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ABSTRACT

In continuation of earlier studies, we recorded gaze
movements in patients with hemianopic visual field
defects primarily due to stroke. Use of high resolution
infrared oculography enabled us to record and ana-
lyze a variety of tasks including paradigms of visual
search, reading, and scanpath eye movements. The
tasks were recorded several times in sequential or-
der. Through these sequences, we observed short-
term adaptation, i.e., training effects of eye move-
ment strategies to improve the initially deficient result
on the side of the blind hemifield with respect to the
relative difficulty of the specific task. This quantitative
and statistically confirmed finding adds new evidence
for the top-down control of the human scanpath even
in hemianopic patients.

Key Words: homonymous hemianopia, scanpath eye
movement, short-term adaptation, functional rehabil-
itation of field defect

How do we view pictures and scenes in our
environment? Often, the eye movements are
guided by catchy, visually interesting or seem-
ingly important points of interest. Our eye may be
guided directly to this spot of a picture by its
special design, which reflects the arrangement of
contrasts, borderlines, colors, depth, and special
subfeatures, especially with respect to the pri-
mary region of interest (ROI). This type of view-
ing strategy would resemble a bottom-up control
of viewing, where no cognitive model of the pic-
ture (i.e., perceptual hypothesis which has to be
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tested against sensory experience) is present and
the eyes’ movements and fixations are controlled
by the features of the image.

Or we, that is “our mind’s eye,” might look
around following an implicit cognitive plan that
guides us from here to there, and eventually to
the destination we were originally looking for, or
were somewhat anticipating: i.e., “we had the fi-
nal target in mind.” This resembles a search-path
that applies to the so called top-down control’ 2 of
viewing, where the eyes’ movements and fixations
are driven by a cognitive model of the picture. In
general, we apply a similar pattern of visual con-
trol when we read and scan pictures or scenes,
which we than could call a reading-path and scan-
path, respectively.’”®

Multi-item boundary and surface groupings in-
fluence visual search. They may indeed represent
the perceptual components upon which the search
process is based. The identification of a grouping
that includes multiple items speeds the search
process by reducing the total number of candidate
visual regions that have to be investigated seri-
ally. Factors which influence boundary and sur-
face grouping, such as featural contrast, item
spacing, and spatial arrangement, alter the num-
ber of visual regions to be explored, yielding vari-
ations in search time.

If bottom-up mechanisms drive the formation of
these emergent perceptual units, then limits
must exist on the capacity of semantic or even
visual definitions of target items to exert top-
down influence over preattentive grouping mech-
anisms. The ability of bottom-up processing to
distinguish ecological objects accurately depends
on a certain amount of autonomy or resistance to
top-down interference. Otherwise, it would rou-
tinely result in perceptual illusions. Of course,
perceptual grouping indeed will often be guided
by top-down process.’” However, some groupings
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may “emerge” from the structure of the scene

input without the help of top-down influences.

Of course, the enforced bottom-up control of
viewing is the primary domain of our everyday
modern life through movies, TV, and visual public
relation in particular. We learn and we apply
these different kinds of top-down control of view-
ing during our whole life. However, diseases of the
eyes, the optical pathways, the visual or motor cor-
tex, and its interconnections may cause at least one
of the three parts of this control to become dis-
turbed: the sensory, the cognitive, or the motor con-
nection that contributes to the proper functioning of
these higher levels of visual control.

In the case of deficiencies in at least one of
these three functional parts, there is a need to
recover from the given deficit, which may be fea-
sible through certain strategies of adaptation.

The typical, most frequent deficits that can be
found clinically and may be simulated experimen-
tally are the following.

1. Motor deficits of one or both eyes involving
coordinated eye movements that may cause
diplopia as well as slowness and inaccuracy of
eye movement and fixation. They can be over-
come comparatively easily by moving only the
healthy eye and neglecting, i.e., suppressing,
the information of the eye with the movement
deficits, or by helping interocular deficits
through adaptive eye and head coordination,
as found in internuclear ophthalmoplegia.

2. More importantly, sensory deficits may disturb
top-down control of vision by producing visual
field defects of one eye, or both eyes in the case
of more centrally located disturbances such as
found in homonymous hemianopia (HH).

