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Viewed from the centerof projection, a perspectie picture presentshe pictorial depthin-
formation of a scene. Knowing the centerof projection, one can reconstructthe depicted
scene.Assuminganotherviewpointis the centerof projectionwill causeoneto reconstruct
atransformedscene.Despitethesetransformationsye appreciatepicturesfrom otherview-
points. The compensatiormypothesisstatesthat the visible picture surfaceallows obseners
to compensatéor transformationsy locatingthe centerof projectionand experiencingpic-
torial spacefrom there. We shaw that obserersneithercompletelycompensat@or do they
experienceransformation®f spaceasgeometrywould predict. We proposea modifiedcom-
pensatiorhypothesisaccordingto which differentdegreesof visibility of the picture surface

invokedifferentdegreesof compensation.

Picturesareflat surfaceghat shov scenesn depth. For
thevisual systempicturespresenthe problemof integrating
conflicting flatnessand depthinformation. Practically un-
derstandindnow pictureperceptiorresemblesr differsfrom
perceving real spacewill allow usto createandusespatial
displaysmoreeffectively. In thispaperwe addresswo prob-
lems: (a) how we perceve picturesfrom differentviewpoints
even thoughpicturesare geometricallycorrectfor only one
viewpoint and(b) how depthinformationandflatnessnfor-
mationinteractin perceving depthin pictures.

A picture mimics the light from a sceneto one view-
point, called the center of projection To all other view-
points,the picturepresent@ geometricallytransformedpic-
torial space.However, experiencesuggestshatwe canap-
preciatepicturesfrom mary viewpoints. Kubovy (1986)has
calledthis phenomenotherobustnesof perspectiveSome
researcherg¢e.g., Pirenne,1970; Kubovy, 1986; Goldstein,
1987; Rosinski& Farber 1980)have proposedhat robust-
nessresultsbecauseseeingthe picture surfaceallows ob-
senersto compensatéor thesetransformation®f pictorial
space. That is, obsenrers perceve the layout of pictorial
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spaceasif they wereviewing the picturefrom the centerof
projection.We call this explanationthe compensatiotheory
of perspectiveobustness

In thispaperwe presentwo versionof thecompensation
theory—aweak version and a strong one—andshaw that
the strongversionis inconsistentwith the dataof two ex-
periments.n our modified (weak)versionof thecompensa-
tion hypothesiswe suggesthatobserersneithercompletely
compensatéor changesn viewpoint nor doestheir percep-
tion of transformedictorial spacauindego asmuchtransfor
mationasgeometrywould predict. Increasingthe visibility
of the picturesurfaceincreasesur ability to compensatéor
change®f viewpoint.

Picturescontainsomeof the spatialinformationavailable
in naturalscenesA pictureactslike awindow into a virtual
world;lit is a frozen cross-sectiomf light to a fixed view-
point (the centerof projection),providing the pictorial depth
informationappropriatdor thatviewpoint.

The geometricinformation in picturesis ambiguous:an
infinite numberof three-dimensionabbjectscould produce
the sameprojectionon the retina. For example,an upright
trapezoiddr arectangldilted in depthcouldbothproducehe
sametrapezoidalprojection (Ames, 1955/1968;Sedgwick,
1986). However, even without othersourcesf depthinfor-
mation (suchas motion parallax),the visual systemreadily
selectsa three-dimensionainterpretationof pictures. The
visual systemappeargo interpretpicturesby relying on in-
terpretive predispositionsalso known as constraintsor as-
sumptions(Ames, 1955/1968). Two suchinterpretive pre-
dispositionshave beensuggested(a) obserersassumehat
their viewpoint is at eyeheightabove the ground (Cutting,
1987); (b) that certainlines on the picture surfacerepresent
parallellinesin thepictorial spaceandthatotherlinesrepre-

'In fact, the etymology of “perspectve” in Latin “to see
through';, asif throughawindow.



2 T. YANG & M. KUBOVY

sentperpendiculalines (Kubovy, 1986). Theinterpretation
of thedepthinformationin pictures,n fact, sufficesto guide
effective action.For instancejn anexperimentby Smithand
Smith (1961), obserersviewed picturesof a room monoc-
ularly throughan aperture. Thinking that they were look-
ing into a real room while viewing this picture, obsenrers
could accuratelythrow balls at the tamgetsdepictedup to 8
m away. In addition,the perceptiorof pictorial depthis not
even ngyatedby motion and stereopsisnformation, which
shouldspecifya planarsurface(Hochbeg & Brooks,1987).

A pictureis a cross-sectiorof the visual rays projecting
to one point, O , calledthe centerof projection(Figure 1).
If viewedfrom adifferentpoint, O', which is assumedo be
the centerof projection,the picturewould imply a different
spatiallayout. To illustrate, let us re-createhe virtual space
for anobsenerwhois viewing the picturefrom O, by back-
projectinglight raysfrom the eye into virtual space(Figure
la), a procedurdirst proposediy La Gournerie(1859)and
summarizedy Cutting (1987,1988). We will thenexam-
ine how the squarefloor ABCD of a box in the scenemay
be geometricallyreconstructedvhen the obserer’s view-
point, O/, moves closerto or fartheraway from the picture
plane, P (Figure 1b). The effect of such a displacement
is to compressor expand ABCD in depth, forming a vir-
tual objectA'B'C'D’. Specifically if d(OP) is the distance
from the centerof projectionto the picture plane, d(O'P)
is the distancefrom the new obsenrer viewpoint to the pic-
ture plane,d(OA) is the depthdistancefrom the centerof
projectionto one cornerof the square,andd(O'A’) is the
transformediepthdistancerom the new obsererviewpoint
to the transformedpoint in virtual space then: d(O'A) =
d(OA)[d(O'P)/d(OP)] whered(O'P)/d(OP) is the propor
tion of magnification/minification. (Moving O' parallel to
the picture plane causeghe virtual spaceto undego affine
shearjFigurelc.)

