© © o ¢ o & © 0 & 0o O _

:7 f:r-:'..'Lé{l_‘_. r'/z'@h'ft, 4\:" z»%& & s_ .j}"t_tdr;[ =5
aYo bl Grabal K ﬁ»/ Gl sifeolye il
cof Co V. CSiitfondia e

?e—pcé—ﬁ* Ce:‘?f( /Lté‘oui “"‘C‘L"”' /@—9’_“ m e
}L}’[ [i‘-t.k.-": g %%k\ﬁ% é(f.cc{‘
4 C’Q_L‘A‘ ﬁ-}/%z—ftb\,% (,El.‘{:l,_één'

r—(ﬁ/[, = 8 {_,Lu_.-{: A O

ot s S

) b . e
'{L N Ee L R ]/‘(_L,(f 14\ (3 .i_.-«,)Z o=

e

WLL E~ /ZCH_ i C“f& 24 /-kL-:\ Terr '),./Céc - B A-_——‘.‘l_/{\.

Uﬁt”‘-&’b /(&Z’CL /é=8 /uu*z «:-QL/ AR e

LL c:%l.up.?_h b V=S fr‘-@l"f\«/lféﬂf (éz/g
/Lff”‘t_f_ PAEIS Lt B b Lot """—/*'
g\LLLL/(ﬂ ;:fﬁ (\_Q\%'w L[ }/‘J_{t_,'{a!rl,‘ec‘r. é/ﬁ, \f\ j—{(/ﬂ
e SR

fz-C - /2_“"“;\_-

® 6 6 & & ¢ & ¢ o o o o o oo o o

-



A psychophysical study of Fuchs phenomenon
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ABSTRACT. The Fuchs phenomenon (i.e., the perception of
transparency when the object seen through transparency
lies on a homogeneous background, and does not jut out
under the transparent layer) is studied here by the nu-
merical rating method in two experiments, with the use of
achromatic colours. The results of the first experiment
show that the degree of transparency depends on the dif-
ference in colour between the object and the background.
The results of the second experiment suggest that the
processes producing the phenomenon are different in na-
ture from the processes producing the kind of transpar-
ency most frequently studied, in which the object juts
out under the transparent layer.

1 INTRODUCTION

If we look ét an object lying on a chromatically
homogeneous background, through a chromatically homo-
geneous filter, so that the background is so wide that
its contour entirely includes the contour of the filter,
and the filter is so wide that its contour entirely in-
cludes the contour of the object (case 1 in figure 1,
where the proximal stimulation is depicted) then the
filter is perceived as transparent both on the background

and on the object. If the object is displaced on the back-




ground so that it now juts out under the filter (case 2
in figure 1), the filter is still perceived as transpar-
ent. If the object is further displaced so that now it
is entirely out of the filter (case 3 in figure 1), the
filter is compellingly perceived as opaque. (See Fuchs,
1923.)

This kind of transparency in which only three prox-
imal surfaces are involved and no contour is intersect-
ing (case 1 in figure 1), is termed here as the Fuchs
phenomenon. So far, experimental results have been ob-
tained primarily in studies of transparency using pat-
terns producing four proximal surfaces with intersecting
contours (case 2 in figure 1; Metelli, 1970, 1974 a, 1974
b, 1975; Kanizsa, 1980; Metelli, Masin, and Manganelli,
1981), and patterns producing only two proximal surfaces
(case 3 in figure 1; Masin and Idone, 1981). The Fuchs
phenomenon has never been studied quantitatively. The two

experiments reported in the following sections had the

purpose. to quantitatively explore this phenomenon. The

first experiment was aimed at detecting the chromatic re-

lations that affect the degree of perceivéd transparency.

The second experiment served to check on Koffka's (1935)

qualitative explanation of the Fuchs phenomenon.




2 EXPERIMENT 1

2.1 METHOD

2.1.1 Subjects

There were twenty subjects. They were students and

personnel at the Psychology Department.
2,1.2 Stimuli

The subject sat on a chair, and a chin rest was used
to keep the eyes level with the stimulus. Two exactly Super-
imposed glass sheets of 1.5 x 220 x 275 mm were put in a
rectangular wooden frame, 2.5 m distant from the subject's
eyes. Behind the subject there was a homogeneous black
curtain (reflectance about .05). The wooden frame was first
placed on a plane frontal-parallel to the subject, then
slightly tilted of about 7 deg backwards so that the glas-
ses in the frame reflected only the uniform black curtain
just above the subject's head. Thus, from subject's stand-
point no reflected image could be detected in the glasses.
Six frames, with two glass sheets in each of them, were
built. A (Kodak Wratten No 96) achromatic gelatine filter
was placed in between the two glasses of a frame so that
the filter appeared as suspended in space in the middle of
the frame. A given achromatic filter, of 72 x 76 mm, had
one of the following transmittances: .10, .15, .25, .40,
.65, or .80. At 2.9 m from subject's eyes, an achromatic

background cardboard of 210 x 250 mm, tilted 7 deg back-

wards and parallel to the frame, was placed exactly behind




the frame. A small achromatic square of 23 x 23 mm was
stuck in the middle of the background. The position of
the square on the background was such that the subject
perceived it in the middle of the filter (as in the case
1 depicted in figure 1). The subject viewed the scene bi-
nocularly. Ten backgrounds, with a square on it, were
constructed. Half the backgrounds had a reflectance of
.16, and the other half had a reflectance of .60. The
reflectance of a square on a background of these two sets
of backgrounds was .04, .11, .25, .45, or .75 (Hesselgren
papers). The light came from neon tubes on the ceiling.

The illumination level was of 60 1x.

2.1.3 Procedure

The subjects were shown at random all the sixty com-

binations of the filters and squares on the background. A
given combination was presented once. For each combina-
tion, the subjects were asked to assign a number from 1
to 9 to each filter according to the degree of perceived
transparency of the filter (the higher the degree, the
greater the number). Before starting the experiment, the
subjects were shown an example of a very high degree of
transparency, and one of a very low degree. A session

lasted about half an hour.

