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Abstract—The perception of transparency is a remarkable feal
human vision: A single stimulation at the retina is interpreted as 8
ing from two (or more) distinct surfaces, separated in depth, in
same visual direction. This feat is intriguing because physical trai
parency is neither necessary nor sufficient for phenomenal tn
parency. Many conditions for phenomenal transparency have

studied, including luminance, chromaticity, stereo depth, appal
motion, and structure from motion. Figural conditions have also b
studied, primarily by Gestalt psychologists, resulting in descripf
laws. Here we extend, and make precise, these laws usiggribec-
ity principle and the minima rule for part boundaries. We repo
experiments that support the psychological plausibility of these refi
ments. The results suggest that the formation of visual object
their parts is an early process in human vision that can preced
representation of transparency.

O 3 D= ~ =

Figure la shows two opaque gray rectangles, one on a dark p
ground and the other on a light background. If the two gray recta
are moved, so that their edges coincide with each other and with
lightness border (as in Fig. 1b), an observer will see not two op
gray rectangles, as before, but a single large transparent filter, in|ftore
of the divided background. This demonstration shows that physica

Al . "
. for oh | | Fig. 1. Luminance conditions for transparency. In (a), the two si
transparency is not necessary for phenomenal transparency. Al ‘gray rectangles are not connected and appear opaque. In (b), the

Figure 2a, an observer does not see transparency, even though thitangles are placed next to each other and look like a single trans
play might be produced by a transparent filter placed over the Ridfilter. In (c), the two rectangles are reversed and no longer look t
ored background. Thus, physical transparency is not sufficienf parent. In (d), they are the same shade of gray and again do ng
phenomenal transparency. transparent.

What conditions determine when transparency will be seen? The
most extensively studied conditions for phenomenal transparengy are
those involving achromatic luminance (Beck, Prazdny, & Ivry, 1984; Itis clear that in displays like those in Figure 1, apart from lu
Gerbino, Stultiens, Troost, & de Weert, 1990; Kanizsa, 1979; Metefance conditions, certain properties of shape must also be satisf
1974: Metelli, Da Pos, & Cavedon, 1985), and these have also |p8Eger for transparency to be seen. For example, in Figures 1a, 2
extended to the chromatic domain (Da Pos, 1989; D'’Zmura, Cgl&# transparency is not seen. These displays violate Kanizsa’s (
toni, Knoblauch, & Laget, 1997). For example, if the two gray rectafPological conditionThe two gray regions that are to form the tra
gles in Figure 1b are interchanged (as in Fig. 1c), or if both gragrent surface must be in contact with each other, and each must
rectangles are given the same luminance (as in Fig. 1d), then the gitact with only one of the two background regions. A figural co
ception of transparency is lost. It has also been shown that the perBgp-suggested by Kanizsa (1979) and Metelli (1974)issontinuity
tion of transparent surfaces interacts with stereo depth (Nakayam@f&irection.Examples (from Kanizsa, 1979, pp. 158-161) of disc
Shimojo, 1992; Nakayama, Shimojo, & Ramachandran, 1990), sutswity of direction are shown in Figures 2c and 2d. As these dis
jective contours (Cicerone & Hoffman, 1991; Nakayama et al., 1 gmgicate, by discontinuity of direction, Kanizsa meant two things:
apparent motion (Cicerone & Hoffman, 1991; Cicerone, Hoff aﬁpntinuityinthe direction of the contour of the filter (as in Fig. 2c)
Gowdy, & Kim, 1995; Shipley & Kellman, 1994, 1997), and structyiréliscontinuity in the direction of the line dividing the background (a

from motion (Kersten, Buelthoff, Schwartz, & Kurtz, 1992). Fig. 2d). Kanizsa gave Figure 2c as an example in which transpaj
is blocked, and Figure 2d as an example in which transparency

blocked, by the discontinuity of direction. In this article, we consi
only the case of discontinuity of the filter. The experiments we re

Address correspondence to Manish Singh, Perceptual Science Grélff€ Suggest two explanations, based on more recent work in v
Department of Brain and Cognitive Sciences, MIT, Cambridge, MA 02]38at can be cast in precise mathematical terms and that refine th

