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The box alignment illusion:
An orientation illusion induced by pictorial depth

JAMES T. ENNS and STANLEY COREN
University of British Columbia, Vancouver, British Columbia, Canada

In four experiments, observers attempted to align two sets of oblique edges to parallel. The contexts
for these alignments included lines in isolation (2-D control), lines embedded in orthogonal drawings
of same-oriented and different-oriented boxes (3-D objects), and each of these viewed against back-
grounds depicting strong linear perspective (3-D backgrounds). A consistent distortion was observed
in the alignments of different-oriented boxes relative to control lines, indicating that the parallel lines
in these stimuli appeared to diverge toward the top of the picture. Furthermore, this box alignment il-
lusion decreased with interstimulus distance, whereas alignment distortions in control lines and same-
oriented boxes increased with distance. Viewing the stimuli against 3-D backgrounds produced a dra-
matic reversal of the illusion, with control lines now appearing to converge more than the boxes. These
results suggest that the illusion reflects basic processes involved in pictorial depth perception.

Line drawings are impoverished and ambiguous sources
of information. They are simpler than the corresponding
view of the three-dimensional (3-D) array in many ways,
including their elimination of extraneous contours found
in real images and their lack of some real-world depth cues
(e.g., binocular disparity, motion parallax). They are am-
biguous in that to perceive the depicted depth, one must
isolate and emphasize some cues (e.g., linear perspective,
interposition, and shadowing) while ignoring or suppress-
ing others (e.g., accommodation, binocular disparity, con-
vergence, motion parallax, and surface texture). Simply
put, the observer must opt for the 3-D interpretation implied
by certain markings on the pictorial surface rather than the
percept of the flat surface itself.

Despite these apparent complexities, humans have
a remarkable ability to rapidly and accurately interpret de-
picted shape and depth in line drawings (e.g., Biederman,
1987; Butler & Kring, 1987; Deregowski, 1989; Enns &
Rensink, 1990a, 1990b, 1991; Kennedy, 1974; Perkins,
1972; Wade, 1990; Weisstein & Harris, 1974). One
of the more striking demonstrations of this ability can be
seen in a visual search task in which the target and dis-
tracter items are the drawings of 3-D boxes shown in Fig-
ures 1C and 1F (Enns & Rensink, 1990b). While response
times varied little as a function of the number of these
boxes present (i.e., less than 10 msec per item), they in-
creased markedly (i.e., more than 30 msec per item) in a
similar task involving items lacking in 3-D appearance
(e.g., Figure 1 D).
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Data such as these demonstrate that some aspects of 3-D
perception are carried out rapidly and automatically, yet,
they do not indicate how the visual system performs this
feat. There is some consensus, however, that several mech-
anisms are involved. One involves the isolation of specific
cues, both implicit and explicit, which have a degree of eco-
logical validity when viewing 3-D scenes and which can
also be approximated in 2-D arrays (Deregowski, 1989;
Gibson, 1979; Kennedy, 1974; Niall & Macnamara, 1990).
Other mechanisms must invoke certain assumptions con-
cerning the 3-D world to help interpret these cues, such as
that scenes are generally lit from above (Kleffher & Ra-
machandran, 1992; Ramachandran, 1988), that trihedral
junctions in a picture normally indicate 3-D corners (Enns
& Rensink, 1991; Perkins, 1972), that objects are gencrally
convex rather than concave (Gregory, 1970; Howard, 1982),
and that height in the picture plane is associated with rel-
ative distance (Bruno & Cutting, 1988). Some of these as-
sumptions may reflect the legacy of species evolution, while
others are almost certainly the product of experience in
specific environments. In any case, once the cues have been
isolated and the various processing assumptions applied to
produce the perception of depth, the resultant information
can be fed into constancy scaling mechanisms to provide
some sense of the size, shape, distance, and brightness of
objects in the actual scene (see Coren, 1990).

Reliance upon specific depth cues and processing strate-
gies can be inappropriate in certain contexts, thereby caus-
ing systematic distortions known as the visual-geometric
illusions (Coren, 1991; Coren & Girgus, 1978). For exam-
ple, inappropriate constancy scaling has been used to ex-
plain a number of illusions, including the Miiller-Lyer (e.g.,
Gregory, 1970; Warren & Bashford, 1977), Ponzo (e.g.,
Coren & Girgus, 1977), Poggendorff (e.g., Gillam, 1971,
1980; Parks & Hui, 1989), horizontal-vertical (e.g., Gir-
gus & Coren, 1975; von Collani, 1985), subjective contours
(e.g., Coren, 1972; Coren & Porac, 1983b; Purghé &
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Figure 1. The six stimulus pairs used in Experiment 1. Pairs C
and F have previously served as items in visual search tasks
demonstrating “pop-out” (Enns & Rensink, 1990b). Arrows
point to two physically parallel edges in C and F that appear to
diverge toward the top of the page.

Coren, 1992}, the moon illusion (e.g., Coren, 1992; Coren
& Aks, 1990; Kaufman & Rock, 1989; Reed, 1984), and
others (e.g., Borresen, 1990; Coren & Girgus, 1975, 1978;
Ward, Porac, Coren, & Girgus, 1977).

