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Studies of the effects of retinal eccentricity on the visual segmentation of textures are pre-
sented. The textures used in these studies were composed of angle elements. These were pre-
sented tachistoscopically to college students in three different experiments. Results showed
that there were different relationships between segmentation performance and eccentricity,
depending on the width of the angles used in the background and target texture. One major
difference was that peak performance was found in the fovea in some conditions, and in pe-
ripheral areas in other conditions. Performance in the fovea and the periphery seemed to be
determined by qualitatively different features. It was assumed that an appropriate explana-
tion is that the system-internal representation of a specific stimulus within the early visual
system differs as a function of the retinal location at which it is projected. Thus, the critical
features discriminating between target and background texture have to be sought in the sys-
tem-internal representation of the stimulus instead of in the stimulus itself. The data show
that a relatively exact system-internal representation of the stimulus is present in the fovea,
where performance is determined by angle width. In the periphery, in contrast, angles seem
to be represented as “blobs,” and performance is determined by the orientation of the blobs’

main axes.

One of the issues studied in research on preattentive
visual segmentation is which stimulus features lead to a
segmentation of the stimulus into various areas. There is
much evidence that segmentation can be produced by
differences in color (e.g., Carter, 1982; Farmer & Taylor,
1980; Mcllhagga, Hine, Cole, & Snyder, 1990), lumi-
nance (e.g., Beck, Graham, & Sutter, 1991; Deubel,
Findlay, Jacobs, & Brogan, 1988; Engel, 1974; Nothdurft,
1985b), and texture (e.g., Beck, 1982; Bergen, 1991;
Caelli, 1985; Fox & Mayhew, 1979; Graham, 1989;
Nothdurft, 1990). However, in textures, it is not always
possible to identify the specific stimulus properties that
are relevant for performance. An example of such a tex-
ture can be found in Olson and Attneave (1970). They
constructed several textures consisting of different arrange-
ments of right angles in the target and background areas
and compared perceptual segmentation performance in
two stimulus patterns, as shown in Figure 1. Their data
showed that the target area can be segmented with rela-
tively little effort in the stimulus pattern shown in Fig-
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ure la, but not in the pattern in Figure 1b. Beck (1972)
has also reported similar findings. How does this differ-
ence in segmentation performance arise?

A closer inspection of the stimulus patterns reveals
that this difference cannot be due to the lines from which
each angle is constructed, because in the two conditions
they exhibit the same (45°) orientations in both target
and background. It could be assumed that texture seg-
mentation is caused by the difference in the orientation
of the angle as a whole. A series of studies has shown
that orientation difference is a relevant feature in texture
segmentation performance (e.g., Beck, 1966; Bergen &
Julesz, 1983; Caelli & Julesz, 1979; Deubel & Frank,
1991; Nothdurft, 1991; Sagi & Julesz, 1987). Nonethe-
less, how can the orientation of an angle be defined? Ba-
sically, there are several possibilities—for example, the
direction in which the apex of an angle points, or the di-
rection of the side that would transform the angle into a
triangle. However, the literature suggests that the direc-
tion of the greatest extent of an angle defines its orien-
tation (see Beck, 1972; Olson & Attneave, 1970). This
is a promising idea that we have taken up and subjected
to a (previously unperformed) test.

Now, how can the extent of an angle be operational-
ized? Fox and Mayhew (1979) have proposed the fol-
lowing procedure. With reference to Marr’s (1976) ideas
on the primal sketch, they assume that, in early vision,
each angle is represented in the visual system as a “blob.”
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For the sake of simplicity, these blobs can be imagined
as ellipses in which the angles are embedded. The ori-
entation of an angle is then defined by the direction of
the major axis of the ellipse.

Figure 2 presents the relation between the width of the
angle and the orientation of the blob for isosceles angles.
Angles with a width of less than 60° are represented as
blobs oriented in the direction of the bisector of the
angle; angles with a width of 60° produce blobs with no
specific orientation as the ellipse forms a circle; and an-
gles of more than 60° produce blobs with an orientation
in a direction that is the same as that for the side that
would transform the angle into a triangle.