©) (d)

nall

se rec-
barent

ans-

t look

mi-
ied in
a, and
1979)
ns-
make
ndi-

on-
lays
dis-
and

S in
rency
S not
der
port
ision,
e dis-

e-mail: manish@psyche.mit.edu. continuity explanation. The first is more general, and is based o

h the

370 Copyright © 1998 American Psychological Society VOL. 9, NO. 5, SEPTEMBER 1998



PSYCHOLOGICAL SCIENCE

Manish Singh and Donald.offman

(©

(d)

Fig. 2. Kanizsa and Metell§ figural conditions or transpaeng. In
(a) and (b)Kanizsas (1979) topolgical condition is violéed and no
transpaeng is seen. In (c)discontiruities of diection desty trans
parengy, but in (d),they do not.

principle of gneicity (e.g., Binford, 1981).The second is based d
theminima wle (Hoffman & Richards,1984) br pasing visual shaes
and on a passalience ule thd builds on the minimaule (Hofman &

Singh,1997).These tw explandions ae not nutually exclusive, but

complement edcother

THE GENERICITY PRINCIPLE

Human vision intepretaions @out the visual enronment ae
typically undeconstained ly the inbbrmation available & the etinal
images:Countless intgretdions ae alvays consistent with angiven
image or set of imges.To deal with this psblem, human vision useg
valious constints on possik intepretaions, and is thus lale to
read unique or nedy unique intepretaions. The pinciple of gener
icity provides one peerful sud containt. In its simplestdrm, this
principle sgs to kject unstble intepretaions of visual stirali. An
unstdle intepretaion is one thg if perturbed slighy (e.g., with
regard to its position elaive to the obseer), would lead to a qualita
tive chang (eg., a chang in the topolgical or frst-oder diferential
structure) in the pojected image.

For example consider kgure 3a,which shavs a Ne&er cube
Obsevers readily perceive this illustetion as a cube in the dimen
sions. In kgure 3h however, the peception of a cube is lost; thégf
ure looks moe like a fat pinwheel. In fct, this image is also the
projection of a cubgalbeit fom a special viging position—one in
which two opposite ertices of the cube arperectly aligned This
viewing position is nongneic, however, becausewen a slight bang
in the vieving position vould chang the topolgical stucture of the
image: For example the imaye in Fgure 3c has sen connected

regions,whereas the imge in Hgure 3b has six. Because inesting
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Fig. 3. Demonstation of the pinciple of geneicity. In (a),an obser-
er sees a cube in #e dimensions. In (ban obserer sees adt pin-
wheel and not a cub&he reason,accoding to the pinciple of
geneicity, is tha the viav in (b) is nongneic: A slight chang in
viewpoint would alter the topolgical stucture of the image, as in (c).

Figure 3b as a cubesquires assuming a noageic (i.e., unstdle)
viewing position, human vision ejects this interetaion, and
obsevers theefore see Fyure 3b aslft.!

The pinciple of geneicity has beengplied successfuyl, to provide
theores of \arious visual cpacities,including the thee-dimensional
(3-D) intempretdion of line dewings (Binford, 1981; Lave & Binford,
1985),the peception of subjectie contous (Albett & Hoffman, 1995,
in press),the peception of object pas (Biedeman,1987; Hofman &
Richads,1984; Hofman & Singh,1997),the peception of shae from
shading (Feeman,1994), and the phenomenon of color constan
(Brainad & Freeman,1997). It has also been inporated into brmal
Bayesian models of visual paption (Freeman;1996).

To see theale of geneicity in the peception of tanspagngy, con
sider the disphain Fgure 4a,in which an obserer peceives a cicu-

plar transpaent fiter over a bicoloed ba&ground Figure 4b
introduces tw concae cusps thafall precisel on the lightness ber
der, and the pareption of tanspaeng is gealy reducedAccording
to the gneicity explandion, if there were a teanspaent flter in front
of the dvided ba&ground it would tale a special viging position to
malke the etrema of cuvature on the ifter align pecisel with the
lightness bader; hencgthe intepretaion of the tanspaent flter is
nongeneic. Therefore, the luminance ltang should be intgreted as
a reflectance bhang (i.e, due not to @anspaencg but to diferent sur
faces).

