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RESEARCH ON THE-PERCEPTION-OF TRANSPARENCY

In the research on Perception, important results have been
reached through the study of "illusions", namely phenomena where

perception fails to give correct information about the objective
situation.

In the case of the perception of transparency, illusions
help us to "see" the very problem. In fact, under normal condi-
tions, where we are perceiving as transparent what is permeable
by luminous radii, there ‘seems not to be any perceptual problem.
But if we put a sheet of transparent plastic, or a piece of
glass. on an homogeneous background, we do not perceive it as
transparent, while in situations like Fig. 1, where there is no
physical <“ransparency, we perceive transparency (1); hence it
is natural to ask onesgelf the\reason for these facts.

It could be objected that in this case, as in all the examples
given in this paper the impression of transparency is incomple
te, poor, and however different from a "true" transparency, as
perceived when we look through a (coloured) glass of a window,
or through the surface of the sea,

The reason for this difference is that in our pictures three-
dimensionality is lacking, which is not a necessa Ty, but a very
Sowerful condition supporting the impression of transparency.
But comparing real (= physical) trenspareney with apparent
transparency under the same conditions of bidimensionality
(that is, comparing a chess board with a film of grey transpa
rent plastic on it, with a formally and chromatically identi

cal model, but constructed as a mosaic by juxtapos ition of 4

o

different shades of grey opague paper, like Fig. 4) the im—
ression is the same, and nobody can say where thure is physi
al transparency and where not.
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An initial explanation can be attempted in terms of cues:
normal cues of transparency are lacking in the first case and pr}
sent in the second (a surfade seen through a film appears altercd
in its colour, because of /absorbtion and reflection by the tran
8parent surface). But wifh irregular figures, like Fig., 2 and 3
it is by no means cleay’ why we perceive in Fig, 2 two surfaces
one seen through the dther, and not several Juxtaposed blots as
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Fig, ﬂz 18, ‘3'3,

In general terms, the problem of perceptual transparency
can be stated as follows: under which conditions the stimulation
of a group of visual receptors [ofthe retine /gives rise to the
perception of two surfaces, one of which is ‘seen through the
other?

This problem has been evidenced and discussed by Helmholt:z
and Hering_ﬁl), and further subjected to experimental researches
by Fuchs, Tudor-Hart, Heider, Koffka, Metzger, Kanizsa, Metelli,

It is easy to show that there are two orders of conditions
of perceptual transparency, figural ‘and colour-conditions: in
fact it is possible to abolish'perceptuéiftransparency by alte-~
ring form (Fig. 2,3) or colour (Fig. 4,5).
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Fig. 41 Fig. gf

L) H, Helmholtz - Physiologische Optik, p.407 /and following.
E. Hering - Uber die Theorie des simultanen Kontrastes von
Helmholtz, 4. Mitteilung, Pflfligers Archiv 43,
1888 :
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\. The subject of this paper is a research into the colour con

ditions in perceptual transparency. As three numbers are needed for the
definition of a colour, while an achromatic colour is completely
defined by one number, the index of reflectance or albedo (the

li%?; giiiented by an unit area divided by the light it receives),

it affared suitable to begin by confining this study, to the

field of achromatic colours, which from now on will be named

simply colours. N\




The subject of this pPaper ds o research into the colour con
ditions in perceptual transparency (). A6 the purpose of this stu
dy was to find a quantitative law about’/the influence of colour
on the perception of transparency, the first task has been to cho
ose a quantitative expression of colour,

It is well known that for the definition of a colour not
less than 3 numbers are needed, while for the definition of +he
different shades of grey, from white to black (which are named achro
matic colours) only one number is needed, namely the index of re-
flectance or albedo, the amount of light reflected from a unit
area divided by the amount of light it receives (the formula being

L = —%n s Where L stands for the coefficient of refiectdon. or al-
bedo, i stands for the intensity of reflected light and T for the

intensity of light Falling inte the area), Since an absolute white
reflects the whole amount of 1ight that it receives, while the ab-
solute black absorbs the whole light falling on it, the absolute

white has reflectance 1, the absolute blacKjreéflectance O and the
various shades of grey have coefficients of reflectance between O

and 1.

For shis reason - the achromatic colours being univocally
defined by one number it appeared suitable to begin by confining
ny study to the field of acromatic colours, which from now on will

be named simply colours,> -
<

Let us start from a simple figure (Fig. f) where sub jects
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normally perceive transparency. The figure had been chosen because
it reproduces the situation of transparency obtained by an episco-
tister - a rotating wheel with open sectors =s the following consi
derations stand for both situations, but they are easier to follow
if we start with a model where perceptual transparency is obtained
by the method of juxtaposition of opague surfaces (2).

Fig, & Fig, 6#

Kl) This problem has been-considered from a Speedal point of view

. dn e Webens gl = Zur® Analyse der ph#nomenalen Durchsichtigkeitg
erscheinungen (Gestalt und Wirklichkeit, Festgabe fir F, Wein
handl, Berlin, 196i7); that is chiefly devoted to the theory
and to a-first analysis of the figural conditions of transpa—
rency:|
This method 15 due to W, Metzger(gGesetze,de§MSehens, Tl ced,
1953, pp. 127-8), In_the-figures(of this paper )Jphemomenal tram
sparency—is-obtained by=juxtaposition-of-opague surfaces:f?@x,

i : : :
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In this figure - which can be considered as a general model
for perceptual transparency phenomena - we distinguish 4 different
regions, with four different shades of grey: we name them A P Q B
(capital) and the respective reflectances a p g b (small). The
stimulation originated by the P region produces 2 different per
ceptual effects: we see an anterior layer T, which is transparent,
and through this a second layer, the latter being of the same co-
lour as the contiguous region A. (The same observation can be ma-
de for the region Q, but for the moment, let us confine our argu-
ment to P) (1). Therefore the perceptual phenomenon of transparen
cy has been described as a case of perceptual scission — one of the
much studied scission-phenomena where one sort of stimulation pro-
duces two effects, as for example surface-colour and illumina-
tien (2),

At this point it is natural to ask oneself what is the rela
tion between stimulus colour and scission colours. In our figure
we can easily perceive them all: the stimulus colour if we isola
te the P region, and the scission colours when we perceive tran
sparency.

A simple solution to the above problem is due to G.Heider
and K., Koffka, who stated, and gave experimental proof that scis
sion colours are such that, mixed together/according to Talbot's
law’,} reproduce the stlmulus colour.

The example given by Koffka in his treatise (3) is as fol-
lows. If the stimulus colour is grey, and the conditions require
that one of the scission colours be blue, then the other scission
colour must be yellow. Symbolically, if Y + B = G, then G - B =

(1) It has to be stressed that every figure in this paper can be
described according to the preceding scheme: there are always
two non-splitting regions, A and B, which constitute the
ground, and two splitting regions, P and Q, P splitting into
A end T, and Q splitting into B and T, One needs only to add
that most figures are serial repetitions of the sequence
APQB alternated with the inverse sequence BQPA. (See for ex.
Fig, 1§2,4 where two parts can be distinguished, an upper
and a 1owur part, where the two inverse sequences are easy to
identify; and Fig. 8-15, where several horizontal sequences
are 1dent1f1able)f/

In fact, in this case also, as in the colour consts ncy pheno
menon, 1f we isolate the region which is represented twice
(that is, in Fig. 6, the circle, which is perceived as a tran
sparent layer and as a part of the ground seen through it) the
perceptual scission disappears, and we perceive only one la
yer,

K. Koffka - Principles of Gestalt Psychology, New York, 1935,
pPp. 260-264,
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Heider and Koffka's theory-is the starting point of this Be
search,

It is clear that Heider and Koffka's formulation is not an
algebraic formulation of the problem, because B, Y and G do not
symbolize numbers. But it is possible to give an algebraic formu-
lation to the problem if we confine ourselves to acromatic colours,
using reflectance as their measure.

Iy line of reasoning has been the following, "Tf according
to Heider and Koffka's statement, the same law (that is Palbot!s
law in the special case of mixture through the colour wheel €1 )
rules colour-mixture and colour scission, then it is possible to
use the law of colour mixture for an algebraic description of co
lour-scission.

Talbot's law says that if two acromatic colours, whose re-
flectances are a and b are mixed in equal quantities, the zetlec
tance of the mixture ¢ is the aritmetic mean of the two colours,

a+b . ; > S
@ = C2 - If the colours a and b are mixed in quentities m and n

(m being the quantity of a and n the quantiti79f b) the reiﬁgctag

ce of the mixture c is M A]&?ﬁﬁaL aﬂﬁ”u”?& W Corpparerty)

e = o danb
n+n

or, in other iwords, the reflectance of the mixture-colour is the
iweighted average of the components, the weights being the quanti
ities of the components. ]

The same formula can be expressed in a more suitable form if
instead of the absolute quantities, we use as weights the propor-

tions (summing up to 1) of the components.| Putting ﬁ%ﬁ =0l ang
m ! : 5,

= = K | _ ol the above equation takes the .form
m+n m+n

o AR

n

e i (l & C{_ )b __“,"".:'..:'/"{r-‘y_,v oAy

o, and B being the proportions in which the components are
present in the mixture,

But if Talbot's law rules both bPhenomena, colour mixture and
colour scission, then the above equation, describing colour mixture,
describes also colour scission. Since it is convenient to use syn
bols according to the preceeding example,~the colour scission equa
tion will be used from now on in the form

where p is the reflectance of the stimulus-colour, a the reflectan
ce of The second layer, + the reflectance of the first and tran—
sparent layer, and ¢, and (1-4 ) are the quantities or more exactly

p ]
(1) According t!é W. Ostwald (liathetische FarbenJehre, Leipzig
1920, ®é 131) the law of collour mixture goeg back to Newton.




the proportions into which the stimulus colour has been divided
in the two layers (1).

But what meaning is to be given to quantities in this case?
' Or rather how will perceptually appear different quantities of co
lour when distributed to equal surfaces?

Different quantities distributed to equal surfaces can give
as a result only a difference in colour density. And on the first
layer a difference in colour density can appear only as a diffleren
ce in transparency, while on the second layer it can reveal itself
only through a difference in intensity which is correlative to the
transparency of the first layer. In other words, great density on
the first layer and little density on the second means little
transparency of the first and little intensity eoridithile ki okl
ty of the second layer; while less colour on the first layer means
little density or great transparency, and more colour on the se—
cond layer means great intensity, and great Vil sd b3ty

Let us check this interpretation with the equation, What hap
pens if el = 0, that is, if the first layer T gets the whole co-
loun of P % fn sbhis ecadge the equation reduces to p = ity and
the second layer, having no colour at all, is not visible: we see
only the first layer I, which is completely opaque. Thus a4 =0

defines the limiting case of the perception of an opaque surface on_ '
$.. : § ¢ § > ¢ “-_,_"»:;‘ e Al P 8 A ,:.;}";‘

the top of another surface, v aantdn T4y inal 7 ta

& f ¢ (

And what happens if o = 1? In this case it is the second la
yer A which gets the whole colour (the solution of the equation
being p = a) and the first layer T, having no colour, disappears
completely, This means that the first layer is perfectly transpa-
rent and therefore wholly invisible.gffff_g : Ca.allm

In both these cases (f =0 and L = 1) there is no colour
scission and obviously no perception of transparency: colour scis
sion takes place only in the inermediate cases, that is when o is
between O and 1.

o s
LWhiCh then is the measing of the coefficient o, , which has
a2 maximum value 1 when the transparency is perfect, a minimum va—
lue O when there is no transparency at all, and has a high value
when a little quantity of the scission-colour comes to the first
layer, and therefore the transparency is great, and a low value
1f a great quantity of the scission colour comes to the first la
yer, and therefore the transparency is little?