3. Most variant difficulties and therefore a whole
variety of adaptive strategies may occur with
deficits of visual attention and cognition, like
visual apraxia and hemineglect.

We put forward the following question: What
kind of adaptation may occur in a comparatively
simple case, i.e., with a typical sensory visual
deficit such as HH, where the site of the lesion lies
“more peripheral” compared to the above noted
higher visual functions?

When looking at the variant adaptive strategies
that may be obtained, one has to consider the
basic distinction between movements of the eyes
only® without any head or body movement and, on
the other hand, coordinated eye and head move-
ments in coordinated gaze.?~'? This distinction is
practically important, because the head as the
moving platform of the eyes may be used differ-
entially to increase the effective viewing angle for
large objects of interest, like in large screen mov-
ies, searching around in natural environments, or
reading of large scale advertisments.

It is theoretically important because strategies
may be different in the case of a retinal frame of
reference with a fixed head, as compared to a
head frame of reference. Often, the latter may be
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identical with the body frame of reference equal-
ing position of gaze in space, as in the case of a
pilot or car driver. Here, functional processing of
coordinated gaze may be more flexible! and
therefore more efficient in terms of sophisticated
performance; it may be, however, less efficient in
terms of time, i.e., take much longer than the 250
ms of a typical saccade plus saccadic latency.' 16

Here, we shall report solely various adaptive
strategies of high level controlled eye movements,
when the head and body are fixed.

METHODS

During the last 3 years we observed and re-
corded eye movements from patients with various
visual field defects, the most important of which
consisted of HH. After checking the basic eye
movement dynamics, we looked at the searchpath
and scanpath eye movements in response to spe-
cific tasks. These included horizontal and diago-
nal searching of targets in pictures, the position of
which was changed randomly on a large TV
screen; they also included scanpath recordings of
viewings of abstract pictures of contemporary fa-
mous artists like Ken Noland, and one of the
three colored Rorschach pictures to test for sym-
metry perception. As a kind of intermediate test
that included both qualities of a searchpath and
of a scanpath, we used ambiguous figures to test
the ability to search for and scan two or three
possible interpretations. Patients were also
tested for reading capabilities without and with
using free head movements, which has been pub-
lished in part previously.!” 18

Subjects

We compared a group of normal healthy and
full sighted subjects (N = 10) (median age 35 * 6
years) with a group of patients (N = 10) (median
age b2 * 7 years) that had suffered a stroke of the
posterior cerebral artery of one side resulting in a
pure HH that was distinguished from hemineglect
through a sequence of neuropsychological tests
(Rivermead®). Visual hemifield defects with and
without foveal sparing were quantified through
high resolution computer perimetry (Octopus). Ex-
tension of the anatomical defect was quantified
through cranial CT or MRT. Only patients with
strokes older than 3 months were tested, and this
precondition permitted us to discard effects of spon-
taneous recovery from HH. All subjects had normal
vision or corrected visual acuity and had no diffi-
culty in adjusting to the apparatus.

Recording of Eye Movements

Measurement techniques for recording eye
movements and eye blinks have been well de-
scribed.'® ?° Eye movements were measured us-
ing an infrared system (ASL210) that provided
measurements of horizontal movements with a
resolution of 0.05° over a range of *20° and of



vertical measurements with a resolution of 0.1°
over a range of =10° and also permitted detection
of eyelid blinks. A calibration process, which as-
sumed a nonlinear (polynominal) relation be-
tween the eye movements and the output of the
ASL210 did ensure linearity over this range.
Overall system bandwith was 0 to 100 Hz.

Low Level Visual Stimuli

A white cross on a dark background which was
predictively alternating with an amplitude of 5°
to 30° was used as the target for the measurement
of saccadic time functions and main sequences?!
(i.e., the saccade peak velocity/amplitude rela-
tion). The vertical and horizontal size of the tar-
get was 1°.

Higher Level Visual Stimuli

Six pictures ranging from nonrealistic search
pictures to ambiguous pictures to more artful re-
alistic and abstract pictures were choosen. The
artful color pictures were by Lane Terry, “Dead-
eye,” 1971 and Ken Noland, “Spring Cool,” 1962.
We also used a picture of the Necker Cube, a
trivalent picture (i.e., an ambiguous picture with
three possible interpretations, from Stark and El-
lis?), the largest of the three colored Rorschach
pictures, and the above noted diagonal and hori-
zontal search sub-picture (see Fig. 2).