This operationalization of angle orientation could pro-
vide a good explanation for the differences in the per-
ceptual segmentation of the two stimulus patterns in Fig-
ure 1 (90° angle, differently arranged). In the stimulus
pattern shown in Figure 1a, the angles in the target and
background areas have different orientations. The angles
represented as blobs are perpendicular to each other. In
Figure 1b, in contrast, the angdes in both target and back-
ground areas show the same (horizontal) orientation.

In the present study we describe three experiments
that were all designed according to the same logic: Sub-
jects have to segment a target area from the background.
In one condition, angles whose blobs revealed no dif-
ferences in orientation were used in both the background
and the target area; both angles were either larger or
smaller than 60°. We labeled this condition same. In a
second condition, we used angles in the target area
whose blobs showed an orientation that was different
- from that of the blobs of the angles in the background,;
one angle was smaller than 60°, and the other was larger.
We labeled this condition different.

If angles are represented as blobs in early vision, and
if differences in the orientation of these blobs can be ex-
ploited, performance should be better in the different
condition than in the same condition, because in the for-
mer, the blobs in the target area and the background have
different orientations. This hypothesis is based on the
angles’ being represented as blobs, so we have called
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Figure 1. Textures with 90° angles. Angles in the target area are ro-
tated by 90° (a) and 180° (b). Adapted from “What Variables Produce
Similarity Grouping?” by R. K. Olson and F. Attmeave, 1970, Ameri-
can Journal of Psychology, 83, p. 5. Copyright 1970 by the University
of Tllinois Press. Adapted by permission. (Note that Cat. 9 in the orig-
inal has been rotated to bring about Figure 1a.)
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Figure 2. Three angles with different widths and their surrounding
ellipses with their major axes. The ellipses are constructed in such a
way that they touch the corners of the (imaginary) triangle, and the
center of gravity of the triangle is simultaneously the center of the
ellipses.

angles’ being represented as blobs, so we have called
this the blob hypothesis.

EXPERIMENT 1

In both conditions of Experiment 1, the background
consisted of angles with a width of 50° (see Figure 3).
In the same condition, target angles had widths of 30°.
This made both angles smaller than 60°, and both target
and background blobs did not exhibit any differences in
the orientation of their major axes—they were horizon-
tal. In the different condition, target angles had widths
of 70°, and thus the target blobs had an orientation that
was different from that of the background blobs—they
were vertical.

All other differences between target and background
elements were the same in both conditions. The width of
the target and background angles differed by 20°, the
apexes of target and background angles faced in oppo-
site directions, and the imaginary sides that would trans-
form the angle into a triangle always had a vertical ori-
entation.

The subjects’ task was to detect the target. Other stud-
ies have shown that detection performance in segmenta-
tion tasks is not necessarily optimal in the fovea (see
Kehrer, 1987, 1989), so the retinal eccentricity of the tar-
get projection was varied in this experiment.

Method

Subjects. Eight female subjects and 1 male subject were paid to
participate in the experiment. All the subjects reported normal or
fully corrected visual acuity.

Apparatus. The stimuli were presented on a Hewlett Packard
1311B X-Y display (167-Hz refresh rate in our experiment) con-
nected to an HP graphics generator (1351 A). The graphics gen-
erator was under the control of an Atari microcomputer (1040
STF). The display was illuminated with two incandescent lamps
in such a way that no reflections were visible on the surface of the
screen. These lighting conditions resulted in a luminance of 1.7
cd/m? for the background. In order to obtain the luminance for the
stimulus lines, these were placed together without any space be-
tween them, and then a value of 84 c¢cd/m? was measured across
several lines.

The subject sat at a table on which a head- and chinrest was
mounted. The display monitor was positioned to give an observa-
tion distance of 50 cm with the direction of gaze inclined slightly
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Figure 3. Stimulus patterns of Experiment 1. Angle width target/background: (a) same condition,

30°/50°; (b) different condition, 70°/50°.

downward (approximately 5°). Two response keys set on a single
box were placed on the table. The subject was able to move the re-
sponse keys, and they could be comfortably operated with the
index fingers of both the left and right hands.

