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Abstract
We report findings about search and scan path eye movements (EMs) in
normal healthy subjects that had to deal with a virtual homonymous
hemianopia (VHH) that compared exactly to the deficit of patients with
stable full homonymous hemianopia. We posed three questions: 1. Does
a sensory-motor adaptation occur in these virtual hemianopic patients?
2. Is it possible to enhance the effect of this adaptation through "train-
ing" by enlargement of the 50% vertical field defect towards the
"healthy" seeing side (SHF) by +10 deg, and 3. How large is the ad-
ditional effect of training? We used high resolution infrared-oculography
for recording EMs in 16 healthy subjects. Eight subjects ("early training
group ") were trained for 20 minutes with 10 deg off-field defect towards
the healthy side and directly afterwards. The other 8 subjects ("late
training group ") underwent 20 minutes of viewing without any training.
They were recorded directly afterwards. Our healthy subjects responded
to VHH quite similarly as hemianopic patients: the training of para-
foveal eccentric viewing of up to 10° together with specific advice to
improve saccadic strategies helped the adaptation of VHH subjects sig-
nificantly. We conclude from this study of VHH adaptation in normal
subjects that hemianopic patients might use an increase of their field
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defect so that they become aware of the increased gaze efficiency (being
faster and more accurate) when shifting the vertical null point of their
visual field towards the side of the BHF.

Key words: homonymous hemianopia, virtual hemianopia simulation,
scanpath eye movements, visual attention, visual feedback training,
hemianopia rehabilitation.

INTRODUCTION

Although recent studies showed remarkable progress in analyzing
different aspects of structural and functional compounds of "High-
Level-Vision" processes there still remain various questions about the
visual process as a whole. Two fundamental questions are whether the
object recognition process is mostly parallel or serial and what kind of
internal representation is used by the brain selecting and integrating the
numerous complex and rapidly changing visual data that it is per-
manently exposed to.

The serial model suggests that the internal representation consists of
single components and features which are sequentially "matched" to the
object seen in the recognition phase. Because viewing consists of a
sequence of alternating saccades and fixations, its measurable correlate
can be described as the so called "scanpath". This term was introduced
by Noton and Stark (Noton & Stark, 1971 a & b; Ellis & Stark, 1978;
Hacisalihzade, Stark, & Allen, 1992; Chernyak & Stark, 2001). Their
theory based upon the model that top-down processes associate single
features of a scene on a higher cognitive level in a step-by-step manner.
Within their studies, they found marked similarities in recorded intra-
subjective scanpaths of their subjects when repetitively viewing the same
picture. When viewing an object for an extended time the scanpath was
repeated. From this, Noton and Stark developed the "feature ring hy-
pothesis", which claims that the internal representation of a seen object
is given by its cardinal sensory features and the motor traces (saccades)
which connect these features. So recognition of objects works through a
sequential step-by-step scanning which corresponds to the actual "Fea-
ture Ring".

Since the early seventies, however, many other researchers have
preferred a more bottom-up view of oculomotor activities related to
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reading (Rayner & McConkie, 1976) and visual attention (Taub et al.,
1993). But more recently, experimental evidence for the feature ring and
the importance of sequential visual top-down mechanisms in vision has
accumulated during the last ten years, specifically with the advent of
neuroimagery, i.e., functional magnetic resonance tomography (fMRI)
(Butter, Kosslyn, Mijovic-Prelec, & Riffle, 1997; Roland & Gulyas,
1994) and positron emitting tomography (PET) studies (Goldenberg,
Poderka, Steiner, Suess, & Deecke, 1989; Goldenberg, 1993; Kosslyn
et al., 1993). In addition, transcranial magnetic stimulation (TMS)
studies (Brandt, Ploner, Meyer, Leistner, & Villringer, 1998; Brandt &
Stark, 1997; Zangemeister, Canavan, & Hoemberg, 1995) have dem-
onstrated the functional interdependence of occipital, parietal and frontal
- visual, memory, and motor - areas when disturbed through single or
repetitive focal electromagnetic stimulation (Stark et al., 2001;
Chernyak & Stark, 2001; Zangemeister, Sherman, & Stark, 1995;
Zangemeister & Oechsner, 1996).

