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Seeing textons in context

JAMES ENNS
Dalhousie University, Halifax, Nova Scotia, Canada

Texton theory holds that visual texture segregation occurs through the preattentive detection
of local differences in primitive visual units called "textons." Three textons have been proposed
for shape: lines, line terminators, and line intersections. The experiments reported here show
that line closure also behaves like a texton under some conditions. In addition, the experiments
show that texture segregation is not determined by texton differences per se, but by the extent
to which the unique textons in a region are salient in the context ofthe textons common to regions.
This suggests that preattentive vision is not as simple minded as texton theory claims it to be.

Perception researchers have long been intrigued by the
ability of the human visual system to detect subtle differ
ences in visual texture almost instantaneously over a large
visual field (Mach, 1959; Wertheimer, 1950). Recent in
vestigations have been aimed at identifying the fundamen
tal visual features that permit texture segregation to oc
cur (Beck, 1974, 1983; Bergen & Julesz, 1983; Julesz,
1980, 1981; Julesz & Bergen, 1983; Pomerantz, 1981;
Treisman & Gelade, 1980; Treisman & Paterson, 1984).
The most complete model of texture segregation is Julesz's
"texton theory" (e.g., Julesz & Bergen, 1983). This the
ory makes two strong claims that are called into question
by the experiments reported here.

The first claim is that the human visual system consists
of two distinct systems: a preattentive system that oper
ates instantaneously, in parallel, over a large visual field
(at least 140 of arc) and an attentive system that operates
by moving a small "spotlight" serially over a visual ar
ray in 50-msec steps.! The second claim is that there are
a small, fixed number of textons that can be detected by
the preattentive system. The three textons that have been
proposed for shape are: elongated blobs, or lines, of
specific colors, widths, lengths, and orientations, termi
nations of elongated blobs, or line terminators; and blob
crossings, or line intersections. The preattentive system
is limited to detecting local differences in the type and
number of these textons anywhere in the visual field. It
then directs attention to those regions for closer inspec
tion. Other features defined by the positional relationships
between textons (e.g., line closure) are ignored by the
preattentive system and can be detected only with atten
tional scrutiny. 2

These claims can be perceived intuitively by inspection
of the textures illustrated in Figure 1. Figure IA is com-
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Figure 1. Two textures that support texton theory. According to
this theory, the region in the upper right of texture A is segregated
from the background because the elements differ in number of line
terminators (3:0). The same region in texture B does not segregate
because the two elements have the same number of line termina
tors (2:2).

posed of two elements: a triangular element and an arrow
like element. The two elements, shown below the texture,
both contain one vertical line, one horizontal line and one
diagonal line. They differ only in the location of the ver
tical line. The texture was created by placing an element
on each intersection of an imaginary 9 x9 grid, in one
of two orientations and in one of two reflections, on a
random basis. As can be seen, the region containing the
triangles is visually segregated from the background which
contains only arrows. Because the elements have the same
lines, the strong segregation cannot be the result of differ
ences in number or type of lines. One candidate visual
property responsible for the segregation is line closure.
This property characterizes the triangle but not the arrow.
A second candidate is the difference in the number of line
terminators. The triangle has no terminators, whereas the
arrow has three. Julesz prefers the latter interpretation
on the basis of Figure lB.

Figure 1B is also composed of two elements that differ
in the location of a single line: an "S"-like element and
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Table 1
Percent Correct in the Detection Task in Experiment 1

Figure 2. Two textures that violate texton theory. These textures
contain the same texton differences as Figure 1, but the relative
degree of segregation has been reversed. This was achieved by sim
ply shortening the unique line in A and increasing the length of the
unique line in B.
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Note-Chance accuracy is 50%.

tained the same elements (homogeneous) and 32 contained an odd
region in one of the quadrants (heterogeneous). The homogeneous
set consisted of four different textures for each of the two elements
involved in each of the four texture types. The heterogeneous set
contained four textures (one for each possible odd quadrant) for
each of the two figure-ground possibilities (e.g., triangles on a back
ground of arrows, arrows on a background of triangles) for each
of the four texture types.