Stimuli. The stimulus display consisted of 287 angles: 41 hori-
zontal X 7 vertical. The repeat intervals were varied randomly
within set margins (no neighboring angles touched or crossed) in
order to offset the increase in local luminance that occurs in an
equidistant arrangement of lines (see Kehrer, 1987; Nothdurft,
1985a). The stimulus field subtended 24° in the horizontal direc-
tion and 3.1° in the vertical direction. The size of the target tex-
ture was 1.4° in both the vertical and the horizontal directions.

The subject had to detect a target texture that could be found
(p = .5) within a background texture (the context). The context
was composed of angles with their bisectors on an imaginary hor-
izontal line. The value of their width varied according to the par-
ticular experimental condition. In the stimuli containing a target
texture, a patch of 3 X3 background angles was replaced by target
angles with different widths. In addition, the target angles were
tilted at 180° to the background angles.

The vertical position of the target texture was held constant
exactly in the middle of the context. The horizontal position of
the target patch was varied. In addition, an area of two angles was
left uncovered by the target texture on both the left and right edges
of the stimulus. This resulted in a total of 35 possible positions for the
target texture.

Procedure. In each session, the subjects were confronted with
a total of 560 stimulus presentations separated into four blocks of
140 trials with a short break between each block. The total of 140
trials in each block was made up of two presentations of the tar-
get texture in each of the 35 possible positions, combined with 70
stimuli that did not contain a target (i.e., negative trials). The se-
quence of positive and negative trials and the position of the tar-
get in each positive trial was randomized. Thus, the subjects could
not predict whether or not the next trial would contain a target, and
if it contained one, they did not know in which position it would
appear. The stimuli were presented for 80 msec.

In two of the four blocks in each session, the stimulus display
consisted of context angles with widths of 50° and target angles
with widths of 30° (30°/50°; same condition). In the remaining two
blocks, the target angles showed widths of 70°; the context angles
were held constant at 50° (70°/50°; different condition). The se-
quence of the two conditions was alternated and balanced across
subjects and was changed for each subject from one session to the
next. Four sessions were administered on each of 4 successive
days. Each session took about 45 min.

Each stimulus presentation was preceded by a “colon” figure
that was displayed in the middle of the monitor (two vertically ori-
ented pixels with a distance of 2.1°). This informed the subject that
the computer was ready, and that he or she could summon the first
or next stimulus display. The subject could initiate the stimulus
presentation by simultaneously pressing both response buttons.
The computer then replaced the colon with a fixation point in the
middle of the monitor. This was automatically replaced by the
stimulus after a period of 800 msec. The stimulus was replaced by
a masking stimulus after 80 msec. The mask consisted of super-
imposed lines with an orientation that was the same as that for the
lines forming the context angles. A fixation point one pixel in size
was preferred to a fixation cross in order to keep forward mask-
ing effects as small as possible (see Kehrer, 1987).

The mask remained on the monitor until the subject responded
by pressing either the left or right button on the response box. In
the instructions, the subjects were told to press the right button for
positive reactions (target present) and the left button for negative
reactions (no target present). If the subject’s response was correct,
the keypress was followed by the appearance of the “ready” colon,
indicating that a new trial could be initiated. When an incorrect
response was made, the previous stimulus configuration was re-
peated for a period of 1.5 sec to provide feedback. This repetition
was followed by the colon, as for a correct response.

The subjects were instructed to fixate the fixation point as
closely as possible, to respond as quickly as possible, and to
make as few false alarms as possible. The last point was intro-
duced to avoid incorrect “yes” responses (false alarms), so that
a subject would only give a “yes” response if he or she was rela-
tively certain that the stimulus contained a target. The purpose of
this instruction was to keep interindividual criterion differences
as low as possible.

Results

Figure 4 presents the percentage of hits as a function
of the eccentricity of the target. These data were sub-
jected to an arcsine transformation (to stabilize the vari-
ance; Sachs, 1978) and subsequently used to compute an
analysis of variance (ANOVA) for repeated measures
with the variables condition (same vs. different), posi-
tion (1-35), and session (2, 3, 4). In the different condi-
tion, targets were detected significantly more frequently
than they were in the same condition [F(1,8) = 11.42,
p < .01]. There was a significant effect of position
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Figure 4. Percentage of hits as a function of retinal eccentricity (de-
grees) in the same condition (S) and the different condition (D) in Ex-
periment 1. Blocks show false alarms.

