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Abstract: What mechanisms allow us to direct a precise saccade to a remembered target position in space?
The cerebellum has been proposed to be involved not only in motor and oculomotor control, but also in
perceptual and cognitive functions. We used functional MRI (Echoplanar imaging at 1.5 T) to investigate
the role of the cerebellum in the control of externally triggered and internally generated saccadic eye
movements of high and low memory impact, in six healthy volunteers. Memory-guided saccades to
remembered locations of 3 targets (triple-step saccades) in contrast to either central fixation or to visually
guided saccades activated the cerebellar hemispheres predominantly within lobuli VI-crus I. The same
areas were activated when an analogous visuospatial working memory task was contrasted to the
triple-step saccades. Visually guided saccades activated the posterior vermis and the triple-step saccades,
contrasted to the working memory task, activated predominantly the posterior vermis and paravermal
regions. Our data confirm the primary involvement of the posterior vermis for visually-triggered saccadic
eye movements and present novel evidence for a role of the cerebellar hemispheres in the mnemonic and
visuospatial control of memory-guided saccades. Hum. Brain Mapp. 22:155–164, 2004.
© 2004 Wiley-Liss, Inc.
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INTRODUCTION

Once an object has captured our attention, even if briefly
and inadvertently, we are able to perform quite precise
memory-guided saccadic eye movements toward it. What

are the mechanisms that allow for such precise transforma-
tion of the spatial information held in our memory into
precise eye movements towards remembered targets? Ana-
tomical and electrophysiological experiments in primates as
well as clinical data demonstrate a role especially of the
posterior vermis and the fastigial nucleus in controlling the
accuracy and timing of saccades [Büttner, 1999; Fuchs et al.,
1993; Kase et al., 1980; Suzuki and Keller, 1988; Thier et al.,
2000]. PET studies demonstrate activation of the vermis
during saccades [Dejardin et al., 1998; Desmurget et al., 1998;
Sweeney et al., 1996] and of the cerebellar hemispheres
during motor learning [Seitz et al., 1990; Thach, 1996]. In
addition to motor or oculomotor tasks, cerebellar hemi-
spheric activation was demonstrated using cognitive tasks
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such as sensory discrimination, problem solving, or a pure
attention task [Allen et al., 1997; Gao et al., 1996; Kim et al.,
1994]. But the involvement of the cerebellum in higher cog-
nitive functions is still a matter of controversy [Leiner et al.,
1993; Schmahmann and Sherman, 1998]. Anatomical data in
the monkey propose a functional segregation within the
cerebellar hemispheres, as the motor cortical areas project to
the anterior lobe, prefrontal areas to lobuli VI–VII, and pa-
rietal areas to lobuli VII–VIII [Brodal and Bjaalie, 1992] (see
Fig. 5). The purpose of this study was to use fMRI to explore
the role of the human cerebellum for the performance of
saccadic eye movements with different cognitive demands.
We investigated the functional significance of the postulated
cerebro-cerebellar connections by looking for saccade-spe-
cific activation in the vermis and for memory-related activa-
tion for the hemispheres especially lobuli VI–VIII, which are
connected with the parieto-prefrontal network for spatial
working memory. In a task with no memory load, subjects
had to perform externally triggered visually-guided reflex-
ive saccades. In a task with a moderate memory load, they
had to generate a sequence of saccades to the remembered
locations of three peripheral targets that had been flashed in
rapid succession. In this task, cognitive demands included
suppression of reflexive saccades towards the target flashes,
cueing of spatial attention to target location, spatial working
memory of three target locations, internal triggering of the
saccadic sequence, and spatial transformations. The latter
are necessary because the second and third saccade of each
trial do not start from the central fixation point, from where
the three targets had been seen, but had disappeared before
the first saccade. This requires updating of the second and
third target’s retinal coordinates by subtracting extraretinal
information (e.g., efference copy) about the motor vectors of
the previous saccades [Heide et al., 1995]. To further en-
hance the memory load and to dissociate the saccade-related
components of this task from its cognitive components (e.g.,
working memory), we compared the triple-step task with a
pure visuospatial working memory task that required mem-
orization of the same sequence of three targets for at least 2.5
sec, but without actually performing saccades. We expected
saccade-specific activation in the posterior vermis and acti-
vation of the hemispheres in the memory conditions.