Experimental Procedure

Subjects were seated comfortably in a ground-
fixed dental chair that allowed complete immobi-
lization of the head through a tight head band
and chin fixation firmly linked to the chair.

Protocol

Of importance were the different tasks defined by
explicit instructions to our cooperative subjects.

The basic task was to look carefully at the pic-
tures to be able to remember the pictures and
recall their specific features. Afterward the sub-
ject had to describe the picture content and pro-
vide some details on request. The subjects were
unaware that their eye movements were being
recorded, as they believed their pupil size and
blink frequency were being measured. To create
even more stable experimental conditions, the
subjects received written instructions informing
them about their task. Shortly after the run of the
last group of pictures, an additional run was ap-
pended in which the patients had to imagine the
pictures they just saw in the same sequence and
within the same time. This provided us with some
new data on imagined scanpaths in hemianopic
patients.

Calibration runs were then performed to assure
that eye movement and blink recordings were
accurate. Presentations of the pictures were
timed for 10 s with a 1-min rest period between

presentation groups. Six different pictures made
up a presentation group. A short rest period of 10
s was requested between each picture within one
presentation group. With a calibration run before
and afterward, and with intervening rest periods,
the entire duration of the experiment was approx-
imately 35 min.

Presentation of pictures was done on a large
screen VDT (21-in diagonal). They were viewed
with high resolution under photopic vision. The
screen was relatively large such that relatively
large sized eye movements would be necessary to
cover the material on the screen with a vertical
and horizontal visual angle of 15° in each direc-
tion for the presented pictures. Room lighting was
dim so as to focus the subject’s attention on the
screen.

Data Acquisition Analysis of the Data

A number of menu-driven software programs
operating both in an on-line and a follow-up mode
were used. These presented the sequence of eye
movements with saccades between fixation
points. As is well-known in the literature,20-2?
saccadic eye movements often do not have a
straight trajectory. We thus created a simplified
presentation made of “interfixational vectors”
that is a straight line vector going from one fixa-
tion point to the next. It is generally considered in
studies of visual physiology that information of
high resolution is not acquired to any great extent
during the rapid saccadic eye movement. There-
fore, for the present tasks, the exact path of the
saccades is not important in itself; however, the
location of each fixation lasting approximately
200 to 500 ms as well as the sequences of these
fixations, was important. The analyzing software
also counted the number of saccades in each of the
fixed, 10 s picture presentations. Average fixation
duration, which is inversely related to the num-
ber of saccades, was also calculated. Distributions
of fixational durations were also plotted.

Graphic displays were obtained which included
interfixational vectors of eye movements and su-
perimposed sequentially numbered fixations on
the visual scene.

Eye blinks, which appeared in the original data
as very rapid oblique jumps of the trace, have
been removed by computer editing.

Global/Local Ratio

A particular pattern of eye movements occurred
which differed according to the relative percent-
age of time the eye movements spent in making
either a global scan or a local scan, using smaller
eye movements in a particular region. We deter-
mined the ratio of global vs. local viewing for each
subject in each presentation from the statistics of
saccadic sizes. The boundary between local and
global eye movements was assumed to be 1°; that
is, eye movements of the order of 1° of amplitude

Eye Movements when Hemifield Defects are Present—Zangemeister et al. 469



or less were considered local eye movements,
whereas eye movements greater than 1.6° were
considered global eye movements. If one changes
this boundary from 1.6° to 4.6°, 7.9°, and 11°, so
that the definition of local becomes larger and
larger, any discrimination provided by the global/
local (g/1) ratio disappears.® 4

The statistical evaluation of differences be-
tween early and late presentations, pictures, and
conditions involved a nonparametric analysis of
variance (ANOVA).?* It was performed using the
ANOVA software BMDP2, UC California, Los An-
geles, ANOVA and covariance with repeated mea-
sures, program version 1987.