Based upon this model, our approach to obtain information on the
visual system was to register the eye movements of our subjects during a
virtual visual task and then to analyze the resulting scanpaths with
respect to the side of the blind and the seeing hemifield.

Homonymous hemianopic patients are blind on one half of their hori-
zontal visual field that extends to about 95° to left and right from the
vertical zero degree primary position. Most often they suffer from an
occipital stroke. Hemianopic patients show a multi-stairstep saccadic
strategy (Gassel & Williams, 1963; Meienberg, 1983; Poppelreuter,
1917; Teuber, Battersby, & Bender, 1960; Zangemeister, Oechsner, &
Freksa, 1995) when first confronted with their deficit that appears to be
dominated by a bottom up mechanism like a primitive search. Patients
with pure hemianopia, i.e., without deficits of attention (visual neglect)
and/or motor deficits of eye movements, in the first stages of the disease
are rare. Using specific training regimes, they may be able to adapt and

Abbreviations: VHH: virtual homonymous hemianopia; BHF: blind
hemifield; SHF: seeing hemifield; G/L index: global/local index - ratio
between frequency of occurrence of saccades > 1° / <1°; HP: hemianopic
patient; NS: normal subject; TMS: transcranial magnetic stimulation;
2ndVFB: secondary visual feedback: fMRI: functional magnetic imaging;
VDT: visual display terminal; ROI: region of interest; PET: positron emitting
tomography.
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circumvent efficiently this half-field blindness (Gbadamosi & Zange-
meister, 2001; Hier, Mondlock, & Caplan, 1983; Meienberg, Zange-
meister, Hoyt, & Stark, 1981; Pommerenke & Markowitsch, 1989;
Schoepf & Zangemeister, 193; Zangemeister, Dannheim, & Kunze,
1986; Zangemeister et al., 1995; Zangemeister & Oechsner, 1996;
Zangemeister, Poppensieker, & Hoekendorf, 1999; Zihl, 1988) in
applying a top-down governed strategy of one-large-step overshooting
saccades when looking towards the side of the blind hemifield (BHF).

As the hemianopic field defect is a pure sensory deficit, many of
these patients stay with their ophthalmologist and never present at a
clinical neurology department. Therefore we developed a virtual homon-
ymous hemianopia(VHH), i.e., an on-line simulation of homonymous
hemianopia (Zangemeister, 1997; Zangemeister & Oechsner, 1999),
allowing us to record and analyze the adaptation of normal healthy sub-
jects to this pure sensory deficit: a deficit that always shows adaptive
motor consequences with a change of eye movement strategy (Gassel &
Williams, 1963; Meienberg, 1983; Messing & Ganshirt, 1986; Zihl,
1981). An additional advantage of this experimentally simulated deficit
was that VHH subjects (virtual "patients") had to adapt to a complete
and pure homonymous hemianopia.

Normal Subjects show a stairstep/overshoot saccadic strategy similar
to that used by hemianopic patients (Gassel & Williams, 1963;
Meienberg, 1983; Poppelreuter, 1917; Zangemeister et al., 1995b)
either when confronted with a virtual reality model of artificial hemi-
anopia using eye position feedback (VHH), or when achieving eccentric
fixation using secondary visual feedback (2ndVFB) (Zangemeister et al.,
1986): here gaze position is displayed simultaneously with the target and
the subject learns either to superimpose target and eye position feed-
back, or to position the gaze feedback target up to 10 deg off the target
- eccentric fixation -; this helps to keep the "blind side" in sight,
namely, the target of interest within the SHF, usually within a para-
foveal region of 2 to 10 deg. This "technique" is regularly used in the
natural course of amblyopia in early childhood.