In some instances, the strength of an illusion can be di-
rectly related to the number and saliency of depth cues (e.g.,

Coren & Aks, 1990). Figure 2 shows an example of this
principle for the Miiller-Lyer illusion, where the presence
of depth cues causes a much greater apparent length dif-
ference in the two heavy vertical lines than is usually ob-
served in the classical form of the illusion (after Coren,
Ward, & Enns, 1994). In other situations, the manipulation
of pictorial depth cues can be used to attenuate or even re-
verse the direction of the illusion (e.g., Coren, 1992; Gir-
gus & Coren, 1973; Gregory & Harris, 1974; Lawson,
Cowan, Gibbs, & Whitmore, 1974; Vurpillot, 1963).

The notion that some depth cues are processed invol-
untarily has been used most successfully to explain illu-
sions of relative size (e.g., Miiller-Lyer, Ponzo, moon),
subjective contours (e.g., Kanisza figures), and displace-
ment (e.g., PoggendorfY). Illusions involving distortions of
relative orientation have seldom been dealt with by invok-
ing depth processing (e.g., Carpenter & Blakemore, 1973;
Coren & Hoy, 1986; Rochlin, 1955; but see also Hotopf,
Hibberd, & Brown, 1983, and Wenderoth & Johnson, 1985).
However, it is easy to predict certain orientation illusions
based upon such cues. For example, in Figure 3, the upper
intersection of the vertical line is actually a right angle al-
though it appears to be oblique, whereas the lower inter-
section is actually oblique and yet appears to be a right
angle. This is undoubtedly related to the presence of pic-
torial depth cues in the line drawing.

We informally noticed an illusion of line orientation that
has apparently not been described elsewhere. It is of in-
terest because it too seems to be related to the involuntary
processing of depth cues. To see this illusion, we must turn
back to the items depicted as Figures 1C and 1F. Each fig-
ure appears to contain a pair of boxes, with cues suggest-
ing that the specific orientation in space is different for the

Figure 2. Enhancing depth cues causes an increase in the magnitude of the Miiller-
Lyer illusion. Here, the heavy vertical line with wings out (in the far corner) is the same
length as the heavy vertical line with wings in (on the near edge) although it looks to
be much longer. Figure from Sensation and Perception (4th ed.), by Stanley Coren,
Lawrence M. Ward, and James T. Enns, copyright 1994 by Harcourt Brace & Co., re-

produced by permission of the publisher.
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Figure 3. Because of the depth cues implied in this drawing, the
upper intersection of the vertical line, which is actually a right
angle, appears to be oblique, whereas the lower intersection,
which is oblique, appears to be a right angle.

two objects. Now, shift your attention to the oblique lines
describing the edges of each box that are nearest to one an-
other (i.e., the inside edges indicated with arrows in Fig-
ures 1C and 1F). These edges do not appear to be parallel,
despite the fact that they have been drawn with physically
parallel lines. Rather, the extensions of these edges appear
to diverge as one moves toward the top of the picture. To
help convince yourself that this is an illusion, turn the
page upside down. The designated edges still appear to di-
verge toward the top of the page, even though they have
been rotated by 180° and should now converge if they were
not parallel. We will label this distortion of apparent ori-
entation the box alignment illusion.

The present series of studies began with an attempt to
formally establish the existence and strength of the box
alignment illusion, as demonstrated in Figures 1C and 1F,
through the use of controlled tests (Experiment 1). Once
the illusion was shown to be reliably obtained, the second
goal was to explore some of the factors affecting it. How
important is the depicted 3-D orientation difference be-
tween the boxes in determining the strength of the illu-
sion? Is the illusion affected by the spatial separation be-
tween the two stimuli being compared? These questions
were examined in Experiment 2. Finally, we asked whether
the box alignment illusion was also affected by the pres-
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ence of pictorial depth in the surrounding visual field. This
question and some of its ramifications were addressed in
Experiments 3 and 4.

EXPERIMENT 1
Measurement of the Box Alignment Illusion

A method of adjustment was used to measure the ap-
parent orientation of the oblique edges in order to demon-
strate the existence of the box alignment illusion.

Method

Stimuli and Apparatus. The stimuli tested are shown in Figures
1A-1F. The oblique parallel lines in Figure 1A (control lines) and
the oblique rectangles in Figure 1D (control shading) were used to
establish a baseline of accuracy against which the other stimulus
pairs could be compared (Figure 1B, same-oriented line boxes; Fig-
ure 1C, different-oriented line boxes; Figure 1E, same-oriented
shaded boxes; Figure 1F, different-oriented shaded boxes). In the
method of adjustment used here, observers are expected to null their
illusions in their settings. This means that if they experienced the
same illusion that we observed under informal viewing, then their at-
tempts to align the different-oriented boxes should actually result in
the extensions of the lines converging toward the top of the display
(thus compensating for or nulling the illusory divergence).

Pairs of test stimuli were centered on 11-cm transparent Plexiglas
disks, which in turn were placed side-by-side on a larger 32.5-cm
opaque background disk. An example of a stimulus pair is shown in
Figure 4. The center-to-center distance between test stimuli was
16 cm, and the test lines themselves were 1.2 cm in length. The disk
on the right was fixed, such that the oblique lines placed on it had a
negative slope of 45° from vertical. The disk on the left was mounted
on a pin that allowed it to be rotated freely. The pin was fixed to an
indicator on the rear of the apparatus, allowing angular orientation
to be read directly from a fixed protractor. The scale was set so that
0° corresponded to a setting of parallel. A positive deviation meant
that the observer set the oblique lines to converge, thereby indicat-
ing compensation (nulling) for an illusion of divergence in the stim-
ulus (as in Figures 1C and 1E). Similarly, a negative setting reflected
a divergent alignment, corresponding to an illusion of convergence.

