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Figure 6. (A) Example of the equiluminant snake stimulus patterns used in Experiment 3. We
simulated five different reflectances under two different illuminations. The labeling convention is the
same as that used in Figure SA. The first number in each label increases with the luminance value
of the target (i.e., 1, lowest luminance; 5, highest luminance). In the actual experiment the positions
of the diamonds were randomized from trial to trial. For specification of the actual luminances of
parts of the figure, refer to Table 3. As follows from the table, the luminance of the targets 11 and
12 is the same. So is the luminance for the targets 21 and 22 (as well as for 31 and 32, and so on).
Thus, the luminance of the corresponding targets in different strips is equal. (B) The nonmetric
multidimensional scaling solution for Experiment 3. Points corresponding to the five simulated
reflectances in the strip of lower-intensity simulated illumination are marked by triangles, while
those corresponding to the five reflectances in the strip of higher-intensity simulated illumination
are marked by circles. The pattern is predominantly unidimensional, although curved. There is no
clear separation of points corresponding to simulated light intensities that would correspond to a
difference in surface brightness; see text.

illumination is perceived as an increase in simulated sur-
face albedo. This overall shift is a surface lightness rather
than surface brightness shift. The surface brightness shift
would reveal itself as an overall vertical (downward or up-
ward), as in Figure 3B, rather than as a horizontal (right-
ward) shift.

Note, in conclusion, that it is possible to produce a
snake-like pattern with targets that are both equilumi-
nant and equicontrast (Logvinenko, 2002; Logvinenko &

Ross, 2005). Although such a pattern lacks borders that
are readily interpreted as illumination borders, it invokes
a lightness illusion stronger than the classic simultaneous
lightness contrast effect. In this pattern, not only are the
targets equal in luminance, their local surroundings have
the same luminance as well. Therefore, the fact that the
targets in the classical snake pattern are inserted in the
patches of different reflectance is not essential for observ-
ing the snake illusion.
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Table 3
Stimulus Patch Luminances in Experiment 3
Target
Background 1 2 3 4 5
Strip 1 17.63 4.63 7.54 13.15 19.95 32.46
Strip 2 43.12 4.63 7.54 13.15 19.95 32.46

Note—The labels in Figure 6A (as well as in Figure 6B) are composed
of two numbers: The first refers to the target, the second to the strip. For
example, label /2 refers to the luminance of Target 1 in Strip 2, whose
luminance is given in this table. The luminance values of the targets in
the two strips are identical; only the luminance values of the immediate
backgrounds differ. All luminances are reported in units of cd/m?.

GENERAL DISCUSSION

The snake illusion, and other illusions of the same sort,

suchasthetileillusion (Adelson, 1993), have typically been
studied using asymmetric matching techniques (Adelson,
1993; Logvinenko, 1999; 2003; Logvinenko et al., 2005;
Logvinenko & Ross, 2005). However, researchers have
previously reported that observers do not always achieve
complete, satisfactory matches in asymmetric matching
experiments involving color or lightness (Brainard, Brunt,
& Speigle, 1997; Foster, 2003; Logvinenko & Maloney,
20006). The results of Logvinenko and Maloney indicate
that perceived dissimilarity is affected by at least two
perceptual dimensions corresponding to surface albedo
and intensity of illumination. Logvinenko and Maloney
referred to these dimensions as surface lightness and sur-
face brightness, and they interpreted previously reported
difficulties in setting asymmetric matches as due to the
residual component of the surface brightness difference
that remains after the observer has made the surface light-
ness difference as small as possible.

In this article, we used the dissimilarity scaling method
of Logvinenko and Maloney to investigate a series of
lightness configurations, including the snake illusion
(in Experiment 3) We sought to determine how surface
lightness and surface brightness contribute to the illusion
configurations under consideration. One advantage of our
approach over asymmetric matching is that it can give us,
in principle, two measures of the component parts of the
illusion (i.e., surface lightness and surface brightness). A
second advantage is that these measures translate natu-
rally into information about the observer’s interpretation
of the scene as consisting of one or more regions of uni-
form illumination (“frameworks”). A third advantage of
the dissimilarity scaling method used in the present study
is that it does not predetermine the nature of the illusion;
that is, one does not have to decide in advance whether the
illusion is a lightness or brightness illusion. This method
allows one to address this issue experimentally.

Furthermore, in contrast to those who use asymmetri-
cal matching, we did not have to explain to our observers
what lightness or brightness is. It is always a difficult task
to explain to a naive observer what one means by a spe-
cific “perceptual dimension.” We have consistently found
that evaluating dissimilarity between the appearances of
two differently painted papers (sometimes lit by different
lights) was an easy and intuitive task for our observers.

