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Potential Non-local Features in 

Depicted Three-Dimensional Objects 

A number of vision researchers emphasize local features in 

the perception of three-dimensional objects and their depictions 

(e.g., Hochberg, 1981,1982; Marr, 1982; Shepard, 1981). 

While these researchers, as well as others, have provided 

evidence for the importance of local features, many years ago the 

Gestalt psychologists provided evidence against the purely local 

theories of form perception ( e.g., Helmholtz, 1852). Kanisza 

(1979) still holds the Gestalt position. For example, he argues 

that perception is not "a passive, mechanical recording of distal 

stimuli, but it consists of an organization of proximal 

stimulation." According to Kanisza, perception does not simply 

record, but rather it transforms and organizes the elementary 

aspects of stimuli into percepts or some global organization. 

This organization process has been demonstrated by Koffka (1935) 

and others (e.g., Calis & Leeuwenberg, 1981; Butler, 1982), and 

various principles have been named, such as figure-ground, 

Pragnanz, and closure. 

An alternative to purely local or global theories of 

processing is integration directed by global or non-local 

features in a stimulus. This paper investigates three geometric 

features that can, at least in some instances, be non-local 

features: closure, parallel lines, and regularity. 

One problem with most of the Gestalt demonstrations of 

closure is that they involve two-dimensional forms that are not 

depictions of three-dimensional objects. In two-dimensional 
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drawings, closure can be interpreted as simply "filling in the 

gaps." 

Gibson (1982) made an important distinction between two-

dimensional shapes and three-dimensional objects. He states, "An 

object is only a surface that stands out from the rest of the 

surface layout, the ground, because it is bounded by an 

occluding edge." 

The concept of edge types (e.g., occluding or discontinuous) 

may be more important than closure in three-dimensional form 

perception. For example, consider Figure 1. The occluding edge 

refers to the outermost edge of a three-dimensional object or its 

depiction (lines A-F). Closure refers simply to areas bounded by 

lines. In Figure 1, all of the lines together form three closed 

areas. 

Insert Figure 1 about here 

Several researchers have argued for the importance of edge 

types in perception. Marr (1982) believes the perception of 

silohuettes as objects is made possible by interpreting occluding 

countours. Barrow and Tennenbaum (1981) identify two types of 

boundaries: an extremal boundary in which the surfaces turn away 

(i.e., like Marr's occluding contour), and a discontinuity 

boundary in which smooth surfaces end or intersect. In Figure 1, 

lines A thru F make up the extremal boundary, and lines G thru I 

make up the discontinuity boundary. In their model for line 

drawing interpretations, Barrow and Tennenbaum postulate that a 
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line is classified by boundary or edge type which is a very 

important cue to the three-dimensional form perceived. 

Parallel lines are another characteristic of three-

dimensional depictions that may require some type of global 

processing. It is difficult to determine whether lines are 

parallel when provided only with information from a small region 

of fixation. 

Many psychologists believe that parallel lines are a 

powerful cue in object perception (e.g., Perkins & Cooper, 1980; 

Attneave,1982; Rock, 1983, p. 155). Perkins and Cooper (1980) 

assimilate the Gestalt law of simplicity in their hypothesis that 

the visual system seeks out simple, geometric regularities, 

including parallelism, coplanarity, equilaterality, and right 

angles, and uses them to resolve projective ambiguities in form 

perception. In his dipole theory, Attneave (1982) argues that 

regularities, including parallelism are used to determine 

percepts. Rock (1983) proposes that spatial relationships, such 

as parallelism must be contained in the perceptual descriptions 

of form. He argues that parallelism in pictures may even be 

accepted representing parallelism in objects even though the 

projection is incorrect. All of these researchers fail to give 

strong, empirical data to support their hypotheses. 

Regularity is a cue that is clearly non-local. In the 

present study, regularity is defined as equality of line lengths. 