Varioustheorieshave attemptedto characterizehe per
ceptionof picturesfrom viewpointsotherthanthe centerof
projection(Cutting, 1987; Rogers,1995). In this paperwe
addresshe compensatiotheoryof perspectie robustness.

The evidenceregardingthe constang of perceved spa-
tial layoutin the face of viewpoint changeis inconsistent.
Researcheraho supportthe compensatiomypothesige.g.,
Pirenne,1970; Kubovy, 1986; Rosinski & Farber 1980;
Rosinski, Mulholland, Degelman, & Farber 1980; Gold-
stein, 1979, 1987) have agued that when the picture sur
faceis not visible, perceved pictorial spacechangesasob-
senersview a picturefrom differentviewpoints. Whenthe
picture surfaceis visible, however, obserersseethe spatial
layoutasif they wereviewing the picturefrom its centerof
projection. They correctlyseethe slantof a picturedobject
(Rosinskiet al., 1980),the spatiallayout of depictedscenes
(Goldstein,1979, 1987), and the rectangularityof pictured
boxes (Perkins,1968,1973). Rosinskiand Farber (1980)
have summarizedhe compensatioriewpointasfollows: “It
seemsthat we perceve a pictorial representatiorof space
veridically, even when the geometricprojectionto the eye
is greatly distorted. Moreover, picturesapparentlylook the
sameregardlesof the viewing point” (p. 149). Althoughno
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Figurel. How virtual spacechangewith obsenerviewpoint (af-
ter Cutting, 1987; Cutting, 1988). The virtual spaceis seenfrom
top view. d(OP) is the distancefrom the centerof projectionto the
picturesurface d(OA) is the distancefrom the centerof projection
to a point A on the objectin virtual space.d(O'P) is the distance
from a given obsener viewpoint to the picturesurface.d(O'A’) is
thetransformedlistancefrom theobsererviewpointto pointA’ on
theobjectin virtual space(a) Virtual spaceasviewedfrom thecen-
terof projection.(b) Viewing from too closeor too far respectiely
causesompressioffimagnificationandexpansionminification) of
virtual space. (c) Viewing from the side causesa shearof virtual
space. For all viewing points,d(O’'A’)/d(O'P) remainsconstant.
d(O'P)/d(OP) is the proportionof magnification/minification.

one hasproposeda detailedaccountof how compensation
could occur Kubovy (1986, p. 137) hassuggestedhatthe
viewer infers the location of the centerof projection, men-
tally shifts herselfto thatpoint (or transformghe picture)—
in a processakin to the mentaltransformationsummarized
by Shepardand Cooper(1982)—andthereforeexperiences
thepictureasif viewing from thatpoint.

Other researchergeject the compensationhypothesis.
Camerdensegf differentfocal lengthscreatepictureswith
varyingfields of view andcentersof projection. Thesema-
nipulationsaffect percevedvirtual layoutdespitethevisibil-
ity of the picture surface(Kraft & Green,1989). Similarly,
varyingthe obsenrer’s viewing distanceo a picturechanges
egocentricand exocentricdepthestimatesut not estimates
of objectwidth andsize(Smith,1958a,1958b;Smith& Gru-
ber, 1958; Bengston Stegios, Ward, & Jester1980). Fur-
thermore compressiomndexpansionin percevedspaceoc-
curevenwhenpicturesareviewedbinocularly A related put
nottelling obsenation,is thatincreasingpicturesurfacevisi-
bility seemdgo increasevariability in perceveddepth(Lums-
den, 1983; Adams, 1972). Finally, Nicholls and Kennedy
(1993) askedobsenrersto look througha monocularpeep-
holeat picturesof cubesof threeperspectie corvergencesat
threedistances.They found that eachpicture looked more
cube-likewhen viewed from the centerof projectionthan
from otherdistances.

The precedingreview revealsthat the evidencein favor
of the compensatiorhypothesiscomesfrom experiments
in which the obserer’s viewpoint was displacedlaterally,
whereaghe evidenceagainstit comesfrom experimentsin
which the distanceof the obserer’s viewpoint from the pic-
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turewasvaried.We thereforechoseto testthe compensation

hypothesisusing the latter manipulation. In Experimentl
we shaov that whenthe centerof projectionis moved avay
from the obserer’s viewpoint, obserersperceve the trans-
formationsof pictorial space.In this experimentwe did not
know how visible wasthe picturesurface We thereforecon-
ducteda secondexperimentin which we manipulatedthe
visibility of the pictorial surface.ln Experiment2 we show
that—aspredictedoy the compensatiomypothesis—thele-
greeof perceved invarianceof pictorial spaceincreasesas
we increasethe visibility of the picture surface. However,
the perceptionof pictorial spaceis not completelyinvari-
anteven underthe conditionin which the picture surfaceis
mostvisible. We suggesthat our dataare explainableby a
compensatiomechanisnthatis not all-or-nonebut instead
continuoushjincreasen effectivenessasthe picturesurface
becomesnorevisible.

ExPerim_entL: ComparingCubes
of Varying Angular Subtenses
andPerspecties

Experimentl testedwhetherobsererswho viewed pic-
turesmonocularlyfrom a closedistancewould perceve the
projective transformation®f pictorial space.If so, pictures
oughtto look bestfrom the centerof projectionandprogres-
sively worseasthecenterof projectionmovesaway from the
viewpoint. This experimentreplicatedand expandedon an
experimentby Nicholls andKennedy(1993). From a fixed
distanceto the screenobsenersviewed pairsof computer
generatedine drawings of cubesof varying angularsub-
tensesaandperspectie corvergences.

Geometricallythe larger the angularsubtensef a three-
dimensionabbject(themoreof onesvisualfield it takesup)
themoreperspectie corvergencetheobjecthasregardlesof
the actualsize of the object (Figure 2). In otherwords,the
largerthe angularsubtensef anobject,the greatertheratio
of the projectedsize of the nearerpartsto the fartherparts.
Thegeometricallyappropriatgerspectie convergenceof an
objectis thuslinkedto its angularsubtenseThesameis true
with picturedobjectsviewedfrom the centerof projection.