[F(34,272) = 27.64, p < .001] and session [F(2,16) =
11.64, p <.001]. There was also a significant interaction
between condition and position [F(34,272) = 1.87,p <
.01]. All other interactions were nonsignificant.

Discussion

The results show that, in line with the blob hypothe-
sis, detection performance in the different condition was
better than that in the same condition. This supports the
idea that angles are represented as blobs in early vision,
and that the orientation of these blobs is exploited dur-
ing segmentation of the stimulus pattern.

In addition, the results confirm Kehrer’s (1987, 1989)
finding that maximum segmentation performance is not
always found at the fovea, but can be found in more para-
foveal areas as well. This performance drop at the foveal
center will be discussed more thoroughly in the General
Discussion.

Thus, we can initially state that Experiment 1 provides
evidence in support of the blob hypothesis. However,
against this background, one secondary finding needs to
be explained. If the orientation differences of blobs can-
not be exploited in the same condition, we have to ask
why detection performance in this condition was not
generally much worse. There seem to be eccentricities
at which there are no essential differences in perfor-
mance under these two conditions (at approximately 3°).
So, it may be that differences in the orientation of blobs
as well as other features of the stimulus are relevant for
segmentation. We attempted to gain more information
on this hypothesis in Experiment 2.

EXPERIMENT 2

In Experiment 1, we varied the orientation of blobs by
constructing angles of varying widths. In the same con-
dition, subjects had to detect small angles (30°) among
large angles (50°). In the different condition, large angles
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(70°) had to be detected among small angles (50°). It is
well known that “size” is a discriminatory feature that
can influence texture segmentation (Bergen & Adelson,
1988; Cavanagh, Arguin, & Treisman, 1990; Engel, 1974;
Gurnsey & Browse, 1987; Treisman & Gelade, 1980).
Therefore, it cannot be ruled out that differences in size
between target and background angles might have de-
termined segmentation performance in Experiment 1.

In addition, texture segmentation experiments with
so-called asymmetric stimulus conditions have shown
that large texture elements are easier to detect within
small background elements than are small target ele-
ments within large background elements (“More in less
is better than less in more”; Gurnsey & Browse, 1989,
p. 37). This finding could even explain the superiority
of the different condition (70°/50°) over the same condi-
tion (30°/50°) in the present Experiment 1.

In summary, the difference in performance between
the two conditions in Experiment 1 could also be attrib-
uted to the asymmetrical distribution of the feature
“size” between target and background elements. We call
this the asymmetry hypothesis.

Experiment 2 was designed to test the contributions
of the blob hypothesis and the asymmetry hypothesis to
explaining the difference in performance between the
same and different conditions. Design and procedure
were exactly the same as those in Experiment 1. Once
more, there was a different condition, in which the tar-
get and background blobs differed in orientation. In the
same condition, the target and background blobs did not
differ in orientation. The background consisted of angles
with widths of 70°. In the different condition, the target
angle had a width of 50°; in the same condition, it had a
width of 90° (see Figure 5).

According to the blob hypothesis, detection perfor-
mance should be better in the different condition (50%70°),
because differences in orientation could be exploited
there. According to the asymmetry hypothesis, detection
performance should be better in the same condition
(90°/70°), because “large” target elements had to be de-
tected within “small” background elements there.

Method

Subjects. Six female and 4 male subjects were paid to partici-
pate in the experiment. All the subjects reported normal or fully
corrected visual acuity.

Apparatus and Procedure. These did not differ from those of
Experiment 1.

Stimuli. Angles were constructed in line with the ideas pre-
sented in the introduction.

Results

Figure 6 presents the percentage of hits as a function
of the eccentricity of the target. It shows a clear cross-
over of the two curves at an eccentricity of approximately
3.5° As in Experiment 1, the data were subjected to an
arcsine transformation and subsequently used to com-
pute an ANOVA for repeated measures with the vari-
ables of condition (same vs. different), position (1-35),
and session (2, 3, 4). The difference between the two
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Figure S. Stimulus patterns of Experiment 2. Angle width target/background: (a) same condition,

90°/70°; (b) different condition, 50°/70°.

conditions just failed to reach significance [£(1,9) =
4.96, p = .053]. There was a significant effect of posi-
tion [F(34,306) = 14.62, p < .001] and session [F(2,18) =
12.34, p < .001]. There was also a significant interaction
between condition and position [F(34,306) = 12.24, p <
.001]. All other interactions were nonsignificant.

