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INTRODUCTION

Perceptual filling-in is a strategy used by the brain to deal with under-
sampled or blind regions of the visual field, the scotomas. Natural scotomas
are generated by anatomical structures like the optic nerve head and retinal
blood vessels; acquired scotomas can appear after retinal and/or central
neural lesions. Usually these blind areas are not perceived by individuals
because their visual system fills in according to the visual pattern from their
surrounding areas(1-2).

It is possible to create an ‘artificial scotoma’ by insertion of a small
peripheral target on a display with a twinkling pattern of dots. Ramachan-
dran and Gregory(3) reported that after a few seconds of central steady
fixation, the target disappears. This effect is similar to Troxler fading, the
tendency for small stationary objects in the peripheral visual field to disap-
pear completely on steady prolonged fixation.

The literature has examined the effect of many stimulus parameters on
perceptual filling-in of artificial scotomas including brightness, contrast,
target size, color, shape and eccentricity. De Weerd et al.(4) found that
filling-in latency depends on: (i) the total target cortical projection area,
occurring faster for more peripheral and smaller ones; and on (ii) the boun-
dary length of target cortical projection, reflecting the time required for the
segregation between the target and its surround to disappear. Friedman et
al.(5) found that filling-in is faster for colored circles with blurred than with
sharp edges. Welchman and Harris(6) found longer time to fade as they
increased motion speed to dots at the target surroundings. Sakaguchi(7)

studied target/surround contrast and found faster filling-in for less con-
trast; and when the target was brighter than the surrounding areas.
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Purpose: To investigate the influence of parametric variation on the filling-
in latency of stereoscopically presented stimuli. Methods: Anaglyphs
were created using two circular patches of  0.3º diameter, 0.5º disparity and
6º eccentricity from fixation point. Targets were presented at the visual field
midline, 90º and 270º positions, with crossed and uncrossed disparity. The
time elapsed for disappearance of the target under voluntary steady
fixation was computed. Eighteen subjects tested. Results: There was no
significant difference between crossed and uncrossed disparities, nor
between near or far from the vertical horopter line. The significant difference
was between upper and lower visual field positions. Conclusion: The
results show that: (i) stereoscopic presentation does not influence the
target filling-in latency; (ii) differences between dorsal and ventral visual
stream might influence target filling-in latency.
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On the other hand, Welchman and Harris(8) investigated
the influence of degrading the target’s border on filling-in and
found no difference of target filling-in latencies (TFLs) bet-
ween the levels of blur. They also managed to blur the borders
of depth targets creating a cloud of different depths, and
found no significant effect of this change on TFLs. These
results suggest that filling-in phenomenon might be not in-
fluenced by some visual parameters.

We will be investigating whether filling-in latency is diffe-
rentially affected by presenting stereoscopic targets. Stimuli
with crossed disparity gives to the viewer the feeling of closer
targets as opposed to uncrossed disparity which makes them
seem farther. Furthermore, stereoscopic stimuli with crossed
disparity are easier to detect than the ones with uncrossed
disparity at all visual field positions(9), especially in the lower
field(10). Psychophysical and electrophysiological studies
provide evidence that crossed and uncrossed disparities may
be processed by separate neural pools or classes of cells that
have: (i) different sensitivities; (ii) different spatial properties;
and (iii) perhaps different temporal constants(11). Considering
the differences listed above, and that targets situated closer
to the observer might take longer latencies to fade than farther
ones, we expect longer TFLs for stereoscopic targets with
crossed disparity than with uncrossed disparity.

The vertical horopter is another aspect of stereoscopic
processing which might influence the TFLs. A horopter is the
sum of all points in space whose images form at correspon-
ding points on the plane of the retina and perceived to have
zero disparity. The vertical horopter is defined by a vertical
line in the space which has the lowest stereo-threshold. It is
generally recognized as having a backwards tilt passing
through the fixation point and a point near the feet of the
observer. The backwards tilt is attributed to a shear in retinal
correspondence in the vertical meridian and/or torsional eye
movements(12). The tilt decreases from an average of 12º at 2 m
to 3º at 50 cm, with some variability amongst observers(12) and
has been used by computer monitor screens and eye glass
industries to improve users comfort(13).