THE MINIMA R ULE

Ther is nav growing evidence thahuman vision epresents the
shges of objects in ters of component pt, and the spéal rela
tionships betwen these ptr (Baylis & Driver, 1995a,1995b; Bieder
man, 1987; Braunstein,Hoffman, & Saidpour 1989; Hofman &
Richads, 1984; Hofman & Singh,1997; Mar & Nishiham, 1978;
Singh, Seyranian,& Hoffman, in press). fom a computé@onal per
spectve, pait-based epresentdions of shae povide an eficient way
to deal with ocluded objects and with éeulated objects thado not
have fixed shaes—both of wich are pioblems br traditional theaes
of object ecaynition, sud as templte theoies and Burier models.
Indeed recent gpeimental @idence sugests not ol tha human

1. One might ajue tha it is the symmetr of the pinvheel intepretaion
tha is responsike for the peceived fatness. But oneeajs the same f&fct with
nonegular solids—ér which the fat intempretdion is not symmeic. Hence
symmety fails to povide a g¢neanl explanaion of the phenomenon (s&tbert
& Hoffman, 1995; Kanizsal979,pp. 105-106).
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@ (b)

Fig. 4. The ole of geneicity and the minimaule in the pereption of
transpaeng. In (a),an obserer sees a aiular tanspaent flter over-

lying a bicoloed ba&ground In (b),two concae cusps & pecisey

aligned with the luminance baer, and these galy reduce the per
ception of tanspaengy.

vision pases shpes into pas, but also thait does so quidy, perhas
predtentively (Baylis & Driver, 1995a,1995b; Diver & Baylis, 1995;
Hoffman & Singh,1997).

Hoffman and Ribads (1984) hee agued thahuman vision uses

genenl computéonal rles to pase objects into pts. Their minima
rule defnes par boundaies. Because it isxpressed solglin the lan

guage of diferential geomety, it applies quite gneally. For a silhou

ette the minima ule gves ngative minima of cwature as boundar
points on the contour of the silhouetk®r a 3-D objectit gives loci
of negative minima of the pncipal cuvatures as boundgrcuives on
the surfce of the objecThecosine surcein Figure 5 nicey demon

strates the minimaule. In this illustetion, an obserer sees caular
hills separated by valleys. The boundaes betveen one hill-shzed
patt and the net are maked ty dashed contosr these a the nga-

tive minima of the pncipal cuwvatures. If you tun the fgure upside
down, the igure-gound eversal dhanges the ngative minima to pos
itive maximaand vice ersa.This causes the pgaboundaies to shift
to the n&v negative minima,and so pu nav see n& paits. The dashed
contous thd before sa between hills nav sit on top of hills.

We (Hofman & Singh,1997) hae poposed a p&salience ule:
The shaper the ngative minima of cwature, the moe salient the par
boundaies. Considerfor example the Stiréder staicase in kgure
6a. This can be seen either as amal, ascending staiase (the
upright interpretaion) or as a séngg, inverted staicase (thaupside-
down interpretaion). Obsevers usualy prefer theupright interpreta
tion. But in Rgure 6h the staicase has been aleet so thathe
upside-davn interpretaion has moe salient parboundaies than the
upright interpretaion. For theupright interpretaion, the nggative min

ima of cuwature (and hence the gdroundaies) ae the smooth bends

along the sta@ase If the obserer switches fgure and gound to see
the other (upside-aan) inteipretaion, concare and cowex reverse

and the ne nggative minima ag along the sharbends along the stai
case Hencethe pat boundaies for theupside-davninterpretaion ae

more salientand obserers tend to see the upsidewdo staicase in
Figure 6h despite the usual gference to seadure belav rather than
overheac

2. This agument is based on our (Hiwfan & Singh,1997) hypothesis of
salient fgures: Other things being equdluman vision pefers tha assignment
of figure and gound which leads to theidure side heing the moe salient

b

pats.
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Fig. 5. The cosine sudfte The pats you see on this swate deend
on the orentaion in which you view it.

(€Y (b)

Fig. 6. Demonstation of the patrsalience ule. The Sdrdder stair
case in (a) can be seen either as aighprascending staiase or as 3
strangg, inverted staicase Usually there is a peference to see the
upright intepretéion. But in (b),the staicase is modiéd so thathe
inverted intepretaion has the mar salient pdrboundaies. As a
result,an obserer is moe likely to see the werted intepretaion in
this case

To see theale of pat boundaies in the pareption of transpaengy,
consider gain the displg in Figure 4b According to the minimaule
explandion, the shap neagative minima of cuvature on the ifter indi-
cae two distinct pats. Hencethe dang in luminance tathe pat
boundaies is intepreted not as émspaengy, but as diferent pats of
an object haing different eflectances.