SUBJECTS AND METHODS

Subjects

Six right-handed subjects (4 men, 2 women; age range
25–35 years) were studied. None of the subjects had a
current or past history of neurological or ophthalmologi-
cal disorders and all were normal on examination. The
study was approved by the local Ethics Committee. All
subjects gave written informed consent prior to examina-
tion after the nature of the experimental procedures was
explained.

Imaging and Data Analysis

We performed functional MR images of cerebral blood
oxygen level-dependent signal changes (BOLD) at 1.5-T (Sie-
mens Vision, Erlangen, Germany; standard headcoil) using
echoplanar sequences (TR/TE/flip angle � 5 sec/66
msec/90 degrees, slice thickness 4 mm) of the brain in 30
contiguous horizontal slices parallel to the intercommissural
line covering the whole brain. The field of view was 200
� 200 mm in a 64 � 64 matrix, voxel size was 3.12 � 3.12 � 4
mm3. Analysis was focussed onto the cerebellum.

Image analysis was performed on a Ultrasparc Sun work-
station (Sun Microsystems, Palo Alto, CA) using MATLAB
(Mathworks, Natick, MA) and the statistical parametric
mapping package (SPM96b, Wellcome Department of Cog-
nitive Neurology, London, UK) [Friston et al. 1995, 1997].
The imaging data were corrected for head movements and
signal intensity variation and transformed into a standard
stereotactic space [Tailarach and Tournoux, 1988]. During
spatial normalization, pixels were smoothed with a 4-mm
isotropic Gaussian kernel. The effects of global volume ac-
tivity and time were removed as confounds, using linear
regression and sine/cosine functions. Removing the latter
confounds corresponds to high-pass filtering of the time
series to remove low-frequency artefacts, which can arise
due to aliased cardiac and other cyclical components. The
contrast between task and control conditions was thresh-
olded at P � 0.05 (uncorrected) for each voxel using the
delayed box-car reference function of the SPM96b software.
For visualization, color-coded quantitative maps of positive
contrasts were superimposed on corresponding T1-
weighted templates. The anatomical nomenclature was
based on the three-dimensional atlas of the human cerebel-
lum in proportional stereotactic space by Schmahmann et al.
[1999] (see Table II for a summary of the Talairach coordi-
nates, converted from the MNI-brain).

Experimental Protocol

The protocols consisted of 6 cycles of an activation (25 sec)
and a control condition (25 sec) resulting in 60 images per
session in block design (63 images were measured, but the
first three images were discarded to avoid technical arte-
facts). Visual stimuli were presented with a red laserpoint
(diameter 0.5 degrees, luminance 23.1 cd/m2, background
luminance �0.02 cd/m2) projected onto a screen in front of
the scanner and visualized by a mirror attached to the head-
coil. An external computer controlled the stimulation proto-
col and movements of the laser point that were driven by a
mirror galvanometer (General Scanning). The task designs
(A,B, and C) were measured in all 6 volunteers and the task
sequence was pseudorandomized to counterbalance possi-
ble task specific influences. Task D was added to the task
protocol for 3 volunteers.

Task Design (see Fig. 1)

A. Visually-guided saccades (VG) vs. central fixation (Fix):
Peripheral targets with different horizontal eccentricities
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(5–10 degrees) were presented successively for a pseudo-
randomized time interval of 1,200–1,800 msec to trigger
16 saccades balanced throughout one activation period
(25 sec). The fixation point alternated between the left
and the right visual hemifield, equally distributed within
the whole sample of trials in a pseudorandomized order.
The instruction was to continuously track the target. The
control condition (Fix) was fixation of the stationary la-
serpoint positioned in the center of the field of view.