However, when picturesare magnified(when the view-
pointis closerto the picturethanthe centerof projection)or
minified (whentheviewpointis fartherfrom the picturethan
the centerof projection)the angularsubtensef picturedob-
jectschangesbhut the perspectie corvergenceon thepicture
surfacedoesnot. If obserers perceve transformationof
pictorial spacethenpicturedcubesshouldlook bestviewed
from the centerof projectionwhenperspectie corvergence
is appropriatdor a givenangularsubtense.

Method

Participants

Twelve graduate(including the first author) and under
graduatestudentgninemaleandthreefemale)atthe Univer
sity of Virginiaviewedthedisplays.Nine of the participants
receved paymentwhile threevolunteered All hadnormalor
corrected-to-normaitision.

more 42 9 @
convergent
Perspective
AN
more 6 &) @
parallel
6 18 30 42

Angular Subtense (degrees)

Figure 2. Stimuli for Experimentl. The sixteencubesin Ex-
perimentsl and 2 variedin perspectie corvergenceand angular
subtenseTheunitsalongthe Angular Subtenselimension(x-axis)
refer to the angularsubtenseof the image at the fixed viewpoint
20 cm from the screen.The unitsalongthe perspectre dimension
(y-axis)indicatetheamountof perspectie corvergenceappropriate
for acubeof thatangularsubtensén degrees.Thus,thecubesalong
the Main Diagonalfrom lowerleft to upperright have centersof
projectionat 20 cm from the screenand perspectie corvergences
appropriateor their angularsubtenseTable1 lists thelocationsof
thecentersof projectionof all the pictures.

Appamatus

The stimuli were createdon a Silicon Graphicslris In-
digo 16-inch monitor, whosescreendimensionswvere 29.3
cm (horizontal)by 23.4cm (vertical). The obserersviewed
thedravingsmonocularlywearinganeye patchovertheeye
of their choice. An adjustableheadrespositionedthe ob-
sener’s viewing eye 20 cm from the centerof the screen.
An incandescentght illuminatedtheroomfrom above. The
obsenrer usedthe two buttonsof a computermouseandone
buttonon thekeyboardto indicateresponses.

Stimuli.

The stimuli were sixteenblackline dravings of cubeson
a white backgroundorientedso that one of the cornersof
the cubefacedthe viewer, anda perpendiculafrom the ob-
sener’s gye to the picture planewould lie along the main
diagonalof the cube(Figure2). We manipulatedwo inde-
pendentariables:angular subtense@ndperspectiveonver
gence By angularsubtenseve meanthe visual subtensef
theimageon the screenwhenviewed from the fixed view-
point of the obserer. By perspectie convemgenceX we
meanthe perspectie that would be geometricallyappropri-
atefor picturesof realcubessubtendinganangleX. Our six-
teenstimuli were createdby crossingfour perspectie con-
vergencess, 18,30 and42° with four angularsubtensess,
18,30and42.
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Tablel
Distancesfrom the picture plane (in cm) of the centersof
projectionof the cubepicturesusedin Experimentl

Perspectie
corvergencé
angularsubtense 6° 18 30 47
42 146.3 485 28.7 20.0
30 1014 338 20.0 139
18 60.4 200 11.8 8.3
6° 20.0 6.6 3.9 2.7

aCorvergenceappropriatéfor acubesubtendinghis visualangle.

Thus,thecubesalongthe diagonalof thearrayin Figure2
from lower-left to upperright have centerof projectionat20
cmfromthescreerandperspectie convergencesappropriate
for their angularsubtense Table 1 lists the locationsof the
centerf projectionof all the pictures.All possiblepairings
of thecubesyielded(16 x 15) /2 = 120pairs.Obsererssav
all pairs,in randomordet onepairatatime.

Procedue.

For eachtrial, oneof thetwo picturesin thepairrandomly
appearednthescreerfirst. Obsenrersviewedthetwo cubes
in alternationby pressinga mousebuttonto togglebackand
forth betweereachpicture. Theobsenrer’s taskwasto select
thepicturethatlookedbetterasapictureof acube.Wedefine
“betterlooking” asfollows: Imaginethe objectsrepresented
by thetwo picturesandchoosehepicturethatbestrepresents
an objectwith 90° cornersand edgesof equallength. The
obserer indicatedwhich of the two pictureslooked better
by pressinga buttonin thekeyboardwhile the betterlooking
picturewason the screen.On a subsequergcreenthe ob-
sener indicatedon a 5-point scalethatthis cubelooked“as
goodas; “just barelybetterthan; “a bit betterthan; “a fair
amountbetterthan; or “a greatdealbetterthan” the other
cubein the pair.

Results

A circle plot (Figure 3) depictsthetotal numberof times
obsenrerschoseeachof the sixteenpicturesaslooking more
cube-like, regardlessof the what other picture eachof the
sixteenpicturesmight have beenpairedwith. In Figures2
and3, we referto the diagonal(from lower left cell to upper
right cell), alongwhich perspecitie corvergencematchesn-
gular subtenseasthe Main Diagonal. Figure 3 shows that
the numberof times obsenrers picked a picture as better
looking is greatestalongthe Main Diagonal. The number
of timesobsenrerspickeda picturedecreaseasangularsub-
tenseandperspectie corvergencebecomeancreasinglymis-
matched(i.e., progressingrom the Main Diagonalto either
upperleft or lowerright corners).