3 RESULTS AND DISCUSSION

The results are reported in tables 1 and 2, as the
means of 20 subjective estimates of the degree of apparent

transparency, for all combinations of the transmittances




of the filter and the reflectances of the square seen
through transparency. Table 1 refers to the dark background
having a reflectance of .16, and table 2 to the light back-

ground having a reflectance of .60.

In figure 2, the estimated degree of transparency is
plotted as a function of the reflectance of the square,
for the dark (left) and light (right) background. The
curves, drawn up by eye, fit the data points correspond-
ing to the indicated transmittances of the filter. The
standard error of a mean estimate varies between .2 and
1.2 the size of a dot. All subjects showed essentially

the same pattern of results. (Notice that the scale of

measurement for the apparent degree of transparéncy obtain-

ed here is ordinal.)
et

As may be seen, the perceived degrée of transparency
of the phenomenal filter diminishes as the difference in
colour between the square and its background diminishes.
Since the filter is perceived as opaque when this difference
is null (Fuchs, 1923), it is assumed that, by extrapola-
tion, the curves pass through the point of origin (.16, 0)
for the diagram on the left, and (.60, O) for the diagram

on the right.




We must now ask why phenomenal transparency occurs
in the Fuchs phenomenon for a given difference in colour
between the square and its background. Koffka (1935, ph
261), the only author who dealt with a theoretical in-
terpretation of the Fuchs nhénomenon, tried to explain
it as follows. Let a blue-coloured episcotister revolve
at fusion speed in front of a square having a comple-
mentary colour. If the square is stuck on a black back-
ground, a Fuchs phenomenon is generated so that a blue
disk-shaped phenomenal surface (genérated by the episcot-
ister) is perceived as transparent in front of a yellow
square against a black background. Howevér, if we look at
the square through a reduction screen, we perceive a grey
colour, which is the result of the mixing of the blue and
the yellow. So, where does the yéllow of the squaré come
from, when the scene is looked at without a reduction
screen?

According to Koffka, the yéllow is the result of a
process that integrates the chromatic information coming
f;;;\Eig’;;;;;—;;&;i;’;;;;ggﬂzg;#ggzzg;:—gghﬁzgher stations)
that correspond to the different phenoménal surfaces.'The
result of this integration process would be that the reduc-
tion colour of the phenomenal square (i.e., the colour of
the square when, under the same stimulus conditions, the
phenomenal transparency is abolished by an analytical at-
titude. This is also the colour of the squaré seen through

a reduction screen, under the same chromatic contrast con-

ditions) is split, so to speak, into two complementary col-

ours. But what colours? The answer dépends on which is the




colour of the part of the transparent layer covering the
background. In Koffka's example, the episcotister is blue,
and consequently the colours which are split are the yel-
low and the blue.

Bourdon (1936) made observations suggesting that Kof-
fka was wrong. He used an experimental setting identical
to the one described by Koffka. In Koffka's example the
Fuchs phenomenon occurs because the depth conditions (main-
ly retinal disparity) displace the transparent layer (the
phenomenal disk generated by the episcotister) forward in

the third phenomenal dimension. If these conditions are

not made to act, then the Fuchs phenoménon may be abolished.

This Bourdon did by reducing to very, Véry few millimetres
the physical distance between the episcotister and the
square on the background. By viewing this scene at gysuitab%p

—

@istance, transparency was suppressed. In this new situa-
tion, the square appeared as being yellowish as it was be-
fore when it was perceivéd through transparency. According
to Bourdon, this would show that chromatic contrast is re-
sponsible for the shade of yellow in the phenomenal square
perceived through transparency in Koffka's example.

In point of fact, Koffka borrowed the hypothésis of
the splitting of colours from Moore-Heider (1933) who studi-
ed the kind of transparency illustrated as the case 2 in
figure 1. Cleafly, for Koffka this form of transparency and
the Fuchs phenomenon were implicitly assumed to bé ruled
by the same basic process of splitting. Bourdon's observa-
tion suggests that Koffka's hypothesis of splitting does

not hold as regards the Fuchs phenomenon.




Bourdon reported only personal phenomenological ob-
servations, and did not collect quantitative data. Adopt-
ing a different procedure, the following experiment serves
as a quantitative check on Koffka's explanation of the
Fuchs phenomenon in terms of a process of splitting, when

achromatic colours are used.

4 EXPERIMENT 2
4.1 METHOD
4.1.1 Subjects

There were ten subjects. They were students and per-
sonnel at the Psychology Départment, different from those

used in the experiment 1.
4.1.2 Stimuli

The stimuli were the same as in the experiment 1, ex-
cept for the transmittances of the filters, that now were
.10, .20, .40, .65, .80, and 1.00 (that is), a wooden frame

with two glass sheets and no filter).
4.1.3 Procedure

The subjects were shown at random all the sixty com-

binations of filtérs, squarés, and backgrounds. A givén

combination was presented once. For each combination, the

subjects were saked to assign a number from lifo 9 to the
grey colour of the squaré on the background behind the
filter (the lighter the gréy, the 1argér the numbér). Be-
fore starting the experiment, the subjects were shown an
example of a very dark grey, and one of a Véry light grey.

A session lastéd about half an hour.




5 RESULTS AND DISCUSSION

The results are reported in tables 3 and 4, as the means
of 10 subjective estimates of the greyness of the square seen
through the filter, for all combinations of the transmittances
of the filters and the reflectances of the squares. Table 3
refers to the dark background (reflectance .16), and table 4
to the light background (reflectance .60) .