Our analysis shows that observers’ dissimilarity judg-
ments of diamond-shaped targets in Figure 1A can be
modeled in terms of only one perceptual dimension. More
specifically, we found that placing the same diamonds in
different strips in Figure 1A resulted in a change in the
diamonds’ appearance consistent with an effective change
in their reflectance. Accordingly, we refer to this dimen-
sion as surface lightness.

Therefore, the difference in appearance between the
diamonds in the alternating horizontal strips in Figure 1 is
predominantly a difference in surface lightness. Although
we measured only the appearance of the diamonds, we
take this as an indication that there is no surface bright-
ness shift between the horizontal strips as the whole. This
interpretation is the physically correct interpretation and
all observers were undoubtedly aware that the stimuli
were in fact uniformly illuminated. Although the horizon-
tal borders between the strips in the snake pattern (Fig-
ure 1) possess cues indicating that they are produced by
illumination borders (they are “shadow-compatible,” in
the terminology of Logvinenko, 2003) our results indicate
that they do not contribute to dissimilarity, as an actual
illumination border would. We note that, in reproduction,
the physical illumination border in Figure 3A may appear
indistinguishable from the pictorial illumination border in
the snake illusion. In the experimental context, however,
the subject had no difficulty in distinguishing real and pic-
tured illumination borders.

Logvinenko (1999) argued that, although the cues to il-
lumination available in the horizontal borders of the snake
pattern do not bring about illumination borders in the final
percept, these cues might have been taken into account
when computing lightness (also see Logvinenko & Ross,
2005). In other words, when computing surface lightness,
the visual system can take a stance that £' # E?, although
it discards this assumption when surface brightness is
computed. More specifically, the horizontal luminance
borders in the snake pattern contain some features signal-
ing that they are produced by illumination borders (illu-
mination cues) and some signaling that they are produced
by reflectance borders (reflectance cues). It is plausible
that the luminance contrast is split (in a proportion that
depends on the balance of the illumination and reflectance
cues) into some amount of lightness contrast and some
amount of surface brightness contrast. The stronger the
illumination cues, the smaller the amount of the lightness
contrast induced by the borders. Since there are other cues
indicating that the illumination of the pattern is homoge-
neous, the surface brightness contrast is blocked and is
not perceived. As a result, we see only a reduced amount
of lightness contrast at the horizontal borders in Figures
1A and 1B.

Logvinenko et al. (2005) showed that bending the
strips in the snake pattern, as in Figure 7, considerably
reduces the illusion strength. As can be seen in Figure 7,
equicontrast targets («) and (b) do not seem to have equal
lightness, as do the corresponding equicontrast targets in
Figure 1B. We conjecture that this difference is due to the
replacement of straight horizontal borders by curved. This
change shifts the balance of the cues in favor of classifica-
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tion as a reflectance border and altering the interpretation
of the configuration.

We can decrease the luminance contrast of target ¢ in
the light strip until it matches target @ in the dark strip.
This is an additional indication that the apparent cross-
strips shift between targets a and b in Figure 7 takes place
along the surface lightness dimension, because one can
make up for it by changing the surface lightness of the
target. If it were a surface brightness shift, such a match
would be impossible, as Logvinenko and Maloney (2006)
showed. Indeed, it follows from their study that equicon-
trast targets in differently illuminated frameworks are per-
ceived as different, and this difference cannot be reduced
by manipulating the reflectance of either target.

One can appreciate the magnitude of the lightness con-
trast reduction by comparing Figures 1A and 1B with Fig-
ure 1C. Direct observation shows that the lightness contrast
across the horizontal borders in Figures 1A and 1B is less
than the lightness contrast across the snake-curved borders
in Figure 1C, despite the fact that the luminance contrasts
across both borders are the same, as mentioned above. In-
deed, patches in the dark “snakes” in Figure 1C look dis-
tinctively darker than do the patches of the same reflectance
in the dark strips in Figures 1A and 1B. Likewise, patches
in the bright “snakes” in Figure 1C look somewhat lighter

Figure 7. A snake pattern from Logvinenko et al. (2005), with
the luminance distribution as in Figure 1B. Being identical to the
targets in Figure 1B, @ and b are equicontrast, but they appear
different, unlike the equicontrast targets in Figure 1B. However,
this difference in appearance between equicontrast targets a and
b is of a different sort than that between the equicontrast papers
in the differently illuminated halves in Figure 3A. By changing
the luminance contrast between the target and background, it
is possible to get a lightness match for the targets in different
strips although they appear to be lit by different lights. Although
physically darker than b, target ¢ has about the same lightness as
target a. Therefore, unlike real papers illuminated by real lights,
targets in strips with different pictorial illuminations can match
each other.

than do the patches of the same reflectance in the bright
strips in Figures 1A and 1B. Logvinenko and Ross (2005)
observed similar effects in Adelson’s (1993) tile pattern.
Measuring the lightness not only of the test diamonds in
the bright and dark strips, but also of all patches in Adel-
son’s tile pattern, they quantified these differences.