Scanpath Evaluation

For identification of short- or long-term adap-
tation effects it is necessary to record and com-
pare the eye movements of a subject who is re-
peatedly viewing the same scene. For qualitative
purposes this comparison can be done by visual
inspection of the recorded eye movement traces.
To obtain objective results which do not depend
on the subjective observer, however, it is neces-
sary to use a quantificative method.

For quantification of the term “similarity of eye
movements” Markov matrices and string editing
have been used previously.?>-2% Both methods are
applied to preprocessed eye movement data. The
first step consists of defining ROI in the image
under study. Each region is then labeled by a
letter. Possible ROI in the image of a face are the
eyes, the nose, the mouth, the ears, etc. The sec-
ond step is the determination of the location of the
subject’s fixations while viewing the image. Here
an area-velocity-time criterion is used; it is as-
sumed that a fixation took place if the subject’s
gaze velocity, v, was slower than 5°s and did not
leave a circular area with radius, r (1°), for at
least a time of t (0.2 s). Then the center of the
corresponding eye movements is taken as the po-
sition of the subject’s fixation. In a third step
these points of fixation are sequentially num-
bered and linked through sequential interfix-
ational vectors that lead to one or several search
or scanpaths, depending upon the time that the
subject was allowed to spend for a single task
(normally 10 s). In the fourth step, using the
defined ROI, the two-dimensional fixation-sac-
cade sequence is then reduced to a one-dimen-
sional sequence of letters; if successive fixations
are located in the ROI “C,” “D,” “C,” and “A,” the
resulting sequence of letters is “CDCA.” Thus the
task of comparing the eye movements of a subject
while repeatedly viewing an image is reduced to
the comparison of such strings. See the paper by
Choi et al. in this issue for details.

The use of string editing to measure the simi-
larity of strings was first developed in the context
of algorithms for spelling correction.?% 27 If a cer-
tain word is not found in the program’s dictio-
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nary, similar words shall be searched and pro-
posed as correct spellings. The distance of two
words is defined as the minimum number of ed-
iting operations like deletion, insertion, and sub-
stitution of a letter, which is necessary to trans-
form one word into the other. Thus between
“brown” and “town” the distance is 2 (deletion of
b, substitution r— > t), between “house” and
“mouse” it is 1 (substitution h— > m).

Transition probabilities between N states can
be described by second order N X N Markov ma-
trices.26 28 The element (i,j) is the probability of
state j following state i. Applied to the comparison
of strings, each letter defines a state and, e.g., the
letter D following after the letter H is understood
as a transition from state D to state H. As an
example consider four ROI labeled by the letters
A to D and a fixation sequence represented by the
string CDBCADB. In this string B always follows
D (the probability is 1), but D follows both C and
A (the probability is Y2 for each transition). To
measure the difference between repeated image
viewings with the help of Markov matrices, the
transition probabilities of all letter combinations
are computed for each viewing. The difference
between the fixation strings is then defined as the
mean difference of the transition probabilities.

Although obtaining differences in fixation se-
quences with Markov matrices of the second order
only takes into account transitions between two
ROI, string editing is better adapted to the se-
quential character of the fixations. Furthermore,
with string editing there are more possibilities for
further developments (the use of Markov matri-
ces of higher order is also possible but consumes
much computation time). Up to now, it is usual to
define different “costs” for the operation’s dele-
tion, insertion, and substitution. Thus, e.g,, it is
possible to assign a higher cost to substitution of
a letter than to deletion or insertion. Other pos-
sible lines of development are context sensitivity
(“it is more expensive to delete B in ABA than to
delete B in CBC”) and subgroup sensitivity (“in
GHAKKDFAGHAKK there are the substrings
DFA, GHA, and KK”).

Because of the subjectively defined ROI, both
string editing and the use of Markov matrices are
not completely objective methods. However, in
comparison to a completely subjective visual in-
spection of the eye movements, they both result in
a quantitative measure of the similarity between
eye movements. Thus, the experimental results,
adaptation effects, and strategies may be tested
statistically, and the success of a neuropsycholog-
ical therapy can be verified.