Subjects. Twenty-one undergraduates (13 females, 8 males) from
the university subject pool participated in return for partial course
credit in psychology. All reported normal or corrected-to-normal acu-
ity, and all were naive as to the purposc of the experiment.

Procedure. Observers made five settings for cach of the six stim-
ulus pairs in a random order. At the beginning of each trial, the ro-

Fixed Disk
(Standard Stimulus)

Figure 4. A schematic of the apparatus used in the alignment task in this study.
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tatable disk was placed at either an extreme converging position or
an extreme diverging position in an alternating fashion. The large
background disk was oriented so that it was perpendicular to the ob-
server’s line of sight. The experimenter was blind to the hypotheses
under investigation.

The observers were instructed that the stimulus on each side of the
display would always contain three parallel lines. These three lines
were pointed out by the experimenter for each of the stimulus sets
prior to testing. The observers were then shown how to rotate the
moveable disk and told that they would be asked to realign the disk
on each trial so that the sets of lines on each side of the display were
as close to parallel as possible. The experimenter kept the values
recorded on each trial hidden from the observer’s view.

Results and Discussion

The mean alignment scores are shown in Table 1, with
the values indicating the degree of distortion from paral-
lel (0 degrees). An analysis of variance (ANOVA) revealed
significant differences among the stimuli [F(2,40) = 17.04,
MS, = 4.588, p <.001], but not between the line-drawn
versus shaded drawings overall [F(1,20) = 1.34, MS, =
5.921]. The stimulus X drawing type interaction was mar-
ginally significant [F(2,40) = 2.77, MS, = 4.950, p <.07]
and its nature became obvious when we computed the mean
illusion magnitude for each box stimulus. This was done
by subtracting the settings for the control lines (Figure 1A)
from the same-orientation (Figure 1B) and different-
orientation (Figure 1C) outline boxes and by subtracting the
settings for the shading control (Figure 1D) from the same-
orientation (Figure 1 E) and different-orientation (Figure 1F)
shaded boxes. The resulting values are shown in Figure 5,
where a positive score (above the axis) indicates the ex-
pected illusory divergence toward the top of the picture.

Planned comparisons revealed a significant illusion for
both the same-oriented line boxes [1(20) = 4.14, p < .01]
and the different-oriented line boxes [#(20) = 4.34, p <
.01]. The difference between these conditions was not re-
liable [mean difference = 0.14°, £#(20) = 0.51]. However,
a different pattern emerged for the shaded drawings,
where a significant illusion was found for the different-
oriented boxes [#(20) = 3.49, p <.01] but not for the same-
oriented boxes [1(20) = 0.92]. This difference in illusion
magnitude between the two kinds of shaded drawings was
significant [mean difference = 1.76°, #(20) = 2.56, p <
.05]. The reliability of these results was also confirmed in
an experiment run prior to this one, involving 20 different
subjects and five of the six stimuli tested here (Figures

Table 1
Mean Alignment Scores and Standard Errors in Experiment 1
Stimulus Conditions M SE
Line Drawings
Control lines —1.43 0.52
Same orientation 1.41 0.42
Different orientation 1.56 0.62
Shaded Drawings
Control lines —1.00 0.70
Same orientation —0.36 0.45
Different orientation 1.40 0.75

Note—Positive values indicate apparent divergence toward the top of the
picture; negative values indicate illusions of convergence.
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Figure 5. The results of Experiment 1. The box alignment illu-
sion is measured as the difference (in degrees) in alignment set-
tings between various 3-D boxes and corresponding 2-D controls.
Double asterisks indicate an illusion of apparent divergence that
is significantly different from zero at p <.01.

1A, 1B, 1C, 1D, and IF). The present data pattern was
replicated in all essential respects.

The results thus confirm the presence of the box align-
ment illusion, which manifests itself as the systematic
misperception of the orientation of lines that are compo-
nents of drawings of orthogonally projected objects. How-
ever, the pattern of results is also more complex than we
had anticipated: (1) settings for the two control stimuli dif-
fered significantly from absolute parallel, and (2) a dif-
ference in illusion magnitude between same- and different-
oriented boxes was apparent in shaded boxes but not in
line-drawn ones.

With regard to the first point, our discussion of the il-
lusion has so far been entirely in relative terms (i.e., com-
parison of the alignments of 3-D boxes vs. 2-D controls).
This ignores the possibility that the alignments of the 2-D
controls may themselves involve an illusion. That is, there
may be two components to the total illusion: one involving
an apparent convergence of control lines, and the other in-
volving the apparent divergence of the lines in the boxes.
Because it is difficult to distinguish this hypothesis from
a simpler one involving a constant error in all alignments,
we will reserve discussion of this point until Experiment 2.

Why might the illusion be sensitive to the relative ori-
entations of the two boxes in shaded drawings but not in
line drawings? One possibility is that the shaded drawings

-contribute to a richer 3-D representation and, therefore, to

a larger apparent discrepancy in the perceived orientations
of the boxes. This is consistent with visual search experi-
ments showing that orientation differences can be de-
tected somewhat more rapidly in shaded boxes than in
line-drawn ones (Enns & Rensink, 1990a, 1990b). Alter-
natively, the distortion observed for same-oriented boxes
may reflect a different illusion. In any case, we were sur-
prised to see a distortion in the same-oriented boxes, and
so this effect was also examined more systematically in
Experiment 2.