Tables 3 and 4 about here

In figure 3, the estimated greyness is plotted as a func-
tion of the transmittance of the filters, for the dark (left)
and light (right) background. The hyperbolic arcs, some drawn
up by eye and some using the least squares method, fit the
data points corresponding to the indicated reflectances of the
square on the background. The standard error of a mean estimate
of greyness varies between .2 and 1.2 times the size of a dot.
All subjects showed essentially the same pattern of results.

(Notice that the scale for greyness is ordinal.)

Figure 3 about here

Koffka's assertion that a yellow figure is still pércéived
as yellow when it is looked at through a rotating episcotister
having a complementary blue colour, may be rephraséd saying

that the perceptual mechanism operates, in this instance, as if fVc//
/-—:&L// /\,./ o

it were ''regressing to the real object' on the background. That

is, the colour of the figure perceived through transparency would e %‘ :E
ety




be the same as that of the figure when there is no filter.
As one can see in figure 3, the greyness of a square of a
given reflectance seen through transparency tends to a com-
mon value as the transmittance of the filter approaches zero.
(The curves in the diagram on the left are displaced up-
wards, with respect to the corresponding curves in the dia-
gram on the right. This effect may be attributed to the
chromatic contrast, as the curves on the left correspond to
squares surrounded by a darker area.) This result shows
beyond doubt that the grey colour of a square seen through
transparency 1is never the grey colour that the same square
has when there is no filter. (If a "regression to the real
object'" were somehow occuring, straight lines parallel to
the abscissa would result in place of the hyperbolic arcs

depicted in figure 3; a broken segment of these lines is

indicated in the diagram on the right in figuré 3.

Then, what does the colour of the square seen through
transparency correspond to? The big dots in figure 4 re-
present estimates of the points of the psychophysical func-
tion relating greyness to the reflectance of the square,
for a transmittance of 1.00 (that is, when there is no filt-
er). The filled and unfilled dots correspond to the dark and
light backeround respectively. Using a measured value of

—_— /ﬂ—-’_ﬁ__—‘“ e
.05 for the reflectance of the filter, and considering that

—m

the intensities of the light falling on the filter and on the
square were practically tha same when photometrically compar-

ed, the reflectance that a square-shaped piece of grey paper




in front of the filter, and subtending the same visual an-

gle as the square, must have to produce the same proximal
stimulation as that produced by the square behind the filter;
was calculated for each square. The smaller dots in figure 4
represent the plots of the estimated greyness of the squares
seen through transparency against the reflectance so calcul-
ated. The filled and unfilled dots correspond to the dark

and light background respectively. The filled dots are slight-
ly displaced upwards owing to chromatic contrast.

As may be seen, the big dots lie in the middle of the
cloud of small dots. This shows that the subjects estimated
numerically the reduction colour of the square (equal to the
colour of the virtual square-shaped piece of paper supposed
to be in front of the filter) which, however, they perceived
as pertaining to the square behind the filter. This is in ac-
cordance with Bourdon's observations and contrary to Koffka's
hypothesis as applied to the Fuchs phenomenon. This conclusion
is confirmed by the following remark. From figure 4, a reflect-
ance of .05 (the reflectance of the filter) corresponds to an
estimated greyness of about 1.5. In figure 3, the hyperbolic
arcs approximately converge in the point having the ordinate

of 1.5 (this is clearer in the diagram on the right). This ul-

timately shows that the estimated colour of the square behind

the filter tends to become the (reduction) colour of the filter

as the transmittance approaches zero.

6 CONCLUSION

‘Let us consider the kind of transparency illustrated in

figure 1.2. When an analytical attitude is assumed, the colour




of the parts of the object corresponding to the proximal
regions X and Y appears as being different in the two

parts. However, if a realistic or naive attitude is as-
sumed (as commonly happens in everyday life), the colour

of the part of the object seen directly is perceived as

o4 Yo

being identical to the colour of the part of the object e ¢ Syl y
e

appearing behind the transparent layer (Fuchs, 1923). e Ut Cody
According to the theoretical and experimental results by B P&L1&¢;&w7?
Metelli (1970, 1974 a, 1974 b, 1975), the reduction col-

our corresponding to the region Y is in between the colour

of the object seen directly and the colour of the trans-

parent layer. This amounts to saying that the (reduction)

colour of the analytically-perceived part corresponding

to Y splits into two colours. It may reliably be stated

that, since the object seen through transparency in the

Fuchs phenomenon (figure 1.1) is not composed of analyt-

ically-perceived parts (so that the colour of one of these

is used as a reference colour to be rendered identical

to the colour of any other part, by the perceptual mecha- 2

Ao

/
L

nism under the realistic attitude), the splitting of the
reduction colour of the object is not possible.

In fact, this is what has been found in the second
experiment. This strengthens the conclusion that the Fuchs
phenomenon and the kind of transparency depicted in figure
1.2 are different both as to the topological relation among
the different regions, and as to the perceptual processes

producing the perception of transparency in the two cases.




This conclusion is of obvious theoretical importance since
it implies that Metelli's theory (1970, 1974 a, 1974 b,
1975), in which the notion of a process of splitting has
been successfully used to explain the kind of transparency
depicted in figure 1.2, is not applicable to the Fuchs
phenomenon.

The results of the first experiment have shown that
the degree of apparent transparency is dependent on the
difference between the reduction colour of the object and
that of its background. The fact that this difference has
a functional influence on the degree of perceived trans-
parency does not mean, of course, that it is the only con-
dition for the generation of the Fuchs phenomenon. At the
present stage of research, the question why transparency

occurs, for a given difference in colour between the ob-

ject and its background, still remains unanswered.
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LEGENDS OF THE TABLES

Table 1

Mean estimates (20 subjects) of the degree of ap-
parent transparency of the filter, for the background
of reflectance .16.

Table 2

Mean estimates (20 subjects) of the degree of ap-
parent transparency of the filter, for the background
of reflectance .60.