If obsenersperceve transformation®f spacen pictures,
then cubescloserto the Main Diagonal shouldlook best;
cubesshouldlook progressiely worseasthe matchbetween

42

30
Angular
Subtense
(Degrees)

18
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6 18 30 42
Perspective
Figure 3. Datafrom Experimentl. The numberin eachcell is

the numberof timeseachof the sixteencubesn Experimentl was
pickedasthe betterlooking cube. To give a graphicaloverview of

thepatternin thedatathisamounts alsoindicatedfor eachcubeby

acircle whoseareais directly proportionalto the numberof times
the cubewas picked. Note that the numberof times a cubewas
pickedasbetterlooking is greatesalongthe Main Diagonal(from

lower left cell to upperright cell), whereperspectie corvergence
is appropriatefor angularsubtense.The numberof times a cube
is pickedfalls off asangularsubtensendperspectie corvergence
becomeincreasinglymismatchedi.e., progressingrom the Main

Diagonalto eitherupperleft of lower-right corners).

perspectie convergenceandangularsubtensevorsensThis
is indeedwhatwe find. As a measureof this match,we de-
fined a variablePerspectie Appropriatenessi (1 < A< 4)
whereA = 4 meanghatthe perspectie corvergenceis most
appropriatefor the angularsubtenseof the cubeandA = 1
meanghat the perspectie convergenceis leastappropriate.
Thusfor cubesalongtheMain Diagonal A = 4 (Table2). For
eachtrial we computed\A, the differencein the Perspectie
Appropriatenesbetweenthe cubespresentedn that trial
(—3<DAKL3I).

We plottedthe probability that obserersthoughtthat the
secondcubewas betterthanthe first (Figure 4), and found
that,asexpected the moreAA favoredthe seconctube(i.e.,
the larger AA) the more often obsenrers chosethe second
cube.

We alsoanalyzedheobserers’ ratingsof goodnessOur
dependenvariablewasDifferencein RatedGoodnessAG,
whichmeasuredhow muchbetteror worseobserersthought
the first cube of a pair looked as comparedto the second
cube.Theratingscaleusedby obserers(“as goodas; “just
barelybetterthan? “a bit betterthan? “a fair amountbetter
than] or “a greatdeal betterthan”) was codedfrom O to 4
(—4 < AG < 4). AG = 0 meantone cubelooked“as good
as”the othercube,AG > 0 meantthatthe first cubein each
pair lookedbetterthanthe secondcube,andAG < 0 meant
thatit lookedworse.Theboxplotsin Figure5 (seeAppendix
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Table2
Valuesof derivedvariable of perspectiveappropriatenesof
cubepicturesusedin Experimentl

Perspectie
corvergencé
angularsubtense 6° 18 30 47
42 1P 2 3 4
30 2 3 4 3
18 3 4 3 2
6° 4 3 2 1

aCorvergenceappropriatéfor acubesubtendinghis visualangle.
bA valueof 1 meanghatthe perspectie corvergencds
geometricallyleastappropriatdor the angularsubtenseanda
valueof 4 meanghatthe perspectie corvergences appropriate.

0.8

Probability of ®® [
Picking the
Second Cube
04

0.2

L 1 1 1 1 1 1
3 2 -1 0 1 2 3
Difference in Perspective

Appropriateness (AA)

Figure 4. Datafrom Experimentl. Proportionof timesthe sec-
ond cubein a given pair waspickedasa function of Differencein
Perspectie AppropriatenesgAA).

A for a specificatiorof the partsof a boxplot) shav how AA

predictsAG. WhenAA = 0 (i.e.,whencomparingwo cubes
from theMain Diagonalof Figure?2), we predictthatAG = 0

i.e., thattheinterceptof theregressionof AG on AA will be
0. Indeedwe foundthatthe interceptwasnot differentfrom

0: -0.03,95%Cl= (—0.11,0.06). As we move away from

the Main Diagonal,AA grows or decreasesand we expect
AG to changemonotonically We found, as expected,that
theslopeof thelinearregressiorwasreliably greaterthanO:

0.81,95%Cl= (0.58,1.03), R? = 28.4%.

Discussion

Obseners most often chosethe pictureswhoseangular
subtensenatchedtheir perspectie corvergence(Figure 3).
The more the picturesdifferedin Perspectie Appropriate-
ness,the more frequentlythe bettercubewas chosen(Fig-

4 + ° o
3 % o T
2 %
Difference 1
in Rated
Goodness 0 [ °
(AG) 4 |
-2+
-3+ o
-4 + 4 o o
3 2 -1 0 1 2 3
Difference in Perspective
Appropriateness (AA)
Figure 5.  Boxplots of Differencein Rated GoodnesqAG) as

a function of the derived variable of Perspectie Appropriateness
(AA) in Experimentl. The shadedarearepresent95% confidence
intervals aroundthe median. AppendixA explainsthe partsof the
boxplotin greateretail.

ure4) andmorehighly obserersratedits relative goodness
(Figureb).

Our resultsreplicate the Nicholls and Kennedy(1993)
finding thata cubeof a given perspectie convergencelooks
best(mostcube-like)at its geometricallyappropriateangu-
lar subtenseHowever, we did not replicatetheir finding that
a picture of a cubewith moderateperspectie convergence
lookedbestregardlesof angularsubtenselnsteadwefound
thatwithin eachangularsubtenseapictureof acubewith the
appropriateerspectie lookedbest.We lookedto the proce-
duraldifferencedetweerour Experimentl andthe Nicholls
and Kennedyexperimentsfor an explanationof this differ-
ence.For instancejn ourexperimentwe heldpicturesurface
informationconstanby having theobsenrerview all pictures
from a fixed distancefrom the computermonitor; Nicholls
and Kennedyusedpen-and-papedravings and varied the
viewing distance®f picturesto manipulateangularsubtense.
However, we do not know how theseproceduralifferences
couldyield differentresults.