B. Triple-step saccades (TR) vs. Fix: After the presentation
of a central fixation point for 1,500 msec, 3 successively
flashed laser targets were presented with different hor-
izontal eccentricities (5–10 degrees) alternating be-
tween the left and the right visual hemifield analogous
to A in a pseudorandomized order. Presentation times
were 400, 300, and 200 msec for the three targets that
had to be memorized while subjects kept on fixating
the central fixation point. After a delay of 750 msec
(memorization time), the fixation point disappeared as
the go-signal to perform saccades to the memorized
locations of the three targets in the presented order in
darkness. After 3,100 msec, the central fixation point
reappeared to start the next trial. Altogether, one triple-
step trial lasted for 6,250 msec with 16 saccades in one
activation period (25 sec, 4 triple-step trials).

C. TR as the active condition was contrasted with VG as
the high baseline condition.

D. TR was contrasted with a visuospatial working mem-
ory task (WM). WM consisted of the flashed presenta-
tion and memorization of visual targets in TR se-
quence. After 1,500 msec of central fixation, the triple-
step sequence was presented and the volunteers had to
memorize the target positions. After another 2,000
msec of central fixation (memorization time), a new
target was presented that had to be compared with the
3 targets presented before. This target had to be ac-
quired by a single visually-guided saccade only when
its location was identical to one of the 3 targets, which
happened randomly in 50% of the trials. Four of these
trials were performed during one activation period (25
sec).

In all these tasks, each activation or control condition
lasted for 25 sec and was composed of four blocks of trials
each lasting 6.25 sec. Before each measurement, at least one
cycle of the respective task was presented for practice. Per-
formance was controlled by infrared reflection oculography
outside the scanner prior to the experiments. In addition, a
qualitative assessment of the subjects’ global eye movement
performance (presence and direction of saccades) was ob-
tained by electro-oculographic recordings during an fMRI
measurement. For further control of subjects’ fixation behav-
iour inside the MRI scanner, we performed an additional
fMRI experiment where the active condition consisted of
central fixation and the control condition of rest in darkness.
As there was no significant activation of any of the cortical
saccade areas, not even of the frontal eye fields, we took this
as a confirmation that fixation must have been fairly stable.

Figure 1.
Schematic plots of the tested saccade tasks (visually-guided saccades,
triple-step saccades, and a test for visuospatial working memory).
Upward deflection means rightward deviation, ranging between 0
degrees and 10 degrees of visual eccentricity, downward deflection
means leftward deviation, respectively. On the abscissa, time is plot-
ted in seconds. After 6.25 sec, the central fixation point reappears to
start the next sequence. During the triple-step task, the 3 targets had
to be memorized while subjects kept on fixating the central fixation
point. After a delay of 750 msec (memorization time), the fixation
point disappeared as the go-signal to perform saccades to the mem-
orized locations of the three targets in the presented order. For the
visuospatial working memory task, the target had to be acquired by a
single visually-guided saccade only when its location was identical to
one of the three targets presented before, which happened randomly
in 50% of the trials.

� Cerebellar Activation During Memorized Saccades �

� 157 �



RESULTS

Behavioural Data

The latencies and accuracies of the oculomotor perfor-
mance during visually guided or triple-step saccades out-
side the scanner are summarized in Table I. Visually-guided
saccades had a latency around 160 msec with a considerable
amount of reflexive saccades (latencies below 150 msec, 39%
on average). Target undershot was around 11% with a gain
being 0.89 on average. The target position was reached by
means of a corrective saccade so that the error of final
position was around 0.3 degrees. In contrast, the latencies of
the triple-step saccades were around 300 msec with intersac-
cadic intervals above 400 msec. Due to the generation of the
saccades without visual feedback, the accuracy was lower
with respect to a higher error in the final eye position and
higher standard deviation of their gain.

FMRI Results

All the tasks activated regions within the cerebellum in
each of the six volunteers. Group analysis (exp. A) of visu-
ally-guided saccades (VG) compared to fixation (Fix) re-
vealed activation within the posterior vermal and paraver-
mal regions predominantly within the vermal lobuli VI–VII
(Fig. 2A,B). Group analysis (exp. B) of the contrast between
the triple-step task (TR) and fixation resulted in the predom-
inant activation of the left cerebellar hemisphere corre-
sponding to lobuli VI-crus I (Fig. 2C, one volunteer had to be
excluded from analysis of this task performance because of
movement artefacts). The study was centered on cerebellar
activation, but to demonstrate the differential prefrontal and
parietal activations during the TR-task, we added a compar-
ison of the cerebral activation maps for visually-guided and
triple-step saccades (Fig. 2D).