Table 3

Mean estimates (10 subjects) of the grey of the
square seen through the filter, for the background
of reflectance .16.

Table 4

Mean estimates (10 subjects) of the grey of the
square seen through the filter, for the background
of reflectance .60. :




LEGENDS OF THE FIGURES

Figure 1

Proximal stimuli produced by interposing a filter in
between the observer's eyes and an object on a homogeneous
background. Case 1 depicts the Fuchs phenomenon (trans-
parency with three surfaces and no intersecting contours);
case 2 depicts the most frequently studied kind of trans-
parency (four surfaces with intersecting contours); and
case 3 depicts the case in which opacity (Fuchs, 1923),
or non-functional transparency (Masin and Idone, 1981),
occurs.

Figure 2

The diagram on the left refers to the background of
reflectance .16; the diagram on the right to the background
of reflectance .60. The abscissae report the reflectance
of the square on the background. The ordinates report the
estimated degree of apparent transparency. Each curve cor-
responds to a different transmittance of the filter. The
vertical broken line represents the reflectance of the
background. As one can see, the estimated degree of trans-
parency of the phenomenal filter decreases as the difference
between the reflectance of the square and the reflectance
of the background decreases.

Figure 3

The diagram on the left (right) refers to the background
of reflectance .16 (.60). The abscissae report the transmit-
tance of the filter. The ordinates report the estimated grey-
ness of the square. Each curve corresponds to a different re-
flectance of the square. As one can see, the estimated grey
of the various squares perceived beyond the filter, tends to
a common value as the transmittance of the filter approaches
zero. This common value is the colour of the filter (see sec-
tion 5).

Figure 4

The big dots represent estimated points of a psychophysical
function réating greyness to reflectance of the squares on the
dark (filled dots) and light (unfilled dots) background. As to
the meaning of the small dots, see the last two paragraphs of
section 5.




AN EXPERIMENTAL COMPARISON OF THREE- VERSUS FOUR-SURFACE
PHENOMENAL TRANSPARENCY

SERGIO CESARE MASIN
University of Padua, Padua, Italy

The three-surface transparency occurs when an object seen through a
transparency does nmot jut out under the transparent surface. The four-
surface transparency occurs when the object juts out. Observers rated
the density of the transparent surface in both kinds of transparency.
The results seemg to show that the topological diversity between the
two kinds of transparency has no functional significance. The stimulus
conditions ruling the generation of the two phenomena were detected and
expressed in terms of an algebraic model.

The basic proximal stimulus patterns producing phenomenal trans-
parency are of two kinds. Figure 1 depicts these two possibilities when
an object, the small square, is looked at through a filter, the big square.
Figure la represents the case where the object does not jut out under the
filter. Figure 1b represents the case of an object jutting out under the
filter. In Figure la there are three proximal surfaces yielding the kind
of transparency called here the three—surface phenomenal transparency.

In Figure 1b there are four proximal surfaces yielding the four-surface

phenomenal transparency.

Theoretical interest has so far been addressed enly to the four-surface trans-
parency with achromatic colors. Metelli (1970, 1974a, 1974b, 1975; Masin, 1978)
developed the following model. Phenomenal transparency entails the genera-
tion of overlapping surfaces. These surfaces are the transparent layer and
the surfaces (the background and the objects on the background) seen through

it. Moore-Heider (1933) hypothesized that, when transparency is perceived,

the reduction colors' split, so to speak, into the colors of the cor-

responding overlapping surfaces. Let a, p, q, and b be the achromatic
reduction colors corresponding to the proximal surfaces A, P, Q, and B
in Figure 1b. On the basis of Moore-Heider's hypothesis, Metelli assumed
that p splits into a and t, where t is the color of the transparent layer,
and g splits into b and t, following a rule which is the opposite of Talbot's law.

The model is stated as follows

p=oa+ (1-0) tp, )
q = a,b + (1-0,) ta,

where the weights o, and o, are interpreted as coefficients expressing




how transparent the transparent layer is. The weight o, (the

symbol t;) refers to the degree of perceived transparency (to the

color) over the background, and o, (t,) to the degree of transparency |

(to the color) over the part of the object under the transparent sur-
face”
We must ask now whether Model 1 applies also to the
three-surface transparency (Figure la). Closely following Model 1
leads to the assertion that p splits into a and t, and q splits into x
and tt where x is the color of the object seen through the transparency.
Since x is an unknown, Model 1 is inapplicable, EE,EriDQEP¥e} to the
three-surface transparency. Moreover, Masin (1983) showed experimental-
ly that x=q, which means that the process of splitting of reduction
colors (Moore-Heider, 1933) does not occur in the three-surface transparency.
There exists, however, the possibility that the splitting ot colors
occurs in the four-surface transparency. It is clear that, in the case
of this splitting occuring, it must be ascribed to the presence of the part
of the object jutting out under the transparent surface (B in Figure 1b).
It is, therefore, of theoretical importance to check whether this part
has a functional influence on the degree of perceived transparency of

the transparent layer.

EXPERIMENT 1

Method

Observers. The observers were 33 students and members at the Institute
of Psychology.

Stimuli. Each of five (Kodak Wratten No. 96) achromatic gelatine
filters, 72-x 76 mm, ‘having a' trapsmittanceof Ll 2, 3,5, -or .8,
was placed in between two exactly superimposed glass sheets of 1.5 x 220 x
275 mm. The reflectance of the filters was about .05. The two glass

sheets, with the filter in the middle of them, were put in a wooden rectangular




frame.A small achromatic square, 23 x 23 mm, having a reflectance

204 SIEE G 026, WS LN A0 JRLISD 55 67 o 8T (NCS papers, Sweden),
was stuck at the center of each of nine achromatic backgrounds, 200 x
200 mm, all having the same reflectance .31.