The obvious inference seems to be that o - which measures
the proportion of colour going \to the second layer seen through
the transparent one (the intensity or clearness with which the se

(1) It is perhaps opportune to remember that the P region is divi
ded into two layers, A and T, and the surface of each one is
equal to the surface of B[ 118G

]




Therefore X is a coeficient of transparency. It has however
to be stressed that transparency depends also on another condition:

the colour of the transparent surface., All other conditions

being egual the fenomenal transparency of a surface is an inverse

function of its reflectance,
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cond layer is perceived) - measures tHe degree of transparency
and is therefore a coefficient of ffansparency. But quantitative
experiments show-beyond any doubt” that transparency depends also
on the chromatic quality of the€ first layer, and therefore & is
only a factor of transparengy. A second factor is phenomenal co--
lour, that is colour measwfed by the logarithm of the reflectan-
Ce (1)

Thus @& is the index of phenomenal colour-scission; it ac
quires the function/of a coefficient of transparency only if the
other conditions (first of all a and t colours (2)) are held con
stant. And, phepOmenal colour scission being a necessary condi-
transparency, the latter is possible only if & is less

g

1 mere then O

o

CAlOR " O

(7N
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With! this definition of 4 , e above equation should not
ar

t
in any unknown symbol, as a and % e the mefileclance coef
Gs which measure the colours of the scission layers. There
owever an important difference between a and t: a is the
of the contiguous region A, and is therefore a known quan
of the known terms of the problem), while t, together
are unknowns of the equation (3,

-+ 1,

problem of phenomenal-eolour scission can be g1
formylations starting from the knowledge of the

nditions being equal, the transparency of an achrc
is an inverse fynction of the whiteness (or the
T the surface. The inverse relation between re-
phenomenal transparency can be easily shown using
of equal opening and different shades of grey.

|
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xperimenting with an episcofister it is easy to show that if

colour a (b) of the ground and the colour t of the rota-
sector are kept constagt, the transparency is a direct

the o p e p sector measured as a proportic-

60 [
L300 B s |4 beimgc vhe ‘size ‘et fthet r o & 2

H ot ot =

This sentence refers to thé transparency cases experienced in
everyday life or to the mgdels discussed here like Fig, 1, 2
6 etc. In these cases We can measure the reflectances of

egions A and P (B angl Q), while we do not know d), and
flectance of the tnéngparent layer T, In the special
: transparency obtdined through an episcotister the
known terms of the problem are the colour of the ground a (b),
the colour t of the rofating sector, and the size of the opecr
ey -
sector 4 i:j
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colours (or reflectances) of the regions A and P, &s it pessible—
to predict the proportion of in which the colour p is divided
among the two layers, and the colour®cf the transparent luyer e

The-answer—is—of—eourse-a.negative—one, bacause the unknowns
are two, and therefore the equation is inde tarmlnhtb.

It is perhaps suitable to look more deeply into the que
stion, because it can seem that, when the quantity /P is
divided into g and 1, if p and a are known, t is determi
ned, G

A way of clarifying the question is to begin by putting
1t into very simple terms. If p is divided” in t o e q ua 1l
part s, the equation simplifies to p/= 25_ or
P =%a + 3t, and in this case once g/ is chosen, 1 is
deftermined, If p'is & point on a uurment which repruscnts
the sequence of numbers from O to ¥, which identifies the
reflectances, that is the measure§ of achromatic colours,

a and t have to be on opposite gides of an d g t

t he 8 ame g s b n et ers teonep. s uiihatad s i
splits into two colours, each of which Ts half the quanti
ty of p, and which, RlXLu together once again give p (the
same colour in the same quantity).

But following the aboveé line of reasoning we have renoun
ced to one dimension of change, by fixing the proportion
of splitting as 0,5 t6 0,5, If we choose another splitting
retio, e.g8. 0,25 t0/0,75, end again consider p as a point
on the O-1 segment’, a and t have also to be on opposite
sides, but not at the same distance from p: the distance
of t from p had e 1/3 the distance of a from p. Is
means that if p are fixed, the colour of t (that is,
his position on BRIk

scale 01 the reflectances) depends
on the gplitting ratio of D.

But so far we have used only one half of the A P Q B model
(Fig. ! (%) and thus orWJ one half of the data, In fact we can write
2 second equation using b and q, that is

a/= dibis (1 - iy

and if we may put A= AV gnd t = t', which seems to be very
often, if not always, right (1), the system of two equations with
two unknowns is soluble. The solutions are
i p-a i aqg - bp
(a+a) - (b+p)

a-b

(1) There are cases where the perccived tra msparency of P and Q is
not the same,/As the colour of fhe transparent layer T appears
the same on both regions (that is t = t') it seems reasonable
to hypothesize A # A !, namely that in these cases the quanti
ty of colour assigned to T in the\ splitting process is_ diffe—
rent for the part of T covering A fr01 that cove TlPP B ‘

....J




this point it seems o.;”r*u;; to check the deduced formulas, that

s to see if and to what extent there is a correspondence between
heoretically deduced fuvmal and the facts,

Let us begin with the equation of the phenomenal scission
index w&. The equation definos the field of transparency, becau
se transparency is possible cnly for the values of ol between 0r
1 because as we have already seen ¢ = 0, (perfect opacity)
1 (perfect transparency) a the 1limiting cases where phe
scisgion is lacking, and tnulafO“o not to be considered
among transparency phenomena, of > 1 and o < 0 would mean
that one or the other layer would receive a negative quantity of
colour, a situation which is devoid of meaning,

Therefore two necessary conditions follow from +the formula

JP“QJ (otharwise_iﬁ bl

(a % b Q:trﬁ (
(e iB (

D q
L

3

(otherwise ¢ ¢ 0)

The first condition says that the difference between the re-
lectances of the regions A and B has to be greater than the dif-
between the reflectances of the splitting regions P and
N“éﬁthulj expressed it becomes a sufficient condition: if
nce in reflectance between the splitting regions P and
than the difference between the non splitting regions
cannot be transparency.

rig. 7*

This condition can be easily conbtrolled. Fig. & and ? show
we ldentical models with the y difference that in Fig;_ﬁ'the
lifference in reflectance between the internal semicircular re-~
ions is clearly less than the difference in re flectance between
the uxtuf al chions while in Fig. 2 the contrary in true., The
r that in F ‘ﬁﬂ end not in Fig. & transparency is percei
Y 0 see what h&ppuﬂ in another sample of £

eflectances are higher for lighter than for
& =
grey, in terms of (achromatic) colour the >
righter than", and the < symbol "darker than".

in
AHE
L
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gures (Pig. 8 and 96 which are constructed following the same
principle (1). In this case both figures can be perceived as tran
sparent, but different regions are transparent in each figure; that
is, the contiguous regions where the splitting phenomenon takes
place are always the regions between which there is less differen
ce in reflectanece, In this cadse the welation [a bl > |p-qg| has de
eided whiech reeionsitake vhe funetions of  p ‘and g, (that is,
become the splitting regions) and which take the functions of a
and b. Therefore in this case also, the above necessary condition
has been respected (2). —

P

The second condition can be espressed by saying that the
brightness gradient (or the fall of brightness-level) between p
and g on the one hand and between 2 and b on the other hand
must have the same direction (3).

This condition also may be checked. On Fig. kﬁ where tran-
sparency is generally perceived, this condition is respected be-
cause the splitting region which is contiguous to the brightest
region A, bthe P region,is brighter than the other splititing re-
gion, Q. If we reverse the brightness gradient between P and Q
(= ?7 transparency is no longer perceived.

p =
] [

Blion 0 Fig. 13

Fig.?%hl?ware alternations of the sequences B A P Q B A and

A B QP A B, The critical sequences, necessary for the arousal

of perceptual transparency are, of course A P Q B and (or)

B QP A, The addition of the squares A and B at the beginning _
and at the end of the sequence has only the effect of|render- ().
ing coercive and therefore general among subjects]/the percep-
tual organisation which gives rise to phenomehal¢transparency.

This is, of course, only an initial and very rough check. |6¥Fher
checks can-be-done construeting-models wheré] |p-aq| approaches
la—bpﬂ Tn..these-cases] the perception becomes ambiguous: there

is alternation between transparency of the central region (11

ke Fig.!®) and transparency of the peripheral region (like
Fig.19). In other words the law {a-b] > |p-a] holds only when

the difference between |a-b| and 1p—q{ reaches a cerﬁiin SAze,

The formulation can be simplified to (p>a)<e=>(a>b) or, yet'{f}f
Furthewrito L ps @ ifiwe define g b or b in lothen words, the S
brighter of the two shades of grey which form the ground, is

named a.
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her, less interqst;ng necessary conditions, it
ori the spiittfﬁglindEX‘equation that if the colour
layer T, is held constant (1), when the dif
ference betwec end b is much greater than the difference %
between d, there is little transparency (Fig. 1O Whe=
reas when the difference between a and b 1is hardly greater than
the difference between p and 4, transparency is great (Fig. T
o == aq - bp It hen alh o T ¢, 70 ‘ ;
The other fornula, +t = )~ 1S riore complica
(a+q) - (b+p) T -
ted and does not offer the opportunity of deriving sinple predic
tions. Nevertheless a way has been found to dersve qualitative
predictions also about the colour & of the transparent layer,

The original equation P=o0a+ (1-d)t can be given the
A = L g it has already been said, in the case of
a-t 3
sparency we have 0« ¢, < 1.

54

Let us consider first the disequation A > O, and therefore
s 2o S e
a-1
This condition implies that numerator and denominator of the
fraction are either both positive or both negative. We have there-
fore to take into consideration two casecs,

CASE 14

As numerator and denominator As numerator angd denominator
are positive, we have are negative, we have
(p-t) > 0, (a=t) =0 (p-t) < O, (a=t) . <0
therefore | p>t and as ¢ therefore [t>p and ts g
' T o

and vice S A then Teis

(%)

or

St

(o et e)

2

by (a »t)

(p>t) implies and is implie t »p) implies and is implied
y (t

- a)
- L

llow let us consider the second disequation, namely 4 < 1
therefore

mj

The necs i L keeping constant the colour of the transparent
layer 2pends on the formerly stressed fact that colour it
Se s faetor of transparency,




Dt
2 ° { l
a-1t >

with reference to both cases A and B:

CASE 2A CASE 2B

As (a-t) is positive, multi As (a-t) is negative, multi
plying both members of the Plying both members of the
disequation by (a-t), the di disequation by (a-t), the
rection of the disequation re direction of the disequation
mains unchanged changes

L o) > 0 (o)

P
..;t
— L

pha b s i(p b)) = (ot that ig (p=t) » (a=1)

and therefore | D <a and therefore P> g

ASSOCIATING 1A and 2A ASSOCIATING 1B and 2B

namely from the hypothesis that that is, from the hypothesis
nunerator and denominator that numerator and denomina
are positive, that is tor are negative, that is

from (p >t) === (a5 t) from (tap)e—3 (1a)
and p<a and Dp>a
it follows that it follows that

a>p>ti llt>p>all

Till now the consequences which followed from the above for
mula prove only what was a natural expect tation, namely that when
a phenomenal scission occurs, if one of the scission eolours a
or ©+ is brighter than the stlrulus colour D, then the other scis
sion colour (t or a) is necessarily darker.

But so far we obtained the above inferences only about the
areas A and P, Obviously, following the same line of thought, the
same algebraic relations are obtained about the areas B and Q.

The conditions are, therefore, for the areas A and P
SN 0 or B T e
and for the areas B and Q

or s b e b
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Putting together each of the alternative conditions for the areas
A and P with each of the alternative conditions for the areas Q
and B, the following combinations are obtained,

AC AD BC BD

S P =T S IR ST prsE 555 S e
by 4q >t > b D> T >4d »b

.The neaning of this operation is that by choosing a given bright

ness order for the regions A P Q B, we can predict the place of
L, the colour of the transparent layer, on the above sequence§or
brightness scaleg,

Of course, the occurrence of phenomenal transparency is not
guaranteed by these combinations, because transparency conditions
were taken into account for every half figure separately and not
for the figure as a whole. Therefore, if the previously inferred
necessary chromatic conditions of transparency are lacking, tran-
sparency cannot be perceived. The meaning of the combined bright-
ness sequences 1s, therefore, that if transparency occurs, then,
from the brightness relations between the areas, the degree of
brightness of the transparent layer can be predicted.

From the preceeding analysis three different cases follow

|

1. The transparent layer T is the darkest of the sequence (case
AC). If a>p eand b>q, t is the darkest of all, Combining
conditions A and C, two sequences, a>p>brags>t (Fig, 12)
and a>b>p>g st (Fig. 137 are generated which do not con-

flict with The necessary codditions of transparency (1).