In addition to experiment A�B, where central fixation
served as control, we used a differential task design with TR

as active condition and VG or WM as control. The intention
was to control for different oculomotor and cognitive com-
ponents of the triple-step task (Fig. 3). VG implied the same
oculomotor output as TR, i.e., the same sequence of sac-
cades. The contrast between TR and VG (Fig. 3, left column)
revealed activation of both cerebellar hemispheres within
the lobuli VI-crus I (z coordinates of �26 to �30), identical to
the area activated during TR with central fixation as control.
Another area was activated within the lower part of the left
cerebellar hemisphere located within the lobule VIIB-VIII (z
�48). To further separate the oculomotor from the visuospa-
tial, attentional, and working memory components of the
triple-step task, we compared the triple-step task with the
visuospatial working memory task (WM) in three volun-
teers. Visual stimulation in WM was identical to TR, the
working memory load was higher as the memorization time
was longer. TR as contrasted to WM demonstrated predom-
inant activation within the posterior vermis. The reverse
comparison (WM as active condition, TR as control) acti-
vated areas within the hemispheric lobuli VI-crus I and the
lower part of the left cerebellar hemispheres lobuli VIIB-VIII
(Fig. 3, middle and right columns), close to the activation
foci of the triple-step task (Fig. 3A,C, left column). Table II
summarizes the x,y,z coordinates and the Z-scores of the
peak activations corresponding to the stereotactic brain atlas
by Talairach and Tournoux [1988].

The concomitant cerebral and cerebellar activated regions
are surveyed in Table III to demonstrate the activation of the
typical network of the frontal eye field (FEF), supplementary
eye field (SEF), and parietal cortex by visually guided sac-
cades and additional prefrontal activations due to the addi-
tional mnemonic components in the TR task or the differen-
tial task designs. Oculomotor tasks activated the network of
FEF, SEF, parietal cortex, and Vermis, whereas mnemonic
tasks additionally involve the prefrontal cortex and the cer-
ebellar hemispheres.

Figure 4 schematically displays the activation foci within
the Talairach space and overlaid onto a flattened surface of
the cerebellum. The tasks with a dominant oculomotor com-
ponent (visually guided saccades, triple-step vs. visuospatial
working memory) are preferentially oriented along the mid-
line, whereas the tasks with a cognitive preload localize
within the lateral hemispheres.

DISCUSSION

In accordance with previous studies, the conditions of our
study that tested the execution of saccades (VG-Fix and
TR-WM) activated the posterior vermis within lobuli VI–VII
and adjacent paravermal areas. Electrophysiological experi-
ments and clinical data have presented evidence that the
posterior vermis in lobule VI/VII is involved in the direction
selective control of saccade metrics [Fuchs et al., 1993; Kase
et al., 1980; Suzuki and Keller, 1988] and of saccadic adap-
tation [Barash et al., 1999; Desmurget et al., 1998]. Lesion
data demonstrate similar results. Unilateral lesions of the
oculomotor vermis result in hypometric ipsilateral and hy-
permetric contralateral saccades [Aschoff and Cohen, 1971;

TABLE I. Behavioural data: latencies and accuracies of
the saccades during the oculomotor performance tasks*

VG TR

Latencies (msec)
1st saccade 162 � 40 372 � 192
2nd saccadea 160 � 25 422 � 196
3rd saccadea 152 � 28 412 � 102

Amplitude gain
1st saccade 0.88 � 0.04 0.96 � 0.12
2nd saccade 0.90 � 0.03 0.90 � 0.11
3rd saccade 0.89 � 0.04 0.92 � 0.12

Error of final eye position (degrees)
1st saccade 0.3 � 0.1 1.8 � 1.5
2nd saccade 0.2 � 0.2 3.6 � 2.8
3rd saccade 0.4 � 0.2 2.9 � 1.3