The observer sat at a small table provided with a chin rest to
keep the eyes level with the stimulus. On another table, the back-

ground with the small square on it was placed at 3.1 m from the

observer's eyes. The wooden frames, with the filters suspended in the

middle of them, were placed at 2.9 m, between the small square on the

background and the observer's eyes. The observer viewed the scene
binocularly. The background could be placed in two positions. In one
position, the small square on the background was perceived in the mid-
dle of the filter (three-surface transparency, Figure la). In the other
position, half of the square jutted out, on the left, under the filter
(four-surface transparency, Figure 1b).

The wooden frame, parallel to the background, was tilted about
6 deg backwards so that the glass sheets reflected a uniform black
curtain just above the observer's head, thus assuring no reflected
image in the glass sheets. The light came from neon tubes on the ceiling.
The illumination level was of 20 lux.

Procedure. The observers were shown each of the 45 combinations of filter

and square on the background once, with the background
in one position. Then the 45 combinations were again shown once with the

background in the other position. All the 45 combinations were shown in
random order, different for each observer. The experimenter was hidden by
a screen. The patterns were shown by removing a screen. Two groups
of 15 observers were formed. One group was first shown the
three-surface transparency, and secondly the four-surface
transparency. For the other group, this order was reversed.

For each combination, the observer was asked to assign a number

to the filter according to its density, and write it down on a

page of a notebook (one number per page). He was told to match the impres-




sion of quantity evoked by a number with the subjective quantity
of density of the filter (that is, the greater the density the
greater the number, the less the density the smaller the number) ,
and could use any number that seemed the most appropriate. When

observers asked, they were told they could use both integers and

fractional numbers, of whatever magnitude they thought appropriate,

and that they were not limited to using fixed upper and lower numbers.

Before starting the instructions, the observer was shown with
seven photographs of a filter on a background made of four black

and white squares. The transmittance of the original filter decreas-

ed in passing from photo 1 to photo 7. The experimenter described the

figures saying that the density of the filter progressively increased

in passing from photo 1 to photo 7, and that the greater the density

the less the visibility of the background through the filter. All observers
promptly agreed with this description. Afterwards they were shown two
examples of a combination of filter and square in the experimental apparatus,
one with a dense filter and one with a less dense filter (neither being

the greatest nor the least densities). A session lasted 50 min.

Results

All observers used spontaneously a fixed range of numerical re-
sponses. For 29 observers the lower end number was O, and the upper
end number was 100 (N=12), 10 (5), 25 (2), 1200, 1000, 250, 200, 80,
50, 40, 30, 20, or 15. One observer used the range 30-40. The data
were linearly transformed so as to have the common range 0-100 for all
observers. This processing is admissable as all observers, except one, used
the same upper and lower erild numbers for both kinds of transparency. FO;“
the exceptional subject, the first number lower than the larger number was
used as an upper number.

A 2x2x5x8 analysis of variance was carried out using the normalized
numerical responses as scores. The factors were respectively, the group

of observers, the kind of transparency, the transmittance, and the re-




flectance (the reflectance .31 was not included in the analysis).
The analysis showed no significant difference between the two.
groups of observers [F(1,28)=1.17]. Figure 2a shows the results
pooled over the two groups (N=30). The main effects due to the kind
of transparenCy are not statistically different [F(1,28)=l.98]. The

interaction between the kind of transparency and the reflectance is

significant [F(7,196)=9.59, p<.001].

This interaction shows in Figure 2a as a departure from perfect }
overlapping of curves for the two kinds of transparency. This departure_f
increases as the difference in lightness between the square and the
background increases.

The group of 30 observers was formed by retaining in the group
the observers who showed a pattern of results substantially similar to
the one illustrated in Figure 2a. However, 3 observers were excluded [
from the group since their results, represented in Figure 2b, showed ;
no systematic pattern.

Inspection of Figures 2a and 2b shows that observers rated the filters as
having an apparent density (results represented by squares) of less than the highest
possible density (100) even when the square on the background had a reflectance (.31)
equal to the reflectance of the background. In this case, none of the
observers detected any figure or inhomogeneity on the background.

They were consequently expected to perceive the filter as opaque (Fuchs,
1923) and rate it as having the highest possible density, whatever its
transmittance. However, only 19 out of 30 observers (Figure 2a) did
perceive the filter as opaque. The remaining 11 observers plus the 3
observers excluded from the analysis (Figure 2b) detected the filter

as transparent. A plausible reason for this is the following.




When a homogeneous filter is put on a homogeneous background, the
filter appears opaque (Fuchs, 1923). Masin and Idone (1980) showed

that, when the difference in lightness between the filter and the

background is not too large, and when a favourable attitude is assumed,v'

the filter may be perceived as transparent. The attitude towards
perceiving transparency was induced by means of instructions to the
observer. It is reasonable to suppose that, in the present experiment,
the attitude was induced objectively by the experimental procedure.
Observers felt a certain uneasiness in rating the density of a filter
when no figure was perceived through it. The uneasiness was caused,
they said, because the transparency they rated had something different

in quality from that when a figure is detected through the filter.
The existence of this form of transparency, which might be called non—functional

transparency, has been independently reported by Tudor-Hart (1928, p.
283-284), Lauenstein (1943, p. 210), and Gibson (1975).

The results represented by squares in Figure 2 are therefore misleading
in that they reflect reponses both to opacity and to non-functional trans-
parency. In order to check whether these kinds of responses were correlated with
some other individual differences, the 19 observers who perceived opacity, and
the 11 observers who perceived non-functional transparency, were assigned to
two distinct groups, A and B. An analysis of variance, in which the new

factor was group A vs. group B, was then carried out.

The results are depicted in Figure 3. As may be seen, the curves
for group B (N=11) are much flatter thah the curves for group A (N=19).
The differences between the curves in the four graphs in Figure 3 are
explained by significant interactions between kind of transparency and
reflectance [F(7,128)=7.44, p<.001], group A vs. group B and reflectance
[F(7,128)=18.82, p<.001], and group A vs. group B, transmittance, and
reflectance [F(28,728)=3.47, p<.OOl]. The main effects due to the factor
group A vs. groun B are not statistically different [F(1,26)=1.64].