Attneave and Frost (1969) showed that regularity of line length 

can enhance the tridimensionality of depicted objects. Attneave 

(1982) has included regularity into his recent dipole theory, but 
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he provides no additional evidence for its inclusion. 

The goal of this experiment was to determine the importance 

of closure (occluding edges), parallel lines, and regularity of 

line length in the perception of depicted objects. Butler 

(1984), Perkins (1972), and Shepard (1981) have shown that there 

is a bias toward seeing corners in line drawings as 90 degrees 

when such interpretations are consistent with projective 

geometry. Shepard (1981) found that individuals were fairly 

accurate in identifying depicted 90 degree corners. Perkins 

(1972) and Shepard (1981) have argued that a 90 degree bias 

occurs whenever the particular interpretation is consistent with 

projective geometry. Butler (1984) has shown that the 90 degree 

bias is influenced by context. 

The present experiment uses the 90 degree bias to explore 

the importance of closure, regularity, and parallelism. 

Method 

Subjects 

The subjects were 26 undergraduates who participated in the 

Introductory Psychology subject pool at Ball State University. 

Subjects were interviewed about eye problems. No subjects with 

uncorrected eye problems were included in the experiment. 

Stimuli 

Stimuli were 16 line drawings created on a high resolution, 

22 cm black and white monitor connected to an Apple 11+ computer. 

The center of each stimulus was a three-line intersection defined 

by solid lines about 1 mm wide. The angles in the intersection 

were chosen such that the three-dimensional interpretations could 
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either be a 90 degree corner (120, 120, and 120 degrees) or could 

not be a 90 degree corner (60, 150, and 150 degrees) by parallel 

projections in which the intersection was in the center of the 

visual field. 

The length of the lines in the three line intersections 

varied. Eight stimuli (the regular drawings) contained three 

equal line lengths (approximately 18 mm). The other eight 

drawings (the irregualr drawings) contained lines unequal in 

length (approximately 15, 18 and 20 mm). 

The other lines and angles in the stimuli also varied. Two 

lines were appended to the end of the each of the lines forming 

the three line intersection. These appended lines created either 

an opened or closed figure and were either parallel or 

nonparallel to the lines in the center intersection. Two 

examples are shown in Figure 2. The context lines were drawn in 

dotted lines approximately 1 mm wide. 

Insert Figure 2 about here 

These four variables, center intersection angles (can be 90 

degrees/can't be 90 degrees), center intersection lines (equal 

length/unequal length), other figure lines (open figure/closed 

figure), and parallelness of other lines (parallel/not parallel), 

were completely crossed to create the 16 stimuli. 

Procedure 

Subjects were run individually. Each subject sat in a chair 

approximately 122 cm from the CRT. The room was dimly lit by a 40 
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low wattage white bulb indirectly illuminating the walls. The 

instructions for the experiment were automated: Subjects read 

the instructions while simultaneously listening to a tape 

recording of the instructions. 

set of instructions. 

All subjects received the same 

Subjects first went through a training procedure to orient 

them to using the buttons connected to the computer and to 

develop their speed in pressing the buttons. The task was a 

simple triangle/square discrimination. A triangle or square was 

presented on the CRT. Subjects responded by pressing one of two 

buttons: the right-side button for a square, and the left-side 

button for a triangle. Subjects were instructed to respond as 

quickly as possible without making mistakes. A total of 100 

triangles and squares were presented. Reaction time feedback was 

given on each trial and mean reaction time and percent correct 

were provided at the end of training. 

Next, subjects were instructed about 90 degree corners. 

They were told they would be judging the center corner of 

drawings depicting three-dimensional object. Subjects were to 

decide if the designated corner could be a 90 degree corner. A 

90 degree corner was defined as a corner in which each surface 

contained a 90 degree angle and all surfaces were perpendicular 

to each other. Four examples of corners depicted using three 

lines (the corners to be used in the experiment, but here not 

shown with any context lines) were shown on the CRT along with a 

statement indicating whether the stimulus could or could not be a 

90 degree corner. Subjects were able to view the examples as 
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many times as they wished and for as long as they wished. 