All the cubedravingsusedin the experimentshouldlook
acceptablenderPerkinss(1968,1973)laws 2With overhead

2L aws thatdescribethe possibleparallel projectionsof the cor-
nersof rectangulasolids. Cornersfor which all threefaceswhich
comprisethe cornerare visible are called “fork junctures. Cor
nersfor which two of the threefacesare visible arecalled“arrow
junctures. Kubovy (1986)stategheselaws asfollows: “Perkins’s
first law: A fork junctureis perceved asthe vertex of a cubeif
andonly if themeasuref eachof thethreeanglegasmeasuredn
the picturesurfacel]is greaterthan90°. Perkinss secondaw: An
arraw junctureis percevedasthevertex of acubeif andonly if the
measuref eachof the two anglesjas measurean the picturesur
face]is lessthan90° andthe sumof their measuress greaterthan
90°” (p. 99). Kubovy suggestshat for perspectie pictureswhich
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illumination and close monocularviewing, obsererswere
undoubtedlyaware of the pictorial natureof the stimuli. If
theseviewing conditionswereenoughto constitutea visible
picture surface thenthesestimuli oughtto invoke compen-
satoryprocesseasarguedby Kubovy (1986,Chap.7). How-
ever, with the currentexperimentalconditions,obserersdid
notcompensateSincetheeffectof thevisible picturesurface
is centralto the compensationtheory in Experiment2, we
studiedtheeffect of manipulatinghevisibility of thepicture
surface.

Experiment2: The Effect of
PicturePlaneVisibility on
Perceving Pictorial Space

The compensatiorhypothesismplies that we either see
thesurfaceof apictureor not, andthatwhenwe do, we com-
pensatecompletelyfor changesn our viewpoint. In Exper
iment 1, we refutedthis hypothesisby shaving that when
thepicturesurfacewasat leastmoderatelyisible, obsenrers
thoughtthatpicturesiookedbestwhenviewedfrom the cen-
ter of projection.In Experiment2 we testeda modifiedver
sion of the compensatioypothesighat acknaviedgesthe
possibility of degreesof picture surfaceawarenessand dif-
ferentdegreesof compensationlin this experiment,we ex-
pandon Experimentl and Nicholls and Kennedys experi-
mentby examiningthe perceptiorof line dravings of cubes
underdiffering conditionsof picture surfacevisibility. Ob-
senersmagnifiedor minified picturesof varyingperspectie
convergenceuntil they lookedbestaspicturesof cubes.

In our task, an ideal obserer who doesnot compensate
would perceve transformedpictorial spaceand would ad-
just the picture so that its centerof projectionwas at the
egye. Suchan ideal non-compensatingbserer would al-
wayschoosethe geometricallyappropriateangularsubtense
in responsdo a given perspectie corvergence. Thus this
obserer’sfunctionrelating chosenangularsubtensdo per
spectve convergencewould be steepandexhibit no variabil-
ity. Onthe otherhand,anideal obserer who compensated
completelywould considerall angularsubtensesquallyap-
propriatefor a given perspectie corvergence. Thatis, an
ideal compensatingbsener would not preferthe geometri-
cally appropriateangularsubtensesver inappropriateones.
This obserer’s functionrelatingchosenangularsubtenseo
perspectie convergencewould beflat andexhibit greatvari-
ability. Any intermediateresultwould suggesthat the ob-
senerwasableto compensateartially.

Method

Participants

Forty undegraduatestudentsat the University of Virginia
participatedto fulfill a requiremenffor a psychologyclass.
All participantshad normal or corrected-to-normavision.
All participantsaverenaive to the experimentahypothesis.

Design
Picturesurfacevisibility variedbetweerparticipantsn a
2 eyes(monoculaws. binocular)x 2 lighting (light vs. dark)

designto yield 4 conditionsof varying picture surfacevisi-
bility .

Appamatus

We presentedhe stimuli on a computermonitor to ob-
senerswhoseviewing positionwasfixed by a headrest.In
someof the conditions(describedbelow) a large flat card-
boardsheetwith a squareviewing hole wasinterposede-
tweenthe obserer andthe monitor. The stimuli were blue
line-drawings of cubeson a black backgroundcreatedon
a Silicon Graphicslris Indigo and displayedon a 16-inch
monitor. The actualscreendimensionsvere29.5 cm wide
by 22.1cm tall. An adjustablehneadrespositionedthe ob-
sener’s eyes20 cm from the screen.In the monocularcon-
ditions, the headrespositionedthe obserer’s viewing eye
20 cmin front of the centerof the screen.In the binocular
conditions the headrespositionedthe centerpoint between
theobserer's eyes20 cmin front of the centerof the screen.
Thematteblackwalls of theexperimentroomabsorbedight
from the monitor screen.

For the monocular/darkcondition, obserers viewed the
picturesin the darkthrougha 6 x 6 cm viewing aperturein
a black cardboardeductionscreen,77.5 x 77.5 cm, placed
15 cm from the monitor screen.The structureof the setup
wasnhever concealedrom obsenersasthey satdown for the
experiment. We usedthis reductionscreerbecauseghe dim
light from the monitorwasenoughto makethe edgeof the
monitor screerfaintly visible. With the lights off, theedges
of the viewing aperturein the reductionscreencroppedthe
light reflectedoff the edgesof the monitor. In the monoc-
ular/darkcondition, the picture surfaceaswell asthe edges
of the monitor screerandthe edgesof the viewing aperture
wereinvisible during the experiment. In the binocular/dark
condition, obserersviewed the stimuli in the dark without
a reductionscreen;the edgesof the monitor were faintly
visible in this condition. In the two light conditions,there
was also no reductionscreen. An incandescenltight illu-
minatedthe room from above andthe edgesof the monitor
wereclearlyvisible. The visible surfacetexture of this high-
resolutionmonitor displaywascomparabléo a large photo-
graph.

Stimuli.

The computergeneratedubesweresimilar to thoseused
in the previous experiment,exceptthat the lines were blue
andthe backgroundf the screenwasblack. We usedcubes
of ten different perspectie cornvergences. Thesecornver
gencesvereappropriateor cubesthat subtended, 10, 14,
18,22,26,30,34,38and42°.

Procedue.

