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Distinctive local features of visual patterns 

ROBERT PASNAK and ZITA E. TYER 
George Mason University, Fairfax, Virginia 

Random polygons were generated in a manner that permitted tests of whether unfamiliar pat
terns were discriminated on the basis oftheir longest lines or most complex local features. Results 
showed that subjects tended to base discrimination on the most complex local features of com
plex visual patterns. This tendency may reflect the greater variability and higher information 
content of those features. 

Following early investigations of the metrics of form 
by Attneave (1954) and Attneave and Arnoult (1956), 
symmetry, orientation compactness, complexity, jagged
ness, elongation, and "information content," variously 
defined, have been shown in one instance or another to 
aid the observer in differentiating between simple visual 
patterns (Zuzne, 1970). Recent investigations have shown 
that discriminations are often based on such global charac
teristics, but that local characteristics may also play an 
important part in discrimination (Foster, 1978; Hoffman, 
1980; Kimchi & Palmer, 1982). This result was antici
pated by Gibson (1969), who first suggested that indi
vidual patterns were discriminated primarily on the basis 
of "distinctive features," which could be either global
symmetry, compression, orientation-or local and lim
ited-a break in contour or a single line's being curved 
instead of straight. Gibson hypothesized that comparison 
of a series of such characteristics usually provided the 
basis for discrimination of one pattern from another. 

The present research represents an effort to discover 
what types of local features are most likely to be involved 
in the discrimination of visual patterns. It seems unlikely 
that all kinds of local features would be equally impor
tant. When discriminations are based on local features, 
two types of local contour characteristics are likely to be 
involved: the most complex parts and longest lines. 

The most complex parts of a visual pattern's contour 
could be the local features most used for discriminating 
that pattern from other patterns. A rationale for this is 
that a complex section of contour has more degrees of 
freedom than a simple section of contour has and thus is 
more likely to contain unique configurations. Pasnak 
(1971) showed that parts of the contour that are most 
unique and idiosyncratic to each pattern are most utilized 
by the perceiver in discriminating the pattern. Hence, in 
the case of patterns that are complex enough to realisti
cally approximate those encountered in the natural world, 
the most complex portions of contour would, because they 
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would be unique more often than other parts, be discrimi
nated more often. 

Alternatively, discrimination may be based on the 
longest lines in a pattern's contour. Under impoverished 
viewing conditions-low illumination, peripheral vision, 
brief viewing durations-the longest lines are the ones that 
can best be seen. Thus, Krauskopf, Duryea, and Bitter
man (1954) long ago showed that the threshold for dis
crimination of a visual pattern is determined by its" crit
ical detail" -its longest line segments. Also, more contour 
could be more efficiently processed by directing atten
tion to the longer lines. If, as Attneave (1954) suggested, 
the perceptual system responds primarily to discontinuities 
of contour (angles and bends), then more of the pattern's 
contour would be perceived if the observer attended to 
those discontinuities that demarcated the longest lines. 

A more intuitive reason that discrimination might favor 
longest lines is that they are retinally biggest. Thus, Kim
chi and Palmer (1982) showed that larger local features 
were more likely than small ones to determine the shape 
of visual patterns. 

The following experiment was designed to test whether 
longer lines, which are presumably easier to detect, or 
the most complex sections of contour, which are presum
ably most likely to be unique, are used to discriminate 
patterns. The definitions of contour "complexity" and 
of "longer lines" were necessarily relative. If two parts 
of a pattern's contour each have a given length, and one 
part contains 12 angles and the other contains only 3, the 
first is defined to be four times as complex as the second. 
This is true whatever the given length may be, and does 
not change at all if the pattern becomes larger or smaller 
or if the viewer moves nearer or farther away. Likewise, 
if the line segments in one section of contour are four times 
as long as those in another section, they are relatively 
longer, and will continue to be so in exactly the same 
proportion regardless of the unit of length involved. 

The experimental hypotheses were tested by generat
ing polygons whose contours were divided into sections 
of equal length. Some of these sections were relatively 
complex, others had relatively long lines, and others were 
intermediate. A discrimination paradigm was employed 
to determine the relative importance of these types of con
tour as distinctive local features for the polygons. 
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METHOD 

SUbjects 
The subjects were 20 experimentally naive undergraduate students. 

Apparatus 
An American Optical opaque projector Model 1000 equipped with 

an llex tachistoscopic shutter was employed in this experiment. 

Stimulus Materials 
A standard (St) random polygon was generated on a grid marked in 

polar coordinates. The grid was divided into nine equal sections by radii 
emanating from its center at 40° angles. A point on each radius was 
chosen randomly. These points were then connected by series of straight 
lines, generated via a restricted randomization, to form a closed poly
gon. The contours for each of three sections consisted of 12 .25-in. 
(6.35-mrn) lines, for each of three other sections consisted of 6 .5-in. 
(I2.7-mrn) lines, and for the remaining three sections consisted of 3 
I-in. (25.4-mrn) lines (see Figure 1). These lines were generated by 
sequentially connecting points on the grid according to a random num
bers table, with the restrictions that each point be at the prescribed dis
tance from its neighbors and that the contour be closed. This procedure 
resulted in a complex polygon whose contours had three sections con
taining a few long lines, three complex sections with many angles per 
unit contour, and three sections of intermediate line length and com
plexity. Thus, for the standard polygon shown in Figure I, Sections 
I, 4, and 7 are complex, Sections 2, 5, and 8 have the longest lines, 
and Sections 3, 6, and 9 are intermediate in these characteristics. Note 
that each section contains exactly the same amount of contour; only the 
number of segments into which the contour is broken (i.e. , the angles 
per unit contour) is a variable. 