RESULTS

Saccadic Time Functions and Main Sequences

Original recordings of responses of hemianopic
patients to low level visual stimuli, i.e., a predic-



tively alternating target of 5 to 30 in amplitude
demonstrate the characteristic eye movement
pattern.® 10 Initial stairsteps of small saccades to-
ward the blind hemifield were followed after two to
four repetitions by overshooting saccades (Fig. 1A).
These show sometimes fast glissades that move the
fovea effectively backward onto targets, and occur
with increasing frequency when the hemianopic
subject has gone through many repetitions of pre-
dictive target presentations. An early example of
this is marked in Fig. 1A.

Comparison of main sequences?! (i.e., the sac-
cade peak velocity/amplitude relation) of these
saccades with a large group of normal saccades
demonstrated that duration and dynamics of
these saccades lie within the normal standard
deviation (Fig. 1B).
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One way that global/local patterning could be
ascertained was in terms of probability density of
saccadic amplitude. Plots of probability density of
eye movement size and of fixation duration have
been calculated for each picture (Fig. 1C). Fixation
durations did not discriminate between normal and
hemianopic responses. However, size histograms
showed highly peaked, exponential monotonic dis-
tributions for patients indicating large numbers of
small saccades (which mostly occurred in the gaze
direction to the blind hemifield), i.e., a small global/
local index. Conversely, histograms of the eye move-
ment size of normal healthy subjects showed a
wider distribution with peaks at mid-sized saccades
and reliance on larger saccades to overview the pic-
tures, i.e., a large g/l index.
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Figure 1. A: staircase pattern of saccades toward the blind hemifield (down) with time (s) on abscissa and amplitude
(deg) on ordinate, showing eye movements superimposed on a predictive step stimulus. Note the hypometric staircase
saccades at the beginning and fast adaptation to this simple and anticipated stimulus within three repetitions with static

overshooting or hypermetric saccades thereafter. The circle

marks an early example for overshoot and successive fast

glissades backward to the target. B: main sequence double logarithmic plots of a typical patient’s saccades (red = to
right = blind hemifield; blue = left = seeing hemifield). Green lines enclose the 95% confidence limit of our normal data
base (N = 40). Abscissas amplitude (deg), ordinates from left clockwise: peak velocity of saccade, peak deceleration,
peak acceleration, and duration. Note that the saccadic dynamics are within the normal range. C: probability density
curves of a normal subject’s fixation durations and saccadic amplitudes during the scanpath (dashed lines) and of a
hemianopic patient (solid lines). Note the relative high incidence of small saccades and shorter fixation durations in the
patient. The ratio of global (>1°) and local (=1°) saccades is 3.8 for the patient and 20.0 for the normal subject.
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Visual Search Tasks (Figs. 2 to 4)

The search for a very small object on the hemi-
anopic side of the patients was initially performed
by a sequence of many small saccades that often
erroneously clustered around the wrong side of
the horizon (Fig. 2A), whereas to the seeing hemi-
field, they resembled a normal pattern (Fig. 2B).
After 10 repetitions on the hemianopic side, the
sequence of saccades in search of this small target
became almost normal (Fig. 2C) and mirrored the
searchpath for targets in the seeing hemifield.

Markov as well as string editing analyses dem-
onstrate here (as in most other hemianopic cases)
a significant difference (p < 0.01) between the 1st
and 10th response pattern. This suggests a very
efficient short-term adaptation and optimization
of the search paths in these patients.

With other visual stimuli, we could obtain very
similar behaviors. When looking for the “symme-
try” of one of the three colored Rorschach pictures
(Fig. 3), in spite of this very specific task, the
patients did not look toward the part of the pic-
ture that fell into the blind hemifield. After addi-

tional repetitions, however, they changed their
behavior to a more symmetrical searchpath, so
they were able to compare the symmetries of the
picture. Note that our patients were extensively
tested for and did not show any signs of visual
neglect. Again string editing, Markov analyses,
and statistics demonstrated significant differ-
ences and optimization in terms of time between
first and last trial (p > 0.01 in all cases).

When the patients viewed a more realistic pic-
ture (Fig. 4), again they tended not to look at that
part of the picture that fell within their blind
hemifield. After some repetitions, however, they
started to view the picture more symmetrically,
which difference was again significant (p < 0.01).