Subjects then received instructions concerning the experi-

ment. Using the buttons, they were to respond as quickly as 

possible without making mistakes. The right-side button was 

for a "yes" (it can be a 90 degree corner) response and the left

side button was for a "no" (it cannot be a 90 degree corner) 

response. Subjects were also instructed to sit in an upright 

position and not to move around much during the experiment. 

Each stimulus was displayed on the CRT until the subject 

pressed a button. Then the CRT was blanked for a 5-7 second 

intertrial interval. A message then appeared on the CRT telling 

the subject to press either button to begin the next trial. The 

next stimulus was presented 500 msec. after the button press. 

The 16 stimuli were presented in 6 blocks for a total of 96 

trials. Order of stimuli was randomized independently for each 

subject, for each block. 

Results 

One subject was not included in the analyses because the 

accuracy of judgments was near chance (40 errors out of 96 

judgments). For the other 25 subjects, accuracy and RTs were 

analyzed separately using analysis of variance. The independent 

variables were regularity (equal line length or not), corner (90 

degree corner or not), closure (open or closed), and parallel 

lines (parallel or not). For accuracy, the dependent variable 

was the percent correct for each stimulus averaged across 

repetitions. RTs were analyzed using the median RT across 

correct judgments of each stimulus. 
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All three cues that can be non-local features (regularity, 

closure, and parallel lines) had an effect on accuracy and 

reaction time. The interactions were very important as described 

below. 

Parallel lines and Closure 

Parallel lines had a strong influence on closed figures, but 

parallel lines did not substantially affect accuracy for open 

figures (see Figure 3). The three way interaction among corner, 

closure, and parallel lines was significant (F (1, 24) = 17.31, 

p<.OOl). A closed figure containing parallel lines and a 90 

degree corner (i.e., a rectangular solid) was responded to more 

accurately than any other figure. A closed figure containing 

parallel lines and a non- 90 degree corner was responded to less 

accurately than other figures. Those closed figures that did not 

have a 90 degree corner or parallel lines were responded to more 

accurately than those figures that did have a 90 degree corner 

but no parallel lines. Subjects were fairly accurate on all open 

figures, but accuracy did not vary substantially as a result of 

parallel lines. 

Insert Figures 3 & 4 about here 

Parallel lines had an effect on reaction times that is 

generally consistent with the accuracy data. The three-way 

interaction between corner, closure, and parallel lines was 

significant (F(1,24)=4.66, p<.05). 

interaction are shown in Figure 4a. 
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interaction are shown in Figure 4a. The rectangular solid was 

responded to more quickly than any other figure. A closed figure 

without parallel lines and a non-90 degree corner was responded 

to slower than any other figure. Parallel lines did not affect 

reaction times for open figures. Reaction times for open figures 

with or without parallel lines differed by only about 10-30 msec. 

As can be seen in Figure 3a, means of open figures do not differ 

greatly, at least compared to the other means. 

Regularity 

Regularity had little effect on open figures, but it did 

affect closed figures. The three way interaction between 

regularity, closure, and parallel lines for the accuracy data was 

not quite significant at the .05 level (F (1, 24) = 3.49, p<.07), 

but it was significant for the reaction time data (F(I,24)=8.26, 

p<.Ol). The means involved in this interaction are shown in 

Figure 4b. The means of the open stimuli are nearly identical. 

A closed figure with regular, parallel lines was responded to 

relatively rapidly and accurately. A closed figure with 

irregular, parallel lines was responded to relatively slowly. 

For closed figures with nonparallel lines, the opposite effect of 

regularity was found; irregular figures were responded to more 

rapidly than regular figures. 

A number of other main effects and two-way interactions were 

significant. However, their interpretation is superceded by the 

three way interactions described above. The four way interaction 

was not significant for either accuracy or reaction time data. 