The diference betwen the parbounday and the gneicity expla-
naions is tha the pat-bounday rule pedicts a diference betwen
positve maxima and mgtive minima of cuwature (i.e, points of
locally greaest manitude of cuvature in cowex and concee
regions, respectiely), whereas the gneicity principle does not.
Specifcally, the minima ule prdicts tha the pesence of rgative
minima should impair the pegption of tanspaeng more than the
presence of posite maxima of compable stength.

VOL. 9,NO. 5,SEPTEMBER 1998
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EXPERIMENTS

We ran two expeliments to demonsdtre the gneicity effect and
the minima-ule efect in the peareption of tanspaeng. The first
expetiment pit flters with no &trema (see i§. 4a) @ainst those with
extrema (see i§. 7) aligned with the lightness kar to eplore the
geneicity effect; and it pit ngative minima gainst positie maxima
to explore the minima-ule efect. In adition, it looked d the efect of
smoothing and tuing angle athe extrema—in light of our (Hdtman
& Singh, 1997) theogy of pat salienceIn the secondx@eiment,we
sought to povide further suppdr for the gneicity explandion by
looking & the efect of displacing the cuature extrema of theifters
from the lightness bder.

Experiment 1
Method

Subjects.The subjects are 8 gadude students tathe Unver-
sity of California, Irvine. They were nave to the puposes of the
expeliment.

(e)

(9)

(h

i
vore

Fig. 7. Eight of the stimli used in Expement 1.The flters in (a)
through (d) hae neative minima of cwature, perfectly aligned with
the lightness baler, and the ifters in (e) though (h) hae positve
maxima.The extrema in (a)(b), (e),and (f) ae cuspsand the gtrema
in (c), (d), (g), and (h) hae the high leel of smoothingThe flters in
(a),(c), (e),and (g) hae the lavest mgnitude of tuning angle (Leel
1, 42°),and theifters in (b),(d), (f), and (h) hae the highest ngmi-

tude of tuning angle (Leel 4,132°).

VOL. 9,NO. 5,SEPTEMBER 1998

Stirmuli. The stimuli were 25 displgs like the ones inigure 7.
The CIE (Commission Intaegtionale de I'Etairage) coodinates and
luminance ®lues of thedur regions were as bllows: lightest gay—
x = 0.273,y = 0.269,luminance = 46.2 cd/tnlight gray—x = 0.268,
y = 0.264,luminance = 23.0 cd/fndak gray—x = 0.248,y = 0.234,
luminance = 3.59 cd/fnblack—Iluminance = 0 cd/f The displgs
were vieved d a distance of 0.5 ngnd eah was dout 15° tall and
20° wide One displg had a cicle as the @nspaent flter (see kg.
4a). Twelve displgs had ngative minima of cuvature thd were per
fectly aligned with the lightness kier (as in Ks. 7a—7d)Twelve
displays had positie maxima of cwature, perfectly aligned with the
lightness bader (as in gs. 7e—7h).

A wiggle was dewn davn the midile of the lightness bder to
suppess the peeption of a cease in 3-Dwhich is stiking in the
stimuli with strong neative minima and posite maxima. In a pilot
study, subjects eported tha this 3-D cease intedred with their judg
ments of tanspaeng. The length of the wigle was adjusted in ehc
display so tha it stopped tabout 1° of visual angle &m the X- and
Y-junctions.

Design.There were thiee ind@endent ariables: sign of cuvature
at the extrema,turning angle athe etrema,and level of smoothing &
the extrema.All factors were run within subjectsThe sign of cwa
ture had tve levels: positve maxima of curature and ngative mink
ma of cuwature. The tuning angle athe trema had dur levels,
labeled 1,2, 3, and 4 (dehed lder). The smoothing had tee levels:
cusp,low level of smoothingand high lgel of smoothing (Fg. 7
shawvs eight of the stimli used) All stimuli were pat of this 2 x 4 x
3 factoiial design,except for the stinulus with the cicle—for which
smoothing is inpplicable. Hencethere was a total of 25 (24 + 1) stim
uli. Eadh stimulus was pesented 10 timesesulting in a total of 25(
expelimental tials per subjeciThese vere preceded ¥ 50 pactice ti-
als. Whether the mar luminous side of the bicokd ba&ground
appeaed on the left or on theght of ead display was counterbal
anced