EXPERIMENT 2
Influence of Interstimulus Distance

The three line-drawn stimulus pairs (Figures 1A-1C)
were tested again in Experiment 2 at three different inter-
stimulus distances (near =5 cm between the centers of the
two stimuli, middle = 10 cm, and far = 15 cm). The far dis-
tance was thus similar to the distance used for all condi-
tions in Experiment 1. If the misalignments observed in the
control lines, same-oriented boxes, and different-oriented
boxes reflect different mechanisms, then one might expect
distance to have different effects on these stimuli.

Method

Except for the inclusion of the three distance conditions and a re-
duction in the number of measurements made by each subject for
each stimulus (from five to three), the method was the same as in Ex-
periment 1. Twenty-five undergraduates (16 females, 9 males) from
the university subject pool participated in return for partial course
credit in psychology. All reported normal or corrected-to-normal
acuity, and none had participated in the previous experiment.

Results and Discussion

The mean alignment scores are shown in Table 2. An
ANOVA revealed a significant main effect of stimulus type
[F(2.48) = 15.30, MS, = 30.71, p <.001] but not of dis-
tance [F(2,48) < 1, MS, = 27.40]. However, the stimulus X
distance interaction was significant [£(4,96) = 2.50,
MS, = 27.36, p < .05], indicating that the influence of
distance varied between the three stimulus types. An exam-
ination of the control stimuli revealed a trend toward in-
creased apparent divergence with greater distance [linear
F(1,48) = 4.52, p <.04]. A similar trend was observed for
the same-oriented boxes, although the absolute settings
began at a higher level [linear F(1,48) = 4.63,p <.04]. In
contrast, the opposite trend was seen for different-oriented
boxes, where the illusion of divergence was largest at the
nearest distance [linear F(1,48) = 5.10, p <.03].

Therefore, when the mean illusion magnitude was ex-
amined, as shown in Figure 6, only the different-oriented
boxes showed a significant illusion of divergence [near,
1(24) = 6.14, p <.01; middle, #(24) = 2.02, p < .05 (one-
tail); far, 1(24) < 1.0]. Furthermore, the magnitude of this
illusion decreased as the distance between the boxes in-
creased [linear F(1,48) = 6.12, p <.02]. The small tendency
toward an illusion of convergence in the same-oriented
boxes was not significantly different from zero, and it did
not vary with distance [both ps > .10].

Table 2
Mean Alignment Scores and Standard Error in Experiment 2

Interstimulus Distance

Near—5¢m  Medium-10¢m  Far-15c¢cm

Stimulus Type M SE M SE M SE
Control lines 0.12 031 076 048 127 0.50
Same orientation -056 030 004 041 071 041
Different orientation 3.91 042 276 053 1.81 0.68

Note—Positive values indicate apparent divergence toward the top of the
picture; negative values indicate illusions of convergence.
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Figure 6. The results of Experiment 2. The box alignment illu-
sion is measured as the difference (in degrees) in alignment set-
tings between various 3-D boxes and 2-D controls. Double aster-
isks indicate an illusion that is significantly different from zero at
p<.01.

These data thus confirm the existence of a box align-
ment illusion for different-oriented boxes. They also con-
firm that the alignment of the control stimuli is not free
from distortion in itself. This was seen in the increase in the
distortion of these settings with increasing interstimulus
distance. Finally, they show that the illusion observed for
different-oriented boxes differs in an important respect
from the distortions observed for same-oriented boxes (e.g.,
in Experiment 1 and here). Whereas the measured distor-
tion in same-oriented boxes increases with interstimulus
distance, the distortion for different-oriented boxes is
largest at the nearest distance.

THEORETICAL CONSIDERATIONS

This pattern of results raises interesting questions about
the origins of the box alignment illusion. For instance,
why should an orientation illusion exist at all in drawings
of orthogonally projected objects? Moreover, why should
the distortions err on the side of divergence?

It seems likely that the answer will reside, at least to
some degree, in the depth cues that give the boxes their ap-
pearance of solid 3-D objects. We noted earlier that a num-
ber of visual geometric illusions have been attributed to
explicit or implicit depth cues (Coren, 1989; Gillam, 1971;
Girgus & Coren, 1973, 1975; Gregory, 1970, Purghé &
Coren, 1992). It is possible to offer some candidate mech-
anisms for the box alignment illusion that follow a simi-
lar line of reasoning.

We will call the first candidate the size constancy hy-
pothesis. 1t begins with the recognition that there is a form
of size constancy illusion in almost all drawings using or-
thogonal projection. Examples of this can be seen in Fig-
ure 7 for two boxes of different dimensions, where the
oblique lines delimiting the top face of each box seem to
diverge in the picture with increasing apparent distance.
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Notice that the apparent fanning out of the lines seems to
stem from the expectation that the parallel lines of an ob-
ject should converge in a pictorial representation—this
expectation is violated in an orthogonal drawing. It there-
fore seems a reasonable first guess that the apparent “fan-
ning out” of these physically parallel lines may account
for the box alignment illusion.