The effects described above were not the result of a few 
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subjects having trouble with a few stimuli. Nineteen of the 

subjects had error rates at or below 10%. The above analyses of 

variance were re-run just on these 19 subjects. The same 

qualitative patterns were shown in the analyses, although the 

means and variances were somewhat smaller. 

The large mean RTs were not due to a few large RTs. Median 

RTs for each stimulus were used instead of means or using all RTs 

in an effort to counteract this potential bias. Only 14% of 

these medians were greater than 1 second; 2% were greater than 2 

seconds, and .005 % were greater than 3 seconds. 

Time accuracy tradeoffs were not responsible for the major 

results indicated above. Overall the accuracy data are quite 

consistent with the reaction time data; high accuracy rates 

generally correspond to faster RTs. Note however that the 

accuracy data indicate that the interaction between closure, 

corner, and parallel lines may be greater than indicated by RTs. 

Closed figures without parallel lines show a large difference in 

accuracy as a function of corner type, but they were not really 

different in RT. 

Discussion 

These results indicate that parallel lines, closure, and 

regularity affect the perception of depicted three-dimensional 

objects. Subjects were accurate and fast on closed figures with 

parallel and regular lines, but they were relatively inaccurate 

and slow on closed figures with irregular, nonparallel lines. 

The results may be due to a familiarity effect. Subjects' 

high accuracy and fast RT on rectangular boxes could be explained 
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by the fact that rectangular boxes are so preva1ant in our 

environment. However, this does not adequately explain the data 

for open figures and closed figures without parallel lines. 

Although neither of these objects are commonplace in the 

environment, it is hard to say which one of these objects is 

"less familiar." 

Parallel lines seem to facilitate the perception of a 90 

degree corner. An interesting question involves whether or not 

context lines (e.g. parallel lines) actually facilitate our 

perception of objects. Weisstein & Harris (1974) have provided 

evidence for an object superiority effect. This object 

superiority effect suggests that under certain circumstances, 

certain stimuli or features can be processed more accurately and 

rapidly in an object than when not in an object. One possible 

method to futher explore whether object facilitation occurs would 

be to present subjects with corners alone and with closed figures 

containing parallel lines and determine if accuracy and RT are 

better for closed figures. 

Because subjects were fairly accurate and fast on all open 

figures, one might argue that the subjects were "ignoring" the 

other lines in the figure and attending only to the corner. 

Pomerantz & Schwaitzberg (1975) have provided evidence that RT is 

a function of task and visual angle. Grouping effects of all 

stimuli closer than 2-4 degrees of visual angle are quite 

different than for those stimuli separated by more (or less) than 

~ 2-4 degrees of visual angle. These results suggest that large 

stimuli (e.g., outside 4 degrees of visual angle) may not produce 
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the kind of effects found here. In future experiments, this 

possibility can be examined by varying the overall size of the 

stimuli. 

One remaining question concerns the method of processing 

that occurs. This experiment has shown that parallel lines, 

closure, and regularity can be potential non-local cues. 

However, processing could take place in a global nature or by 

integration directed by non-local features. Future studies 

(including those mentioned above) will be needed to determine the 

exact nature of the processing that takes place. The research 

reported above is the first step in that it points out potential 

non-local features. 
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Figure Caption 

Figure 1. Depiction of a three-dimensional box showing 

closure, occludig edges, extremal, and discontinuity boundaries 

(see text for explanation). 

Figure 2. 

Figure 3. 

Examples of stimuli. 

Accuracy as a function of corner, closure, and 

parallel lines. 

C = closed; 0 = open; Y 90 degree corner; N = not 90 degree 

corner. 

Figure 4. Mean reaction time data. (a) Means for three-way 

interaction between corner, closure, and parallel lines; (b) 

Means for three-way interaction between regularity, closure, and 

parallel lines. 

C = closed; 0 = open; Y = 90 degree corner; N = not 90 degree 

corner; P = parallel lines; NP = no parallel lines. 
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