Eachobsenrerviewed eachof thesecubestentimes. The
stimuli appearedn randomorder For eachtrial, the initial
imageof the cuberandomlysubtended, 10, 14, 18,22,26,
30, 34, 38, 42° visual angle,asmeasuredrom 20 cm from
themonitorscreenObsenersusediwo buttonsof themouse

follow theselaws, obsenerscompensatandthereforedo not see
thesepicturesasdistorted.
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Monocular/Dark Monocular/Light

Angular ° |
Subtense
(degrees)

6 10 14 18 2226 30 34 38 42

6 10 1418 2226 30 34 3842
Perspective

Figure 6. Plotsof angularsubtensadjustmenby perspectie for

thefour viewing conditions.The plots aremediantracesandhinge

tracessmoothedisingthe 3R proceduresuggestedy Tukey (1977).

Solid linesconnecthesmoothednediansaanddashedinesconnect

thesmoothedinges(75thpercentilesand25th percentiles).

to adjusttheimagesize of eachcubeto be largeror smaller
in discretesteps,to subtend6, 10, 14, 18, 22, 26, 30, 34,
38, 42° visual angle. Obserershit a key on the keyboard
to indicatethe imagesizethat lookedbest,suchthatif the
representedbjectwerereal, corvex, physicalobjectrather
thanjust a picture,this objectwould have 90-degreecorners
and edgesof equallength. Therewereno time restrictions
onthetask.

Results

In all viewing conditions, obserers adjustedcubesof
greateiperspectie corvergenceto greatermngularsubtenses.
Binocularviewing andillumination of the displayincreased
the variability of the obserers’ choiceof angularsubtense
anddecreasethe slopeof the functionrelatingChosenAn-
gular Subtenséo perspectie corvergence(Figure6 andTa-
ble 3).

Binocular Viewing and Display lllumination Increased
Respons#&ariability .

Greaterresponsevariability indicatesthat the obserers
are less sensitie to the appropriatelevel of angularsub-
tensefor eachlevel of perspecitie, andthattheir responses
conform betterto the compensatiorhypothesis. Binocular
viewing andilluminating the displayincreasedhe variabil-
ity of obseners’responsedn Figure6, thedistancebetween
the dashedines, which representhe upperandlower quar
tiles of the distribution of the datais lowestfor the Monoc-
ular/Dark condition, higher for the Monocular/Light and
the Binocular/Darkconditions,and highestfor the Binocu-
lar/Light condition. To quantify this increasen variability,

we calculatedabsoluteresidualsaroundtheindividual linear
regressionlines for eachof the four conditions. A square
roottransformsymmetrizedhedistribution of the positively
skevedresidualgfrom askevnessf 1.11t0 0.18). We com-
putedthemeanrootabsoluteresidual{MRAR) for eachob-
sener and enteredtheseinto a two-way (Light vs. Dark x
Monocularvs. Binocular) ANOVA to obtainstandarderrors
(SE)for thevariousviewing conditions(Table3). We found
that MRAR(Monocular/Dark)< MRAR(Monocular/Light)
~ MRAR(Binocular/Dark)< MRAR(Binocular/Light)

Binocular Viewing And Display Illlumination Decreased
FunctionSlope

Recall that the lower the slopesof the regression of
the obsenrers response®n ChosenAngular Subtensethe
more consistentthe data are with the compensatiorhy-
pothesis. In addition to using the raw dependentvari-
able in our regression,we also performedthe regression
on the folded-log (flog) transform(Tukey, 1977, Chap.15)
of the data, to overcome problemsthat may stem from
the bounding of the responsesat top and bottom. We
comparedthe average slopesof the four viewing condi-
tions. In one analysis,we comparedthe averageslopes
of the untransformeddata. In anotheranalysis,we com-
pared the estimatesof the raw slopesderived from the
flog transformeddata. The slopeswere comparedn two-
way (Light vs. Dark x Monocularvs. Binocular) ANOVAS
to obtain SEs for the various viewing conditions (Table
3). Both for the raw and the transformeddependentari-
ables,slope(Monocular/Dark})> slope(Monocular/Lightks
slope(Binocular/Dark}> slope(Binocular/Light).

Discussion

Thesedatajoin thoseof Experimentl in refutinga strong
versionof the compensatiortheory Even underbinocular
viewing of a lighted monitor screen,obsenersadjustedhe
angularsubtensesf the picturessothatthe centerof projec-
tion wasapproximatelattheireye (Figure6). However, two
patternsn the datasupporta modifiedcompensatiotheory
accordingto which (a) compensatioris never complete and
(b) compensatiorincreaseswith increasingpicture surface
visibility: the variability of the dataincreasedandthe slope
decreased.

Otherexperiments(e.g., Sedgwick,Nicholls, & Brehaut,
1995; Koenderink,Doorn, & Kappers,1994; Deregyowski
& Parker 1996; Eby & Braunstein,1995; Hagen& Jones,
1981) have suggestedhat the visible picture planeflattens
theperceveddepthof pictorial spacebut seeAdams,1972).
Sinceour methodsdo not ask for a direct estimateof per
ceived depth,we do not know whetherour obsenrers per
ceived compressegictorial depth. However, if obserers
perceved compressedictorial depth, a more visible pic-
ture planemight causethemto preferdravings with a more
parallel perspectie. Specifically if the slantof one of the
facesof the cubeis perceved asmoreparallelto the picture
plane thenit shouldlook morelike atrapezoidthanasquare
faceslantedin greaterdepth,causingobsenrersto prefera
moreparallelperspectie convergence.lf arything, Figure5
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Table3

Parameterestimatesnd statisticsfor Experimen®

Untransformediata Flog transformediata
viewing condi- slopé MRARP R? Est. raw slope of
tion slopé flog?
monoc./dark 0.87 1.97 71 1.07 0.24
binoc./dark 0.70 2.57 51 0.81 0.20
monoc./light 0.66 2.75 46 0.75 0.20
binoc./light 0.41 3.44 .16 0.53 0.14
bothmonoc. 0.76 2.36 .58 0.91 0.22
bothbinoc. 0.55 3.00 .30 0.67 0.17
bothdark 0.79 2.27 .60 0.94 0.22
bothlight 0.53 3.10 .28 0.60 0.17

Standarcerrors(SE)in columns:2SE= 0.04.PSE=0.09.°SE=0.02.9SE=0.01.

shaws the oppositetrend: with the mostvisible picture sur
face theslopesof theregressiorinesdecreaseneaninghat
obsenrers matcheda picture of a given angularsubtensés
with a greater(lessparallel)perspectie convergence.