Unfortunately, an explanation based simply on these
apparently diverging lines does not adequately account
for our data. Consider first the predictions for the control
stimuli or the same-oriented boxes. Since the lines in each
of the boxes appear to fan out, an apparent illusion of di-
vergence could only be obtained by observers using cer-
tain specified pairs of lines for comparison across the two
drawings. As can be seen in Figure 8A, if corresponding
lines were used (e.g., Al vs. A2), a parallel alignment
would be predicted, or at least a distortion no different from
the control lines. However, in half of the remaining com-
parisons, the lines appear to converge (e.g., C1 vs. A2),
whereas, in the other half, they appear to diverge (e.g., Al
vs. C2). Thus, while this hypothesis may predict consider-
able response variability because of these conflicting bi-
ases, it predicts no consistent illusory distortion. Similar
predictions for the different-oriented boxes do not fit the
data any better. Again, certain corresponding lines appear
parallel (e.g., Al with C2), others appear to diverge (e.g.,
Cl1 vs. C2), and still others appear to converge (e.g., Al vs.
A2). A satisfactory account of the illusion must therefore
go beyond a straightforward extension of size constancy
concepts for these stimuli.

We will call a second possible source for the illusion the
common-vanishing-point hypothesis. It is based upon the
mental representations that observers are believed to form
when viewing the depicted objects. For instance, assume
that observers consider the orientations of the boxes by
first extracting the principle axis of each object (e.g., Bie-
derman, 1987) and then comparing their apparent direc-
tions (see the dark lines labeled “A” and “B” in Fig-
ure 8B). This is a reasonable assumption, especially since
Judgments of orientation based upon the local cues (such
as the orientation of individual lines, as we discussed
above) produce no consistent solution. Next, assume that
observers expect the “B” ends of the axes to actually con-
verge, as they would in a true perspective drawing. But,
since the boxes are drawn in orthogonal projection, they
do not converge. One consequence of these assumptions,

Figure 7. Size constancy mechanisms cause the physically par-
allel top sides (designated with arrows) of a box drawn in or-
thogonal projection to appear to diverge with apparent distance
(after Coren, Ward, & Enns, 1994).

A. Size Constancy Hypothesis: parallel edges in orthogonal
drawings will appear to fan out when the surfaces they define are
receding in depth.

B. Common Vanishing Point Hypothesis: principle axes
of boxes are parallel in the picture, but appear to diverge
because of an assumed common vanishing point.

B1 B2 Al B2
C. Right Angle Hypothesis: different-oriented boxes have

parallel oblique edges in the picture plane, but appear to be
oriented at right angles in depth.

Stimulus Appearance

B2

Al B2
Bl A2 A-l_-@_m A2

Figure 8. Illustrations corresponding to the three hypotheses
considered in understanding the box alignment illusion. All draw-
ings are intended to represent the appearance of the stimuli (in
exaggerated form) under various assumptions. See text for details.

then, would be the impression of divergence. A second
consequence is that the magnitude of this illusion should
increase with interstimulus distance, since to make the
principle axes converge to a common vanishing point would
create an angle between these axes that increased with inter-
stimulus distance. Both of these predictions were supported
by the data for the control and same-oriented stimuli.
Although the common-vanishing-point hypothesis is an
adequate explanation of the illusion for these stimuli, it
does not work as well for the different-oriented boxes.
One problem is that principle axes of these boxes do not
appear to lie in the same 3-D plane—one box is being
viewed from below, the other from above. This can be seen
by comparing the labels for the “A—B” axes shown in Fig-
ure 8B, which are in fact reversed in the picture plane with
respect to one another. This makes it difficult to know
which ends of the axes the common-vanishing-point hy-

"pothesis should be applied to. A second problem lies in the

data from Experiment 2, where the strongest illusion was
observed at the smallest interstimulus distance. As we have
said, the common-vanishing-point hypothesis makes the
opposite prediction.

A strong clue to what might be going on comes from
the reports of observers who were asked questions con-
cerning the depicted relations between the boxes. When
observers (both those in the present experiments and oth-
ers) were asked to position two 3-D hand-held models of
the boxes so that they corresponded to the depicted boxes,



they invariably placed the boxes at or near right angles to
one another. We have illustrated this relationship in Fig-
ure 8C and have called it the right-angle hypothesis. It is
important to note that if observers are assuming this to be
the depicted relation between the boxes, then the alignment
task is indeed presenting them with a conflict. Retinally,
the oblique lines in each box are parallel to one another;
however, in the mental representation of the situation, the
boxes are much closer to one another at one end than the
other. If observers are being influenced by such mental rep-
resentations, it should result in an illusion of divergence.
Furthermore, decreasing interstimulus distance would
serve to heighten the disparity between the mental repre-
sentation of the boxes and the lines in the drawing, just as
we found in Experiment 2.

In summary, we propose that subjects make several im-
plicit assumptions about the 3-D objects rendered in or-
thogonal projection. Among these is that lines from ob-
Jects with similar 3-D orientations are expected to converge
to a common vanishing point in the picture. Thus, failure
of these depicted lines to actually converge will be seen as
apparent divergence. A second assumption is that objects
drawn to represent different 3-D orientations will appear
to be oriented toward different implicit vanishing points.
A direct consequence of using physically parallel edges
then, to represent objects in different 3-D orientations, is
that these parallel edges will appear to diverge.

EXPERIMENT 3
Effects of Pictorial Depth in the Background

To test the generality of our account, we examined the
influence of strong cues to pictorial depth in the immedi-
ate surround of the stimuli being aligned.

How might a background with strong pictorial depth cues
influence the alignment settings? First, it might have a di-
rect influence on the setting of the control stimuli. Just as
the 3-D context in Figure 3 seems to have an influence on
the appearance of an ambiguous 2-D component (the in-
dividual lines on the side of the box), so might a pictorial
background with strong cues to depth have an influence
on the setting of the control lines. In particular, placing an
explicit vanishing point in the immediate context of the
lines might serve to enhance an illusion of divergence, since
instead of appearing only slightly divergent with respect to
an implicit vanishing point in the far distance, the lines
might now appear to be highly divergent with respect to an
explicit vanishing point that is relatively near.