*Data are presented as means � SD. VG, visually guided; TR,
triple-step. Data were collected outside the scanner prior to the
fMRI experiments. aFor TR, intersaccadic interval.
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Büttner and Straube, 1995; Büttner, 1999]. Compared to pre-
vious functional MRI and PET data that also demonstrated
activation of the vermis during the performance of saccades
[Dejardin et al., 1998; Fox et al., 1985; Petit et al., 1997;
Sweeney et al., 1996], our data locate saccade-related activa-
tion more precisely to the vermal lobuli VI/VII correspond-
ing to more recent fMRI studies that also located visually-
guided saccade activity within these lobuli [Hayakawa et al.,
2002; Stephan et al., 2002]. However, there was a relative
lack of vermal activation in the TR-Fix task in the group
analysis and in relation to the TR-WM task. As saccadic
burst neurons of the oculomotor vermis are silent during
periods of fixation [Ohtsuka and Noda, 1995], it is improb-
able that fixation during this task led to a strong vermal
activation so that the contrast between active and baseline
results in extinction of this focus. However, vermal Purkinje
cells have been shown to be more active during saccades in
light than in darkness [Helmchen and Büttner, 1995]. Fur-
thermore, there are at least two pieces of evidence that the
oculomotor vermis is more involved in controlling the met-
rics of externally triggered visually-guided saccades than of
internally generated saccades: First, cerebellar lesions

caused dysmetria of visually-triggered saccades, leaving
self-generated saccades intact [Straube et al., 1995]. Second,
the adaptation of saccadic amplitude to a repeated intrasac-
cadic target displacement, which is predominantly con-
trolled by the posterior vermis [Barash et al., 1999; Desmur-
get et al., 1998], does not transfer from visually-guided to
memory-guided or self-generated saccades [Deubel, 1995].
These data might explain our finding that the posterior
vermis was activated more during visually-guided saccades
than during triple-step saccades performed in darkness. Ob-
viously, neither the activation of the cerebellar vermis nor
that of the hemispheres was specific for the triple-step task.
So there was no cerebellar activation reflecting the spatial
updating of retinotopic target locations by the use of effer-
ence copy signals, which is needed to perform the triple-step
task accurately. According to previous studies, this function
is controlled more upstream, in the posterior parietal cortex
[Heide et al., 1995, 2001].

Moreover, a novel finding of this study is the demonstra-
tion of activation of the cerebellar hemispheres within the
lobuli VI-crus I and VIIB-VIII during sequences of memory-
guided saccades in the triple-step task and during the visuo-

Figure 2.
Group analysis data (6 volunteers) demonstrating the activation of
the posterior vermal lobules VI–VII by visually guided saccades
(VG) in transversal (A) and sagittal projection (B). C: The triple-
step task (TR) predominantly activates the left lobuli VI-crus I (5
volunteers, one excluded because of movement artefacts). D:
Cerebral activation foci by visually-guided saccades (red) including
the network comprising of the frontal eye field, supplementary eye

field, parietal cortex, and visual areas. The activations of the
cerebellar hemispheres, lobuli VI–VII, during the triple-step task
are accompanied by prefrontal activations (green). The activation
pattern by visually-guided saccades is plotted on top of the triple-
step saccades. The color bars represent the corresponding Z-
values (left for a–c, right including the overlay map in d).
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spatial working memory task, which included the cueing of
visuospatial attention in both visual hemifields, the volun-
tary suppression of visual reflexive saccades, and the use of
visuospatial working memory. Although we have to con-
sider that we did not measure the oculomotor performance
during the scanning, the volunteers accurately performed
the tasks outside the scanner without significant saccades
during the memorization conditions. The statistical power
was limited due to a sample of six volunteers demonstrating
only the “peak of the iceberg,” but the hemispherical acti-
vations were confirmed and became even more evident from
the two comparisons (TR-VG and WM-TR), whereby the
first condition had always a higher memory load than the
second. The notion that the cerebellar hemispheric activation

is bound to the mnemonic control of saccades is derived
from the following arguments: (1) In the WM condition,
memorization intervals were longer than in TR and no gen-
eration of a saccadic sequence or updating of retinotopic
target locations had to be executed. As saccade-related ac-
tivity at least in cortical areas depends on the frequency of
executed saccades [Kimmig et al., 2001], the activation in
WM is unlikely caused by the 2 saccades executed during an
activation cycle of 25 sec. (2) Since the necessity to suppress
visually-triggered saccades was similar in WM and TR, the
suppression-related activity was most likely cancelled out
by subtraction. These results correspond to some extent to a
recent fMRI study testing spatial working memory in autis-
tic patients and normal volunteers, in which performance of