GeneraDiscussion

Accordingto thecompensatiotheorya picturesurfaceis
eithervisible or not. We cansummarizethe theorywith two
propositions:(a) Whenthe picture surfaceis invisible, ob-
senersdo notcompensatatall, andperceved spaceunder
goesasmuchtransformatiorasgeometrypredicts.(b) When
the picturesurfaces visible, obsenerscompensatéully for
shiftsin their viewpoint. Whereagroposition(a) is uncon-
troversial,proposition(b) hasnot beenwidely accepted.

The point of departureof the presenpaperis thatpicture
surfaceglo notfall into oneof two cateyories:visible or not.
The conclusionof this paperis thatin the matterof compen-
sationfor transformation®f viewpoint, pictureperceptioris
notanall-or-noneprocessasthe original compensatiothe-
ory proposed.Obsenrersneithercompletelycompensatéor
shiftsin their viewpoint nor do changesn viewpoint cause
obsenrersto perceve asgreata transformationin pictorial
spaceasgeometrypredicts.How muchthey compensatee-
pendson how visible we makethe picture surface.We call
this the modifiedcompensatiottheory.

In Experimentl, we shaved thatthe original compensa-
tion theoryis incorrect. Specifically we createdconditions
underwhichwe hadreasorto expectthattheobsererscould
seethe picture surface ,andfound that the representatioof
the cubethatthey preferredwasstronglyinfluencedby the
discrepang betweenthe centerof projectionof the picture
andthe obserer’s viewpoint. The registrationof the appro-
priatenes®f a particularviewpoint affectsthe acceptability
of apictureasa surrogatdor a particularspatialscene.

In Experiment2, we manipulatedhe visibility of the pic-
ture surface. From this experimentwe drew threeconclu-
sionsthatareconsistentvith aweakcompensatiomypothe-
sis: (a) Theincreasingunctionsshavn in Figure6 imply that

obserersfailedto fully compensaten ary of thefour condi-
tions of picturesurfacevisibility . (b) Onthe otherhand,the
increasein variability in obseners’ adjustmentsas surface
visibility increasedmplies that the morevisible the picture
surfacethe more obserers acceptviewpoints that deviate
from the centerof projection. This variability could reflect
theoperationof acompensatiomechanism(c) Finally, this
patternof continuousncreaseof variability with the visibil-
ity of the picturesurfaceimpliesthatthe operationof sucha
compensatiomechanisnis notall-or-none.

The influenceof the picture surfaceon the perceptionof
pictorial spacehasbeendiscussedn otherways. Notably
Sedgwickandcolleaguehave proposedhat picturepercep-
tion couldbecharacterizedsaproces®f cross-talkbetween
the perceptionof pictorial spaceand the simultaneougper
ceptionof theflat projectionon the picturesurface.The per
ceptionof the flat projectioncould affect the perceptionof
objectsin pictorial spacein two ways. First, the perceved
proportionsof the flat projectionsmay bias the perceved
proportionsof the objectsin pictorial spacgSedgwicketal.,
1995). Secondthe cross-talkaccountprovidesan alterna-
tive explanationfor therobustnes®f perspectie (Sedgwick,
1991). As the obserer changessiewing position, the loca-
tion of pointsin virtual spacechangeshut thelocationof the
projectionof thesepointson the pictureplanedoesnot. This
lack of changeon the picturesurfacewould “resultin some
degreeof ‘constang’ in thevirtual spaceof thepicturein the
sensedhatthe virtual layoutwould not be asdistortedasthe
optic arrayinformationwould predict” (Sedgwick,1991, p.
474). It is not clearto us whetherthis secondaspectof the
cross-talkhypothesiscontributesonly to the impressionof
constang without changingthe shapeof perceved pictorial
spaceor whetherthe combinationof thetwo perceptgesults
in a perceved pictorial spacewhoseshapeis closerto the
scendhatthe pictureis intendedo represent.

If we considetthelatterinterpretationthenboththecross-
talk hypothesisand the modified compensationtheory sug-
gestthat perceved pictorial spacds not completelyconstant
but thattheawarenessf the picturesurfacemakeserceved
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pictorial spacelessdistortedthan geometrywould predict.

The amountof constang would vary continuouslywith the

visibility of the picture surface. The cross-talkhypothesis
attributesthe relative constang of perceved spaceto the

perceptionof the projectedshapeon the picture surface.
The modified compensatiorhypothesisattributesthis rela-

tive constang to a processof transformingpictorial space
into whatit would look like if the picturewereviewedfrom

the centerof projection.

Thisinterpretatiorof thecross-talkhypothesisvould also
seemto imply, however, thatan awarenes®f theflat projec-
tion would distort perceved pictorial spaceeven whenthe
pictureis viewed from the centerof projection. The modi-
fied compensatiotheorypredictsthatwhenviewedfrom the
centerof projection,the shapeof perceved pictorial space
would notchangewith thevisibility of thepicturesurface.

It would be importantto test whetherour conclusions
wouldapplyto pictorial scenesvith richerinformationabout
spatiallayout. Specifically we askedobsenrersto judgethe
acceptabilityof picturesbasedon whetherthe cubesrepre-
sentedn thesepictureshadequalsidesandright angles.The
useof isolatedline dravings of cubesmay mosteffectively
evoke a compensatiormechanismfor two reasons. First,
suchpicturesmay lack spatialinformationwhich would be
invariant over changeof viewpoint of the picture viewer.
Otherresearcherge.g.,Rogers,1996;Sedgwick,1991)have
suggestedhatthis invariantinformation, which would nor-
mally beusedin perceving realscenesndrealisticpictures,
is the basisof the robustnessof pictures. Second,distor
tions might be mosteasily registeredwith picturesof recti-
linear objectsbecausef their regularity; at the sametime,
thesepicturescontainthe mostexplicit geometricinforma-
tion which could allow the visual systemto compensatéy
reconstructinghe centerof projection(Kubovy, 1986, pp.
89-92).