In Fig. 5, A and B, four examples of an enlarged
view of eye movements during fixation are de-
picted of a sequence of eye movements of 0.1° to
1°. It appears that these sequences of small eye
movements were also divided with respect to the
blind hemifield, such that most clustered around
that part of the picture item that lies within the
seeing hemifield. This is demonstrated for Fig. 3

C

Figure 2. Search pattern of eye movements when viewing a test stimulus with the target on the small dark target on the
horizontal line on the right (side of the blind hemifield) and on the left (side of the seeing hemifield). A: first presentation on
the blind side; B: first presentation on the seeing side; and C: 10th presentation on the blind side (presentation duration: 3
s, the pictures show about a 4 of the screen). Note: the search path to right (= blind hemifield side) after the 10th
presentation resembles the searchpath to the left (= seeing hemifield side), i.e., shows short-time adaptation.
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220413KH

22041 3KH

Figure 3. Patient with hemianopia to left viewing the colored Rorschach picture for 10 s: left = first, right = sixth
presentation. Fixations, which were defined by combined time/area/velocity criteria (the eye movements do not leave
a circular area with radius 1° for at least 200 ms, velocity <<5°/s), are encircled. Eye movements are abstracted with lines

connecting successive fixations that are also numbered.

220413KH

2204138H

Figure 4. Patient with hemianopia to left viewing a realistic picture. Same explanations as in Fig. 3.

(Rorschach) and 4 (Pool Player) by the skewed dis-
tribution of eye movements as shown in Fig. 5C.
The tail of the curve resembles the small successive
saccades toward the blind hemifield; the skewed
peak of the curve reflects the higher probability of
medium sized or larger saccades toward the seeing
hemifield. So far we have seen the effect only in
patients with macular splitting (N = 5).

Nachmias®® found directional nonuniform dis-
tributed saccadic and drift motions, where drift
and saccadic motion were opposed to each other.
Different subjects showed characteristic direc-
tional preferences. Gaarder®! found that the av-
erage saccade of a normal subject fixating one
corner of an irregular stimulus pattern was di-
rected away from the pattern. It is beyond the
scope of this paper to decide if such an asymmet-
ric visual field stimulation causes the asymmetri-
cally distributed miniature eye movements or if it
is the manifestation of an asymmetric microscan-
path in hemianopic patients.

The global/local ratios of search and scanpath
saccades of the HH patients when looking toward

the their blind hemifield side were generally low
and high when looking toward their seeing hemi-
field. The positive finding for normal healthy sub-
jects, i.e., more global scans, and the negative find-
ing for patients looking toward their blind
hemifield, i.e., less global scans, was not only deter-
mined for the first viewing tasks but also for the last
viewing tasks, as shown by the overall high g/l ra-
tios of healthy as compared to the low g/1 ratios of
hemianopic patients. Statistical evaluation demon-
strated this size effect seen in the probability func-
tions to be significant, i.e., the comparison of the
most often occurring saccadic amplitudes of the two
groups showed a significant (p < 0.001, Wilcoxon
nonparametric test®*) difference.

DISCUSSION

Basic Findings

Patients with hemianopic field defects exhib-
ited an ocular motor strategy of sequences of eye
fixations similar to healthy subjects, i.e., scan and
searchpath eye movements, in complex visual
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tasks. They also used short-term adaptation of  realistic, nonrealistic, and ambiguous pictures of
their ocular motor strategy to overcome in a more a simple and complex structure and content be-
optimal manner their hemifield blindness. tween normal healthy subjects and HH patients

The goal of this study was to compare explor-  with several repetitions. Eye movement record-
atory eye movement strategies when looking at  ings documented that scanpaths, i.e., repetitive

474 OPTOMETRY & VISION SCIENCE



sequences of saccadic eye movements having a
sensory-motor-perceptual basis, occurred when
they viewed such scenes. Global/local indices,
string editing, and Markov weighted measures of
eye movement patterns were obtained by com-
puter processing. These showed reduced local
scanning by healthy normal viewers who relied on
more global viewing, particularly in ambiguous
and nonrealistic pictures. HH patients did not
show this difference; they exhibited their local
scanpath patterns throughout the whole se-
quence of visual stimuli, particularly when they
shifted gaze to the side of their blind hemifield.