Such an account leads to this prediction: The bigger
the luminance contrast across the horizontal borders, the
bigger the lightness illusion. This prediction was recently
verified experimentally by Petrini and Logvinenko (2005)
and Petrini (in press). For example, the horizontal strips in
Figure 1C possess the same shadow cues (e.g., straight-
ness) as in Figure 1A and 1B, but the perception of the
targets is veridical (Logvinenko et al., 2005). This is be-
cause the luminance ratio across the horizontal borders
in Figure 1C is very close to 1. We believe that the light-
ness contrast reduction across the horizontal borders most
likely takes place in Figure 1C as well, but its magnitude
is too small to be noticed.

We conjecture that the snake lightness illusion is a spe-
cifically pictorial illusion arising from “erroneous” light-
ness contrast reduction across shadow-compatible lumi-
nance borders in the snake pattern. It is worth reminding
the reader that when test diamonds are cut off from paper
and presented as separate objects “floating” in front of the
snake-shaped background, the illusion is very much re-
duced (Logvinenko & Kane, 2004). This is in line with the
fact that Adelson’s tile pattern produces no illusion when
implemented as a cardboard wall of blocks (Logvinenko,
Kane, & Ross, 2002).

One might argue that “seeing” transparency or unevenly
illuminated strips in the snake pattern (Figure 1A) is a mat-
ter of immediate experience. Does this observation contra-
dict our results? We do not believe so. Our results show that,
whatever this impression of uneven illumination (or trans-
parency) is, it is of a different kind than that arising from real
illumination difference. The latter contributed to dissimilar-
ity judgments in the previous experiment (Logvinenko &
Maloney, 2006), whereas the former did not.

This raises a fundamental methodological question:
To what extent can pictures, used as stimuli in experi-
ments on lightness perception, be treated as equivalent to
three-dimensional scenes? Color, lightness, and material
perception are commonly studied using pictures of three-
dimensional scenes presented on computer displays, and it
is not obvious that the picture is equivalent to viewing the
scene depicted (Gibson, 1979; Gombrich, 1960; Kennedy,
1974). It is evident that, under such viewing conditions,
depth information is inconsistent. Pictorial depth cues
signal a three-dimensional interpretation of the scene,
whereas cues such as motion parallax and binocular dis-
parity are consistent with a flat surface embedded in the
surface of the screen.

A picture of a three-dimensional scene is evidently
ambiguous; it could be interpreted as either a flat image
or a three-dimensional scene. Moreover, when the stimu-
lus configuration is very simple, there may be additional
interpretations of the scene. Consider, in particular, the
snake configuration (Figure 1C). First, the scene may be
perceived as flat and uniformly illuminated (the physi-
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cally correct interpretation), or as a picture of a scene.
Then, note that either the darker straight stripes, or the
dark “snakes,” could be treated as transparent (perceived
as “transparency regions”). One could interpret either,
neither, or both regions as transparency regions, giving a
total of four different pictorial interpretations. Moreover,
we can interpret the targets as contained in regions differ-
ing in illumination and, simultaneously, on backgrounds
differing in reflectance, leading to an indefinite number of
additional interpretations.

Two key questions are: “How do these multiple, com-
peting interpretations affect psychophysical judgments?”
and “Do they affect different visual judgments (dissimi-
larity, lightness, etc.) differently?”

One possibility, for example, is that the absence of any
contribution of surface brightness to dissimilarity could be
the result of competing transparency interpretations. If we
assume that a transparency interpretation is equivalent to
a difference in illumination between a transparency region
and adjacent regions, we note that the two transparency
regions just described signal changes in illumination that
are opposite in sign. Cancellation of apparent illumination
difference could then be responsible for the lack of any
contribution of surface brightness to dissimilarity.

However, if this competing transparency hypothesis
were correct, it would be difficult to explain why the ob-
server saw any change in apparent illumination of the re-
gions of the snake configuration, or perceived any illusion
in apparent lightness. At a minimum, we would need to
postulate that the visual system had “dissociated” (Milner
& Goodale, 1995): Judgments of dissimilarity are affected
by competing transparency interpretations, but judgments
of lightness or apparent illumination are not.