-

(1) ey p “and b >q can also be combined to a sequence a>b>qg > p,
thgh would conflict with the necessary condition (a> bT&:&b(p> q)
and in fact in this case we do not perceive transparency. The

ombination a » (p=b)» g> t (where there are only 3 different
shades of grey) does not conflict with the necegsary conditions
of transparency: in fact under these conditions transparency
can be perceived,
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The transparenct layer T is darker than a and p and brighter
than g and b (cases AD and BC (1)). The sequefice obtained by
combinins conditions A and D g " g >P>xt>a>b (Fig.£,10,)x)
which does not conflict with the necbsaury conditions of tran
sparency.

The transparent layer T is the brightest of the sequence (ca-~
se BD). If p>a and q>b, t is the brightest of all. Combi
ning conditions B and D, Two sequences., +> p>a>q>b (Fig. 14)‘.
and +t >p>d>a>h (Flg 15) are genbrat>d “which do not con
flict with The neceSSary conditions of transpar ney.

I

Fig. b2 Fig. 15

Fig. \12 13 8, 14 15 that correspond to cases ta, b2,
3a, 3b can be con81derea an initial check of the above deductlons

The theory can be applied also in speci cases, when the dif
ferent shades of grey are 3 instead £ i = or a=qs; a=bh
and p=q being excluded because in is Se v 18 outside the
field of validity); and also to the cases of more then 4 diffe-
rent shades of grey,

e BC repeats case AD if a ingstead of being the brightest, is
darkest of the four regions.
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F, METELLI
(Padova, Italy)

A RESEARCH ON THE PERCEPTION OF TRANSPARENCY

In the research on Perception, important results have been
reached {frough the study of "illusions", namely phenomena where
perception feils to give correct information about the objective
situation.

In the case of the perception of transparency, illusions help
us to "see" the very problem. In fact, under normal conditions,
where we are perceiving as transparent what is permeable by lumi-
nous radii, there seems not to be aﬁy perceptual problem, But if
we put a sheet of transparent plastic, or a piece of glass on an
homogeneous background, we do not perceive it as transperent, whi
le in situations like Fig. 1, where there is no physicall transpa
rency, we perceive transparency (1); hence it is natural to ask

6neself the reason for these facts.

Pig. 1

It could be objected that in this case, as dn all the examples given
in this paper the impression of transparency is #ncomplete, poor,
and jet different from a "true" transparency, as perceived when we
look through a (codoured) glass of a window, or through the surface
of the sea.

The reason for this difference is that in our pictures three-
dimensionality is lacking, which is not a necessary, but a very po
werful condition supporting the impression of transparency. But com
paring real (= physical) transparency with apparent transparency un

o/o




An initial explanation can be attempted in terms of cues: nor
mal cues of transparency are lacking in the first case and present
in the second (a surface seen through a film appears altered in its
colour, because of absorbtion and reflection by the transparent
surface). But with irreguler figures, like Fig. 2 and 3, it is by
no means clear why we perceive in Fig., 2 two surfaces one seen
through the other, and not several juxtaposed blots as in Fig. 3.

Fig. 2 Fig. 3

In general terms, the problem of perceptual transparency can
be stated as follows: under which conditions the stimulation of a
group of visusl receptors of the retina gives rise to the percep-
tion of two surfaces, one of which is seen through the other?

This problem has been evidenced and discussed bynﬁgsﬂelmholtz# X
and ﬁ; Heriné? and further subjected to experimental researches by
Fuchs, Tudor-Hart, Heider, Koffka, Metzger, Kanizsa, Metelli.

It is easy to show that there are two orders of conditions

of perceptusl transparency, figural and colour-conditions, because ﬂvﬁu?
it is possible to abolish perceptual transparency by altering form

der the same conditions of bidimensionality (that is, comparing

a chess board LikpuBigad with a film of grey transparent plastic
on it, with & formally and chromatically identical model, but con
structed as a mosaic by Jjuxtaposition of 4 different shades of
grey opeque paper) the impression is the same, and nobody can say
where there is 2 sical transperency and where not,

kefipy
(1) . Hetu Lol 5 - m?,;;,@ﬁ/ma Gpleik, p- 313
E. 14%1 =




Fig. 5

The subject of this paper is & raseareh into the, colour cone
[1) ™ %rw 4& r-"v&} Wad
ditions in perceptual transparency. As-my.purpose kas—been to find

8 quantitative law about the influence of colour on the perception

TR
of transparency, mg—first task has been to choose & quantitative

expression of colour,

It is well known that for the definition of a colour, not less
than 3 numbers are needed’while for the definition of the different \\
shades of grey, from white to black (which are named achromatic co-
lours) only one number is needed, namely the index of reflectance
or albedo, the amount of light reflected from & unit area divided
by the emount of light it receives (the formule being L =-%, whe
re L stands for the coefficient of reflection or albedo, i stands )
for the intensity of reflected light and I for the intensity of
light falling into the srea). Since an absolute white reflects the
whole ﬁmount of light that it receives, while the absolute black
absorbs the whole light falling on it, the absolute white has reflec
tance 1, the absclute black, reflectance O and the various shades
of grey have coefficients of reflectance between 0 and 1.

For this reason;zkggiﬁgzg?omatic colours being univocally de
fined by one number, I-found—it suitable to begin by confining my
atudy to the field of acromatic colours, which from now on will be
named simply colours,

Let us start from a simple figure (Fig. 6) where subjects nor

mally perceive transparency. The figure has been chosen because it

This problem has been considered from a special point of view
in F, Metelli - Zur Analyse der phélnomenalen Durchsichtigkeits
erscheinungen (Gestalt und Wirklichkeit, Festgabe fiir F, Wein
handl, Berlin, lyéT}Ehat is chiefly devoted to the theory end
to a first analysis of the figural conditions of transparency.







reproduces the situation of transparency obtained by an episcoti
ster - a rotating wheel with open sectors -; the following conside
rations stand for both situationa but they %fe e$aier to, follow ¥

TR ;r p{}wi:k; "L\—-..d____,../ ? ‘
if we start with a model where{ angparency is obtained by Metzmer's the
1) X

method of juxtaposition of opaque surfaces.

| B

‘ kig, o Fig., 6a

In this figure - which can be considered as a general model
for perceptual transparency phenomena - we distinguish 4 different
regions, with four different shades of grey; we name them A P Q B
(capital) and the respective reflectances a p q b (small). The
stimulation originated by the P region produces 2 different percep
tual effects: we see an anterior layer T, which is trensparent, and
through this a second layer, the latter being of the same colour
as the contiguous region A. (The sam2 observation can be made for
the region Q, but for the moment, let us confine our argument to
P) (4). Therefore the perceptual phenomenon of transparency hes
been described as & case of perceptual scission - one of the much
studied scission-phenomena where one sort of stimulation produces
%—W‘Q‘-— W, M/tcbﬁ%(’e)‘c (Huz’?{ Ltl.ﬂu(écu_i it wf (983 pp j27 - 3\
() It has to be stressed that every figure in this paper can be

described according to the preceding scheme: there are always
two non-splitting regions, A and B, which constitute the ground,
and two splitting regions, P and Q, P splitting intoc A and T,
and Q splitting into B and T. One needs ornly to add that most
figures are serial repetitions of the sequence APQB alternated
with the inverse sequence BQPA., (See for ex, Fig. 1,2,4 where
two parts can be distinguished, an upper and a lower part, whe

re the two inverse sequences are easy to identify; and Fig.8-15,
where several horizontal sequences are identifiable).




two effects, as for example surface-colour and illumination (1).

At this point it is natural to ask oneself what is the rela-
tion between stimulus colour and scission colours., In our figure we
can easily perceive them all: the stimulus colour if we isolate the
P region, and the secission colours when we perceive transparency.

A simple solution to the above problem is due to G. Heider
end K, Koffka, who stated, and gave experimental proof that scission
colours are such that, mixed together according to Talbot's law, re
produce the stimulus colour, .

The example given by Koffka in his traatiaé#&s as follows, If
the stimulus colour is grey, and the conditions require that one of
the scission colours be blue, then the other scission colour must
be yellow.’ Symboliecally, if Y + B = G, then G - B = Y.

Heider and Koffka's theory is the starting point of this re
search.

It is clear that Heider and Koffke's formulation is not an al
gebraic formulation of the problem, because G, Y and G do not symbg
ligze numbers. But it is possible to give an algebraic formulafiqn :

(#
to g@e problem if we confine ourselves to acromatic colours, whigﬁ?
et tdoiee & Ul e e

cen-each of them be univocally defined by the measure of their re-.
fleetance. :

My line of reasoning has been the following. If according to
Heider and Koffka's statement, the same law (that is Talbot's law

(1) In fact, in this case alsc, as in the colour constancy phenome
non, if we isolate the region which is represeyted twice (that
is, in Fig. 6, the circle, which is perceived as a transparent
layer and as a part of the ground seen through it) the percep-
tual scission disappears, and we perceive only one layer.

(L){{l‘??// Ka - Truvtafylo [7 ;//%_({L f/) 470/»&/47? J Al r«% Donlk-193 % 42




in the special case of mixture through the colour wheel (1)) rules
colour-mixture and colour scission, then it is possible to use the
law of colour mixture for an algebraic description of colour-scis
sion.

Talbot's law says that if two acromatic colours, whose reflec
tances are g and b are mixed in equal quantities the reflectance of
the mixture ¢ is the aritmmetic mean of the two colours,
If the colours a and b are mixed in quantities m end n (m being the
quantity of g and n the quantity of b ) the reflectance of the
mixture ¢ isy e : ><f

Le= Eg;—%—-g,f ‘or, in other words, the reflectance of the mixtu

re-colour is the weighted average of the components, the weights
being the quantities of the components.

The same formula can be expressed in a more suitable form if
instead of the dbsolute guantities, we use as weights the proportions

m

(summing up to 1) of the components. Putting —— = & and
” ,

e l - &5 = 1 - ol the above equation takes the form
¢ = oa + (1 -al)b
ok and 1 -9¢ being the proportions in which the components are pre
sent in the mixture. :

But if Talbot's law rules both phenomena, colour mixture and
colour scission, then the eabove equation, describing colour mixture,
describes also colour scission, Since it is convenient to use symbols
according to the preceeding example, the colour ecissionm \

wequation will be used from now on in the form

L oe 1921, pil31
(1) According to Ostwald (Mathetische %ar%enlehr % ) the law of X
colour mixture goes back to Newton).




where p is the reflectance of the stimulus-colour, & the reflectan
ce of the second layer, 1 the reflectance of the first and transpa
rent layer, and ol and (1-g) are the quantities or more exactly the
proportions into which the stimulus colour has been divided in the
two layers (1).

But what meaning is to be given to quantities in this case?
Or rather how will perceptmly@ferent quantities of colour)ap-
pearfwhen distributed to equal surfaces? o

Different quantities distributed to equal surfaces can give
a8 a result only a difference in colour density., And on the first
layer a difference in colour density can appear only as & difference
in transparency, while on the second layer it can reveal itself only
through a difference in intensity which is correlative to the tran
sparency of the first layer. In other words, great density on the
first layer and little density on the second means little transpa
rency of the first and little intensity or little visibility of the
second layer; while less colour on the first layer means little den
sity or great transparency, and more colour on the second layer
means great intensity and great visibility.

Let us check this interpretation with the equation, What hap
pens if J = O, that is, if the first layer gets the whole colour of
'P,,rﬁ? In this case the equation reduces to p = £, and ﬁ; mm;&:%y
lour at all is not visible: we see only the first layer %, which is

completely opaque. Thus ol = O defines the limitin case of the
perception of an opaque surfacey WwfﬁQ.ﬁﬁ% A”%*Wmhfaﬁﬂa»“"

(1) It is perhaps opportune to remember that the=—Solows—0T the P re
gion is divided into two layers, A and T, and the surface of
each one is egusl to the surface of P.