This suggests four conclusions. First, patients
view pictures using the same top-down perceptu-
al-cognitive processes that drive active looking or
scanpaths in viewing ordinary realistic images,
scenes, and objects. Second, patients use primar-
ily a low level strategy that implies more local
scanning and probably a bottom-up type of con-
trol, particularly with respect to their blind hemi-
field. Third, patients as well as normal healthy
subjects are able to improve their search and
scanning performance within a short time during
several alternating repetitions of different tasks:
they change from a bottom-up to a top-down type
of control to optimize the outcome of their search
and scanning tasks. And, fourth, patients demon-
strate more difficulties to perceive complex and
ambiguous or nonrealistic images.

Cognitive Models Control Active Viewing of
Realistic, Ambiguous, and Nonrealistic
Pictures in Hemianopic Patients

One main result of these experiments is that
eye movement patterns of patients scanning com-
plex images are similar to those of normal healthy
subjects. Therefore, it can be concluded that both
subjects and patients use a similar top-down ap-
proach to optimize their search and scan of pic-
tures that were originally unknown and during
the actual task sequences became more familiar.
They viewed via a similar active perceptual pro-
cess, using cognitive schemas to drive their scan-
path.

Similar to Helmholtz,?! Yarbus®? also believed
in a high level “outflow” guidance of eye move-
ments controlled through the viewer’s mental im-
age. Both Helmholtz and Yarbus suggested that
changing the instructions given to their subjects
altered their pattern of viewing.

The repetitive nature of the eye movement pat-
terns for a subject continually viewing a picture
was explained by Noton and Stark! as a conse-
quence of their “scanpath theory,” in which eye
movements are cognitively driven through an eye
movement scanpath by a perceptual sensory and
motor representation, to check if the picture
agrees with what the observer imagines the ob-
ject/secene really is. This representation was re-
lated to the “schematic diagram” of Hochberg.33

Noton and Stark used more realistic art, namely a
figure of Klee’s, whereas Stark and Ellis® used
realistic art and ambiguous figures to provide
further evidence that cognitive models, i.e., per-
ceptual hypotheses, rather than peripheral vi-
sion, control the scanpath for active-looking per-
ceptual processes. Brandt and Stark®* compared
sequences of eye movements of subjects looking at
a real visual stimulus and afterward at its re-
membered mental image. Using string edit anal-
yses,?8 they were able to provide firm evidence for
scanpath sequences of their subjects’ eye move-
ments in both conditions. Groner et al.?® have
recently proposed that global scanpaths adhere to
the Noton-Stark proposal, whereas smaller inter-
mixed local scanpaths may be controlled periph-
erally.

Global vs. Local Scanning

Because the underlying hypothesis for the
scanpath theory is that an internalized cognitive
model drives the eye movements, then from this
observational evidence we inferred that in our
experiments such models drive the eye movement
patterns similarly for both healthy and patient
subjects searching and scanning realistic, ambig-
uous, and abstract pictures. Therefore the cogni-
tive model should guide the eye movements in
every condition, i.e., scanpath eye movements
should occur also in searching and scanning to-
ward the side of the blind hemifield.

Indeed, a particular pattern of eye movements
occurred according to the relative percentage of
time the eye movements spent in making a global
scan vs. a local scan, using smaller eye move-
ments in a particular region, depending if the
subjects looked to the seeing or to the blind side of
their hemifield. These observations were con-
firmed by the evaluation of the g/l ratio of each
subject for each picture and task. A clearcut dif-
ference was also demonstrated in the much
higher g/l ratio of healthy as compared to the
patient viewers when looking at abstract images,
especially in the search task.

Increased Local Scanning for Patients as
Compared to Healthy Subjects

A second important result is the relatively high
frequency of local scanning when patients viewed
the complex visual test stimuli. Evidently, global
viewing is the preferred strategy for the healthy
subject that tries to evaluate both at the same
time, the visual content and the complexity of the
picture. The patients, however, were busier devel-
oping a more optimal sequence of eye movements
to detect the overall features of the picture when
searching or scanning, because they primarily
had to rely on more local and therefore limited
picture evaluations that also included more bot-
tom-up control than in the healthy subjects.
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What is local scanning? Although Noton and
Stark® and Stark and Ellis? showed that periph-
eral information can be excluded as the immedi-
ate control for the scanpath, their results also
relate to local scanpaths. Groner et al.?® and also
Finke and Pinker3® support their top-down, cog-
nitive model scanpath theory for a global scan-
path, but argue in favor of an immediate periph-
eral bottom-up control of local scanning as
Grossberg® 7 does, although evidence for the lat-
ter is not conclusive at the present time. Although
interesting, it is beyond the scope of the present
paper to provide conclusive evidence of a mini- or
micro-search/scanpath as a special case of a local
scanpath in hemianopic patients.