Each subject was presented with a total of 512 trials in one ses
sion lasting 1 h. The trials were divided into eight blocks, and within
each block the 64 stimuli were presented in a random order. On
each trial, a high-contrast texture was presented for 150 msec,
preceded and followed by a field of equal luminance containing a
central fixation point. The subject said "yes" or "no" after each
presentation to indicate whether the texture contained an odd region,
and was instructed to guess when uncertain. A Gerbrands three
field tachistoscope was used to present the stimuli. Nine adults (8
university students, I faculty member) with normal or corrected
to-normal vision participated as subjects.

Results
The percentage of correct responses for each texture

type and subject are presented in Table 1. As predicted
by texton theory, TA-I textures were segregated signifi
cantly better than the chance level of 50% [t(8) = 29.91,
P < .01], whereas ST-0.2 textures were not discriminated

EXPERIMENT 1

Method
The textures in Figure 1 were modified as shown in Figure 2.

The triangles and arrows were changed so that the unique vertical
line was 1/5 the length of the common horizontal line. Conversely,
the "S" and "10" elements were changed to make the unique ver
tical line the same length as the common horizontal lines. For con
venience, shorthand will be used to refer to the four texture types
in Figures 1 and 2. Triangles and arrows with unique vertical line
equal to common horizontal line will be referred to as TA-I
(Figure lA); "Ss" and "lOs" with unique vertical line 1/5 the
length of horizontal lines, ST-0.2 (Figure IB); triangle-arrow with
unique line 1/5 the common line, TA-O.2 (Figure 2A); and "S-IO"
with unique line equal to common lines, ST-l (Figure 2B).

The base and sides of the TA-I elements subtended 0.32 0 of are,
as seen by the subjects. The long segments of the ST-0.2 elements
subtended 0.64 0, the short segments 0.13 0; the long side of the
TA-O.2 elements subtended 0.800

, the short side 0.16 0
; and all seg

ments in the ST-I elements subtended 0.26 0 of arc. The center-to
center distance between elements in the textures was 0.93 0 of arc.
Thus, the 9 x9 ~Iement texture subtended approximately 8 0 of arc.
The odd region of a texture was a 5 x 5 element region in one of
the quadrants. This region overlapped the center of the display field
by 11h rows and 11/2 columns of elements (1.4 0 of arc) to ensure
that texture boundaries would not fall on the fovea except by chance.
The luminance of the textures was 2.8-3.2 cd/m

2
•

A total of 64 different textured stimuli were generated: 32 con-

an element resembling a supine' '10. " In addition to shar
ing three horizontal lines and two vertical lines, these ele
ments each have two line terminators. Like Figure lA,
the two elements differ in that one has line closure and
the other does not. In contrast to Figure lA, the region
containing the "lOs" is very difficult to distinguish even
though it appears in the same location as the triangles.
Thus, Figure 1B is used by Julesz to argue that line
closure cannot be detected preattentively when the num
ber of line terminators is held constant.

One potentially important aspect of texture segregation
that is ignored by texton theory is the relative salience
of the unique features. Texton theory predicts texture
segregation on the basis of a simple difference in texton
type or number. An alternative idea, expressed originally
by Olson and Attneave (1970) and more recently by Beck
(1983), suggests that texture segregation may occur to the
extent that the variation (differences) in features between
regions is greater than the variation in features within a
region. Hence, texture segregation may not be determined
by texton differences per se, but by the extent to which
the unique textons in elements are salient in the context
of the textons common to elements.