Normal subjects confronted with VHH minimize their deficit faster
and more efficiently with than without 2ndVFB training (Zangemeister
et al., 1986): similarly to real hemianopic patients when they undergo a
specific sensory-motor training that we have developed (Zangemeister et
al., 1999). Using this previously (Zangemeister, 1997; Zangemeister &
Oechsner, 1999) described computer simulation of such a visual field
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defect on a visual display terminal (VDT) - as a "virtual hemianopia"
(VHH) in normal healthy subjects -, we posed three questions:

1. Does a sensory-motor adaptation occur in these virtual hemianopic
subjects without 2ndVB?

2. Is it possible to enhance the effect of this adaptation through
"training", i.e., specific advice to the subjects how to improve their gaze
strategies; and by enlargement of the 50% vertical field defect towards
the "healthy" seeing side (SHF) by +10 deg, in analogy to the "forced
used therapy" developed by Taub et al. (1993) in hemiparetic patients,
where patients were forced to use only their paretic limb, i.e., in our
paradigm the side of the blind hemifield?

3. How large is the additional effect of training compared to just
viewing for the same amount of time?

METHODS
Subjects and Apparatus

Our group consisted of 16 subjects recruited from our department
with no visual disturbances or any other neurological disease. The age
range was 22 to 34. All subjects gave their informed consent to
participate in this study.

Virtual Hemianopia. Subjects sat in a comfortable chair with their
heads fixed, tightly strapped to a circular head holder that was firmly
attached to the chair. Their viewing distance was 57 cm such that their
eye movements subtended maximally a visual angle of + 15 deg
horizontally and + 10 deg vertically when they viewed the pictures and
stimuli displayed on a VDT (75Hz, 22"). We used high resolution
infrared-oculography (Ober 1000) for recording of horizontal and verti-
cal eye movements with a sampling rate of 200 Hz.

Using the horizontal eye movement recording as trigger we generated
a "field defect" on the (in that case blank) screen of 50% off the foveal
eye position (accuracy + 0.5 deg, delay 4 ms); for the special training
we applied an additional + 10 deg increase of the virtual blind hemifield
(BHF) that would always move together with the eyes. Fifteen subjects
(heads fixed) could not see what was going on on their "blinded" side
(BHF) on the screen.
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Experimental protocol

After calibration (5 x 5 matrix) that was repeated at least two times
during the session, subjects had initially two minutes to get used to the
virtual hemianopia. A series of 2 x 8 pictures were then presented
during VHH, each for 5 sec, 2 sec center fixation, and 5 sec visual
imagery, adding up to 96 sec for one sequence, or 192 sec for the whole
series. The very limited time of 5 sec viewing a complex or a hidden
picture put some pressure (forced situation) on the subjects. After this,
sinusoidal pursuit (0.5Hz, 1Hz), predictive steps (0.5Hz, + 10°, + 15°)
and random steps were presented horizontally and vertically.

Visual stimuli

Visual stimulation included a sequence of various pictures each
shown for 5 sec, ranging from simple realistic, hidden search pictures,
to artistic abstract images. To enforce viewing of the different stimuli
with respect to the effect of adaptation, subjects were advised to search
and scan for detection of hidden images and also to recollect verbally the
main features of the pictures. Subjects also followed predictive and
random saccadic and pursuit stimuli (a white cross subtending smaller
than 0.25 deg) each for 10 sec. The first 4 presentations were used to
measure the so called "searchpath", containing the task of searching
objects within a picture. The next 4 pictures showed abstract, polyvalent
and realistic stimuli. During this phase different scanpath tasks of in-
creasing cognitive complexity were performed.