Another possible influence could involve the relation
between the relative orientations of the depicted objects
and the number of vanishing points in the background. For
example, two boxes with the same 3-D orientations should
be evaluated with respect to the same explicit vanishing
point, and so the degree of distortion in these displays
should be insensitive to the number of depicted vanishing
points. In contrast, the interpretation of two boxes with
different orientations could be influenced by whether
there is one or two explicit vanishing points. Two vanishing
points that are quite separate from one another in the de-

BOX ALIGNMENT ILLUSION 1169

picted scene would permit each box to be evaluated sepa-
rately; in contrast, one vanishing point alone might pro-
duce a conflict between the reference orientation of the
standard box and those of the background surfaces.

The four different pictorial backgrounds tested are shown
in Figure 9. Since these backgrounds are all highly realis-
tic renderings, they differ in a large number of uncontrolled
ways. However, we chose this set because of the obvious
differences between them in the number of vanishing points
depicted. Figures 9A and 9B contain two (one toward the
right and one toward the left of the picture), whereas Fig-
ures 9C-9D contain only one (each in the center). A fifth
background tested contained no explicit vanishing points
and so served as a control (blank background).

Method

Four different groups of 20 observers were tested. One group ad-
Jjusted pairs of control lines (9 females, 11 males), another adjusted
line-drawn same-oriented boxes (10 females, 10 males), another ad-
justed line-drawn different-oriented boxes (11 females, 9 males),
and a fourth group adjusted shaded boxes in different orientations
(9 females, 11 males). Five settings were made for each background
condition in a random order. In all other respects, the method was
identical to the previous experiments.

Results and Discussion

The mean alignment scores are shown in Table 3. The
most striking feature of the data was a reversal in the di-
rection of the illusion. There was now an illusion of di-
vergence in the control lines (overall mean = 1.30), whereas
the tendency for the box stimuli was toward an illusion of
convergence {overall mean = —0.63). Furthermore, the
magnitude of these distortions was influenced by the back-
ground. Two vanishing points (Figures 9A and 9B) pro-
duced more illusory divergence in the control lines than
did one vanishing point (Figures 9C and 9D) [mean dif-
ference=1.18, 1(152) = 3.48, p <.01]. An opposite pattern
was observed for the different-oriented boxes. These stim-
uli produced a stronger illusion of convergence in the pres-
ence of two vanishing points than in the presence of only
one [mean difference = 0.77, #(152) = 2.28, p < .05]. An
ANOVA showed that the different backgrounds had a
highly significant effect overall [F(2,152) = 16.91, MS, =
2.29, p < .001], that the effect of stimulus type was sig-
nificant [F(3,76) = 2.31, MS,=14.56, p < .08], and that
their interaction was significant [F(6,152) = 4.63, MS, =
2.29, p <.001].

The overall magnitude of the box alignment illusion
was computed for each of the background conditions in the
same way as for previous experiments (i.¢., the mean set-
ting for the control lines was subtracted from that of the
boxes, separately for each background condition). These
results are shown in Figure 10.

For the same-oriented boxes, there was a significant il-
lusion for both the one- and the two-vanishing-point con-
ditions, but not for the blank background. Planned com-
parisons indicated no difference between the one- and the
two-vanishing-point conditions {#(19) = 0.73]. However,
there was a significant reduction in the illusion when all
depicted depth cues were removed [#(19) = 4.72, p<.001].
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Figure 9. The four pictorial backgrounds used in Experiment 3. A and B contain two vanishing points; C and D contain only one.
The pairs of stimuli shown against each background are examples of the stimuli that were aligned in the experiment.

Thus, it seems that as long as vanishing points are depicted
on the background, an illusion of convergence is obtained
for same-oriented boxes, with the number of vanishing
points not affecting illusion magnitude.

The different-oriented boxes were sensitive to the number
of vanishing points in both their line-drawn and their shaded
forms. For line-drawn boxes, the only significant itlusion of
convergence was for the two vanishing points [#(19) = 4.76,
p < .001]. Planned comparisons show that the illusion for
two vanishing points was significantly greater than that for
only one {#(19) = 4.20, p<.001]. There was, however, no dif-
ference between the one-vanishing-point background and the
blank background {#(19) = 1.21]. A similar picture emerged

for the shaded boxes. Although both the two- and the one-
vanishing-point conditions yielded a significant illusion

[(19) = 3.53, p < .01; £(19) = 2.21, p < .05], the two-

vanishing-point illusion was also significantly greater than
that one-vanishing-point illusion [#(19) = 3.27,p<.01],and
there was no significant difference between the illusion for
one vanishing point and that for none [#(19) = 0.93].

Thus, a first major finding of Experiment 3 was that set-
tings of oblique control lines were strongly influenced by
the pictorial backgrounds, with two vanishing points pro-
ducing a larger illusion of divergence than only one. Ad-
ditional testing will be required to determine whether the
determining factors are the number of depicted vanishing
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Table 3
Mean Alignment Scores and Standard Errors in Experiment 3

Controi Lines Same Lines Different Lines  Different Shading
Background M SE M SE M SE M SE

Two Vanishing Points

Background A 1.96 0.62 —-1.18 0.44 —0.46 0.76 —1.16 16

Background B 1.82 0.59 -0.27 0.40 —1.14 .19 —-099 131
One Vanishing Point

Background C 091 0.54 0.19 0.74 0.15 0.81 —0.61

Background D 0.52 0.76 ~1.77 0.72 0.28 0.67 —048
Blank Background

Background E 1.53 0.57 1.77 0.55 0.40 0.70 0.76  1.05

Note—Positive values indicate apparent divergence toward the top of the picture; negative values in-

dicate illusions of convergence.

points, the location(s) of the vanishing point(s), or some
other factors as yet unaccounted for.