In addition, there are evidences of functional specialization
of the upper and lower visual fields, yielding better peripersonal
(or crossed disparity) processing at the lower field, and better
extrapersonal (or uncrossed disparity) processing at upper
field(14). At the upper visual field the stimulus with uncrossed
disparity is nearer the vertical horopter than the one with
crossed disparity. At the lower visual field the stimulus with
crossed disparity is nearer the vertical horopter than the one
with uncrossed disparity. We will compare TFLs from stimuli
situated nearer and farther from the vertical horopter. We will
also compare TFLs between upper and lower visual fields.

METHODS

Subjects

Eighteen trichromats were selected, seven males and eleven

females including the author M.C., with stereoacuity of 50 se-
conds of arc or better and normal corrected near visual acuity.
The age range was 18 to 50 years. All subjects gave their in-
formed consent. The Brasília University’s Human Research
Ethics Committee has approved this protocol, which has ad-
hered to the tenets of the Declaration of Helsinki. All subjects,
except the author, were naive to the purpose of the experiment.

Apparatus and stimuli

Stimuli were generated by an IBM compatible personal
computer, equipped with Matlab software and presented on a
17-inch color monitor (Samsung Sync Master 753 DFX). A
black cross in the center of the screen was used for voluntary
fixation on every trial.

Anaglyphs were created using two circular patches, one
blue [Commission Internationale de l’Eclairage (CIE) x=0.238,
y=0.233] and one orange [CIE x=0.359, y=0.470], both with 0.3º
diameter, 0.5º of horizontal disparity.

 Blue and orange 4x4 cm filters were assembled as eye
glasses. The blue filter (band-pass 420 to 475 nm) was used at
the right eye; the orange filter (band-pass 616 to 627 nm) at the
left eye, to produce stereo-stimuli. (The right eye sees only
the orange patch, while the left eye sees only the blue patch).

The circular stereoscopic patches were presented at 6º of
eccentricity from central fixation cross, at the visual field mid-
line, on a uniform gray background (36 candelas/meter² of
luminance). Crossed and uncrossed disparities were used for
these stereoscopic targets at two angular positions: 90º (up-
per visual field) and 270º (lower visual field). A black cross in
the center of the screen was used for fixation. The 6º eccentri-
city was chosen due to diplopia elicited for more eccentric
stereo-stimuli and much longer filling-in latencies for targets
closer to the center. Although the eccentricity that we used is
outside parafoveal area, it was close enough to guarantee
good stereoacuity(15).

Subjects performed a total of 32 trials for each target possi-
bility.

Procedure

Subjects were kept under scotopic conditions 5 minutes prior
to testing to produce uniform adaptation status at the beginning
of the experiment. They were positioned at 57 cm from the screen
with chin rest; the experiment was run in a dark room.

The subjects were asked to maintain voluntary steady
fixation at the central cross and were instructed to press
“enter” on the computer keyboard as soon as they realized the
target had faded. They were allowed to blink normally. The
time between stimulus onset and the subject’s response was
recorded as the target filling-in latency (TFL).

Each trial was preceded by a gray screen, without the
target, lasting 2 seconds in order to eliminate afterimage of the
previous stimulus. Due to the characteristics of the stimuli, all
experiments were performed binocularly. Each experimental
session took approximately 1 hour.
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Statistical analysis

Data are expressed as the filling-in latency mean ± stan-
dard error of the mean and are statistically analyzed by two-
way ANOVA. The significance level is set to 5%; null hypo-
thesis is that there is no effect of target position on the TFL
results.

RESULTS

TFL results are analyzed for two main aspects: (i) visual
field position; and (ii) the stereoscopic parameters (disparity
type and proximity to vertical horopter line). Two way
ANOVA (i vs. ii) reveals that subjects present a significant
difference between upper and lower visual field’s TFL (p<0.05,
F

3.8
=59.642). However, no significant difference between

stereoscopic parameters is found (p>0.05, F
2.6

=0.259) nor in-
teraction between factors (p>0.05) (Figure 1).

DISCUSSION

In this study we investigated the importance of target
spatial presentation on the filling-in latency. Previous parame-
tric studies using the artificial scotoma model indicate that
target/surround contrast, eccentricity, size and color varia-
tions can facilitate or impair filling-in(3-7,16-17). Targets situated
closer to the fixation point, with increased size and high tar-
get/surround contrast take longer time to fade than the smaller
and peripheral ones with less contrast.

Despite the differences between crossed and uncrossed
disparity processing listed in the introduction, in our experi-
ment the disparity type did not influence TFL. We also compa-

red data pooled as nearer and farther from the vertical horop-
ter, considering that our stimuli were placed at the vertical
midline. In our experiments, the upper uncrossed and the
lower crossed targets were situated nearer the vertical horop-
ter line than the upper crossed and the lower uncrossed which
were situated farther from it. However, no significant differen-
ce of TFLs between nearer and farther from vertical horopter
was found.