IfFigure I is reconsidered from this point of view, an
alternative explanation for the differential segregation of
these two textures becomes apparent. Both textures are
composed of elements that differ only in the location of
a single vertical line. However, the unique line in
Figure lA is similar in length to the common horizontal
lines, whereas the unique line in Figure IB is only liS
the length of the common horizontal lines. The present
study asked whether texture segregation is influenced by
such differences in the relative salience of the unique ele
ment features.
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Table 3
Percent Correct in the Location Task in Experiment 3

significantly better than chance [t(8) = 1.28]. However,
contrary to texton theory, ST-1 textures were also dis
criminated significantly better than chance [t(8) = 14.56,
P < .01]. The TA-0.2 textures were discriminated sig
nificantly better than chance [t(8) = 5.26, p < .01] but
more poorly than both TA-l textures [t(8) = 8.27,
p < .01] and ST-l textures [t(8) = 5.69, p < .01].

EXPERIMENT 2

Subject TA-1

1 84
2 66
3 96
4 89

Mean 84

Texture Type

ST-0.2 TA-O.2

25 46
23 46
23 64
30 47

25 51

ST-1

77
56
79
63

69

A second experiment generalized the results from the
presence-absence detection task to a quadrant location task
similar to the one used by Julesz (1980). This time only
the 32 textures with odd regions were used and the sub
jects' task was to locate the odd quadrant. Four adult sub
jects were each run on 320 trials divided into 10 blocks;
otherwise the procedure and stimuli were identical to those
of Experiment 1. Table 2 shows that the pattern of results
is also similar. The odd regions were located in TA-l tex
tures with accuracy well above the chance level of 25 %
[t(3) = 12.47, P < .01] but not significantly better than
chance in ST-0.2 textures [t(3) = 1.71]. However, the
subjects were again able to locate the odd region in ST-l
textures with better than chance accuracy [t(3) = 11.08,
P < .01] and were unable to do so with the TA-0.2
textures [t(3) = 1.36]. The subjects were also less able
to locate the odd region in TA-0.2 textures than in TA-l
[t(3) = 1O.07,p < .01] or in ST-l textures [t(3) = 14.89,
P < .01].

EXPERIMENT 3

Note-Chance accuracy is 25%.

unique property of that texture. The vertices and edges
of the elements are neatly aligned in TA-I textures,
whereas there is no similar alignment in any of the other
textures. In Experiment 3, elements in all the textures
were oriented at an angle chosen randomly between 0 0

and 360 0 to eliminate this difference.
Four adult subjects were again run on 320 trials, fol

lowing the same procedure as in Experiment 2. Table 3
shows that the pattern of results did not change. TA-l and
ST-1 textures were discriminated above the chance level
of25% [t(3) = 9.17,p < .01, andt(3) = 7.89,p < .01,
respectively], whereas the ST-O.2 textures were not [t(3)
= 0.15]. Subjects located the odd region more accurately
in both TA-l and ST-l textures than in TA-0.2 textures
[t(3) = 6.88,p < .01, andt(3) = 3.98,p < .05, respec
tively], and the TA-O.2 textures were discriminated at an
above-chance level [t(3) = 5.82, p < .05].

DISCUSSION

Table 2
Percent Correct in the Location Task in Experiment 2

In a final experiment, the textures were modified to ad
dress two potential critcisms. First, differences in segre
gation between textures with short unique lines (TA-0.2,
ST-0.2) and long unique lines (TA-l, ST-l) may be a
function of poor acuity for the short lines, rather than a
function of the relative lengths of the unique versus com
mon lines. To test this idea, the absolute sizes of the tex
ture elements were doubled so that the unique lines in
TA-0.2 and ST-0.2 were the same length as the unique
lines of TA-l and ST-l in Experiments 1 and 2. Since
this manipulation enlarged the texture elements and the
distance between elements proportionally, the textures
now consisted of a 5 x 5 grid of elements with a 3 x 3 odd
quadrant in one of the comers.

The second criticism was that the superior segregation
of TA-l over other textures might be confounded by a

Note-Chance accuracy is 25%.