For the stinuli with cusps,the four levels of tuning angle were
42°,72°,102°, and 132°.Their smoothed ersions vere ceaed by
taking the cuspersion and eplacing a egion of the contour aund
the cusp with an arfrom the tip of an ellipserhe dimensions of this

ellipse vere 1.5° x 1.1° of visual angle in thedesmoothing case angd

3.1° x 2.3° of visual angle in the high-smoothing case

Apparatus. The fgures were displged on a monitor measng
1,024 ly 768 piels by a Macintosh Quadr computer using th
SuperL#® program. Subjects used a&jpoad to respond

Procedue. Subjects wre instucted thaon ead trial, they would
see aifjure composed ofdur regions with diferent shades ofrgy.
They were to judg whether the tw regions in the center ere trans
parent, using a scale @m 1 to 7 (1 ='no transpaeng/; | see bur
opaque egions”; 4 = “moderate transpaeng/”; 7 = “strong tans
pareng; | see a tpy filter over a llack and vhite ba&ground”).

The displgs were presented inandom oder. Ead trial consist
ed of a ixation dot for 500 msa transpaeng displey for 2 s,and
then a esponse seen thaasled the subject taate the tanspaen
cy of the displg from 1 to 7.This sceen emained until the subjeg

responded
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Results and discussion

Figure 8 shais the esults of theifst expeiment. Transpagng/
ratings were signifcantly lower for both the ngative-minima and
positve-maxima cases,as compaed with the cicle case
F(1,7)=177.32,p < .0001.This result suppds the gneicity expla-
ndion, because a anspaent intepretaion of a displg in which
extrema (positre maxima or ngetive minima) of cuvature align with
the lightness baler would be nongneic.

The esults also suppbthe minima-ule explanaion, because the
transpaengy ratings were signifcantly lower for negative minima than
for positve maximaf(1, 7) = 30.048p < .001.As mentioned edier,
this result is not pedicted ly the gneicity explanaion. Futhemore,
there was a main ééct of the smoothing Vel, F(2, 14) = 15.353,
p < .0005:Transpaeng ratings were lower for cusp &trema thandr
smooth &trema.This result suppds our (Hofman & Singh,1997)
theow of pat salienceaccoding to which cusp bound&s ae moe
salient than smooth one$her was also a main ffct of tuning
angle F(3, 21) = 9.635p < .0005,which is anotherdctor in the the
ory of pat salience (i.g larger tuming angles & indicdive of moe
salient parboundaies).

In sum,these esults shw tha the“discontiruities” explandion of

Kanizsa and Metelli can betended in tvo ways:

1. Neither tangnt discontimities nor discontinities of higher
deiivatives ae necessgrto Hock the peception of tanspaeng/
because theatings of tanspagng/ go davn even when the
extrema of cuvature ae smooth. In other @rds,in order to hae
a loss of phenomenakinspaengy, it is suficient to hae stong
negative minima or positie maxima of curature thd align with
the lightness baler, even if these xtrema hae contiruous high
er oder deivatives.

2. The discontinities plandion does not pdict a diference
between negative minima and posite maxima of cwature. The
minima ule does pdict this diference

Experiment 2

The pupose of the secondpeliment was to futher suppdrthe
geneicity explandion, by shaving tha it is indeed the @rtise align
ment of the etrema of cuvature with the lightness bder tha leads
to the deline in transpaeng ratings.We predicted thaif the extrema
were displaced fim the lightness bder, then tanspaeng/ ratings
would increase

Z

Transparency Ratings

N W A~ 01 O

] ] ] ]
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] ] ]
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Fig. 8. Results of Expément 1. Mean @inspaeng ratings ae shavn as a function of sign of ceature (ne@ative minima,positive
maxima),turmning angle (Leels 1,2, 3, 4), and dgree of smoothing (cusfpw smoothinghigh smoothing)The O coresponds to the
display with the cicular flter (see ky. 4a).Transpagng ratings were made on a scaleofn 1 fo transpaengy) to 7 Gtrong trans
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Method

Subjects.The subjects are 8 gadude studentstahe Unversity
of California, Irvine. They were nave to the pysoses of the>geii-
ment.