And what happens if o = 1? In this case it is the second la
yerHLhich gets the whole colour thegzﬁyutlon of the equation being
P = a) and the first laye d§£5%%;:;; completely. This means that
the first layer is perfectly transparent and therefore wholly invi-
sible,

In both these cases (o{ =0 and ol = 1) there is no colour secig
sion and obviously n U%E;;;:'encye olour soission Dosl r“@;giy in
the intermediate cases, that is when of is between O and 1.

Which then is the meaning of the coefficient gL , which has a
maximum value 1 when the transparency is perfect, & minimum value O
when there is no transparency at all, and has a high value when a
1little quantity of the scission-colour comes to the first layer,
and therefore the transparency is great, and a low value if a great
quantity of the scission colour comes to the first layer, and there
fore the transparency is little?

The obvious inference seems to be that ¢, - which measures
the proportion of colour going to the second layer seen through the
transparent one (the intensity or clearness with which the second
layer is perceived) - measures the degree of transparency and is
therefore a coefficient of transparency. But quantitative experi-
ments show beyond any doubt that transparency depends also on the

chromatic quality of the first layer, and therefore g is only a

factor of tranaparancy..ﬂgi-second factor is phenomenal colour, that

is colour measured by the logarithm of the reflectance (1).

(1) A1l other conditions being equal, the transparency of an achromatic
surface is an inverse function of the whiteness (or the reflectan
ce) of the surface. The inverse relation between reflectance and
phenomenal transparency can be easily shown using episcotisters
of equal opening and different shades of grey.
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Thus o is the index of phenomenal colour-scissioni)it acquires
the function of a coefficient of transparency only if,§§&03r~h§_rise
held constant. And, phenomenal colour scission being a necessary con-

dition of trensparency, the latter is possible only if o is less then
1l and more then O,

With this definition of ol, the above equation should not
contain any unknown symbol, as @ and t are the reflectance coefficients

which measure the colours of the scission layers. There is, however

~

ean important difference between @ and t: & is the oolour of the con

s

tiguous region A, and is therefore a known quantity (one of the known

\

4

terms of the problem), while t, together with oL, are the unknowns
of the equation.(n)

//?"ﬂ '/p

In fact the problem of phenomenal colour scission can be given

7202

the following formulations: starting from the knowledge of the colours
(or reflectances) of the regions & and Ppis it possible to predict

1579

the proportion o« in which the colour P is divided among the two

99 1)

layers, and the colour of the transparent layer t7

The answer is of course a negative one, bacause the unknowns

ZSQf?
/"/21*/7"5777 2, h

are two, and therefore the equation is indeterminate.

</
V

It is perhaps suitable to look more deeply into the question,
because it can seem that, when the quantity P is divided into g end t,
if p and g are known, t is determined. :

A way of clarifying the question is to beginA by putting it s;iﬁ’f
{ into very simple terms% b ¥, P is divided into equal parts, the equation *;

simplifies to p =8 or p = %a + 3t, and in this case once 8 is

chosen, X is determineéd, If p is & w‘pc:lnt on, & , aegnzm: which rg;gresents
the sequence of numbers from O to I & aﬁ&""have o b6 on opposit;
gides of and at the same distance- from P. That is, P splits into two
colours, each of which is half the quantity of p, and which, mixed to
gether once again give p (the same colour in the same quantity).

But following the above line of reasoning we have renocunced
one dimension of change, by fixing the proportion of splitting as O 5
to 0,5. If we choose another eplitting ratio, e.g. 0,25 to 0,75, and
again congider p as a point on the O-1 segment, g.andjg have also to

‘_77»1'7-1/?7)‘-72 /% ’/7,4/ ¢ //Z /

p7s

(1) Experimenting with an episcotister it is easy to show that if
the colour g (b) of the ground end the colour t of the rota-
ting sector are kept constant, the transparency is a direct
function of o 36Othe © pen sector measured as a proportion
of 360° = __g::iv f being the size of the r o ta t in
sector). " 360 e . y

This sentence refers to the transparency cases experienced in
everyday life or to the models discussed here like fig, 1, 2,
4, 6 ete, In these cases we can measure the reflectances of
the regions A and P (B and Q), while we do not know oL and
the reflectance of the transparent layer T. In the special ca
se of transparency obtained through an episcotister the known
terms of the problem are the colour of the ground a (b), the
colour t of the rotating sector, and the size of the open
sector ol .
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be on opposite sides, but not at the same distance from ps the di-
stance of t from p has to be 1/3 the distance & from p. Is means
that if p and a are fixed, the colour of depands on the splitting

ratio of P» meimmm’%mmm&m%w
ween splitting ratio and eoleour of the transpearent layer,

But so far we have used only one half of the A P Q B model
L
(Fig. 7) end thus only one half of the data. In fact we can write

& second equation using b and q, that is
qg= &' + (1= )t

and if we may put L= o' and t = t', which seems to be very often ,
if not always, right (1), the system of two equations with two un-
knowns is soluble, The solutions are

e aq - bp
o= ’ (a+q) = (b+p)

At this point it seems opportune to check the deduced formulas , that
is to see if and to what extent there is a correspondence between
theoretically deduced formulas and the facts,

Let ue begin with the equation of the phenomenal scission
index A . The eguation defines the field of transparency, because
transparency is possible only fofl the values of ¢ between O and 1;
because as we have already seen o = 0, (perfect opacity) and d =1
perfect transparency) are the limiting ceses where phenomenal scis-
sion is lacking, and therefore not to be considered among transparency

(1) There are cases where the perceived transparency of P and Q is
not the same, As the colour of the transparent layer T appears
the seme on both regions (that is + = t') it seems reasonable
to hypothesigze o # o'y namely that in these cases the quantity
of colour assigned to T in the splitting process is different
for the pnrt of T covering A from that eovering B, -But_it——is-alr




&

phenomena., A > 1l and od < O would mean that one or the other la
yer would receive a negative quantity of colour, a situation which
is devoidﬁf meaning.

Therefore two necessary conditions follow from the formula

&)1 |il-b| > |p=a] (otherwise o > 1)

5)2. (a>b) <= (p>q) (otherwise o < 0)
(a<b) «=3» (p<a)

The first condition says that the difference between the reflectan
ces of the regions A and B has to be gresater than the difference
between the reflectences of the splitting regions P and Q (1). Ne
gatively expressed it becomes a sufficient condition: if the dif
ference in reflectance between the splitting regions P and Q is
greater than the difference between the non splitting regions A

and B, there cannot be transparency,

Fig. 7 FPig. 8 Fig. S

This condition Qan be easily controlled, Fig. 6 and 7 show
two identical models with the only difference, that in Fig. 6 the
difference in reflectance between the internal semicircular re-
gions is clearly less than the difference in reflectance between
the external regions, while in Fig. 7 the contrary in true., The

(1) As measures of reflectances are higher for lighter than for
darker shades of grey, in terms of (achromatic) colour the >
symbol means "brighter than", and the < symbol "darker than®,
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result is that in Fig. 6, and not in Fig. 7 transparency is percei
ved. It is interesting to see what happens in another sample of fi
gures (Fig. 8 and 9) which are constructed following the same prin
ciples (1). In this case both figures can be perceived as transpa-
rent, but different regions are transparent in each figure; that
is, the contiguous regions where the splitting phenomenon takes

place are always the regions between which there is less differen

ce in reflectance, In this case the relation ]a;b;;-ip-ql has de
cided which regions take the functions of p and g, (that is, be

come the splitting regions) and which teke the functions of a and
b. Therefore in this case also, the wbove necessary condition has
been respected (2).

The second condition can be espressed by saying that the
brightness gradient (or the fall of brightness-level) between p and

(1) FPig. 8-15 are alternations of the sequences B A PQ B A and
ABQPFADB., The critical sequences, necessary for the arousal
of perceptual transparency are, of course A PQ R and (or)

B QP A, The addition of the squares A end B at the beginning
and at the‘fhd of the sequence has only the effect of render

ing coercive and therefore general among subjects the percep-
tual organisation which gives rise to phenomenal transparen-

cy.

This is, of course, only an initial and very rough check. Other
checks can be done constructing models where }p—q{ approaches
]a—b§ . In these cases the perception becomes ambiguous: there
is alternation between transparency of the central region (1i
ke Fig. 8) and transparency of the peripheral region (ILike

Fig. 9). In other words the law {a-b} > |p-q| holds only when
the difference between ja—hf and |p—q} reaches a8 certain si
ze,




q on the one hand and between a and b on the other hand must have
the same direction (1).

This condition also may be checked. On Fig. 4,where transpa

rency is generally perceived )thie condition is resp}ected Ly because
the splitting region which is contiguous to the brightest region
A, the P region, is clearer than the other splitting region, Q.
If we reverse the brightness gradient between P and Q (Pig. 5)

transparency is no longer perceived.

Pig., 10 Fig. 11

Besides othery less interesting necessary conditions )it can
be derived from the splitting-index equation jshat if the colour 1
of the transparent layer T, is held conatant‘%‘ when the difference
between @ and b is much greater than the difference between p and
q, there is little transparency (Fig. 10), whereas when the diffe-
;ence between a and b is hardly greater than the difference between
P and g, transparency is great (rig. 11).
aq - bp
(a+q) -~ (b+p)
and does not offer the opportunity of deriving simple predictions,

The other formula, t = is more complicated

Nevertheless a way has been found to derive qualitative predictions w“"/-&!?’

(1) The formulation can be simplified to (p>q) @«=> (a>D) or, yet
further to psq if we define as b, or, in other words, the
brighter of the two shades of grey which form the ground, is
named &. ; ,.

2) Thandy N’Wf’ ip Courlad Ke coloiy of T Gonntfotesd
)2}_!7» (/{ \“ flé«—(-f’ VZ’—L,(' Vied 4/4,_ [hecf CLL7~551~~¢4,A(

v(, g(/‘([ o /Lk(/LG"C (&/ @/vaJJ/vC\ L(’u,/




about the ceolour of the transparent layer.

The original equation p = & + (1 =)t con be given the

form ok = -—5;—;— - A8 it has already been said, in the case of transpa

rency we have 0 < o <1,

Let us consider first the disequation o > 0O, and therefore

p=1t _
h P 8]
a=1t >

This condition implies that numerator and Zenominator of the

fraction are either both positive or both negative. We have therefo

re to take into consideration two cases.

CASE 1A
As numerator and denominator
are positive, we have
(p=t) > 0, (a=t) >0

therefore p.t and a, t
or
if pp»t then as t and viceversa

or

(p>t) €= (a>t)

(p>»t) implies and is implied
by (2> t)

CASE 1B

As numerator and denominator
are negative, we have

(p=-t) < O, (a=t) < O

therefore tsp and tya
or
if t5p then t > =&

or

(t>p) €= (t>a)

(tsp) implies and is implied
by (t >a)




Now let us consider the second disequation, namely o = 1 and

therefore

p=1t
8-t

<1

with reference to both cases A and B,

CASE 24

As (a-t) is positive, multiplying
both members of the disequation
by (a=t), the direction of the
disequation remains unchanged

_§E£=(3~f) < 1 (a=t)

that is (p-t) ¢« (a=t)

and therefore P<a

ASSOCIATING 1A and 2A

¥namely from the hypothesis
that numerator and denominator
are poaitivei;that is

from (p-;.t) o (ast)
and g rLa
it follows that

a»py»t

CASE 2B

As (a-t) is negative, multiplying
both members of the disequation
by (a~t), the direction of the
disequation changes

P (atd s 1 (a-t)

that is (p-t) s (a=t)

and therefore P e

ASSOCIATIRG 1B and 2B

1that is, from the hypothesis that
numerator and determinator are
negative?)that is

from (t>p) @ (tya)
and psya&
it follows that

t>ppra




Till now the consequences which followed from the above for-
mula prove only what was a natural experctation, namely that when
& phenomenal scission occurs, if one of the scission colours a or
I is brighter than the stimulus colour p, then the other scission
colour (t or a) is necessarily darker.‘-

But so far we obtained the above inferences only about the
areas A and P, Obviously, following‘XQ;ME%me line of thought, the
same algebraic relations are obtained\the areas B and Q.

The conditions are, therefore, for the areas A snd P

A, grprt or B. tspsya
and for the areas B and Q
C. b»g>t or De t>qs%bd

Putting together each of the alternative conditions for the areas A
and P with each of the alternative conditions for the areas Q and B,
the following combinations are obtained.