Figure 3.
Group analysis data of the differential task design. TR with VG as
control (tr-vg, 6 volunteers) predominantly activated areas within
the lobules VI-crus I and the lower part of the left cerebellar
hemisphere (left) corresponding to the lobule VIIB-VIII. TR with
WM as control (tr-wm) revealed activation within the vermal/left

paravermal region (middle), whereas the reverse condition (wm-
tr, 3 volunteers) demonstrated predominant hemispheric activa-
tion of areas within lobule crus I (right). The color bar represents
the corresponding Z-values.
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an oculomotor delayed response task demonstrated activa-
tion of the lateral cerebellum. However, activation within
the cerebellum was not very well defined, as it was not in the
scope of the study, and in some volunteers only the upper
part of the cerebellum was scanned [Luna et al., 2002].

These findings are in accordance with the postulated an-
atomical patterns of connections between cerebellar struc-
tures with corresponding cortical areas. These cortical areas
comprise prefrontal areas 46 and 9 that play an important
role in spatial working memory [Middleton and Strick, 1994,
1997; Schmahmann and Pandya, 1997]. Additional cerebello-
cerebral connections in the monkey that included the pari-
etal cortex were summarized by Brodal and Bjaalie [1992]
(Fig. 5). The projections from the prefrontal cortex to the
lobuli VI-crus I and especially from the parietal regions to

the lobuli VIIB–VIII would nicely explain our activations
within the cerebellar hemispheres related to visuospatial
working memory.

A role of the cerebellar hemispheres in cognitive processes
like learning is in accordance with earlier neuroimaging
evidence [Friston et al., 1992; Roland, 1987; Seitz et al., 1990].
Nevertheless, a number of cognitive processes have recently
been mapped to the cerebellum substantiating the notion
that the cerebellum subserves cognition in a multifold man-
ner. However, up to now no functional imaging studies
looked explicitly at the cerebellum during visuospatial
working memory tasks. Nevertheless, some other oculomo-
tor studies demonstrated activation of the cerebellar hemi-
spheres. A PET and a recent functional MRI study on the
performance of self-initiated saccades demonstrated vermal,
paramedian, and hemispherical activation foci [Ellermann et
al., 1998; Law et al., 1998; Leigh and Zee, 1999]. A more
detailed differentiation between oculomotor and cognitive
aspects of these tasks was not performed, but they inter-
preted the hemispheric activation as information processing
during the initiation of saccades. Another study by Dieterich
et al. [2000] demonstrated hemispheric and vermal activa-
tion foci by optokinetic stimulation and saccades, whereas
fixation suppression of the horizontal optokinetic stimula-
tion revealed only hemispheric activation. They interpreted
activation of the vermis as reflecting oculomotor perfor-
mance and activation of the cerebellar hemispheres as re-
flecting the processing of visuospatial attention. However,
their task design did not allow a clear separation of these
different components and the fMRI-activation maps with
small activation foci within many parts of the cerebellar
hemispheres did not allow a clear distinction of task relevant

TABLE II. Foci of activation within the cerebellum*

Task Activ.-
Cont.

Probands tested
(group analysis)

Foci of activation

(x,y,z
coordinates) Z-score

Hemisphere (H),
Vermis/Paraver (Vs)

tr-fix 1–4, 6 �26 �74 �28 5.61 VI-Crus I (H)
�6 �44 �44 4.38 IX (H)

vg-fix 1–6 �6 �72 �28 7.9 VI–VII (Vs)
�12 �76 �42 5.01 VIIB (H)

tr-vg 1–6 40 �70 �30 5.64 VI-Crus I (H)
26 �34 �28 5.09 V (H)
�26 �70 �30 5.49 VI-Crus I (H)
�24 �74 �48 4.37 VIIB-VIII (H)

tr-wm 1, 2, 4 �4 �60 �30 3.74 VI–VII (Vs)
8 �70 �38 3.33 VII–VIII (Vs)
24 �58 �24 4.9 VI (H)

wm-tr 1, 2, 4 �20 �70 �26 4.76 VI-Crus I (H)
34 �84 �28 4.69 VI-Crus I (H)
�36 �76 �48 4.91 VIIB-VIII (H)

*Summary of the x,y,z-coordinates and Z-scores of the peak activations corresponding to the stereo-
tactic atlas of Tailarach and Tournoux [1988] and the anatomical description based on Schmahmann
[1999]. tr: triple-step saccades; vg: visually guided saccades; wm: visuospatial working memory task;
fix: fixation.

