the macaque visual cortical system. However, the occurrence of

implicit non-retinocentric representation of the visual environment IS0 eye position effect on neuronal discharges is not restricted to these

nqt the only theory concernin_g spatial information processing ir'dorsal stream areas. Preliminary data suggest that an eye position
primate cortex. At least two different concepts are suggested. Thgffect can also be found in ventral stream area V4 (Bremmer &
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an oculocentric space representation within monkey cortical area LIR .
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. ) ; s consider the modulatory influence of eye position on neuronal
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orae: 9 - DIty P 'y auring N middle temporal area
continuously ongoing alternating scheme of constant fixations angyst medial superior temporal area
redirections of gaze. OLE optimal linear estimator
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