AC AD BC "BD
8as»ps t a>p>t t>pra typ>a
bsgst t>93b byg >t t3q3b

The meaning of this operation is that by choosing a given brightness
order for the regions A P Q B, we can predict the place of t, the

colour of the transparent 1aye?}on the above sequence, or brightness

scale,

Of course, the occurrence of phenomenal transparency is not
gueranteed by these combinations, because tr&éparency conditions
were taken into account for every half figure separately and not for
the figure as a whole. Therefore, if the previously inferred neces

sary chromatic conditions of transparency are lacking, transparency




cannot be perceived. The meaning of the combined brightness se-

quences is, therefore, that if transparency occurs, then, from the

brightness relations bhetween the areas, the degree of brightness

of the transparent layer can be predicted.

1.

From the preceeding analysis three different cases follow
The transparent layer T is the darkest of the sequence (case AC),
If a>p end b > 9y t is the darkest of all. Combining condi
tions A and C, two sequences, a>» P>brax>t (Pig. 12) end

2> ﬁ"y p>a >t (Fig. 13) are generated which do not conflict

with the necessary conditions of transparency (1).

The transparent layer T is darker than a and E and brighter than )/
g and b (cases AD and BC (2)). The sequence obtained by combi-

ning conditions A end D is arp>t>asd (rig. 8, 10, 11)

which does not conflict with the necessary conditions of transps

3e

rency.

The trsnsparent layer T is the brightest of the sequence (case
BD). If pya and g>b, t is the brightest of 2ll. Combining
conditions B and D, two sequences, t>p>axa»b (Pig. 14) and
tspsgasa>b (Fig. 15) are generated, which do not confliet

with the necessary conditions of transparency.

Fig. 12 Fig. 13 Fig. 14 Fig. 15

(1) 25 p and by g can also be combined to a sequence a>bsg >D,

which would conflict with the necessary condition (__g:- b) e (_E)_g_)
and in fact in this case we do not perceive transparency. The
combination a3(p=b) » q» t (where there are only 3 different shades |
of grey) does not conflict with the necessary conditions of
transparency: in fact under these conditions transparency can
be perceived,

Case BC repeats case AD if a, instead of being the brightest,
is the darkest of the four regions,




Fig. 12, 13, 8, 14, 15 that correspond to cases la, 1b, 2,
3a, 3b can be considered an initial check of the above deductions.

The theory can be applied alsoc in special cases, when the
different shades of grey are 3 instead of 4 (if a=p or a=q;
e=b and p=q being excluded because in thie case 5 is outside
the field of validity); and also to the cases of more then 4 dif
ferent fields of grey.
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F. METELLI
(Padova, Italy)
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A RESEARCH ON FF L TRANSPARENCY

(Summary)

In the research on Perception, important results have been
reached through the study of illusions, namely phenomena where

perception fails to give correct information about the objective
situation.

In the case of the perception of transparency, illusions
help us to "see" the very problem., In fact, under normal condi-
tions, where we are perceiving as transparent what is permeable
by luminous radii, there seems not to be any perceptual problem,
But in Fig. 1 where there is no perception of transparency al-
though the circle of ylastics is physically transparent, and in
Fig., 2 where subjectsjcommonly have the impression of transpa-
rency although being aware that there is no physical transparen
cy 1t is natural to ask oneself the reason for these facts,

An ini%ial explanation can be attempted in terms of cues:
normal cues of transparency are lacking in the firsgt ,case and
present in the second (a surface seen throuchjﬁ{smokgd_glass ap

o
3 - . Ay 2 Lo U TR Treetfiatve A Ara
pears less-bright, because of absorbt;on 9£;gipaﬁ£3e£.%heflﬁ@ ~ 9 | %

¥

nous-radii-refteeted by the surface), But'wifh'irreguléfwfiéﬁfes,f?-f
like Fig, 3 andlg, it is by no means clear why we perceive in
Fig. 7} two surfaces one seen through the other, and not several

juxtaposed blots as in Fig. By or why-exchanging-colours-in-—the
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oard we perqe&?é four rectangles seen thrﬁugh a tranSpa-
surfacein #1g. 5, and 8 re€tangles in“Fig. 6.

Fig, ﬁ

The examples show thét perceptual tramsparency depends on
two orders of conditiongg figural and colour conditions. Colour
is here to be understoofl in the wide meahing, which includes,
as colours, also the different shades o6f grey (acromatic colours).
I shall report here /how starting from a theoretical point of
view I tried to deduce laws about colour conditions for transpa
rency.

The perceptual phe€nomenon of transparency may be descri-
bed as a chromatic scission. Whenever we percgive transparency
there is a region Which is represented twicey like two strata
with two differeny” colours or shades, one of which is seen through
the other. But if we isolate this region, we perceive only one
layer:; and the/colour of this layer corregponds roughly to the
stimulation qf the region of the F?tina o which it projects its
inage. / 7 1 A~

Facts may be described as £ollows (Fig, 7 and 8): there is

/

Fig. " Fig. Ba

a retinal stimulation p, and while in general this stimulation
causes the perception of a surfdace P, under special conditions
it gives rise to two perceptual objects, a transparent surface T
and behind this an opague surface A, What will the precise rela
tion he between the three colours p, t, a of the surfaces

i ey

There is a law - which/ goes back to Newton - describing
the opposite phenomenon, namely not the scission phenomenon

/ E,_____‘_- :
, but the fusion pQEHomenon b-f’i c. The existence of

St )




Be
:
this law (@albotts—1law) suggested the hypothesis that as it pre
dicts the result of fusion of two colours, it could also rule
the opposite field of colour scission, that is the field of tran
sparency, allowing the prediction of the result of colour scis-
sion.

For gimplicity we have to confine ourselves to the case of
achromatic colours, that is of the different shades of gray, from
black to white:; th:i:se are measured by the index of reflectance
or albedo, which gives 1 for absolute white, O for absolute
black, and the numbers between 1 and O for the different shades
of grey.

Talbot's law is expressed by the equation
a8 41 <D '=1¢c

where a and b are the starting co ours (measured by their albedo),
ok and ( ~-06) the proportions in/which the starting colours are
taken, and ¢, the resull of theimlxture.

|

If the hypothesis is right{ the same equation, read in the
opposite direction, should describe quantitatively the splitting
of the colour p into the colours/ a end t : p=da + (1 -d&)t

At first glance, the hypothesis seems to be unfruitful, be
cause while in the case of the fusion there is only one unknown,
namely the albedo of the fusion colour ¢, in the case of split
ting there are three unknowns, a, t and &. But it is easy %o
note that a is the same colour |as the protrudlng (and directly
measurable) part of the object which is localised behind the

transparent layer; so the unknown? are only o and -G,

Therefore, setting up a second equation, with the same un
knowns, which is possible, making certain allowances, the systenm
is soluble, and the solutions allow us to check the hypothesis.

{ :

|
|
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P ALing
Perceptual transparency is the’impression of s&?ggrfhrough

Q/
a medium or an object, It willk be shown that this phenomenon dipends

on special conditions; and these are not the conditiong’ of physical

transparency, namely permeability by luminous radii. As a matter of
fa;t, physical transparency is Weither a necessary nor a sufficient
condition of perceptual trahsparencygﬁfg:;g are situations where the
re is phySiogl but not perceptual transparency, and on the contrary,
situations qéfe there is perceptual but not physical transparency

(Fig. { | l ). w»—l,\ Em‘.‘g:?

Sosumen Caemm i

e
It is ¢asy to show that there are two orders of perceptual

\L

conditions of" transparency, figural and color—conditlons, becausﬁdh it

is possibile to abolish perceptual transparency either altering form(}lv“)

or color. (Fig. l%‘“f-,’f) L
)20 "éJZ In® TR
The subject of this Lee%&%e—is a research about color condi—

A

tions in perceptual transparency$[my p%urpose has been to find a

W
quantitative law about the influence of mmXkmme col: k'on the perception

NP — h\LMGLf[rﬂ
of transparency;')ﬁNLAuillaaudge +f and-tddlewhere T have been suc

: T

"%74M%/first task has been to choose a quantitative expression of

colour,
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law) rules colour-mixture and colour scission, then it is possible

.r\'- 1A

e Talbot's law says that if +wn acrjﬁgtic colours, w pse re-
(’\.iﬂ.L Yy . i byt~ 24 wumm ' .

Il ot ______,_______‘_________f-———-»—-"-au_- . \-

flectances are @ andlr are mixted in\ quantitiss V'm and n
a
(m being the quantity of &, and n

.?“
tance of the mixture-is

& ;
CH = AT or, ipl other words, the reflectance of
m+ n

the mixture-colour is the weighted average of the components, the

weights being the quantities of the components.

1

The formula can be expressed in a more suitable form us&ng
we [TRY- s L-f"lrj"

a8 welghs instead of the absolute quantlties}the proportions (sum-
' 447 .M _4.
) = - = |

ot
)

: ming up to 1) of the components Ve Ll
ey clovre ey -

C ¥= oLa (l -d.)é A and 1 -@ being the proportiona in

which to components are present in the mixture,
But if Talbot's law rules both phenomena, colour mixture

%
and colour scission, then the abowe equation, describing colour

":'f’H{'"-r ~; .'~.'~""l | alepn i'“"‘ U4

mixture, describes also colour scission. InwihasmeaseM p is e A

reflectance of the stimulus-colour, a the reflectance of the se-
cond layer, ¥kxx + the reflectance of the first and trasparent '

layer, and ok and (l-ci) are the quantities or exacter the proL \

T4
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regions are transparent in every figure; that is, the contiguous
regions where the splitting pljenomenon takes place are always the
regions between which there is less difference in reflectance, In

this case the relation ]a—b] lp—q! has decided which regions

I
F

take the functions of p ‘and a) and which. 'l:he functionfof a and b,
L.H ':“L.
Therefore, also in this caae\;’the above necessary condition has
A
been respected. "

£y

The second condition can be espressed |saying that the bright—

ness gradient (or the fall of brightneas-level) between p and g

A ;;\’ orta . b r‘l ? iy -/E"} rn ‘,‘)
' one—sides emd between a and b ev&hem-je&e»a must hava the same direction.

__.,_.-—"-“—"‘"'—-—--—... e eti—

S
w |The formulation can be simplified (p>a) &> (2> b) or, yet s_:Lm-

Nok | _plery to p>q if we define a>Db, or, in other words, the brighter
of the two shades of grey, which form the ground) is named a In-

| this—ease, the necessary eonditionis—p5>.0q. o,

Also thilL condition may be _sulmiid;ed-w—a-contro‘?r “on Fig.ﬁ 9

where transparency is generally perceived this condition is re-

e Tiw. -W‘f:&ﬂét?‘ﬁi&j‘*@
spected, because thehregi[on which is contiguous toV ﬁ,g the’P regiony——

is elesrer than the other splitting region, Q. If we reverse the
brightness gradient between P and Q (Fig. :% ) #t—+mmot—pessible

. : A C
seo-perceive trahsparency.s o] v Tl AL
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is mese darker than each of the regions A P Q B; in the case AD, that
is when a2 is brighter than p, ajmd q is brighter than b, the brightness

sequence is exactly defined by asp>ts>qyb and the transparent

layer T is brighter than t é/regions Q and B, and darker than A and

In the case BD, wHich is the contrary of the case AC, the tran-
sparent layer T is the brightest, The BC combination repeats the case
AD, where the trang@arent layer T has a midway position in the bright
ness sequence; on’é in this case b is bfighter than a, and q is brighter

than p, a brightngss relation which had been excludedzzixing asb

in order to av?&d use;ess\f?petitions.él oo
The theory héé;iéba applfgd also/dn gpecial cases, when the dif-

ferent shades of grey are 3 i@@ead of 4 (if a=p or a=q; 2=b and

p=q being excluded because in this case ol trespasses the field of

validity)s and also to the cases of more then 4 different felds of

grdy).
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P, METELLT
(Padova, Italy)

A RESEARCH ON THE PERCEPTION OF TRANSPARENCY

In the research on Perception, important results have been
reached through the study of "illusions", namely phenomena where

perception fails to give correct information about the objective
situation,

In the case of the perception of transparency, illusions
help us to "see" the very problem. In fact,; under normal condi-
tions, where we are perceiving as transparent what is permeable
by luminous radii, there seems not to be any perceptual problem.
But if we put a sheet of transparent plastic, or a piece of
glass. on an homogeneous background, we do not perceive it as
transparent, while in situations like Fig. 1, where there is no
physical +transparency, we perceive transparency (1); hence it
is natural to ask oneself the reason for these facts.