Each subject was measured during a standardized routine that con-
sisted of one stimulus presentation phase and one subsequent imagery
phase. We used 8 different stimuli of graduated complexity which were
all bordered by a reference frame. The subjects first had 5 seconds for
viewing the presented picture according to varying instructions. In the
following separate imagery phase, subjects then were asked to recall the
picture, just looking at the blank reference frame on the monitor and
scan it again freely from the imagination.
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Training

"Training" was defined as 20 minutes of viewing in the VHH
condition with an additional offset of the VHH by 10° off the vertical
meridian towards the side of the SHF. We used 20 minutes to make sure
that our subjects would spent enough time so as to achieve a solid
training effect; also, this length of time appeared to be reasonable since
comparable therapies in the clinical setting take a similar amount of
time. We were not interested to find the shortest possible time of train-
ing that would be long enough to enhance our subjects’ performance
significantly. Also, specific advice was given by us: subjects were
explicitly told to keep the target of interest off the fovea inside the SHF;
they were also advised to use one-step large overshooting saccades
instead of sequences of small-stairstep undershooting saccades to reach
targets of interest.

After the initial recordings, 8 subjects (Group 1, "early training")
were trained for 20 minutes with the additional 10 deg off-field defect
towards the healthy side and were a second time recorded directly after-
wards. After 14 days, their responses to the the same tasks were
recorded a third time.

The other 8 subjects (Group 2, "late training ") underwent 20 minutes
of viewing without any training. They were a second time recorded.
directly afterwards. After 14 days, their responses to the the same tasks
were recorded a third time after 20 minutes of training.

With and without training was then compared in all subjects for
probability of fixation durations and amplitudes; as a measure of effi-
cient adaptive change, the normalized ratio of overshoot one-step to
undershoot stairstep saccades was calculated.

Analyses

For eye movement analyses, first all fixations were calculated and
sequentially linked (fixation: > 150 msec, 0-5°/sec, + 1° area), and
amplitudes and direction of gaze as well as frequency and duration of
fixations in the BHF versus SHF were calculated, including their
statistics (SPSS and specially developed software ET 1.24 by Oechsner
and Zangemeister (Stark & Choi, 1996; Zangemeister et al., 1995 a &
c, 1999).
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We also calculated the global/local index (G/L index) , i.e., the ratio
between saccades larger than 1.° to saccades smaller than 1° (ampl. >
1°/ampl. < 1°), a ratio of global amplitudes over local amplitudes
while viewing or imagining a picture. This is an indicator of efficacy in
improving gaze by use of larger amplitude saccades towards the side of
the BHF, as a measure of consistent picture viewing (see Zangemeister
et al., 1995 a & c; Zangemeister & Oechsner, 1996). In addition we
used the ratio of overshoot one-step/undershoot stair-step saccades
towards the BHF as a measure of efficient adaptation.

RESULTS

The first result we obtained was that all 16 subjects were able to
maintain and follow through our VHH setting. Of course, there occurred
differences of performance between subjects. Figure 1 shows an exam-
ple (upper) of saccades towards a predictively alternating + 10 deg target
that is initially not predicted, such that stairstep saccades towards the
BHF occur until at the fifth repetition of the target the first (predictive)
overshoot occurs (arrow), followed by several more overshoots until the
cycle is completed. On the lower part, one normal subject’s (NS) and
one real hemianopic patient’s (HP) scanpath of the Mona Lisa Picture is
shown: average of 10 responses each including 85 to 105 saccades with
the ordinate as normalized frequency of occurrence of saccades. Note
that fixation durations of HP are significantly longer (median 0.71 s to
0.26 s, p < 0.01), and saccadic amplitudes are significantly smaller,
which is also demonstrated by the smaller Global/Local index: the ratio
between saccades larger than 1° to saccades smaller than 1° (ampl. >
1°/ampl. < 1°), a ratio of global amplitudes over local amplitudes
while viewing or imagining a picture. This is an indicator of efficacy in
improving gaze by use of larger amplitudes saccades towards the side of
the BHF, as a measure of consistent picture viewing (see Zangemeister
et al., 1995 a & c; Zangemeister & Oechsner, 1996).