A second finding was the reversal of the box alignment il-
lusion (at least relative to the controls) when the stimuli were
presented against a background with pictorial depth. We had
speculated that the depicted depth might affect the magni-
tude of the box alignment illusion because the orientation of
the boxes would be evaluated with respect to the location of
one or more explicit vanishing points. Such points, which
could now serve as a reference for the ambiguous orientation
of the orthogonally drawn boxes, may have influenced ob-
servers to see the boxes as part of the larger picture. As such,
the orientation of the boxes would be judged with reference
to the perspective lines in the background. Since these lines
do converge to a common vanishing point, the observer may
have also assumed, with some justification, that the princi-
ple axes of the boxes were converging. The distorted align-
ments may therefore have reflected an attempt to compen-
sate for this apparent convergence.

The third finding concerned the effect of vanishing-point
number on the boxes. Our account suggested that this vari-
able would not affect the same-oriented boxes, since only
one vanishing point is of relevance for two objects with the
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Figure 10. The results of Experiment 3. The box alignment il-
lusion is measured as the difference (in degrees) in alignment set-
tings between 3-D boxes and 2-D controls. Double asterisks indi-
cate an illusion that is significantly different from zero at p <.01;
single asterisks indicate an illusion that is significantly different
from zero at p <.05.

same orientation in 3-D space. However, more than one van-
ishing point might influence the appearance of the different-
oriented boxes as follows: With only one vanishing point,
these boxes could easily be seen as standing at roughly right
angles to one another. Indeed, if anything, only one explicit
vanishing point should reinforce such an interpretation,
since the shorter axis of one box could be interpreted as
pointing in the same direction as the longer axis of the other
box (see Figure 8C). With two vanishing points, the orienta-
tion of each box could be interpreted with respect to a sepa-
rate point, thereby undermining the interpretation that the
boxes stand at right angles to one another. Interestingly, the
vanishing points on the right side of both Figure 9A and Fig-
ure 9B are higher in the picture than the extension of the
principle axis of the rotatable box on the left side. This may
have served to exert an influence on the stronger conver-
gence illusion observed with these two backgrounds.

Finally, we note a failure to replicate one aspect of the
results of Experiments | and 2 in these data. For the blank
background, there is no longer a significant illusion of di-
vergence. In fact, the direction of the illusion in the two
different-orientation conditions, although only significant
in one case, is actually in the opposite direction (conver-
gence). However, obtaining this finding in the present con-
text may actually support some aspects of our reasoning.
Since the blank and pictorial backgrounds were presented
intermixed, it seems reasonable that the schema ordinar-
ily used in the blank-background condition may have been
influenced by the pictorial context. Similar “carryover” or
set effects have been shown to influence visual illusions of
various classes by attenuating or even reversing the dis-
tortions usually obtained (e.g., Coren, 1984, 1986; Coren
& Porac, 1983a; Coren, Porac, & Theodor, 1986). If this is
the case, then using the same blank background and mea-
suring apparatus as in Experiment 3, in the absence of
other pictorial stimuli, ought to restore the divergence il-
lusion that we found earlier. To verify that this was indeed
the case, we conducted Experiment 4.

EXPERIMENT 4
Control for Perceptual Set

The 2-D control lines and the two different-oriented
3-D box conditions were tested in Experiment 4, in each
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case presented only against the blank background. Thus,
the observers in this experiment were never shown the
pictorial backgrounds that might bias their presumptions
as to the locus of the implied vanishing points.

Method

Control lines, different-oriented line-drawn boxes, and different-
oriented shaded boxes were used as stimuli. Otherwise, the method
was the same as Experiment 3, with five settings per stimulus in a
random order. Twenty undergraduates (9 females, 11 males) from
the university subject pool participated in return for partial course
credit in psychology. All reported normal or corrected-to-normal
acuity, all were naive to the purpose of the experiment, and none had
participated in any of the previous experiments.

Results and Discussion

An ANOVA revealed a significant main effect of draw-
ing type [F(2,38) = 3.22, MS, = 11.29, p < .05], consis-
tent with a diverging box alignment illusion. These data
were treated in the same way as in the previous experi-
ments, with the box settings being compared with the con-
trol line settings. However, unlike the previous experiments,
there was now a significant effect of trials on the illusion
scores [F(4,76) = 2.44, MS, = 20.06, p <.05], and so the
data for the five trials are shown separately in Table 4 and
Figure 11. Only the individual comparisons in the first two
trials were significant for each drawing type (p < .01).
The values in the two drawing styles did not differ reliably
for any of the trials in which there was a significant illusion.

These results confirm that the box alignment illusion of
apparent divergence is in fact present when the boxes are
shown against a blank background with no inducing con-
text of depicted depth. Together with the data in the pre-
vious experiments, they strongly suggest that the trend to-
ward a reversal of the illusion in the blank background in
Experiment 3 was a carryover or set effect that influenced
the 3-D processing mechanisms brought to bear on the task.

