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The occurrence of achromatic transparency
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Metelli reported two color conditions for the occurrence of achromatic transparency. However,
these conditions apply only to balanced complete transparency. This paper reports a general color
condition for the occurrence of both complete (balanced and unbalanced) and partial transparency.
Theoretical implications of this finding are discussed.

This paper concerns the occurrence of achromatic trans-
parency. In it we show that there is a single color condi-
tion for the occurrence of both partial and complete trans-
parency.

Figure 1 represents a transparent disk on a two-part
background. Metelli (1974) distinguished between com-
plete and partial transparency. Complete means that the
colors of both parts of the background are seen through
the transparency, and partial, that the color of only one
part of the background is seen through the transparency.

Metelli (1974, 1985) identified two color conditions for
the occurrence of a special case of complete transparency.
In Figure 1, a and b indicate the lightnesses! of the back-
ground, and p and g, those of the isolated parts of the
disk. Metelli (1985) proposed that

p=oaa+ (1-o)t )
and
= a*b + (1—a*)t, 2)

where o and o* are weights in the real interval [0,1], and
t is the overall lightness of the transparent disk. He as-
sumed that o and o* represented the degrees of trans-
parency of the disk on the left and right parts of the back-
ground, respectively.

Metelli restricted his discussion to the special case of
balanced transparency; that is, when oo = o*. In this case,
Equations 1 and 2 yield

a = (p—q)(a—b). 3)

Since a € [0,1], Equation 3 implies that balanced
transparency occurs only when the following relations are
satisfied: p < g ifa < b (or p > q if a > b) and
|p—gl < la-bl.
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Figure 1. Representation of a transparent disk on a two-part back-
ground. The letters indicate the lightnesses of the pattern.

Figure 2. Example of a three-part partially transparent pattern.

Beck, Prazdny, and Ivry (1984) argued that these color
conditions are ecologically valid. However, these condi-
tions hold in only one case of only one kind of trans-
parency (i.e., balanced complete transparency). Thus, the
conditions for the occurrence of transparency require fur-
ther investigation.
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a>p>q p>q>b a>p>q p>q<b a>p>q p>q<b

COMPLETE TRANSPARENCY PARTIAL TRANSPARENCY PARTIAL TRANSPARENCY
a>p<q p<q>b a>p<gq p<q>b a>p<q p<g<b

NO TRANSPARENCY NO TRANSPARENCY PARTIAL TRANSPARENCY

a<p=>q p>q<b a<p>q p>qgq>b a<p>q p>q>b
NO TRANSPARENCY PARTIAL TRANSPARENCY PARTIAL TRANSPARENCY
a>p<q p<qg>b a>p<q p<q>Db a<p<gqg p<q>b
NO TRANSPARENCY NO TRANSPARENCY PARTIAL TRANSPARENCY

Figure 3. Patterns obtained by combining four different lightnesses. The kind of transparency predicted from the order relations
between a, p, and q and p, q, and b is reported below each pattern.



It is reasonable to assume that if there is a single color
condition for the occurrence of both partial and complete
transparency, this condition should hold for three-part par-
tially transparent patterns. Figure 2 shows such a pattern,
formed by two overlapping squares that appear opaque
where they are superimposed on the background and trans-
parent where they are superimposed on each other.

One well-known color condition for the occurrence of
partial transparency in three-part patterns is that the light-
ness of the part where the two transparent surfaces are
superimposed on each other is between the lightnesses of
the other two opaque parts of the same surfaces (Beck
et al., 1984; Metelli, Masin, & Manganelli, 1981). The
existence of additional color conditions for the occurrence
of partial transparency in three-part patterns is excluded
by Masin’s (1991) experimental finding that the lightness
of the background is irrelevant for both the occurrence
and the judgment of the degree of partial transparency
in these patterns. Thus, if a single color condition for the
occurrence of both partial and complete transparency
should exist, the color condition for the occurrence of par-
tial transparency in three-part patterns should be this sin-
gle condition.

To see how this condition applies to patterns like that
represented in Figure 1, let us first emphasize the prereq-
uisite for the detection of transparency in these patterns
by a visual mechanism that processes inputs from retinal
contours. Let the perceived disk and the two perceived
rectangles with lightnesses a and b correspond to the stim-
ulus disk and the two stimulus rectangles C, 4, and B,
respectively. The mechanism needs first to detect A, B,
and C and then decide whether or not 4, B, and C inter-
sect. After this prerequisite is met, the following steps
are possible.