Nine comparison polygons (Co) were generated. Each was identical 
to the St in eight of the nine sections of contour. The first Co differed 
only in Section I, which was recast via a new sequential random selec
tion of points defining line segments of the proper length that closed 
the figure. The point on the boundary of Sections 1 and 2 and the point 
on the boundary of Sections 1 and 9 were retained. The second Co poly
gon differed from the St only in Section 2, which was recast randomly 
by the method described above, the third in Section 3, and so forth. 
Hence each Co differed from the St in a different section, and in only 
1jg of its total contour. 

To control for idiosyncracies that might be associated with anyone 
St and to control for position effects that might be associated with Sec
tions 1-9, two more standards were generated randomly by the method 
described previously. For the second St, Sections 2, 5, and 8 were com
plex, Sections 3, 6, and 9 had the longest lines, and Sections I, 4, and 
7 were intermediate. For the third St, Sections 3, 6, and 9 were com
plex; Sections 1,4, and 7 had the longest lines, and Sections 2, 5, and 
8 were intermediate in these characteristics. Nine Co polygons were 
generated randomly for each of these standards. Each Co differed from 
its St in a different one of the nine contour sections. 

The patterns were reversed and mounted on black backgrounds, so 
that the grids and the radii separating the contour sections were not 
visible. 

Procedure 
The subjects were seated 5.49 m from the screen. Projected poly

gons subtended a visual angle of 12° 55'. Luminance of the polygons 
was 545 cdlm', and luminance of the screen background was 298 cdlm', 
as measured by an SEI photometer. 

The subjects were told that pairs of random polygons would be 
presented and were told to write whether the polygons were identical 
or different on the answer sheet provided. First, a St was presented for 
1 sec; after 5 sec, during which the screen was blank, a Co was presented 
for I sec. In the following 5 sec, the subjects were to write whether 
the members of each pair were "identical" or "different," and were 
required to guess even if they were uncertain. 

Half of the 54 trials consisted of presentations of a St twice in suc
cession in order to equalize the effectiveness of guessing "different" 
with that of guessing "identical." The other 27 trials consisted of single 
pairings of each St with the Co patterns appropriate to it. The order 
of trials was randomized for each set of subjects. 

RESULTS 

Table 1 presents the results . A randomized block anal
ysis of variance was performed in which different line 
lengths (short, intermediate, long) served as the indepen
dent variable and correct discrimination of the St and Co 
stimuli served as the dependent variable. The main ef
fect of line length, or alternatively, complexity, was sig
nificant [F(2,38) = 9.58, p < .01]. Contrasts between 
means revealed that accuracy was significantly greater 
when the differentiating section contained many short lines 
(complex) than when it contained only a few long lines 
(simple) [F(1,38) = 6.59, p < .01]. The latter two con
ditions did not differ statistically [F(1,38) = .66, p > 
.05]. A signal detection analysis, the results of which are 
presented in the lower part of Table 1, further reveals that 
response bias, reflected in the Betas, had no important 
role in these results. 

Table 1 
Meaus and Standard Deviations for Correct Identification of 

Different StlCo Pairs and d' and Beta for Each Type of Contour 

Contour Type 

Complexity High Intermediate Low 

Line Length Short Intermediate Long 

Mean 6.15 4.90 5.20 
SO 1.36 1.48 1.86 

d' 1.00 .62 .72 
Beta 1.03 1.14 1.12 

Figure 1. The standard polygon is shown to the left. Comparison polygons differ from the standard in complex, long, and intermediate 
line areas. (Internal lines and numerals were not visible to the subjects.) 



DISCUSSION 

Some of the results of this experiment can be accounted for in terms 
of information content. If information content is defined as the number 
of angles per unit of contour that differ between contours, then the com
plex contour sections (nine short lines) contain the most information 
and the simple contour sections (three long lines) contain the least. On 
the basis of the redundancy of the contours, one would predict an ordi
nal relationship between complexity and accurate discrimination. Hence, 
it is not surprising that the most accurate discriminations were made 
for those polygons whose most complex contour sections differed from 
the St. However, the ordinal relationship did not persist, because the 
subjects did not make the next most accurate discriminations when poly
gons differed from St in contour sections of intermediate information 
content. Instead, the contour sections containing three long lines and 
equal sections containing six lines of intermediate length were equally 
poor as discriminative stimuli, and discrimination was little better than 
chance. 

This may reflect the difficulty of the discrimination-viewing time 
was restricted, patterns had a high overall level of complexity, and Co 
patterns had the same global configuration as the St pattern. It appears 
that, under such conditions, those local features that are the most 
complex-and therefore the most variable and the highest in informa
tion content-are preeminent in the discrimination of one shape from 
others having the same prototype. 
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