The second result was that both training groups gained significantly
from the training (+10° BHF enlargement, specific advice) (Tables 1
and 2). Table 1 shows results from the early training group that under-
went 20 minutes training after the first recording and immediately
afterwards, and after 14 days recorded. Their results pre- and post-
training including forced viewing with 10° enlarged BHF show signifi-
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Figure 1. Upper: example of saccades towards a predictively alternating +/-
10 deg target that is initially not predicted. Lower: one normal subject’s (NS)
and one real hemianopic patient’s (HP) scanpathof Mona Lisa picture;
ordinate: normalized frequency of occurrence.
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Table 1

Early training group (n = 8): results of pre- and post-training (with 20
minutes of training with forced viewing, 10° enlarged BHF: day 0), and
after 14 days

Task
Parameter Pre-training  Post-training  Post-training
on day O on day 0 on day 14
Fixation durations (s) 0.43 0.26%** 0.39%*
Saccadic amplitudes (°) 3.4 6.2%* 4,9%
Ratio of overshoot one-step/ 0.37 L. JH S 052"

undershoot stair-step
saccades to BHF

Note. * p < 0.05, ** p < 0.01, *** p <0.001, ns: not significant. (0)
recording directly after 20 minutes of training; (14) recording 14 days after
training. Upper two rows: relative frequency of occurrence of fixation dura-
tions and saccadic amplitudes. Ratio: normalized ratio between O and 1.

Table 2

Late training group (n = 8): results of pre-and post-20 minutes viewing
(no training; day 0), and after 14 days, with 20 minutes of training, with
forced viewing, 10° enlarged BHF

Task
Parameter Pre-training No training Post-training
on day 0 day O on day 14
Fixation durations (s) 0.41 0.38 (ns) 0.29%*
Saccadic amplitudes (°) 3.9 3.9 (ns) 5.8%
Ratio of overshoot one-step/
undershoot stair-step 0.36 0.41 (ns) 0.6/**

saccades to BHF

Note. * p < 0.05, ** p < 0.01, ns: not significant. (0) recording directly
after 20 minutes of training; (14) recording 14 days after training. Upper two
rows: relative frequency of occurrence of fixation durations and saccadic
amplitudes. Ratio: normalized ratio between O and 1.
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cant effects with respect to all measures: fixation durations decreased,
saccadic amplitudes increased, together with the global/local index, and
also the ratio of overshoot one-step to undershoot stair-step saccades
when looking to the side of the BHF.

Table 2 shows the results from the late training group that first
underwent no training and only after 14 days the training. Their results
show similar effects as in the early training group, but less pronounced.
This significantly positive training effect demonstrated in the "early
training group"” also shown in the "late training group" yielded some
smaller effect of about 75%. The "early training group" still gained
from their ealy training after 14 days.

The measured parameters (fixation duration, normalized frequency of
occurence of saccadic amplitudes, ratio of overshoot one-step to under-
shoot stair-step saccades when looking to the side of the BHF) demon-
strated consistently our prediction and particularly showed that there is
an effect of about 75% that could be ascribed to our specific training
that is not due to some general adaptation taking place while experienc-
ing VHH.

Within each group of 8 subjects, we found a similar number of
adapted versus non-adapted subjects, i.e., good and bad responders,
independently of the training. The non-adapted subjects amounted to 2
in the early group and 3 in the late group. We judged as non-adaptive a
non significant change of our three measure parameters between pre-
and post-training. The non-adaptive subjects of both groups showed
great difficuities to adapt correctly to the tasks within the given time.
They were slower and significantly less efficient in both situations,
adaptation to VHH and adaptation plus the 10 deg off task training.
Often this had to do with the short time of picture presentation (5 s) and
the relatively fast sequence of presentation, imagery, center fixation
which was repeated 8 times. Therefore non-adapted responses had also
to do with low and misdirected attention, a characteristical obstacle in
the therapy of real hemianopic patients who perform badly.

To illustrate the actually obtained single response changes in early
trained as compared to late trained subjects’ eye movement, statistics of
single subjects are depicted with the scanpath responses on top (Figure
2, lower parts of Figures 3 and 4).