Fige 1

(1) It could be objected that in this case, as in all the examples
given in this paper the impression of transparency is incomple -
te, poor, and however different from a "true" transparency, as
perceived when we look through a (coloured) glass of a window,
or through the surface of the sea,

The reason for this difference is that in our pictures three-
dimensionality is lacking, which is not a necessary, but a very
powerful condition supporting the impression of transparency.
But comparing real (= physical) transparency with apperent
transparency under the same conditions of bidimensianality
(that is, comparing a chess board with a film of grey transpa
rent plastic on it, with a formally and chromatically identl
cal model, but constructed as a mosaic by juxtaposition of 4
different shades of grey opaque paper, like Fig. 4) the im-
pression is the same, and nobody can say where there is physi
cal transparency and where not,




2.

An initial explanation can be attempted in terms of cues:
normal cues of transparency are lacking in the first case and pre
sent in the second (a surface seen through a film appears altered
in its colour, because of absorbtion and reflection by the tran
sparent surface). But with irregular tigures, like Fig 2 and 3.
1t is by no means clear why we perceive in Fig. 2 two surfaces
one seen through the other, and not several juxtaposed blots as
insRins 3%

Tl sl 02 e on

In general terms, the problem of perceptual transparency
can be stated as follows: under which conditions the stimulation
of a group of visual receptors of the retina gives rise to the
perception of two surfaces, one of which is seen through the
other?

This problem has been evidenced and discussed by Helmholtz
and Hering (1), and further sub jected to experimental researches
by Fuchs, Tudor-Hart, Heider, Koffka, Metzger, Kanizsa, Metelli.

It is easy to show that there are two orders of conditions
of perceptual transparency, figural and colour-conditions: in
fact it is possible to abolish perceptual trangparency by alte-
ring £orm. (Mg, 2.3) oriecolounr (Bis. 4.,5),

A

Jikabyos st B, 5

(19 He Helmholtz - Physiologische Optik, p.407 and following.
E. Hering - Uber die Theorie des simultanen Kontrastes von
Helmholtz, 4. Mitteilung, Pfllgers Archiv 43,
1888




3.

The subject of this paper is a research into the colour con
ditions in perceptual tramsparency (1). As the purpose of this stu
dy was to find a quantitative law about the influence of colour
on the perception of transparency, the first task has been to cho
o0se a quantitative expression of colour,

It is well known that for the definition of a colour not
less than 3 numbers are needed, while for the definition of +the
different shades of grey, from white to black (which are named achro
matic colours) only one number is needed, namely the index of re-
flectance or albedo, the amount of light reflected from a unit
area divided by the amount of light it receives (the formula being

L = ,%_ » Where L stands for the coefficient of reflection. or al-
bedo, i stands for the intensity of reflected light and I for the
intensity of light falling into the area). Since an absolute white
reflects the whole amount of light that it receives, while the ab-
solute black absorbs the whole light falling on it, the absolute
white has reflectance 1, the absolute black reflectance 0 and the
various shades of grey have coefficients of reflectance between 0
ang. 1,

For this reason - the achromatic colours being univocally
defined by one number it appeared suitable to begin by confining
my study to the field of acromatic colours, which from now on will
be named simply colours.

Let us start from a simple figure (Fig. 6) where subjects
normally perceive transparency. The figure has been chosen because
it reproduces the situation of transparency obtained by an episco-
tister - a rotating wheel with open sectors -; the following consi
derations stand for both situations, but they are easier to follow
if we start with a model where perceptual transparency is obtained
by the method of juxtaposition of opaque surfaces (2).

Fig, 6 Fig. 62

(1) This problem has been considered from a special point of view
in P, Metelli - Zur Analyse der ph#nomenalen Durchsichtigkeitg
erscheinungen (Gestalt und Wirklichkeit, Festgabe fHr F. Wein
handl, Berlin, 1967), that is chiefly devoted to the theory
and to a first analysis of the figural conditions of transpa-~
rency.

This method is due to W, Metzger (Gesetze des Sehens, II" ed.
1953, pp. 127-8). In the figures of this paper phenomenal tran
Sparency is obtained by juxtaposition of opaque surfaces,




4.

In this figure - which can be considered as a general model
for perceptual transparency phenomena - we distinguish 4 different
regions, with four different shades of grey; we name them A P Q B
(capital) and the respective reflectances a p q b (small). The
stimulation originated by the P region produces 2 different per
ceptual effects: we see an anterior layer T, which is transparent,
and through this a second layer, the latter being of the same co-
lour as the contiguous region A. (The same observation can be ma-
de for the region Q, but for the moment, let us confine our argu-
ment to P) (1). Therefore the perceptual phenomenon of transparen
cy has been described as a case of perceptual scission - one of the
much studied scission-phenomena where one sort of stimulation pro-
duces two effects, as for example surface-colour and illumina-
tion (2).

At this point it is natural to ask oneself what is the rela
tion between stimulus colour and scission colours. In our figure
we can easily perceive them all: the stimulus colour if we isola
te the P region, and the scission colours when we perceive tran-
sparency.

A simple solution to the above problem is due to G,Heider
and K, Koffka, who stated, and gave experimental proof that scis
sion colours are such that, mixed together according to Talbot's
law, reproduce the stimulus colour.

The example given by Koffka in his treatise (3) is as fol-
lows., If the stimulus colour is grey, and the conditions require
that one of the scission colours be blue, then the other scission
colour must be yellow. Symbolically, if ¥ + B = G, then G - B = Y,

(1) It has to be stressed that every figure in this paper can be
described according to the preceding scheme: there are always
two non-splitting regions, A and B, which constitute the
ground, and two splitting regions, P and Q, P splitting into
A and T, and Q splitting into B and T, One needs only to add
that most figures are serial repetitions of the sequence
APQB alternated with the inverse sequence BQPA. (See for ex.
Fig. 1,2,4 where two parts can be distinguished, an upper
and a lower part, where the two inverse sequences are easy to
identify; and Fig, 8-15, where several horizontal sequences
are identifiable).

In fact, in this case also, as in the colour constancy pheno
menon, if we isolate the region which is represented twice
(that is, in Fig. 6, the circle, which is perceived as a tran
sparent layer and as a part of the ground seen through it) the
perceptual scission disappears, and we perceive only one la
yer.,

K. Koffka - Principles of Gestalt Psychology, New York, 1935,
pp. 260-264,




5,

Heider and Koffka's theory s the starting point of this re
search,

It is clear-that Heider and Koffka's formulation is not an
algebraic formulation of the problem, because B, Y and G do not
symbolize numbers. But it is possible to give an algebraic formu-
lation to the problem if we confine ourselves to acromatic colours,
using reflectance as their measure.

My line of reasoning has been the following. If according
to Heider and Koffka's statement, the same law (that is Talbot's
law in the special case of mixture through the colour wheel (1))
rules colour-mixture and colour scission, then it is possible to
use the law of colour mixture for an algebraic description of co
lour-scission.

Talbot's law says that if two acromatic colours, whose re-
fleciances are & "ard b are mixed wnfequel quantdties . the refice

tence of the mixture c 1s the ‘aritmetic mean of the ‘two colours,

cC = a;b . If the’colours g and b are mixed in quantities m and n

(mn being the quantity of a and n the quantity of b) the reflectan
ce of thermixture c g

ma + nb
n+n

C.._

or, in other words, the reflectance of the mixture-colour is the
weighted average of the components, the weights being the quanti
ties of the components.

The same formula can be expressed in a more suitable form if
instead of the absolute quantities, we use as weights the propor-

tions (summing up to 1) of the components. Putting ﬁ%ﬁ =L and
n m

— el —Riee e the above equation takes the form
m+n m+n

chZ darpelralege)p

ol and 1 - % ©being the proportions in which the components are
present in the mixture.

But if Talbot's law rules both phenomena, colour mixture and
colour scission, then the above equation, describing colour mixture,
deseribessalsoncoloursgcission,Since it is.convenient,to use syn
bols aeccording.tosthesrpreceeding: example, the colour scission egua
tieon willsbewused.from now..on.in. the.form

D—aleaetellee @)t

where p is the reflectance of the stimulus-colouri, a the reflectan
ce of The second layer, + the reflectance of the first and tran-
sparent layer, and &, and (1l-¢& ) are the quantities or more exactly

(1) According to W. Ostwald ( Mathetische Farbenlehre, Leipzig
1921, p. 131) the law of colour mixture goes back to Newton.
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the proportions into which the stimulus colour has been divided
in the two layers (1).

But what meaning is to be given to quantities in this case?
Or rather how will perceptually appear different quantities of co
lour when dlstrlbutod to equal surfaces?

lefprent quantities distributed to equal surfaces can give
as a result only a difference in colour density. And on the first
layer a difference in colour density can appear only assa differen
ce in transparency, while on the second layer it can reveal itself
only through a difference in intensity which is correlative to the
transparency of the first layer. In other words, great density on
the first layer and little density on the second means little
transparency of the first and little intensity or little visibili
ty of the second layer; while less colour on the first layer means
little density or great transparency, and more colour on the se-
cond layer means great intensity and great visibility.

Let us check this interpretation with the equation. What hap
PeHs (IE Tl = 0. thab ia, T bhe Finst lagors i gets the whole co-
Tour of P = In this case the equation reduces to p = U, and
the second layer, having no colour at all, is not visible: we see
only the first layer T, which is completely opaque. Thus d. =
defines the limiting case of the perception of an opaque surface on
the top of another surface.

And what happens if o = 1? In this case it is the second la
yer A which gets the whole colour (the solution of the equation
being p = a)-and the ifirst layer T, having no colour, disappears
completely. This means that the flrst layer is perfcctly transpa-
rent and therefore wholly invisible.

In both these cases (f = and oL = 1) there is no colour
scission and obviously no pperptlon of transparency: colour scis
sion takes place only in the inermediate cases, that is when o« is
between O and 1.

Which then is the measing of the coefficient ¢, , which has
a maximum value 1 when the transparency is perfect, a minimum va-—
lue O when there is no transparency at all, and has a high value
when a little quantity of the scission-colour comes to the first
layer, and therefore the transparency is great, and a low value
if a great quantity of the scission colour comes to the first la
yer, and therefore the transparency is little?

The obvious inference seems to be that &, - which measures
the proportion of colour going to the second layer seen through
the transparent one (the intensity or clearness with which the se

(1) It is perhaps opportune to remember that the P region is divi
ded into two layers, A and T, and the surface of each one is
equal to the surface of P,
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cond layer is perceived) - measures the degree of transparency
and is therefore a coefficient of transparency. But gquantitative
experiments show-beyond any doubt that transparency depends also
on the chromatic quality of the first layer, and therefore & is
only a factor of transparency. A second factor is phenomenal co-
lour, that is colour measured by the logarithm of the reflectan-
ce (1)}

Thus @k is the index of phenomenal colour-scission; it ac
quires the function of a coefficient of transparency only if the
other conditions (first of all a and t colours (2))-arc held cen
stant. And,. phenomenal colour scission being a necessary condi-
tion of transparency, the latter is possible only if &L is less
then 1 and more then O,

With this definition of o , the above equation should not
contain any unknown symbol, as a and t are the refluct neesicoef
ficients which measure the colours of the scission layer hemne
is, however an important difference between g and t: g is the
colour of the contiguous region A, and is therefore a known quan
tity (one of the known terms of the problem), while t, together
with & , are the unknowns of the equation (3).

In fact the problem of phenomenal colour scission can be gi
ven the following formulation: starting from the knowledge of the

(1) A1l other conditions being equal, the transparency of an achro
matic surface is an inverse function of the whiteness (or the
reflectance) of the surface. The inverse relation between re-
flectance and phenomenal transparency can be casily shown using
episcotisters of equal opening and different shades of grey.