The significant decrement of the illusion observed here
is interesting because it is reminiscent of the typically re-
ported decrement effect that occurs when one freely in-
spects an illusion figure over time (e.g., Coren, 1991; Coren
& Girgus, 1974; Coren, Girgus, & Schiano, 1986; Porac
& Coren, 1985). The fact that it was not significant in the
previous experiments is probably because they each em-
ployed a larger number of figures that were randomly
intermixed. If this interpretation is correct, it provides ad-
ditional support for the muliticausal nature of the box
alignment illusion.

Table 4
Mean Alignment Scores and Standard Errors in Experiment 4
Control Line Box Shaded Box
Trial M SE M SE M SE
1 ~0.55 0.44 1.50 0.94 2.30 0.98
2 0.20 0.37 2.20 1.12 2.05 0.94
3 0.05 0.48 0.70 0.65 —0.50 0.67
4 0.10 0.51 0.85 0.96 0.65 0.94
5 0.25 0.35 0.50 0.55 0.10 0.66

Note—Positive values indicate apparent divergence toward the top of the
picture; negative values indicate illusions of convergence.
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Figure 11. The results of Experiment 4. The box alignment il-
lusion is measured as the difference (in degrees) in alignment set-
tings between 3-D boxes and 2-D controls. Double asterisks indi-
cate an illusion that is significantly different from zero at p <.01.

GENERAL DISCUSSION

The results of these four experiments clearly demon-
strate the existence of a new illusion. Stated as simply as
possible, the box alignment illusion appears as a system-
atic distortion in the alignment of 3-D objects drawn with
obliquely oriented parallel lines. Relative to flat-appearing
control lines and to 3-D boxes with the same orientation,
the edges of differently oriented 3-D boxes appear to di-
verge toward the top of the picture.

It is important to note here that there does not appear to
be any control condition that is itself immune from dis-
tortions in the alignment settings. As shown in Experiments
2 and 3, even the settings made for triplets of oblique par-
allel lines are influenced by variables such as interstimu-
lus distance and the immediate context of pictorial depth
cues. Settings made for same-oriented boxes are also not
free from distortion, although they do seem to be governed
by different variables. Therefore, as with other illusions of
orientation (Hotopf et al., 1983; Wenderoth & Johnson,
1985), caution should be used in interpreting the raw val-
ues from the alignment task. However, the relative differ-
ences that are observed certainly appear to be amenable to
systematic study.

The box alignment illusion clearly behaves in a manner
that suggests the involvement of mechanisms used in pic-
torial depth perception. In particular, we propose that ob-
servers’ settings are influenced by implicit assumptions

‘that are normally very beneficial in extracting depth from

pictures. Such assumptions include the following: (1) The
rough orientation of an object drawn in orthogonal pro-
jection is given by its principle axis. (2) The extended prin-
ciple axes of two objects with the same depicted orienta-
tion should eventually converge on the horizon. (3) The
extended principle axes of two objects with different de-
picted orientations should intersect one another in the pic-
ture plane. Violations of these assumptions in a drawing
can lead directly to the kinds of distortions we observed.
For example, there is a distortion inherent in every orthog-



onal drawing, since the parallel edges of an object fail to
converge in the picture as expected. Second, even if this
distortion is overcome in the interpretation of each object
in the drawing, the expectation that the principle axes of
objects of similar 3-D orientation will converge in the pic-
ture plane will be violated, leading to another distortion
(apparent divergence of two same-oriented boxes). Fi-
nally, if physically parallel edges in the picture are used to
represent edges with different 3-D orientations in the
scene, then the boxes will appear to be closer to one an-
other at one end than at the other.

If this analysis is correct, it means that the box align-
ment illusion is similar to other illusions in which a 3-D
interpretation influences what is ostensibly a 2-D judgment
(see Coren & Girgus, 1978). What makes the box align-
ment illusion unique is that it appears to be sensitive to
more than one aspect of pictorial perception. This sug-
gests that explanations that try to unify all aspects of the
distortion on the basis of a single mechanism or cue are
most likely doomed to failure. On the other hand, because
of its multicausal nature, the box alignment illusion may
prove useful in the study of a large range of issues.

The box alignment illusion therefore serves as a new
demonstration of the strong bias of human observers to in-
terpret line drawings as representations of objects and sur-
faces in 3-D space. Its existence is even more striking
when one considers how poorly orthogonal drawings ac-
tually represent the 3-D world visible to the eye. The de-
picted boxes do not contain perspective information (i.e.,
lines should converge toward a vanishing point), the front
face of each box is drawn in the frontoparallel plane (i.e.,
this is inconsistent with seeing the side and top faces at the
same time), and the surfaces of the box either are not
presented (i.e., in the line drawings) or are shown with
uniform brightness values in the shaded drawings (i.e.,
shading is graded in naturalistic scenes). Nonetheless, ob-
servers involuntarily interpret the 3-D shape and orienta-
tion of these boxes in a systematic way.

We readily admit that we have only scratched the sur-
face of this illusion. Future work will need to examine such
questions as: To what extent is the illusion dependent on
drawings rendered in orthogonal projection (i.e., parallel
edges in an object are paralle! lines in the drawing)? How
does variation in the apparent height in the picture plane
or the specific locus of vanishing points affect the magni-
tude of the distortion? Are only oblique lines subject to
this illusion, or does the illusion occur generally for lines
of all orientations? Whatever the outcome, we believe this
illusion will prove useful in helping us understand visual
perception, both of pictorial renderings and of scenes more
generally.
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