Discussion

Tudor-Hart (1928) seems to have been the first who showed experimentally
that apparent density of a filter, or an episcotister, increases as the
sharpness of the contour of the object on the background decreases?®.

Her finding is confirmed by the results depicted in Figure 2a.
The results in Figure 2a show that it makes a difference whether
the case is one ef 3- or 4-surface transparency. However, on assumption

that apparent density depends upon the difference between p and q (Figure 1),

the difference in results for the 3- and 4-surface transparency can be

explgiged, reasonably, in terms of simultaneous contrast. In fact, oWing to

§1@ultaneous contrast produced by B on Q, the difference p-q in Figure 1b in-

———

creases (with respect to the difference p-q in Figure la) as the difference b-a

increases. This could well explain the slight overestlmatlon of apparent density

in the case of the 4-surface transparency for large dlfferences between
a and b, and for low transmittances.

This conclusion is of theoretical importance since it shows that the

presence of the region B in Figure 1b has no functlonal effect. Only the

However the absence of a pattern of results for three observers
(Figure 2b) re;egingie probable effect also of the difference, p-a, between
the filter and the background. These results could be explained satisfactorily
by assuming that the three observers rated the density only on the part
of the filter over the background, while the other 30 observers rated the
density of the filter over the figure. The three exceptional observers
produced flat curves because, for a given filter, the difference p-a was nearly
the same for all reflectances of the figure.

If thereare 3 extreme cases where only transparency of the filter on
the background is rated, then in the group of 30 observers there must be
extreme cases where only transparency on the figure is rated, and reasonably

also mixed cases. A plausible criterion to select the extreme and mixed

cases from the group of 30 observers is the following.




The occurance of the impression of non-functional transparency
depends only on the difference in color between the figure and the background
(Masin and Idone, 1980). In the group of 30 observers, the observers whose
7 response was based on this difference (i.e., p-a, when p=q and b=a), are
\ likely to have rated non-functional transparency (mixed cases). It is also
likely, although not necessarily, that the observers who did not rate non-functional
transparency, were much more influenced by the difference p-q than by the
difference p-a (extreme cases). Figure 3 represents the results for a
subgroup (N=19) who did not report non-functional transparency, and for a
subgroup (N=11) reporting non-functional transparency. From this analiysis,
it results that 19 out of 33 observers seemed to be prevailingly influenced
by the difference p-q, 3 observers prevailingly by the difference p-a, and

11 observers by both differences.

AN AVERAGING MODEL OF RATED COLOR DENSITY

To sum up, the foregoing discussion leads to the following conclusion.

In patterns like the ones in Figure 1, the variables by which the visual
system produces the impression of transparency are 1) the difference in {
reduction color on the two sides of the contour separating the filter from |

the background (p-a), and 2) the difference in color on the two sides of the
contour delimiting the object inside the filter (p-q). Objects or parts of

objects jutting out under the filter do not enter functionally the perceptual
transparency mechanism (they enter indirectly by producing concomitant color

alterations, through simultaneous contrast and similar processes) . y

Let us now build a model to fit these results. It is first as-

sumed that apparent density and difference in color are related by a power

function. A power function is chosen because it describes a lot of Sensory

data (Marks, 1974). Let, therefore, the magnitude of apparent




density of the filter evoked by the difference p-a be wp a=k[p~af{ and the

magnitude evoked by the difference p-q be wp q=k(p—qf3, where k and B are
unknown parameters. The model proposed here states that the magnitude, ¥, of

the overall impression of density of the filter is a weighted average of wp i

- 3
wp o A weighted average becomes necessary because observers spontaneous-
3
ly use a fixed range of numerical responses to rate apparent density,

and y, wp o and wp - are consequently included in the same range. In

2 3

symbols
vk [w(p-a) *+ 1) (0-) ], )

where w is an individual weight coefficient. For the 3 observers in“Fig—
ure 2b, w=1. For the 19 observers in Figure 3, w fell close to 0. For the
11 observers in Figure 3, w fell somewhere in between O and 1.
The next two experiments had the purpose of iag%ing for simplifications
of Model 2. One important question is whether appropriate instructions

are capable of rendering the individual exponent w equal to O or 1. If

so, one term in Model 2 would vanish.

EXPERIMENT 2

Method

Observers. The observers were 10 students and members at the Institute
of Psychology, different from those used in Experiment 1.

Stimuli. The stimulus conditions were the same as in Experiment 1,
except for the following changes. Three filters with a transmittance of
.1, .3, or .5 were used. Sixteen backgrounds with a square in the middle
were built. There were 4 sets of 4 backgrounds with the same reflectance.

In each set the reflectance of the square was varied as follows.

and




Reflectance of
the background

Reflectance of
the square

Each background was placed always in the same position, so that
the square on it was perceived in the middle of the filter (3-surface
transparency) .

Procedure. The procedure was the same as in Experiment 1, except for
the following changes. Five observers were shown once each of the 48
combinations of the filter and the square (figure) on the background, and
were asked to rate the apparent density of the filter over the figure. Then

the 48 combinations were again shown once, and the observer was asked

to rate the apparent density of the filter over the background, disregarding

the figure. For the other five observers, this order was reversed. The

rating had to be performed using the numbers in the range 0-100. The number
O represented the case of perfect transparency, as for example in the case
of a colorless pane. The number 100 represented the case of opacity.
Before the rating began, the observer was given no information as to

the range of apparent densities. As a single example of an experimental
pattern, all observers were shown the same combination of filter
(transmittance .3), square (reflectance .52), and background (reflectance

10}

Results and discussion

The results are depicted in Figure 4. The upper four graphs refer to
the estimate of apparent density over the background (unbroken lines).
The lower graphs refer to the estimate of apparent density over the figure
(dashed lines). No statistical test wasapplied since inspection of individual

results showed that all observers produced the same pattern of results.