Similarly, if the visual system interprets targets as si-
multaneously under different illuminations and on differ-
ent backgrounds, the same surface under a brighter light
will appear darker; against a darker background, it will
appear lighter. In this case, the visual system is interpret-
ing edges as both illumination edges and surface material
edges, a possibility we raised in the introductory section.
Again, we might expect cancellation, but any cancella-
tion that might be responsible for a lack of contribution of
surface brightness to dissimilarity should also reduce or
eliminate the snake illusion itself, unless the visual system
had dissociated, and different judgments were based on
different interpretations of the scene.

There are many pairs of cues in the snake configura-
tion that signal conflicting information. It is plausible
that these conflicts would lead to dissociations in visual
judgments, where the visual system uses one set of cues
to arrive at one interpretation in making one sort of judg-
ment (similarity), and different sets of cues to arrive at
a conflicting interpretation in making the second visual
judgment (lightness).

Yet, despite all of the possible interpretations of the
snake pattern, the perception of lightness in the snake con-
figuration is remarkably stable. The snake illusion can be
observed, and it remains at the same strength when printed
on paper, presented on a computer display, or projected
on screen. Its strength does not seem to be essentially af-

fected by alteration of the size and shape of its patches, or
of observation distance. All this appears to be in line with
our main result: None of these pictorial interpretations af-
fects lightness perception of the snake pattern.

There exist illusory geometric configurations that pose
analogous problems of interpretation. We draw the read-
er’s attention to an analogous finding in the literature on
pictorial illusions of length in Wolfe, Maloney, and Tam
(2005), who concluded that illusory distortions of per-
ceived line length cannot be attributed to a single depth
interpretation of the pictured scene. It is also plausible that
the visual system has no consistent interpretation of such
pictured scenes.

Although the study of pictorial illusions certainly gives
insight about how the visual system analyzes lightness and
color, there is reason to believe that, in everyday three-
dimensional scenes, there is more relevant information
about the light field in a scene, and therefore less ambigu-
ity in classifying illumination and material edges (Boyaci,
Doerschner, Snyder, & Maloney, 2006; Maloney, 1999,
2002). It is plausible that the visual system will arrive at a
consistent interpretation of illumination and surface layout
in those scenes that is not too far from the actual. The ability
of'the visual system to interpret pictures is well worth study,
but should not distract from, or be confused with, the prob-
lem of estimating lightness and color in everyday scenes.
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NOTES

1. See also Figure 1B in Logvinenko and Ross (2005), where the same
can be observed for a similar illusion which will be referred to as the tile
lightness illusion (Adelson, 1993).

2. Logvinenko and Ross (2005) measured all three illusions for the same
observers and found that, on average, the snake and tile illusions are 6.5
and 5 times as strong as the simultaneous contrast effect, respectively.

3. The luminance ratio rule should not be confused with Wallach’s
(1948) luminance ratio principle, which involves the luminance of a target
and the luminance of its immediate background. Both rules predict the
same result for targets surrounded by regions that are equal in luminance.

4. Note that the equiluminant targets have luminance contrasts of dif-
ferent signs along the borders with their immediate surrounds (one target
is incremental and the other is decremental). Contrary to the general
belief that it is impossible to equate incremental and decremental targets
in appearance (e.g., Heggelund, 1974; Whittle, 1994a, 1994b) the equi-
luminance diamonds in Figure 1C look remarkably similar.

5. The patches were arranged radially around a single hexagonal patch
in order to permit ready comparison of results with these scenes to re-
sults in three-dimensional scenes where the patches were the sides and
top of a frustrum of a cone with hexagonal cross section. We will not
refer to this second experiment in the following.

6. Note, however, that Logvinenko and Maloney (2006) reject a Eu-
clidean rule of combination in favor of the additive city-block metric
implicit in Equation 6. The spatial configuration illustrates the highly
separable effects of illumination and surface change, but Euclidean dis-
tance within the MDS configuration does not accurately represent dis-
similarity. The city-block metric of Equation 6 does accurately represent
dissimilarity. See Logvinenko and Maloney (2006).

7. The reader should not confuse surface brightness as measured by
the method of Logvinenko and Maloney (2006), with the term brightness
as used in the vision literature, or confuse surface lightness with “light-
ness.” The terms surface brightness and surface lightness refer to the di-
mensions derived from dissimilarity data via the method of Logvinenko
and Maloney (2006).
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