When C and A intersect, the mechanism checks whether
the light intensity corresponding to the intersection of C
and 4 is between the light intensities of the other two parts
of Cand A. When it is, the mechanism decides that there
is transparency; otherwise, it decides that there is no trans-
parency. In phenomenal terms, this means that trans-
parency occurs only if the order relationa < p < q (or
a > p > q) is satisfied.

Similarly, when C and B intersect, the mechanism checks
whether the light intensity corresponding to the intersec-
tion of C and B is between the light intensities of the other
two parts of C and B. When it is, the mechanism decides
that there is transparency; otherwise, it decides that there
is no transparency. In phenomenal terms, this means that
transparency occurs only if the order relationp < g < b
(or p > q > b) is satisfied.

Thus, when the single color condition for the occur-
rence of both partial and complete transparency is met
for both the intersections of A and C and B and C, there
is complete transparency; when it is met only for one
of these intersections, there is partial transparency; and
when it is not met for any of these intersections, there
is no transparency.

In Figure 3, the reader may check these predictions
directly. Each pattern corresponds to one of the 12 dif-
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ferent combinations of four different values for a, p, q,
or b. (In each pattern, a > b. The symmetrical cases with
a < b can be obtained by rotating the page 180°.) Be-
low each pattern, the order relations between a, p, and
g, and between p, g, and b, are reported together with
the prediction of transparency—that is, complete, partial,
or no transparency. As can be seen, all predictions are
confirmed.? Thus, these results indicate that there is a sin-
gle color condition for the occurrence of both partial and
complete transparency.

DISCUSSION

Fukuda and Masin (1993) have shown experimentally that for fixed
a, q, and b there is only one value of p for which « = «*. That is,
in general, transparency is unbalanced. This means that Equation 3 is
unjustified. Only separate equations, like Equations 1 and 2, are justified.’

Our finding that transparency occurs only when a < p < g and/or
p < q < b suggests other models as alternatives to Equations 1 and
2. For example, it is possible that the degree of transparency corresponds
to the relative position of p in the interval [a, g], or to that of g in the
interval [p, b]. That is, it is possible that

p =Ba+ (1-0)q (€Y
or
q=p6* + (1-%p, )

where 8 = (p—q)/(a—q) and 8* = (g—p)/(b—p) are the degrees
of transparency of the disk on the left and right parts of the background,
respectively. In this new model, 8 and B8* vary in the real interval [0,1].
Masin (1984, 1991) proposed another model. Given the findings re-
ported here, it may be restated as follows. Whena < p < ¢,

¥ =wla—p| + 1-w) k- |p—q), ©
and whenp < ¢ < b
¥* = wt|g—b| + (1-w*) *~-|p—ql), Q)]

where ¥ and y* are the degrees of density (the opposite of transparency)
of the disk on the left and right parts of the background, respectively;
wand w* are weights in the real interval [0,1]; and k is the highest pos-
sible degree of density. In this model, ¥ and y* vary in the real interval
[0,k].

No quantitative test has yet been made to decide which of these three
models fits the empirical data best.
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NOTES

1. Lightness is usually defined as an achromatic color on the black-
white continuum. According to this definition, lightness is probably a
cognitive rather than a perceptual variable, because subjects seem to
interpret lightness as ‘‘the average of the amounts of black and white’’
(Masin, 1987a). However, lightness may be defined more simply as
the amount of black or the amount of white in an achromatic color.

2. The patterns in Figure 3 are muitistable. The probability that two
contiguous parts form a surface depends on the lightness difference be-
tween them (Kozaki, 1974). Thus, sometimes a rectangle rather than
the disk tends to be seen in front. The reader needs to fight against this

tendency until the disk is seen in front in order to check directly the
predictions for each pattern.
3. From Equations 1 and 2 it follows that

a = (p-la—1
and
a* = (g—d/(b-1).

Masin (1987b) found experimentally that the judgment of ¢ equals
(p+4q)/2. It follows that

a = (p—q)/(2a—-p—q)

and

a* = (q—p)/(2b—p—q).

(Manuscript received July 12, 1993.)
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