These results indicate that the influence of parametric
variation on filling-in phenomenon is limited. If an object si-
tuated at the visual periphery becomes invisible by the effect
of neural filling-in, it seems to be mostly influenced by featu-
res as its brightness and the size of its cortical projection.
Differences elicited by border degradation(8) or depth varia-
tion from the fixation plane exert no significant effect on the
time it takes to fill-in, at least on the extent evaluated here.

In our experiment, the significant result was the difference of
TFLs between upper and lower visual field position. Couto(18)

and Sakaguchi(19) investigated filling-in of a gray target at dif-
ferent polar angles (without depth variation) and also found
faster filling-in at the upper visual field and slower at the lower
one, but did not offer an explanation for this difference.

Differences of visual processing between upper and lower
visual fields might explain our results. The superior retina has
a greater ganglion cell density than the inferior retina, yielding
larger representation of the lower visual field at the cortex(20).
It has been demonstrated that the lower visual field has ad-
vantage in visuomotor coordination(21) and in spatial memory
tasks as compared to the upper visual field(22). The perception
of illusory contours(23), color motion(24) and length judg-
ment(25) is enhanced in the lower visual field. Also, the EEG
occipital scalp field peak much earlier for upper than for lower
hemiretinal stimulation(26). On the other hand, the upper visual
field has advantage in object search and recognition as com-
pared to the lower visual field(27).

Difference is also evident between dorsal and ventral visu-
al streams that begin with V1. The ventral stream projects to
temporal lobe (V4), while dorsal stream projects to the parietal
lobe (MT). It has been proposed that the ventral visual stream
plays the major role in the identification of objects, while the
dorsal stream mediates the required sensorimotor transforma-
tions for visually guided actions(28).

There is an upper visual hemifield advantage for allocen-
tric spatial judgments required to perform a location task and a
lower visual hemifield advantage when egocentric spatial
judgments are required. This is interpreted as due to the activi-
ty of two separate neural pathways: scene recognition by the
ventral visual pathway and goal directed actions by the dorsal
visual pathway(29).

It has been suggested that these functional differences
might be related to ecological and evolutionary aspects of the
visual system(14). All these differences may contribute to en-
hance saliency of targets situated at the lower visual field and
consequently delay its fading.

Figure 1 - Target filling-in latency data for all subjects showing the
comparison between 90° and 270° for: (i) near and (ii) far from the
vertical horopter; (iii) crossed and (iv) uncrossed disparity. There is
a significant difference between 90° and 270° positions. There are no
differences between the stereoscopic parameters. Error bars repre-

sent ± standard error of the mean.
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CONCLUSIONS

1) Stereoscopic parametric variation is not crucial for the
neural filling-in processing, in contrast to target size, eccentri-
city and brightness.

2) The advantage of upper visual field on search and
identification tasks, opposed to the advantage of lower visual
field on action related tasks, might influence neural filling-in
process; these differences could be responsible for a delayed
fading of a target or an object placed at the lower visual field,
since it is identified and submitted to additional coding pro-
cess preparing to action purposes such as visually guided
reaching and grasping.

RESUMO

Objetivo: Investigar a influência da variação de parâmetros
estereoscópicos na latência de preenchimento perceptual de
estímulos 3D. Métodos: Criados anáglifos com dois discos de
0,3º de diâmetro, 0,5º de disparidade e 6º de excentricidade do
ponto central de fixação. Estímulos foram apresentados na linha
central do campo visual, nas posições 90º e 270º, com dispa-
ridade cruzada e não cruzada. Registrado o tempo gasto para o
preenchimento do estímulo sob fixação estável. Testados de-
zoito indivíduos. Resultados: Não houve diferença significati-
va entre as disparidades cruzada e não cruzada, nem entre perto
e longe da linha do horóptero vertical. Houve diferença signifi-
cativa entre posição superior e inferior do campo visual. Con-
clusão: Os resultados mostram que: (i) a apresentação estereos-
cópica não tem influência na latência de preenchimento per-
ceptual, (ii) diferenças entre o sistema visual dorsal e ventral
podem influenciar a latência de preenchimento perceptual.

Descritores: Mascaramento perceptivo; Disparidade visual/
fisiologia; Percepção visual/fisiologia; Campo visual
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