Subject TA-1

1 64
2 76
3 67
4 80

Mean 72

Texture Type

ST-0.2 TA-0.2

29 31
30 26
25 24
25 27

27 27

ST-1

60
56
50
49

54

Two main findings of the present experiments are not
easily accommodated by texton theory in its present form.
The first finding is that the ST-1 textures were discrimina
ble preattentively even though they contained no differ
ences in textons that have been identified by Julesz. In
fact, these textures were distinguished more easily than
the TA-0.2 textures, which did contain differences in tex
tons (a 3:0 difference in number ofline terminators). One
way to resolve this discrepancy might be to design more
stringent criteria for features to pass before being called
textons. However, this strategy would almost certainly
lead to the failure of some "known" textons under some
conditions. A present case in point is the failure oftermi
nator differences of 3:0 to permit segregation of the TA
0.2 textures in Experiment 2. Another way to resolve this
discrepancy might be to simply expand the texton alphabet
to include line closure (see Treisman & Paterson, 1984,
for additional support for the notion ofclosure as a visual
primitive). However, because closure seems to act like
a texton under some conditions but not under others, fol
lowing this strategy would change the notion of texton
from that of a categorically defined feature to that of a
"graded" feature, that is, one that can be present in vary
ing degrees (Treisman & Souther, 1985). Furthermore,
if the notion of "texton" is extended to include both
categorical and graded features, its theoretical power as
a term for a small, unique set of visual properties is
diluted.
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Figure 3. Mean percent correct combined over the three experi
ments. The data have been plotted as a function of unique line length
(0.2 vs. 1.0) and type of texture (TA vs. ST), in order to show the
relative contribution of each factor to texture segregation.

The second and larger problem for texton theory is the
apparent context dependency or "graded" nature (Treis
man & Souther, 1985) of all the textons examined in the
present study. In each experiment, discrimination ac
curacy was affected more by the relative length of the
unique element line than by differences in texton type or
number. This point is made quite clearly in Figure 3. Here
the accuracy data have been pooled over the three experi
ments and plotted as a function of two factors: the rela
tive length of the unique line in the texture elements (0.2
vs. 1) and the presence of possible texton differences
(closure in the ST textures vs. closure and line termina
tors in the TA textures). There is a striking difference
in the relative magnitude of effect that these two factors
have on discrimination accuracy. The TA textures are dis
criminated approximately 15 % more accurately than the
ST textures, presumably because of the additional texton
differences in TA textures. However, this difference ap
pears to be additive with the much larger improvement
in accuracy (36%) that occurs as a function of unique line
length. This result strikes directly at the claim that local
texton differences are detected in an all or none fashion,
and thus that textons are fundamental units in preatten
tive vision. Instead, these results support Beck's (1983)
notion that texture regions are segregated through the
computation of a similarity function that takes into account
both common and unique features in a local area. The con
text dependency of textons also raises questions about the
strong dichotomy proposed by texton theory to distinguish
preattentive and attentive vision. Rather than pointing to
two visual systems that are qualitatively distinct, texture
segregation experiments may be tapping a continuum of
discrimination difficulty (i.e, acuity) in the retinal periph
ery, as originally suggested by Beck (1974).

Treisman and Souther (1985) recently provided several
other demonstrations which showed that line closure may
or may not be detected categorically, depending on the
nature of the background elements. Using a visual search