The curves in the first upper graph superimpose around a
density of 50. These curves represent the means for 9 observers. One
observer was excluded from computations, in this particular case, since
all his numerical responses were practically O. Another observer declared
that she could 8ssign to a single filter O or 100 just as well. In point
of fact, when a black filter is superimposed on a black background,
a very ambiguous impression ensues. This, therefore, is a special case

that should not be taken into account here.

As may be seen in Figure 4, the curves in the upper graphs are
flatter than the curves in the lower graphs. However, the upper curves

are not as flat as the curves for the 3 observers in Figure 2b, whose w=l.

¢ I
Therefore, it may be concluded that the present instructions do have an ‘*z;n@ﬁkﬁkm

< Lo (/‘Z';

effect on w. However, it seems that w cannot be made exactly equal to 1, and =

c

consequently Model 2 cannot be simplified in the way hoped for.

EXPERIMENT 3

If it is assumed that 8=1 in Model 2;‘and if“p and a are
kent constant, ¥ must vary linearly with q. In the present
experiment, observers were asked to rate both ¥ and q, in order to
check whether or not the relation between these two phenomenal

variables is linear, and consequently B=1, for p and a constant.

Method

Observers. The observers were 20 students and members at the

Institute of Psychology, different from those used in Experiments 1 and 2.




Stimulz. This experiment was carried out in a different room.
The stimulus conditions were the same as before, except for the
following changes. The eye distance from the filter was 1.3 m. The
11lumination level was of 15 lux. Three filters with a transmittance
of .1, .3, or .8 were used. Eight backgrounds, all having the same
reflectance .23, were built. A square (figure) was stuck in the mid-
dle of each background. The reflectance of a square was .26, .31,
.35, .40, .46, .59, .67, or .87. Filters and figures were combined
to produce 24 cases of 3-surface transparency.

Procedure. The procedure was the same as before, except for the fol-

lowing changes. Observers were first shown once the 24 combinations
of filter and figure, and asked to rate apparent density. Then they were
shown again once the 24 combinations, in a different random order,

and asked to rate the whiteness of the figure as seen through the filter.
Masin (1983) found that, under these instructions, observers spontaneously
estimate the reduction whiteness. The other ten observers were first asked

to rate whiteness, and then apparent density.

Observers had to use the numbers from O to 100. In the case
of apparent density, O represented perfect transparency, and 100
opacity. Numbers in between O and 100 had to be assigned to each
filter proportionally. That is, the greater the density the larger
the number. In the case of whiteness, 0 represented the blackest black,
and 100 the whitest white, ever experienced in observer's life. Numbers
in between had to be assigned to the whiteness of figures proportionally.
That is, numbers lower than 50 to dark grays, numbers larger than 50 to
light grays, and the number 50 to the figure having a gray color exactly

between black and white. As a single example of a stimulus pattern, all

observers were shown the same combination of filter (transmit-

tance .3), and square (reflectance .46) on the background. The observer
was given no information as to the stimulus ranges. Each session lasted about

30 min.




Results and discussion

The results for each filter are depicted in Figure 5. The ratings
of color density are represented on the ordinate, and the ratings of
whiteness are represented on the abscissa. Using the least squares

method, a straight line was fitted through the data points. The size

of standard errors, represented by the vertical and horizontal bars,
indicates that a straight line is, at least, a very good approximation
of the true fitting curve. This strengthens the assumption that B=1,

and allows a simpler statement of the model, which now is

=k [w(p-a)+(1-w) (p-q)] . (3)

Note that the slope of the straight line for the transmittance

.8 1s consistently different from the slope for the transmittance .1

[t(19)=3.65, p<.002}. This shows that, in this experiment, the weight w in

Model 3, besides varying between observers, also varied within a

single observer as a function of p and q.

CONCLUSION

So far, no straightforward experimental demonstration of the tenability
of Model 1, at a level of measurement higher than the ordinal, has been
given. As stated in the introduction to Experiment 1, Model 1 is
inapplicable to the 3-surface transparency. The results obtained in
Experiment 1 (Figure 2a) show that the rated density of the transparent
surface is functionally independent of the topologocal difference be-
tween the 3- and 4-surface transparency. This would imply that Model 1

is not even applicable to the 4-surface transparency.




To summarize, the empirically-based Model 3 applies both to
the 3- and 4-surface transparency, while Model 1 applies, at most,
only to the 4-surface transparency. Both Models 1 and 3 are averaging
models. However, Model 3 is more parsimonious in that it contains only

W as an unknown parameter (k should be considered as a constant de-

pendent on the unit of measurement), while Model 1 contains four unknown

parameters. The results obtained in Experiments 1 and 2 show that the
apparent density of the transparent surface depends on the observer's
attitude. The weight w in Model 3 encodes the observer's

preference for the difference in reduction whiteness between the transparent
surface and the figure, with respect to the difference in reduction
whiteness between the transparent surface and the background, while Model

1 does not take into account any individual differences.
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NOTES

! The reduction color corresponding to a given region of a transparent

pattern (i.e., Q in Figuresla or 1b) is the color 1) when the region is
looked at while assuming an extreme analytical attitude (Fuchs, 1923); 2)
when transparency is abolished by altering the so-called topological or

figural conditions of transparency (Kanizsa, 1979); or 3) when the region

is looked at through the hole of a reduction screen producing, in the hole, the same

amount of simultaneous contrast as that produced, in the region

looked at, when there is no reduction screen.

 In the special case where the degree of transrarency and the color of the
transparent surface are phenomenally homogeneous over the entire surface,

0=a,=0, and t=t,;=t,, and the system of equations constituting Model 1 can be solved

for both a and t (Metelli, 1970).