TABLE III. Qualitative survey of cerebro-cerebellar
areas showing significant activation during the different

task-control conditions*

Location VG TR TR-VG TR-WM WM-TR

Vermis � � �
FEF � � � �
SEF � � �
IPS/IPL � � � � �
Cereb. Hemis. �L � �R �
PFC � � �

*VG: visually guided; TR: triple-step; WM: working memory; FEF:
frontal eye field; SEF: supplementary eye field; IPS/IPL: intrapari-
etal sulcus/lobule; PFC: prefrontal cortex; R/L: only right-/left-
sided activation.
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regions. It seems more likely that particularly the areas
within the lobuli VI-crus I and VIIB�VIII that were activated
in our study correspond to processing of visuospatial work-
ing memory and attention. For the latter, this is in line with
another study by Allen et al. [1997] who examined activation
by hand movements and selective attention and demon-
strated attentional activation within an area corresponding
to the regions defined in our study in lobuli VI-crus I.
Another more recent study by Stephan et al. [2002] demon-
strated activation within the lobuli VI and VIII by visually-

guided saccades modified by repeated performance of the
same task that also could be interpreted as a result of atten-
tional modulation.

However, the specific role of the cerebellum during mne-
monic information processing and the mechanisms are still
under debate [Thier et al., 1999]. Lesion data in monkeys
showed that the cerebellum is not critical for spatial working
memory, though it may contribute to the preparation of
responses [Nixon and Passingham, 1999]. In contradiction,
another study demonstrated cognitive impairment of set-

Figure 4.
Summary of the activation foci of the different tasks after group
analysis. The foci are schematically displayed within the Talairach
space for the coronal (top left), sagittal (top right), and axial
(bottom left) orientation. Bottom right: The foci overlaid onto
a flattened surface of the cerebellum. Larsell lobules are marked.

The tasks with a dominant oculomotor component (visually-
guided saccades, triple-step vs. visuospatial working memory; light
grey) are preferentially oriented along the midline, whereas the
tasks with a cognitive preload localize within the lateral hemi-
spheres (black/dark grey).
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shifting and working memory in cerebellar patients with
lesions within the posterior cerebellar hemispheres and the
vermis [Schmahmann and Sherman, 1998]. In a recent fMRI
study on attention and eye movements, the posterior vermis
was exclusively activated by the execution of saccadic eye
movements, whereas the cerebellar hemispheres were acti-
vated by covert shifts of attention to peripheral visual stim-
uli [Corbetta et al., 1998]. Accordingly, patients with damage
to the posterior hemispheres and the vermis (lobuli VI�VII)
are impaired in covertly orienting visuospatial attention
[Townsend et al., 1999]. In our study, covert shifts of atten-
tion were crucial for performing the triple-step and visuo-
spatial working memory tasks and, thus, may have contrib-

uted to activation of the cerebellar hemispheres, besides the
influence of working memory.

In summary, the cerebellum participates in different cere-
bro-cerebellar networks controlling the processing of oculo-
motor as well as associated “cognitive” information. The
posterior vermis lobuli VI–VII of the cerebellum play a
predominant role in the control of any type of saccadic eye
movements, but it appears to be more involved in externally
triggered than in internally generated saccades. Internally
generated sequences of memory-guided saccades, in addi-
tion, activate the cerebellar hemispheres, suggesting a role in
mnemonic oculomotor control and in the covert shifting of
visuo-spatial attention.
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Büttner U (1999): Eye movements deficits in cerebellar disease. In:
Becker U, Deubel H, Mergner T, editors. Current oculomotor
research. New York: Plenum Press. p 383–389.
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