Jeannerod et al.?” have argued for an exchange
between local and global scanning in free explo-
ration, as in the Rorschach task. Evidently, the
normal healthy viewer avoids this type of imme-
diate bottom-up control in favor of the top-down
controlled global scanpath, whereas the patient
when viewing to the side of the blind hemifield
relies strongly on such an exchange, which per-
mits him to develop a more efficient strategy of
searching and scanning with almost every repe-
tition. This change with repetition is gradual and
progressive in patients, whereas we would expect
it to be a brisk change (switch) in normal subjects
with a digitally simulated hemianopic field defect.

In a previous study,® ® our paradigms for view-
ing realistic and nonrealistic images probably en-
forced this ability that was not present in the
patient viewers. There, the naive subjects had
equal g/l ratios for both realistic and abstract
images. These ratios were similar to those of so-
phisticated subjects viewing realistic images.
Whether the local scanpath is driven immediately
by peripheral, bottom-up information or by small-
scale cognitive models remains unknown. Locher
and Nodine®® claimed immediate bottom-up con-
trol in symmetry “that catches the eye”; Mack-
worth and Morandi®® showed evidence for top-
down active selection of informative details
through active gaze. In any case, this detailed
looking is apparently usual for realistic images,
where anticipation of details may be balanced by
a permanent exchange of bottom-up and top-
down control. The patients carry this behavior to
the ambiguous and nonrealistic images. They use
a more bottom-up-like strategy when they first
view pictures that extend also in their blind hemi-
field, which has also been described by Zihl and
Wohlfast-Englert.*® Only after many repititions
do they apply a more top-down-like strategy that
mirrors the one they use primarily when looking
toward their seeing hemifield.

Realistic vs. Nonrealistic and Ambiguous
Pictures

Healthy subjects demonstrated more global
scanning of the ambiguous and nonrealistic im-
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ages than they showed for their scanning of the
realistic images, as was expected from earlier re-
sults.> * These differences showed up not only in
the significantly increased g/l ratios, but also di-
rectly in the scanpath patterns of the eye move-
ments when fixation frequency, duration, and in-
terfixational saccadic amplitudes were compared.
HH patients, however, first showed sequences of
small amplitude fixational saccades as a local
scanpath in both visual hemifields: i.e., they
searched for some primarily relevant detail by
use of which they could then generate a global
scanpath. During this phase, their sequences of
eye fixations appeared to be bottom-up influ-
enced. Only after several repetitions were they
able to change to the more efficient global scan-
path while perceiving the different faces of the
ambiguous figure, preferably on the side of the
seeing hemifield, and rarely also on the side of the
blind hemifield.

Conclusions: Evidences for Top-Down Control
and Future Lines of Work

Our study shows that it is feasible and quanti-
fiable to observe short-term adaptation as an ef-
fect of short-term training in patients with hemi-
anopic field defects who apply and optimize a high
level, top-down visuo-motor strategy to search
and scan for targets and sequences of targets in
complex visual tasks.

Evidence for top-down vs. bottom-up control
from our study is given with respect to: first,
seeing vs. blind hemifield: the paradox that top-
down cognitive models prevail when we see (see-
ing hemifield), whereas local (stair-)steps of bot-
tom-up control prevail when we are blind (blind
hemifield); second, we find a strategy improve-
ment with repetition; third, the “complexity” of
the picture (Berlyne*!: #2) influences the control of
eye movement sequences of fixations; fourth, the
task influence can induce more global top-down
control; and, fifth, the size of the region that is
viewed (ROI) highly influences the type of control
that is applied: global vs. local scanpath.

Future studies should try to simulate digitally
a hemianopic field defect through the experimen-
tal set-up using healthy subjects. Finally it
should be possible to set up a neural network
model that simulates the short-term adaptation
that we have found in our patients.
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