In Figure 2, virtual hemianopic scanpaths of a sequence of 8 pictures
recollection task are shown, pre- (upper) and post- (lower) training. On
the ordinate, the normalized frequency of occurrence is depicted. Note
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the longer fixation durations in VHH (0.49 s to 0.22 s) and smaller
amplitudes and G/L index (3.9° to 7.6° and 2.1 to 7.4) in pre-training
stages.

In Figure 3, the search paths of the dog search picture with (upper)
and without (lower) training is shown. Note the significantly (p <
0.001) increased amount of larger amplitude saccades (up to 17°) to-
wards the blind hemifield with training as compared to without training
(zero saccades in the BHF). Also note the much improved search path
performance in detecting the dog.

In Figure 4, the scan path of the Mona Lisa picture with (upper) and
without (lower) training is depicted. Note the significantly (p < 0.001)
increased amount of larger amplitude saccades (up to 17°) towards the
blind hemifield with training as compared to without training (only few
saccades in the BHF). Also note the much improved scan path perfor-
mance in scanning face,bust and field of view of the Mona Lisa.

DISCUSSION

The main findings of our study were:
- Normal subjects respond to a Virtual Hemianopia quite similarly as
hemianopic patients.
- A training of parafoveal eccentric viewing helps the adaptation of
VHH subjects significantly.
- There are adapted and non-adapted responders in the VHH group,
which again resembles the two patient groups of adapted and non-
adapted responders in real hemianopia.
- It is important to note that our subjects had their heads fixed. A sec-
ondary gaze strategy could possibly additionally increase the efficacy of
hemianopic gaze movement strategy (Zangemeister, Meienberg, Stark,
& Hoyt, 1982; Zangemeister & Stark, 1982).

Homonymous hemianopia and rehabilitative aspects related to VHH

Hemianopia, defined as a complete visual field defect is divided into
different forms according to the site of the lesion. The homonymous
form more often shows macular sparing, leaving the foveal center of the
visual field undamaged, which is responsible for the often occurring
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Figure 2. Virtual hemianopic scanpaths of a sequence of 8 pictures recol-
lection task, pre- (upper) and post- (lower) training. Ordinate: normalized

frequency of occurrence.
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Pre(l) vs. Post(r) 20 Minutes Training
with BlindHF Le‘ﬁ\eo%

Figure 3. Search path of the dog search picture with (upper) and without
(lower) training. Block diagrams below show the distribution of of saccades
within the field of view: abscissa 16° left and 16° right, ordinate calibrated to
maximum: upper 27% left, 10% right; lower 40% left, 50% right.
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Pre(l) vs. Post(r) 20 Minutes of Traing.
Blind HF Left 60%

20 min. zero- training

Figure 4. Scan path of the Mona Lisa picture with (upper) and without (lower)
training. Block diagrams below show the distribution of of saccades within the
field of view: abscissa 16° left and 16° right;- ordinate calibrated to maximum:
upper 22% left, 20% right; lower 35% left, 36% right.
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relatively adapted spontenuous recovery; a complete full hemianopia -
such as we simulated it - often leads to enduring more pronounced
visual disabilities: this is an obvious reason why a specific therapy in
these cases is of great importance (Zeki, 1978, 1983, 1999). Common
etiologies of this disorder are the ischemic cerebrovascular event, fol-
lowed in frequency by bleedings and trauma. Often hemianopia is
associated with other cognitive dysfunctions like aphasia and visual
hemineglect. Rossi, Kheyfets, and Reding (1990) found that more than
20% of patients with stroke treated in rehabilitation centers present
hemianopic symptoms. The impact of this sensory deficit depends on
size and localization of the lesion, impairing patients in visual informa-
tion processing in many ways. Hemianopia usually causes problems
exploring the blind hemifield causing patients to perform hypometric,
slow down head movements and generate low amplitude saccades, there-
fore handicapping them more or less severely in orientation and safety in
everyday living. Prospective studies of the natural course (Zangemeister
et al., 1982; Meienberg, 1983) of vascular retrogenicular visual field
defects showed that spontaneous restitution - e.g., axon-sprouting - in
the blind hemifield takes place within the first 6 months after the event
and that the average visual field gain may be up to 16% in perimeter
(Chatterjee & Southwood, 1995; Messing & Génshirt, 1986). To some
degree oculomotor training strategies can compensate the sensory deficit
(Poppelreuter, 1917; Gassel & Williams, 1963; Meienberg et al., 1981,
Zihl, 1981, 1988; Zangemeister et al., 1982, 1995a; Zangemeister &
Oechsner, 1996).