Stinuli. The stinuli were 18 tanspaencg/-type displgs tha had
the sameespectie luminance alues as the displa in Expeiment 1.
The displgs were vieved 4 a distance of 0.5 nand eab was dout
15¢ tall and 20° wideSix of the displgs were talen fom Expemment
1, namey, the 6 displgis with the mostxdreme tuning angles (both
positive and ngative). These 6 displgs were then modied by dis-
placing by two different amountsthe etrema of cuvature from the
lightness bater Thesmalldisplacement as a displacement of 0.25
(see kgs. 9a,9¢, 9¢e and 9g),and thelarge displacement as a dis
placement of 2° (seeds. 9h 9d, 9f, and 9h).

Design. Ther were three ind@endent ariables: sign of cuvature
at the etrema,level of smoothing fathe extrema,and the displace

(e)

(9)

(h)

ey

Fig. 9. Eight of the stimli used in Expement 2.The flters in (a)
through (d) hae neative minima of cuvature on their outlinesand
the flters in (e) though (h) hae positve maximaThe etrema in (a),
(b), (e),and (f) ae cuspsand the gtrema in (c){(d), (g), and (h) hae
the high leel of smoothinglin (a),(c), (e),and (g).the extrema on the
filters have the small teel of displacement (0.25°)dm the lightness
border, and in (b),(d), (f), and (h),the extrema hae the lage level of

displacement (2°).

VOL. 9,NO. 5,SEPTEMBER 1998

ment of the gtrema fom the lightness bder The sign of cwature
had tvwo levels: positve maxima of cwrature and ngative minima of
curvature. The smoothing had tbe levels: cusp,low level of smooth
ing, and high lgel of smoothingAnd the displacement had & lev-
els: zero displacementsmall displacement&and lage displacement
The \ariables formed a 2 x 3 x 3aictoial designAll varables were
run within subjects. Edcdisplyy was pesented 10 timesesulting in
a total of 180 epelimental tials per subjeciThese vere preceded
36 piactice trals.

The fPllowing vaiiables were counterbalancedvhether the ma
luminous side of the bicoled ba&ground gpeaed on the left or or
the iight of the displg and vhether the rema vere displaced to the
left or to the ight of the line diiding the bicoloed ba&ground

o

Apparatus. The gpasetus was the same as in Expaent 1.

Procedue. The instuctions vere ptecisey the same as in Exper
ment 1.The displgs were presented inandom oder. Ead trial was
structured the same &y as in Expament 1.

Results and discussion

Figure 10 shas the esults br the secondx@eriment.As predict
ed, there was a main déct of the Igel of displacement
F(2,14)=34.946,p < .0001. In &ct,for displa/s with lage displace
ments,mean atings came badcup almost as high as the highest
ings in Expeiment 1 (i.e, for the displs with the cicle). There was
also a main ééct of smoothingF(2, 14) = 9.194p < .003,but no
main efect of the sign of cueture, F(1,7) = 0.131p > .7.

Ther was a signitant inteaction betveen smoothing and sign ¢
cunvature, F(2,14) = 4.774p < .03. RBst hoc angsisis revealed thafor
displays with smooth xtrema,transpaeng ratings were not signii-
cantly different betveen positie maxima and rgative minima. Hav-
ever, for displgys with cuspsiranspageng ratings were signifcantly
higher br positve maxima thandr negative minima.

There was also an intection betveen smoothing and displac
ment of atrema,F(4, 28) = 17.956,p < .0001. Bst hoc angiksis
revealed thafor lage displacementshere was no signitant efect of
smoothing lgel, but for zero and small displacementbge ratings for
the cusp displss were signifcantly lower than the atings for the
smoothed dispigs.

These esults corifm the pedictions of the gneicity principle: It
is indeed the mrtise alignment of thexeeema of cuvature with the
lightness bader tha is responsike for the deline in transpaency rat-
ings when the displacement iem.