Experimenting with an episcotister it is easy to show that if
the colour a (b) of the ground and the colour t of the rota-
ting sector are kept constant, the tramsparency is a direct
function of o, , the o p e n sector measured as a proportion

of 360° (QL = éég_:_ﬁL

<%0 k Q being the size of the r o t a
53 mele. S gectom),

This sentence refers to the transparency cases experienced in
everyday life or to the models discussed here like Fig. 1, 2,
4, 6 etc. In these cases we can measure the reflectances of
theYregions “Aland &P (B and Q), while we do not know o and
the reflectance of the transparent layer T. In the special
case of transparency obtained through an episcotister the
known terms of the problem are the colour of the ground a (E),
the colour t of the rotating sector, and the size of the open
Scetor 4 .




8.

colours (or reflectances) of the regions A and P, is it possible
to prediect the proportion c{ in which fthe colour p is divided
among the two layers, and the colour of the transparent deyer (7

The answer is of course a negative one, bacause the unknowns
are two, and therefore the equation is indeterminate.

It is perhaps suitable to look more deeply into the que
stion, because it can seem that, when the quantity p is
divided into a and %, if p and a are known, t is defermi
ned, T

A way of clarifying the question is to begin by putting
it intor very! simple “fermgi it 'p jodivilded i n t o0 e qu a
parts, the equation simplifies to p = &= or
P =32 + 3t, and in this case once a is chosen, 1t is
determined. If p is a point on a segment which represents
the sequence of numbers from O to 1, which identifies the
reflectances, that is the measures of achromatic colours,

a and t have to be on opposite sides of a2 ned a t
bilhe. 9. m e d 9580 a0 e e Hrom pe dhat g D
splits into two colours, each of which Ts half the quaht;
ty of p, and which, mixed together once again give p (the
same colour in the same quantity).

But following the above line of reasoning we have renoun
ced to one dimension of change, by fixing the proportion
of splitting as 0,5 to 0,5. If we choose another splitting
e 1oy e a0 0, R his ot IOHIb e diiasain eonsider p as a point
on the O-1 segment, a and t have also to be on opposite
sides, but not at the same distance from p: the distance
of £ from p has to be 1/3 the distance of a from p. Is
meens that IF P and g are Fixedisthe colour of b Tthat al(sl s
his position on the 0-1 scale of the reflectances) depends
on the splitting ratio of p.

But so far we have used only one half of the A P Q B model
(Big. 7) 2nd thus only one half of the data. In fact we can write
a second equation using b and g, that is

g = dlbe (1l - oC!)s!

and if ‘we 'may put ol =K U0 and b= t', which seems to be very
often, if not always, right (1), the system of two equations with
two unknowns is soluble. The solutions are
pP-g aq -~ bp
A = —

a-b L (a+q) - (b+p)

(1) There are cases where the perceived transparency of P and Q is
not the same. As the colour of the transparent layer T appears
the same on both regions (that is +t = t') it seems reasonable
to hypothesize A # (A', namely that in these cases the quanti
ty of coloeur asgsigned to T in the ‘splitting process 'is!diffe—
rent for the part of T covering A from that covering B.
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At this point it seems opportune to check the deduced formules, that
is to see if and to what extent there is a correspendence between
theoretically deduced formulas and the facts.

Let us begin with the equation of the phenomenal scission
index @ . The equation defines the field of transparency, becau
se transparency is posgsible only for the values of o between 0
and 1; because as we have already seen ¢ = 0, (perfect opacity)
and A = 1(perfect transparency) are the limiting cases where phe
nomenal scission is lacking, and therefore not to be considered
among transparency phenomena. of > 1 and < O would nmean
that one or the other layer would receive a negative quantity of
colour, a situation which is devoid of meaning,

Therefore two necessary conditions follow from the formula

15 fa—bf > fp—q[ (otherwise d. ¥ 1)

2. (an b)ss=d (p >
e <Pl ==y}

g; (otherwise ¢ ¢ 0)

The first condition says that the difference between the re-
flectances of the regions A and B has to be greater than the dif-
ference between the reflectances of the splitting regions P and
Qi) Negatively expressed it becomes a sufficient condition: if
the difference in reflectance between the splitting regions P and
Q is greater than the difference between the non splitting regions

A and B, there cannot be transparency,

Pilg, 19 Fig. 8 Pig. 9

This condition can be easily controlled. Fig. 6 and 7 show
two identical models with the only difference +that in Fig., 6 the
difference in reflectance between the internal semicircular re-
glons is clearly less than the difference in reflectance between
the external regions, while in Fig. 7 the contrary in true. The
result is that in TFig., 6, and not in Fig. 7 transparency is percei
ved. It is interesting to seec what happens in another sample of i

\8 neasures of reflectances are higher for lighter than for
arker shades of grey, in terms of (achromatic) colour the >
ymbol means "brighter than", and the . . symbol "darker than",
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gures (Fig: 8 and 9) which are constructed following the same
principle (1). In this case both figures can be perceived as tran
sparent, but different regions are transparent in each figures; that
is, the contiguous regions where the splitting phenomenon takes
place are always the regions between which there is less differen
ce in reflectance., In this case the relation |a-b| > |p-a| has de
cided which regions take the functions of p and q, (that is,
become the splitting regions) and which take the functions of a
and b. Therefore in this case also, the above necessary condition
has been respected (2).

The second condition can be espressed by saying that the
brightness gradient (or the fall of brightness-level) between p
and g on the one hand and between = and b on the other hand
must have the same direction (3).

This condition also may be checked. On Fig. 4, where tran-
sparency is generally perceived, this condition is respected be-
cause the splitting region which is contiguous to the brightest
region A, the P region,is brighter than the other splitting re-
gion, Q. If we reverse the brightness gradient between P and Q
(Fig. 5) transparency is no longer perceived.

Fig. 10 Big: 11

(1) Big, 8-15 are alternations of the seauences B A PO B A and
A B Q P A B, The critical®sequences, neceasary for the arousal
. of perceptual transparency are, of course A P Q B and (or)
B QP A, The addition of the squares A and B at the beginning
and at the end of the sequence has only the effect of render-
ing coercive and therefore general among subjects the percep-
tual organisation which gives rise to phenomehal transparency.

Thilss 18, of ‘courses: only an dnitaal, and wery rough cheeckt{” Otvher
checks can be done constructing models where |p-q| approaches
la-b|. In these cases the perception becomes ambiguous: there
is alternation between transparency of the central region (1i
ke Fig., 8) and transparency of the peripheral region (like

Fig. 9). In other words the law |a-b| > |p~q} holds only when
the difference between |a-b| and |p-q| reaches a certain size.

The formulation ‘can be simplified to «(p>q)&=(a >b) or, yet
Burther ftorfipisiq enifiweiidefimesya > b, or, in other woxds, the
brighter of the two shades of grey which form the ground, is
nemed a.
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Besides other, less interesting necessary conditions, it
can be derived from the splitting-index equation that if the colour
L of the transparent layer T, is held constant (1), when the dif
Terence between a and b is much greater than the difference
between p and q, there is little transparency (Fig. 10), whe-
reas when the difference between a and b is hardly greater than
the difference between p and q, transparency is great (Fig. 11).

I ag - bp .
The other formula, t = is more complica
(a+q) - (b+p)
ted and does not offer the opportunity of deriving simple predic
tions. Nevertheless a way has been found to derive qualitative

predictions also about the colour +t of the transparent layer,

The original equation Pp=o0a+ (1-¢g)t can be given the
Porp o= B2Y - Roiit hes already been said, in the case of
a-=1

transparency we have O <€ o < 1.

Let us consider first the disequation ¢ > 0, and therefore
p-t

0
a==1 >

This condition implies that numerator and denominator of the
fraction are either both positive or both negative., We have there-
fore to take into consideration two cases.

10

CASE 1A CASE 1B

As numerator and denoninator As numerator and denominator
are positive, we have are negative, we have

(p-t) > O, a1 (p-t) < O, (a=t) < O
therefore p>t ¢ ] therefore t> p and t> a
or or

IE - pdEathen ez if ity D then

versa
or o

: ] s !

L (p>t) &= (axt) | | (5>p) &> (tya) |

(p>t) implies and is implied (t >p) implies and is implied
by (a %) by (t.>a

Now let us consider the second diseguation, namely o« < 1
and therefore

(1) The necessity of keeping constant the colour of the transparent
layer T depends on the formerly stressed fact that colour it
self is a factor of transparency.
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p~T
a~t

// !
~

il

with reference to both cases A and B.

CASE 2A

As (a-t) is positive, multi
Pplying both members of the
disequation by (a-t), the di
rection of the disequation re
mains unchanged

ﬁw e

that 1isl i p=t) 2 adt)

and therefore P <a

ASSOCIATING 1A and 2A

namely from the hypothesis that
numerator and denominator
are «pesitive o that 49

from (p>1t) €= (a > 1)
and Dp<a
it follows that

g > D> b

CASE 2B

As (a-t) is negative, multi
plying both members of the
disequation by (a-t), the
direction of the disequation
changes

p-t

- -
_a-t

that is (p-t) > (a=t)

and therefore

pP>a

ASSOCTATING 1B and 2B

that is,-from the hypothesis
that numerator and denomina
btoxr are negative, that is

fromt(ts ple—2abtna)
and &p N
it follows that

ey )

Till now the consequences which followed from the above for

nula prove only what was a natural

expectation, namely that when

8. phenomengi seciggion ocours, 1f one of kkhe cerdcsion colours @ 8
or & ig brighter than the stimulus eolour p, then the obther seis
sion colour (E or g) is necessarily darker.

But so far we obtained the above inferences only about the
areas A and P, Obviously, following the same line of thought, the
same algebraic relations are obtained about the areas B and Q.

The econditions are,; therefore, for whe areas A and B

A, S N or

B,

C > D > 8

and for the areas B and Q

@ b GRS or

:Do

i 0>
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Putting together each of the alternative conditions for the areas
A and P with each of the alternative conditions for the areas Q
and B, the following combinations are obtained.

AC AD BC BD

apiip 3t 2 >abiy U it e iU >igps a
% g S o Sl ol Bl 5 Aot b

.The meaning of this operation is that by choosing a given bright
ness order for the regions A P Q B, we can predict the place of
1, the colour of the transparent layer, on the above sequence or
brightness scale,

Of course, the occurrence of phenomenal transparency is not
guaranteed by these combinations, because transparency conditions
were taken into account for every half figure separately and not
for the figure as a whole. Therefore, if the previously inferred
necessary chromatic conditions of transparency are lacking, tran-
sparency cannot be perceived, The meaning of the combined bright-
ness sequences is, therefore, that if transparency occurs, then,
from the brightness relations between the areas, the degree of
brightness of the tramsparent layer can be predicted.

From the preceeding analysis three different cases follow

1. The transparent layer T is the darkest of the sequence (case
AC). If a>p and b>g, t is the darkest of all. Combining
conditions A and C, two sequences, a>psb>g>t (Fig, 12)
and a>b>p>q >t (Fig. 13) are generated which do not con—
flict with The necessary conditions of transparency (1).

L) gasp and bsd cen alse be combined o a scduenece a> b><_q__>B,
which would conflict with the necessary condition (&> b)e==(Dp> q)
and in faech in this ease we do not pereeive sthangparency, The
combination a > (p=b)y a> t (where there are only 3 different
shades of grey) does not conflict with the necessary conditions
of transparency: in fact under these conditions transparency

can be perceived.
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The transparenct layer T is darker than a and p and brighter
than g and b (cases AD and BC (1)). The sequefice obtained by
combining conditions A and D is 820D b >xdidibie o(Big .8, 10,11 )
which does not conflict with the necessary conditions of tran
sparency.

The transparent layer T is the brightest of the sequence (ca-

se BD). If p>a and q>b, t is the brightest of all. Combi
ning conditions B and D, Two sequences, t>p>a>q>b (Fig, 14)
and t>p>asa>b (Flg 15) are generated, which do not con
fliet with thes necessary conditions of transparency.

Big, 1A flo.pilb

Bioee 120 8 Oy dldis 15 - that conrcisponds . coses 1age lbgws?,
Ja, 3b can be considered an initial check of the above deductions.