Pommerenke and Markowitsch (1989) found that a specific system-
atic exploration practice through perimetric saccade training improves
visuo-spatial orientation in these patients. Furthermore, Zangemeister et
al. (1999) investigated the influence of cognitive motor gaze control
strategies on the rehabilitation of visual field defects in hemianopic
patients and found significant improvement in their visual behavior after
taking part in a special cognitive training of gaze control.

A study of Butter et al. (1997) tested visual imagery in hemianopic
patients with occipital lesions using special imagery and perceptual
control tasks. On the basis of their results, they postulated an impaired
visual imagery in these patients because, compared to a control group,
they performed worse in the imagery task when perceiving the stimulus
ipsilateral to their visual field defect. They concluded that this finding
supports the view that visual imagery involves topographically organized
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visual areas of the occipital lobe (Kosslyn, 1994; Kosslyn & Shin, 1994;
Kosslyn et al., 1993; Farah, Peronnet, Gonon, & Girard, 1988;
Goldenberg et al., 1989).

Scanpaths in hemianopic patients when compared
to normal subjects

In a previous study (Gbadamosi & Zangemeister, 2001), we dis-
covered distinct characteristics of scanpaths in hemianopic patients when
compared to normal subjects viewing the same stimuli, suggesting a
reduced extent of the image within the cognitive representation. Dif-
ferential similarity measures demonstrated that the gaze sequences of the
picture exploration phase exhibited less (but non random) similarity with
each other and a reduced field of view in the hemianopic patients com-
pared to normal subjects. This finding suggested a strong top-down
component in picture exploration: in both groups, healthy subjects and
hemianopic patients, a mental model of the viewed picture evolved very
soon, which substantially determined the eye movements. As hemi-
anopic patients showed analogous results to the normal subjects, we con-
cluded that well-adapted patients have a preserved cognitive representa-
tion despite their perceptual defect, which follows the same top down
vision strategies in the process of viewing (Gbadamosi & Zangemeister,
2001; Kosslyn et al., 1993; Kosslyn, 1994; Kosslyn & Shin, 1994;
Goldenberg et al., 1989).

In an earlier quantitative evaluation of human scanpaths (Zange-
meister et al., 1999), we compared eye movements of hemianopic
patients with normal subjects’ eye movements while viewing abstract
and realistic pictures before and after a special training. This training
included special advice concerning eye movement strategies as in the
present study but also several different settings of training; also, it lasted
for 14 and 28 days, respectively, with control recordings after each time
span: after the training the viewed pictures were presented again. The
correlated scanpaths were divided into a priori geometric regions of
interest (ROI’s) and subjective a posteriori ROI’s. The evaluation of the
scan paths was done using Markov analysis and String-Editing. The
results showed, despite long latencies between the time of lesion and the
beginning of the training (6-12 months), that our specific rehabilitative
training was significantly successful when quantified by probabilistic
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and sequential measurements of the resulting scanpaths. Especially the
comparison of a priori and a posteriori measurements permitted a dif-
ferentiation of the training effects more closely.