AN ALTERNATIVE HYPO THESIS

An altenaive angle kipothesis might be adnced to ®plain our
results.The wole of X- andy-junctions is vell-known in the tans
pareng literature (seee.g., Anderson,1997; Kersten,1991). It might
be agued thathe stength of pereved tanspagng/ degpends not on
the gneicity principle and the minimaute, but rather on the angle
between theifter contour and the lightness loer (dviding the bicol
ored ba&ground) & ead X- or-junction. For example in Figure 4a,
the flter contour is athogonal to the lightness bder, whereas in kg-
ure 4h the flter contour meets the lightness bder a a shap angle It
is perhas this diference in angle thas responsite for the esults

=

4%

obtained in Expéments 1 and 2.
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Fig. 10. Results of Expément 2. Mean &nspagng ratings ae shavn as a function of sign of ceature (neative minima,positive
maxima),degree of smoothing (cuspow smoothing high smoothing)and level of displacement of thexeema fom the lightness
border (nongsmall,large). Transpaengy ratings were made on a scaleofn 1 fi0 transpaeng) to 7 Gtrong transpaengy).

Recall,however, tha the esults of Exgment 1 shwed a signif
cant diference betwen displgs with negative minima and posite
maxima of cuvature, even though the angle maitudes vere con
trolled. For example displays with neative-minima cusps @re con
sistenty rated laver in tanspaeng/ than the caresponding displs
with positive-maxima cuspgven though the angles beten the con
tour and the lightness ker were the same in both cases (se&g B).

376

Therefore, an explandion based on the anglggothesis is institient
to explain our esults.

However, to test the angleyipothesis diectly, we ran a conwl
expetiment using the tlee displgs shevn in Fgure 11:One had a
horizontally oriented ellipse (so thats contour vas othogonal to the
lightness bader); another had an ellipseieted & an angle (so itg
contour made an angle of 30° with the lightnessl®&gr and the thd
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Fig. 11. The thee stinuli used in the contd expeiiment.The stimuli
were designed to parmte the gneicity and minima-ule hypotheses
from the angleypothesisThe gneicity and minima-ule hypotheses|
predict tha transpaeng ratings should be highof the stinuli in the
top two panelsand lav for the stinulus in the bottom panérhe angle
hypothesis pedicts thatranspaeng ratings should be high oplfor
the stinulus in the top paneind should be i@ for the stinuli in the
bottom two panels.

was a ersion of the ngative-minima cusp stimli used in Exper
ments 1 and 2—with the conaitnt thd the contour made an angle

30° with the lightness bder All luminance \alues vere the same as

in the frst two expeiiments. We counterbalanced twvariables:
whether the d#&er side apeaed to the left or to theght and vhether
the slope of the digue ellipse vas positie or nggative.

Five subjects peofmed the sameadnspagng/-rating task as in the
first two expeiiments.We found a signitant efect of displa type

displays with the harontal ellipse i = 5.15,SE= 0.421) and thg
oblique ellipse M = 6.23, SE = 0.384), despite the ditrence in
angles,and thg consistenyf gave low ratings to the dispkain which

the n@ative minima vere aligned with the lightness lamsr M = 1.83,

SE= 0.318),even though the anglesifthis displg were the same a
those or the displg with the ollique ellipse Post hoc anaksis

revealed thaithe mean ainspagng ratings for the displgs with the
horizontal ellipse and the tique ellipse did not dier signifcantly

from eab other but did differ signifcantly from the meanating for

the displg with the ngative minima.These esults disconfm the
angle lypothesis and suppbrthe gneicity and minima-ule

hypotheses.

CONCLUSIONS

We have proposed thathe geneicity principle, the minima ule,
and a parsalience ule povide a igorous efinement of the Gestal
figural conditions 6r the peception of tmanpaeng. The «peri-
ments eported hee suppoar the psybological plausibility of these)
refinements.

The &peliments also suppbthe idea thishuman vision congiicts
valtious popeties of visual objects in a highlcoodinaed fashion
(Hoffman, 1998; Singh & Hdiman,1997).When the cenal regions
in transpaencg/-type displgs ae seen as a one-pabject,they are
perceived as being émspaent and heing uniform reflectance but
when thg are seen as twpats of an objectthey are peceived as
being opaquewith the two pats haiing different eflectances.

The e«petiimental esults sugest tha the formaion of visual
objects and their p&r can pecede theapresenttion of transpagngy.
This mg be suprising because anspaeng/ seems to be sha@ basic
visual popety. However, ther is nav psydoptysical esidence sug
gesting tha pat formation is an edy visual pocess (Hdman &
Singh, 1997), and possily predtentive (Balis & Driver, 1995a,
1995b; Diver & Baylis, 1995). So it is perlgs not suprising to ind
that other visual popeties,sud as tanspaencgy, depend on it.
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