Orthogonal polynomial contrasts were calculated for
the variable position. The results showed that the qua-
dratic and the quartic effects of the variable position
were different for both conditions [quadratic interaction
condition/position, F(1,9) = 67.20, p < .001; quartic,
F(1,9) = 52.50, p <.001]. This result indicates that the
subtraction of the two conditions yields a value with a
sign in the central area that is different from that in the
two peripheral areas.

Discussion

The analysis of the data has shown that neither the
blob nor the asymmetry hypothesis can (or should) be
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Figure 6. Percentage of hits as a function of retinal eccentricity (de-
grees) in the same condition (S) and the different condition (D) in Ex-
periment 2. Blocks show false alarms.

rejected. It is far more the case that, depending on reti-
nal eccentricity, either of the hypotheses provides a good
explanation of the findings. The fovea shows a clear per-
formance advantage when large angles have to be de-
tected within small ones. In the fovea, the pattern of
findings predicted by the asymmetry hypothesis was ob-
tained. In contrast, the periphery is completely different
in that it seems that the early visual system exploits dif-
ferences in the orientations of blobs there. Thus, the
findings suggest that the blob hypothesis should be re-
tained as an approach to explaining detection perfor-
mance in angle textures, although its area of impact
should be restricted to the periphery.

A slight restriction has to be made concerning the crit-
ical feature, which determines the performance in the
foveal area. In Figure 5a (same condition), the large an-
gles in the target region seem to touch each other in
some cases. This leads to the impression of longer line
segments in the target than in the context region. There-
fore, one cannot exclude that good performance in the
foveal region is determined not only by the aperture dif-
ferences of the angles, but also by the feature of “line
length.” This does not concern performance in the pe-
riphery, where performance in the same condition was
poorer than that in the different condition; here, this ad-
ditional feature of “line length” did not help the subjects
find the target.

The results of Experiment 1 can be reconsidered against
the background of Experiment 2. There is some support
for attributing the general performance advantage in the
different condition compared with the same condition
(see Figure 4) to two causes. (1) In the periphery, better
detection performance results from differences in the
orientation of blobs. (2) In the fovea, in contrast, better
detection performance is due to favorable asymmetrical
relationships between the sizes of the angles (or to some
other feature).

This experiment also reveals a very strong perfor-
mance drop in the fovea in one condition. This finding
will be considered in more detail in the General Discus-
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sion, but first we present a third experiment, which was
needed to strengthen the findings in Experiment 2. In the
prior experiments, the apexes of target and background
angles pointed in opposite directions. As mentioned in
the introduction, the direction of the angle apexes may
also represent an operationalization of angle orientation.
Although this discriminatory feature was found in both
conditions, we cannot rule out the possibility that it in-
teracted selectively with other features in some way.
Therefore, in Experiment 3, the impact of the feature
“apex orientation” was controlled so that the blob hy-
pothesis and the asymmetry hypothesis could be tested
in a pure form.

EXPERIMENT 3

Experiment 3 was an exact replication of Experiment 2,
with only one modification: all the angles in both the tar-
get and the background pointed in the same direction
(see Figure 7). Detection of the target on the basis of dif-
ferences in the orientation of the angle apexes was no
longer possible. However, this modification to the stim-
ulus is informative only if it does not simultaneously
modify critical features relating to the blob and asym-
metry hypotheses.

According to the blob hypothesis, this modification
should not produce any change in the results. Rotating
the angle by 180° should not lead to any change in the
perceived blobs. This is easy to understand by looking
at Figure 2. If the angle in the ellipses is turned so that
the apex takes the opposite direction, the form of the el-
lipses can be retained, and, thus, the orientation of their
major axes can be retained as well. Also, according to
the asymmetry hypothesis, detection performance should
be unaffected by the stimulus modification. The larger or
smaller angle widths remain.