paradigm and response time (RT) as the primary depen
dent measure. Treisman and Souther (1985, Experi
ment 3) found that search for a triangle against a back
ground of lines and angles (components of the triangles)
yielded shallow RT functions « 5 msec per additional
distractor element). Similarly, search for a circle against
a background of semicircles resulted in a relatively flat
RT function « 10 msec per distractor). These authors
interpreted such flat RT functions to indicate parallel
(preattentive) detection of the circle targets. However,
they also showed that search for circle targets in the con
text of circles with intersecting lines (Experiments 1 and
2) and search for circles in the context of circles with gaps
(Experiment 4) resulted in steep RT functions
(20-60 msec per distractor). That is, in these latter con
texts, search for circles was serial (with attention). Treis
man and Souther accounted for the unruly behavior of the
closure property in these experiments by suggesting that
the definition of "closure" as a categorical property (the
absence of line terminators) was inappropriate. Instead,
they suggested that closure be defined as a graded
property: the extent to which an area is enclosed by a con
vex contour. In their view, when closure is a property
of both target and distractor elements, the speed of the
serial search for the target will be determined by the ex
tent to which the amount of closure is similar in target
and distractor elements. Only when closure is completely
absent from the background will a target with closure be
detected preattentively. Thus, this account suggests that
the ST-O.2 textures are less discriminable than the ST-I
textures because the former textures are more similar in
terms of their total convexity. Whether one prefers the
Treisman and Souther interpretation that is based on
shared convexity or the one given above that is based on
the salience of the unique feature (line) relative to the
salience of the common features (closure, common lines),
the present results agree with those of Treisman and
Souther in suggesting that closure is not a feature that is
coded categorically in preattentive vision.

Unlike the present findings, Treisman and Souther
(1985) did not find line terminators to be context depen
dent. They reported that search for targets containing line
terminators against a background ofelements without line
terminators was affected very little by the number of dis
tractors « 5 msec per additional distractor in Experi
ments I, 2, and 4) and not at all by the similarity of the
target and background elements (Experiment 4).
However, it is difficult to make direct comparisons be
tween Treisman and Souther's experiments and the present
study because of the different assumptions that were in
volved in the construction of stimuli. Following Julesz
(1980), the elements within a given texture in the present
study were designed to vary in the type and number of
proposed textons while lower order features such as the
total line length and line orientation were held constant.
The elements used in Treisman and Souther's search ex
periments always differed in at least one way in addition
to the feature of interest. For example, targets consisting



of circles with intersecting lines were placed among dis
tractors consisting of circles alone. Texture regions com
posed of these two elements are guaranteed to segregate
simply on the basis of differences in overall density (see
Julesz, 1980, 1981). Thus, a complete understanding of
the differences between the present data and those of
Treisman and Souther (1985) would require a systematic
comparison of the differences in both procedure and
stimuli in the two studies. In any event, the variation in
discriminability between the TA-l and TA-0.2 textures
in the present experiment can be seen as an important first
demonstration that line terminators also behave as graded
features rather than as categorical ones.

Tversky's (1977; Tversky & Gati, 1978) contrast model
of similarity provides a convenient framework within
which to consider both Julesz's view and Beck's view of
texture segregation. In its more general form, the con
trast model holds that the similarity between objects (tex
ture regions in this case) is a function of both the features
common to the two objects and the features unique to the
two objects. It also predicts that the consequence of in
creasing the salience of common features will be to
decrease the salience of unique features, and vice versa.
This general model is consistent with Beck (1983),
provided that one is willing to assume that discriminabil
ity is an inverse measure of similarity, that the features
are textons such as lines, intersections, terminators, and
closure, and that one way in which the salience of a line
can be strengthened is by increasing its relative length.
However, there is also a special case of the contrast model
in which similarity is a function only of differences in the
number or type of unique features. Common features are
simply ignored. This special case of the contrast model
seems to characterize the position of Julesz (1980; Julesz
& Bergen, 1983). The present results clearly favor the
general contrast model over the special model as a descrip
tion of the segregation of visual textures on the basis of
form.
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NOTES

1. The general distinction between preattentive and attentive vision
has been made by others, including James (1890) and Neisser (1967).
The specific claim for the speed of serial search was made by Julesz
(1980).

2. Beck (1983) presents results that support the same claim, and Treis
man and Paterson (1984) present results from visual search, texture seg
mentation, and illusory conjunction experiments that implicate line
closure as a fundamental feature.
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