This result correlated to a facilitated mobilization of information of
extrastriatal high level information. The visual information was
transmitted through a quick fill of the striatal visual buffer within which
an attention window was located (Kosslyn & Shin, 1994; Taub, 1993),
that appeared to be opened (or enlarged) through the training. We took
this as an expression of the subjective enlargement of interest through
stimulation of the associative cortex. After the training, there was a
strong top-down component during the picture-view that alternated with
a non-adapted bottom-up component before the training. This demon-
strated that it is particularly significant that the cognitive aspect of
human vision in a rehabilitation of hemianopic patients has to consider
special training methods.

Our results in virtual hemianopic subjects reported here are consistent
with these earlier observations: healthy subjects show quite similar
oculomotor behavior when confronted with the VHH simulation. This is
true for simple pursuit and saccadic stimuli as well as search and scan-
path tasks. Therefore, top-down mechanisms and the feature ring hy-
pothesis explain the consistency and convergence of the oculomotor
behavior also in normal subjects confronted with the same sensory
deficit as homonymous hemianopic patients as well as their similar
response to our special training.

CONCLUSION

In previous studies we tried to obtain information about the con-
sistency and reproducibility of internal visual image representations in
hemianopic patients in the context of active "high-level-vision" and
about the quantitative effect of training in these patients even up to 12
months after the time of lesion. The mental image of the hemianopic
patients was found to mirror their visuocortical sensory deficit. Special
training evidently helped in this aspect.

In this study we analyzed the degree of adaptation that normal healthy
subjects show when suddenly exposed to a virtual complete homony-
mous hemianopia under different training conditions.
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Their saccadic, scan and search path strategies showed the same con-
sistency and reproducibility of internal visual representations as hemi-
anopic patients in the context of active "high-level-vision". Particularly
those VHH subjects that where well adapted with the aid of our special
training did show this effect using a top-down strategy, when viewing
targets and pictures on the side of their blind hemifield. Non-adapted
subjects failed to show this effect. They stayed with a bottom-up
strategy of viewing targets on the side of their blind hemifield.

We conclude that - in addition to earlier described therapeutic tasks -
hemianopic patients should use an additional increase in their field
defect (described here in healthy subjects) as a "forced use therapy", so
that they become faster aware of the increased gaze efficiency when
shifting the zero meridian of their visual field towards the side of the
BHF.

RESUME

Nous rapportons des résultats a propos de mouvements oculaires
(MO) de recherche et d’exploration chez des sujets normaux en bonne
santé confrontés a une hémianopsie homonyme virtuelle (VHH), com-
parable au déficit de patients atteints d’une hémianopsie homonyme
compléte et stable. Nous avons posé trois questions : 1. L’adaptation
sensorimotrice intervient-elle chez ces patients avec une hémianopsie
virtuelle ? 2. Est-il possible d’augmenter 1’effet de cette adaptation avec
un entrainement par déplacement de 10° du demi-champ vertical défec-
tueux vers le coté voyant sain (SHH) ? Et 3. Quel est ’amplitude de
I’effet additionnel de I’entrainement ? Nous avons utilisé 1’oculographie
infrarouge a haute résolution afin d’enregistrer les MO chez 16 sujets
sains. Huit sujets ("entrainement précoce") ont été entrainés pendant 20
minutes avec un décalage de 10° vers le coté sain, et ont été enregistrés
juste apres. Les huit sujets restants ("entrainement tardif") ont subi 20
minutes de vision, sans entrainement, et ont été enregistrés juste apres.
Les sujets sains ont réagi au VHH d’une fagon assez similaire aux
patients hémianopsiques : 1’entrainement a une vision para-fovéale
décentrée de 10°, ainsi que des conseils spécifiques afin d’améliorer les
stratégies saccadiques ont significativement amélioré 1’adaptation des
sujets a VHH. Nous concluons de cette étude de 1’adaptation au VHH
chez des sujets sains qu’on devrait utiliser chez des patients hémi-
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anopsiques une augmentation de leur champ défectueux afin de leur faire
prendre conscience de I’efficacité augmentée des déplacement du regard
(plus rapides et plus précis) lors d’un décalage du point nul vertical de
leur champ visuel vers le c6té du BHF.
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