Therefore, in Experiment 3, we anticipated the same
pattern of results as that found in Experiment 2, because
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rotating the target angle in the same direction as the
background angle changes neither the orientation of the
blobs nor the size of the angle widths. We would not be
surprised if total performance were to deteriorate, be-
cause a feature that discriminates between the target and
the background—the direction of the angle apexes—has
been removed.

Method

Subjects. Seven female and 3 male subjects were paid to par-
ticipate in the experiment. All the subjects reported normal or fully
corrected visual acuity.

Apparatus, Stimuli, and Procedure. These were the same as
those in Experiments 1 and 2.

Results

As in Experiment 2, an ANOVA for repeated measures
was computed with the variables of condition (same vs.
different), position (1-35), and session (2, 3, 4). There
was a significant effect of condition [F(1,9) = 7.20,p =
.025], position [F(34,306) = 18.00, p < .001}, and ses-
ston [F(2,18) = 8.81, p = .002]. There was also a sig-
nificant interaction between condition and position
[F(34,306) = 8.89, p < .001], but the other interactions
did not attain significance (see Figure 8).

Orthogonal polynomial contrasts were calculated for
the variable position. The results showed that the qua-
dratic and the quartic effects of the variable position
were different for both conditions [quadratic interaction
condition/position, F(1,9) = 36.24, p < .001; quartic,
F(1,9) = 66.83, p <.001]. This result indicates that the
subtraction of the two conditions yields a value with a
sign in the central area that is different from that in the
two peripheral areas.

Discussion

The pattern of findings in Experiment 3 is completely
analogous to that of Experiment 2. In the fovea, larger
angles were detected better than were smaller angles.
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Figure 7. Stimulus patterns in Experiment 3. These are similar to those in Experiment 2, except alt
angle apexes point in the same direction. Angle width target/background: (a) same condition, 90°/70%;

(b) different condition, 50°/70°.
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Figure 8. Percentage of hits as a function of retinal eccentricity (de-
grees) in the same condition (S) and the different condition (D) in Ex-
periment 3. Blocks show false alarms.

Differences between the orientations of the blobs facil-
itated detection in the more peripheral areas. Thus, both
the asymmetry and the blob hypotheses, as well as their
relationship to retinal location, can be retained. The fact
that in Experiment 3—unlike in Experiment 2—all the
angle apexes in the target and background point in the
same direction did not have a selective impact on seg-
mentation performance in the fovea or periphery. Sur-
prisingly, the stimulus manipulation did not lead to any
major increase in task difficulty. It seems that the sub-
jects did not exploit this discriminatory feature (differ-
ences in the orientations of the apexes) when detecting
the target. However, this can only be concluded indi-
rectly, as data from two different experiments are being
compared.

GENERAL DISCUSSION

Let us return to our initial question. Starting with angle
textures as used by, for example, Olson and Attneave
(1970; see Figure 1), we have studied which stimulus
features lead to their visual segmentation. On the basis
of the ideas of Olson and Attneave (1970), Beck (1972),
and Fox and Mayhew (1979), we have postulated that the
individual texture elements are represented as blobs in
the early visual system, and that the features of these vir-
tual blobs determine segmentation performance (blob
hypothesis). The present experiments have shown that
features of blobs actually can be used to explain seg-
mentation performance: If blobs in target and back-
ground exhibit different orientations of their major axes,
segmentation performance is better than when no dif-
ferences in orientation are present. However, the exper-
iments have also shown that this relationship can be con-
firmed only for the more peripheral areas of the retina.
Manipulations of the blob orientation are effective only
beyond an eccentricity of approximately 3.5°. In the
fovea, in contrast, segmentation performance is deter-

mined by other features; differences in the size of angle
widths seem to play a substantial role. Which general
framework can be used to explain these findings? Do
they have any implications for further research in the
field of texture segmentation?

1. The representation of the stimulus within the visual
system is not a one-to-one depiction of the physical stim-
ulus; different features may be explicit in the stimulus
and in the representation. The present study has con-
firmed that segmentation performance can be determined
by features that are present only “indirectly” in the phys-
ical stimulus (orientation of the largest extent of angles).
How can this be explained? The system-internal repre-
sentation of the stimulus is not a one-to-one depiction of
the physical stimulus. Features of the physical stimulus
do not have to agree with features of the representation.
In other words, other features are explicit in each case,
depending on whether the physical stimulus or the stim-
ulus representation is “observed.” Features that are con-
tained implicitly in the physical stimulus, such as the
orientation of the largest extent of the angle, become
more explicit in a specific stimulus representation, such
as angle as blob. Mechanisms of the visual system use
system-internal representations. It seems likely that the
visual system gives preference to the further processing
of the features that are explicit in these representations
and that are, therefore, particularly accessible (see
Kehrer & Meinecke, 1994).