The theory can be applied also in special cases, when the dif

ferent shades of grey are 3 instead of 4 (if a=p or a=q; a=b
and p=q Dbeing excluded because in this case & 1is outside the
field of validity); and also to the cases of more then 4 diffe-
rent shades of grey,

(1) Case BC repeats case AD if a instead of being the brightest, is
the darkest of the four regions,
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As qualitative controls confirmed predictions inferred
from transparency equations, quantitative research has been
done, in order to see if, starting from the reflectancies of
the A P Q B regions, calculations of @¢ and t gave acceptable va
lues.

Before summarizing results it is however necessary to
reconsider the conditions of validity of the above equations
and inequalities.

i eeteof alles: equati ons ((3)s.and (4. haves not been ob—
tained by generalising experimental results, but deduced from
an hypothesis, Therefore they consider only the reflectancies
of Ghe Ay B QL B necions and not

other conditions, like figural ones and -color
contrast effects.

6 i eascy Lo nobice that im our Simpler modells (Fis. 5)
as well as in the checkboard figures, figural conditions are
by no means neutral (1); however, figurally neutral models can
be constructed (Fig., 16)., What cannot be avoided without pre-
venting transparency is the mutual influence of colours.

However from colour contrast and figural influences only
minor disturbances should be expected. The fundamental condi-
tions of validity of the equations defining the degree of tran
sparency and the colour of the transparent layer are, as has
been stressed above,the equality of of and X', t and t';

that is, the equality of the degree of transparency and of the
colour of the transparent layer in the P and Q regions.

Phenomenal transparency appears in other forms, whose
conditions have not yet been studied: besides qualitatively
different forms (2), which cannot be analyzed here, there are

(1) In order to avoid figure-ground reversals, conditions have
been manipulated so as to give the central region '"figure"
character and therefore favoring phenomenal scission in
this region. In Fig, 16 where every pair of contiguous res
gions hasgs the same chance of acting as splitting regions,
and only chromatic conditions are influencing the phenome
non, perception is often unstable and subject to sudden
changes.

In some models the majority of subjects describe the tran
sparent layer as a shadow (when its colour is dark) or

8o o sigin tor i chn Ywhen arus eoliour st oriicht) & There
are also situations where the transparent layer is descri
bed as wet or polished - and therefore endowed with a sort
of extra-reflectance.
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quantitative differences in the degree of transparency between P
and Q regions, which have to be considered very carefully to de-
cide which equations are apt to describe the phenomenon. For this
purpose we have to distinguish three cases: 1) balanced transparen
cy (the transparent layer is homogeneously transparent), Only in
this case do the above equations for ¢& and t properly apply.

2) Unbalanced transparency (the transparent layer is more trangpa
rent elther on,.the P or on the QF recdion, Ins this ease:the diffe-
rence in transparency could possibly be evaluated (f. ex o = 2¢(!)
and the system of equations in 2 unknowns solved, 3) Partial
transparency: the layer is transparent on the P or the Q region
onillys (see Bao 7))

Bsife wH6

Quanibibative comtrolicf theuvalidity of the hie{ "Hada it formu
lae has been accomplished in two different ways: namely a) about
70 models like Fig, 8-15 have been constructed, combining diffe-
rent shades of achromatic colours of known reflectance, and ¢f
and t values have been calculated for each model, b) experiments

have been done with an apparatus like that shown in Fig., 16, where
3 of the 4 squares were changed systematically with different shades
of achromatic colour of known reflectance, w?ilﬁ in the fourth one
a "colour-variator" changed continuousl itséchromatic colours from
white-to black. As a result, two classes of transparencies could

be distinguished, a first one where ¢l and t values were compati
ble, and a second one where the values were outside the realm of
validity of the above indices. The two classes differed in the

ol lowinme Way s g modeilis oif *the *rype el 8 ginia S always gave
compatible results, while in the other four brightness sequences
non compatible results also appear~d. b) compatible results were
obtained in cases of '"balanced transparency'", that is where the
degree of transparency at the P and the Q region was equal or si-
milar, while uncompatible results were obtained where transparency
was clearly unbalanced or partial. As the transparency equa-—
tions are valid only for cases of balanced transparency, this re-
sullcieant ivettedken adiian empied eal | contdu mmeait on ot ithe i syaliidaty,
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At this point it seems suitable to discuss the meaning of
thr formulations reached through the quantitative expression
of the phenomenon of transparency and their related algebraic
developments.

First of all, the quantitative expression of the phenomenon
(equations (1) and (2)) mades clear that there are two parame-
ters of transparency, ¢ and t, the degree of transparency and
the color of the transparent layer. Until the equation of color
fusion had been used to describe transparency, it was not clear
(fom ex: inello don cand Koffkals formulation) that two variables
had to be taken into account, and it could appear that, knowing
the reflectancies of the stimulus color p and of one od the
scission colors a, the other scission color t would already be
determined.

Solving the system of two equations in two unknowns, (1)
and (2), the expressions (3) and (4) were obtained, which are
the laws relating the degree of transparency and the color of
the transparent layer to the reflectancies of the regions de-
termining the phenomenon.

Because of its simplicity and the opportunity it offers of
inferring perceptually testable necessary conditions for transpa
rency, only the equation of the transparency corfficient @[ has
been used. But it has to be stressed that both equations (3)
and (4) are necessary for determining when transparency is possi

ble. The two equations (the solutions for ¢ and for %) and

the necessary conditions deduced from both, are thus functio-

ning as a system of two filters. What one Ffilter axcludes is
excluded in a definitive way (from ecach one of the equations suffi
2ient conditions for =n o n T r e n S pe ®men ey Gan be
deduced); but what one filter lets go through has to pass also the
screening of the other filter,

Finally it should be remembered that all preceding formula-
tions have been deduced from a theory and not obtained empiri-
cally as a generalisation from experimental data. Dhis faet 15
responsible for the extreme simplicity of the equations as eX-
pressions of conditions acting in pure form, free from undesired
influences and from errors. They refer to "ideal" abstract si-
tuations not experimentally reproducible, taking into account
only factors considered in the equations: the irfluence of figu
ral conditions, which are always acting in concrete situations
of transparency, favouring transparency more or less oOT making
it impossible, and of phenomena of interaction among contiguous
surfaces (contrast, equalisation) are not considered. The con-
ditions of validity of the above laws are explicitly givens: the
ol and t equations are valid only for the case of uniformity
of transparency (= g') and colour (%t = ') of the transparent
leyer: @




Abnormal results (0 and/or t negative or greater than 1)
indicate that for those particuiér values of the indipendent
variables a, p, 4, b 1t is impossible to obtain equal transpa
rency and equal color of the transparent layer in the P and Q
regions. If in these cases transparency is perceived, it is a
form of unbalanced transparency, for which conditions of = A'
and/or t = t' are not present, and therafore equations (3) and
(4) are net valid, nor are. the necessary conditions inferred
from them.

In the above conditions, instead of A=Ay &= c ' (where
¢ is a coefficient which can be approximately evaluated (for
eX., ¢ = 2 1f the degree of transparency perceived on the P re-
gion is twice as much as that perceived on the Q region) and
the same can happen for t. But then the system of two equations
in two unknowns is no longer linear, and its solutions have not
the simplicity which was their main quality.

An interesting exception is given by the case of partial
transparency whers there is transparsncy only on the P or on
the Q region (namely, of{=0 while &' # 03 or the contrary).
In this case solutions are especially simple and they allow fur
ther inferences which can be tested exXperimentally. It is intere
sting to note that almost all cases of unbalanced transparency ob
served till now appear to be cases of partial transparency.

It has to be remembered finally that unlike the and t
~rquations and inferences drawn from them, the asymmetric rela-
tions allowing us to predict the color of the transparent layer
constitute a system of propositions of a more general order,
since they have been deduced without requiring the condition
that =

A last point to be clarified concerns the parallelism between
chromatic fusion and scission. Heider and Koffka's theory from
which this research had its start, assert that there is a paral
lelism between chromatic fusion and transparency, interpreted




L9,

1 1

as chromatic scission. The fact that it has been possible to

use the chromatic fusion esguation to derscribe chromatic scission,
may seem to be a further confirmation of that parallelism, Cn

the contrary, it makes evident its limits.

In chromatic fusion -~ we are il dealing with achromatic
colours — a change in the degree igh thbS of a component
can be compensated for by a change of the proportion in which
this component is present in the mixture; e.g., the same result
can be obtained by adding bto black a 1little quantity of white

or a greater quantity of light grey. In other words, qualitative
and quantitative changes of the components have the same effect,
since they both modify the fusion colozr.

On the contrary, in chromaticiseilgsion, scission colors
and the propeortion of celet = distnibubtion din Whe First {T?ag
sparent) layer and the second (seen through the first) layer give
rise to different phenomena, 1 amnly colour and degree of transpa
rency). Besides, the fact that unlike colour fusion, the process
of colour scission involves four contiguous regions (three in
the case of partial transparency) and is defined by a system of
two equations in two unknowns i3 another characteristic differentia
ting the two phenomena.

Appendix,., Only the equations for the privileged case of balanced
transparency have been given in this paper. Since unbalanced and

epspeclally partlal transpasencysk iy EEe Taite L& 14wt
table to develop the nqu(tlovJ for these cases.

Partial transparency equations are very simple. If the P or
the Q region is not perceived as transparent, there is no per-
ceptual scission in this region, and all the colour belongs to
the. superficdal dayer. Tsethat G5, 4f sthe P megcion, s, nob. tran_
sparent we have t = p (and i e oy yihesil Reodon. shai ds not
g oo Rt b b 1G8),

(1) While in simple models partial transparency is easily noticed
and described, in more complex models, like our chekher-board
figures, this aspnct of the phenomenon is easily neglected
by subjects. In order to get this information subjects have
to be asked if the A region phenomenally goss on and . is visl
ble under P, as well the B region under Q. In some cases
(as, for example Fig. 8-11) subjects do not perceive any
difference, or on]y a slight one, while in other cases (as
f. ex. Fig. 13-15) a difference between A—P and B-Q is obser
veds for ekample, ih Fig, 14-15 the srey resion A 4 neow
perceived under the light grey region P, while the dark re-
gilon B igieliearly pnrcongd under the l]whtor megilion QL T
sub jects are not asked to give &n analytic d@soflptlon, they
have only an overall impression of transparency.




@ace 1. Only the P wesion ilg btrangparents Gthat is & £ C
&' = 0. In this case thelequationilq = A'v + (1 -~ of')t reduces
WO B =

Then, t being a known quantity, the other-equation :
P -@da+ (1:i-d)t  takes the form p =ga + (@ ¢ )q, and having
only one unknown can be solved for & , that is’ ‘ :

e s

&ieq

Considering again the limiting conditions o £ 1, &4 > O,
we see that from_gi « | andUeing by defdnibiren 'py-q, we inier

a » p and therefore,

réjsp >q Necessary condition for partial tran
R sparency, when q = t.

In this case from the other limiting condition é{ » 0
we cannot infer anything new. Therefore the above condition gua
rantee 8 that the value of o is within the validity interval.

The above relation a P _ g 'dIs then the necessary condl
tion for PO transparency; that is, for itransparency in the P
region and opacity in the Q region. This means that in only
three of the five order-of-brightness relations studied before,
namely . ax p% by@ and ety vy i adds e Npis g s b adis eaSe
1 of partial transparency (region P transparent and Q opagque)
possible. This inference can be tested.

Another point which deserves to be stressed is that the
above necessary condition does not concern the B region. That
means that in this case the B region can asgume any color (even
the same color as A) without affecting the phenomenon. This in
ference can also be tested.

Cagse 2. Only the Q region is transparent.

Here the necessary condiftion is p»d>b. In this case
the color of A is undetermined, and the phenomenon is again Ppos
sible only in three of the five order-of-brightness relations
o the APQB vegiong: nametlly 8 afs o S @ESiol = ih s o s Gfb oD aid s e s b

In the cases of unbalanced transparency the difference in
transparency for P and Q can be evaluated (f.ox.oﬁzrl,BCX')
and the system of 2 equations in 2 unknowns (which in these cases
are guadieabic), Jtudieds
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