3

Katz (1911) proposed a similar exnlanation for the perception of

mist. According to Katz, when one looks through a filter covering

the entire visual field, an impression of mist ensues. The thickness
of the mist increases as the transmittance of the filter decreases. The
condition for the diminution of the thickness of the mist would be

the reduction in clearness, or sharpness, of the surface contours.

The results of an experiment by Gyulai (1976) also stress the importance of

the difference in reflectance between adjacent prox1mal surfaces. In her
experiment, patterns made of gray paper were used. The results can be
rephrased as follows. If episcotisters with the same sector size have
colors varying from black to white, and the same bicolored background

is looked at through each episcotister revolving at fusion speed, the
observers, who are asked to arrange the episcotisters in order of in-
Creasing apparent density, produce two opposite dispositions. Half the
observers order the episcotisters from black to white, and half the observers
from white to black. The occurance of a given disposition depends upon
which part of the background the observer chooses to look at through

the episcotister. The less the difference in (reduction) color between

the background and the episcotister, the less the judged density.
Gyulai did not extend the experiment to episcotisters having dif-

ferent sector sizes.
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CAPTIONS

Figure 1

Il1lustration of the three- (a) and four-surface (b) transparency.
The three-surface transparency occurs when the object (the small
square) does not jut out under the transparenct surface (the big
square). The four-surface transparency occurs when the object juts out.

Figure 2

The results in Figure 2a show that apparent density of a
transparent surface is a function of the difference in reflectance
(and consequently in color) between the figure and the batkground.
Figure Zb shows the results for 3 special observers. Observers
rated the density both in the case of the three- (unbroken lines)
and four-surface (dashed lines) transparency.

Figure 3

The same results as in Figure 2a when observers are subdivided
in two subgroups according to whether or not they detected non-functional
transparency.

Figure 4

Estimated apparent density as a function of reflectance of square
on backgrourd, for a transmittance of .1, .3, or .5. The reflectance
of the background is indicated by the arrows. The upper (lower) graphs
represents the results when the observer estimated the density on the
background (figure).

Figure 5

Relation between apparent density of filter and whiteness of
figure when, for a given filter with transmittance .1, .3, or .8, the
difference in color between filter and background is kept constant.




Caro Masin,
vedo con piagcere che ti sei reso conto che, cosl com'era, la tua for=
mula non avevy senso , e che le differenze andavano prese in senso
assoluto. Ma ci sono ancora molti punti che offrono il fianco alle
critiche, sia relativamente adla formula , sia relativamentg ad al=
tri aspetti dei tuoi due ultimilavori.?hitM/LQ@Z;QﬂLOU“ﬁ“W“” ddl&/gu““lk'
I. La formula per la misura della densita del filtro

l.Masin parte da tre presupposti
a) che 1l'opacitd, o inversamente la trasparenza, dipenda dal=
la differenza di chiarezza fra la regione trasparente (nel caso dell'

effetto Fuchs, il filtro), e la regione vista per trasparenza, e cioe

Y= r /p-a/, /p-a/

b) che la formula debb#essere una funzione di potenza, "pee=

che le funzioni di potenza descrivono una quantiti di dati sensoria=
1i". L'argomentazione & molto povera, e corrisponde a un "si dice";
comunque Masin dimostra elegantemente che in questo caso la potenza
¢ 1, cioé,in parole povere, non si tratta di una funzione di potenza.

c) che 1'impressione del grado di densitd del filtro & data
dalla media ponderata delle due funzioni f /p-q/ ed f /p-a/.

A questo proposito sorge naturale l'obiezione che se vi & opa=
cita completa su uno dei due versanti, il calcolo della media ponde=
rata non appare sensato.

Ma & strano che Masin non si sia reso conto che, ammesso che
le due funzioni misurino quello che hanno il compito di misurare, ha
a disposizuone un prezioso strumento per misurare la densita o la
trasparenza rispetto a due diverse regioni viste per trasparenza, cioe
non soltanto le regioni A e Q del caso Fuchs, ma in altri casi, in cui
tale misura presenta particolare interesse.

2. La formula proposta non sembra misurare la densitd del filtro.
# Se p=q l'opacitd & completa, e quindi la misura della
densita deve aumentare. Invece, annullandosi uno dei termini della
media ponderata, la misura della densitd diminuisce. Analogamente, se
la differenza fra p eq diminuisce, aumenta l'opacita del filtro, ed
invede la misuréydell'opacité diminuisce.

\




3. La formula proposta, ove funzioni, pud servire soltanto per
misurare la densitia del filtro (con le limitazioni indicate in l.c)
nell'effetto Fuchs. Non & una formula generale. Altrimenti, nel ca=
S0 paradigmaticohgﬁﬁslnon si capisce perché si dovrebbe tener don=
to di A e non di B.

4. Non si vede perch¢ f/p-a/ ed f/p-q/ debbano ridursi sempli=
cemente a w /p-a/+ (1-w) /p-q/. Potrebbe trattarsi di una qualsiasi
altra espressinne, anche se non di potenza.

5. L'equazione ha due incognite,gi € W. Occorre quindi una see

conda equazione.
5. Ci sono altre proprietd utili che un'equazione di questo
genere avrebbe, e che non sono state messe in luce, e cioe
a) la possibilitd di controllare se la trasparenza & equi=
librata
b) la possibilitd di misurare la trasparenza nei casi di
trasparenza non equilibrata,

6. I1 fatto che la differenza tra la trasparenza nell' effet=
to Fuchs e la trasparenza nella situazioqf.%aﬂggggsbagdificata
facendo sporgere la superficie Q dal filtr yanziche dimostrare
(non si sa perché) 1'inapplicabilitd del modello di Metelli anche
nelle situazioni a 4 superfici, swmostra come il modello di Metelli
sia applicabile anche all'effettoFuchs.
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