The conclusion for research in the field of texture seg-
mentation is that, when searching for critical stimulus
features, cases may arise in which such features cannot
be taken directly from the physical stimulus. In such
cases, how can we obtain information on the features that
actually cause texture segmentation? Computer simu-
lations may be useful here; they can be used to transform
the physical stimulus in ways that are probably used by
the visual system (e.g., Fogel & Sagi, 1989; Garcia Pérez,
1992; Griffiths & Troscianko, 1992; Turner, 1986).

2. The stimulus representation changes as a function
of retinal eccentricity. The findings also show that dif-
ferent features influence texture segmentation as a func-
tion of retinal eccentricity. It is also possible to introduce
an explanation for this: Anatomic and physiological
properties of the visual system change as a function of
retinal eccentricity (see De Valois & De Valois, 1988).
Some of these properties are, for example, the distribu-
tion of receptors across the retina (greater density in the
fovea than in the periphery), the sensitivity for particu-
lar spatial frequencies (greater sensitivity for high fre-
quencies in the fovea than in the periphery), or the so-
called cortical magnification factor. These changes in
the properties of the visual system lead to variations in
system-internal stimulus representation as a function of
retinal eccentricity. In other words, depending on the
“retinal location” at which information processing is ap-
plied, different features are explicit because the stimu-
lus representations differ.

As aresult, cases may arise in research on texture seg-
mentation in which it is not sufficient to search for the
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critical discriminating feature. It has to be considered that
different features may be effective at different retinal
eccentricities (see also Meinecke, 1989). However, in-
formation on these relationships is obtained only when
segmentation performance is measured as a function of
retinal eccentricity.

3. Peripheral representations do not necessarily lead
to worse performance than foveal ones. A widely accepted
assumption regarding the relation between retinal ec-
centricity and the performance of the visual system is
that increasing eccentricity is accompanied by a drop in
performance. This relationship has been confirmed re-
peatedly for a range of different phenomena (for refer-
ences, see Yager & Davis, 1987). However, our data
show that this does not always have to be true, at least as
far as texture segmentation is concerned. As Kehrer
(1987, 1989) has already reported, some stimulus con-
ditions reveal that optimal detection performance lies in
more peripheral areas instead of in the fovea (similar re-
sults have been reported by Fiorentini, 1989, for visual
search tasks). How does this finding fit into the frame-
work presented here? As already mentioned, system-
internal representations of a stimulus differ as a function
of retinal eccentricity, and, hence, different features are
explicit in each case. Now, a case may arise in which fea-
tures that are explicit in peripheral areas are precisely
those that lead to texture segmentation. Then, the actual
finding, as in some of the conditions in our experiments,
should be a particularly good segmentation performance
in these peripheral areas. Our data suggest that one of
the explicit features in peripheral areas is the feature of
“orientation,” whereas the feature of “angle width” is
one of the explicit features in the fovea.

In summary, our experiments show that the relation-
ship between texture segmentation performance and
retinal eccentricity can vary greatly. This can be ex-
plained adequately by considering that segmentation
mechanisms in the early visual system address the stim-
ulus representations and not the physical stimulus, that
the stimulus representation varies as a function of ec-
centricity, and that this also leads to variation in the fea-
tures that are explicit in each case. Further studies will
be needed to evaluate which particular transformations
in visual information processing bring about the find-
ings reported here.

Kehrer and Meinecke (1993) have presented a first
step in gaining some information about the influence of
the varying receptive field size with eccentricity on the
system-internal representation. The results of a com-
puter simulation suggest that there is indeed an “opti-
mal” receptive field size, in which segmentation perfor-
mance is best, and that this receptive field has to be
located at an eccentricity of about 5° (according to the
parameters proposed by Watson, 1983).
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