In scenesof realistic layout, the information neededto
reconstructthe centerof projection might be lessexplicit,
but realistic picturesmight also containinformation which
is invariantover changein obsenrer viewpoint. The useof
suchinformationcouldwork in concertwith acompensation
mechanism. We speculatehat even with information-rich
pictures pictureviewerswould still registerthe transformed
aspectf pictorial space.Pictureviewerswould be ableto
compensatéor moderateamountsof transformation.More
extreme transformationamay not be compensatedor, but
also may not be as noticeableif their saliencedependson
the relative amountsof transformedand untransformedn-
formation(Goldstein,1987)aswell ason the aspect®f the
picture obsenersmustattendto for the particularuseof the
picture. How multiple processe pictureperceptionmight
interactis still anopenquestion.

Finally, even thoughwe have shavn that the ability to
compensatencreaseqor that the ability to perceve trans-
formedpictorialspacealecreasesyith increasingicturesur
face visibility, more extreme conditionsof picture surface
visibility could still be tested(Figure 7). We could push
thecompensatiotheoryto its limit by testingwhethertrans-
formedpictorial spacas still percevedin situationdn which

?
Complete |- o
— [ ]
Compensation °
L \/ °
None — @
| | | I
Invisible Maximal

Surface Visibility

Figure7. A graphicillustrationof ourmodifiedcompensatiothe-
ory. The checkmark by the bottom-mosffilled dot representshe
consensathat compensatiomloesnot occurwhenthe picture sur
faceis invisible. Our experimentshave shavn that varying levels
of picturesurfacevisibility caninducevaryinglevels of compensa-
tion (otherthreefilled dots). We have yet to testwhethermaximal
picturesurfacevisibility canresultin completecompensatiofindi-
catedby the questionmark).

surfacetexture (aswith anoil paintingon carvas)makeshe

pictureplaneevenmoresalient.lt maybethatcompensation
in the perceptionof picturesis never complete,even under
thesecircumstances.

References

Adams K. R. (1972). Perspectie andtheviewpoint. Leonado, 5,
209-217.

Ames,A. (1968). An interpretve manualfor the demonstrations
thepsychologyresearcttenter princetonuniversity: Thenature
of our perceptionsprehensionsindbehavior. In W. H. Ittelson
(Ed.), Theamesdemonstationsin perception(pp. 1-130).New
York, NY: Hafner PublishingCompaly, Inc. (Original work
published 1955)

Bengston,J. K., Stegios,J.C.,Ward,J.L., & JesterR. E. (1980).
Optic array determinant®f apparentdistanceandsizein pic-
tures. Journal of ExperimentaPsydology: HumanPerception
and Performance6, 751-759.

Cutting,J. E. (1987). Rigidity in cinemaseenfrom the front row,
sideaisle.Journal of ExperimentaPsydology: HumanPercep-
tion andPerformance 13, 323—-334.

Cutting, J. E. (1988). Affine distortionsof pictorial space:some
predictionsfor Goldstein(1987)thatLa Gournerig1859)might
have made. Journal of ExperimentalPsydology: HumanPer-
ceptionandPerformance 14, 305-311.

Deregowski, J.B., & Parker D. M. (1996). The depictionof dis-
tance:A Bartelliananalysis.Perception 25, 177-185.

Eby, D. W., & BraunsteinM. L. (1995). The perceptuaflattening
of three-dimensionatcenesnclosedby a frame. Perception
24,981-993.

GoldsteinE. B. (1979).Rotationof objectsin picturesviewedatan
angle:Evidencefor differentpropertiesof two typesof pictorial



10 T. YANG & M. KUBOVY

space.Journal of ExperimentaPsydology: HumanPerception
andPerformance5, 78-87.

Goldstein,E. B. (1987). Spatiallayout, orientationrelative to the
obsenrer, andperceved projectionin picturesviewed at an an-
gle. Journal of ExperimentalPsydology: Human Perception
andPerformance 13, 256—266.

HagenM. A., & JonesR.K. (1981).Picturesurfacanformationas
adeterminanof pictorial perception.n J.Long & A. Baddels
(Eds.),Attentionand performancex (pp. 117-134).Hillsdale,
NJ: LawrenceErlbaumAssociates.

Hochbeg, J.,& Brooks,V. (1987). The perceptionof motion pic-
tures. In E. Carterette M. P. Friedman(Eds.),Handbookof
perception(Vol. 10: Perceptuakcology pp. 257-304). New
York, NY: AcademicPress.

KoenderinkJ. J., Doorn, A. J.van, & Kappers,A. M. L. (1994).
On so-calledparadoxicalmonocularstereoscopy Perception
23,583-594.

Kraft, R.N., & Green,J.S. (1989). Distanceperceptiorasa func-
tion of photographiareaof view. Perception& Psydophysics
45, 459-466.

Kubovy, M. (1986). Thepsydologyof perspectivendrenaissance
art. New York, NY: CambridgeUniversity Press.

LaGournerie).d. (1859). Traite deperspectivdinéaire contentant
lestracéspour lestableauxplanset courbes les bas-reliefset
les decomationsthéatrales, avecune théorie deseffets de per-
spectivgTreatiseon linear perspectie containingdravings for
paintings architecturaplansandgraphspas-reliefandtheatri-
cal setdesign;with atheoryof theeffectsof perspectie]. Paris,
France:Dalmontet Dunod.

Lumsden,E. A. (1983). Perceptiorof radial distanceasa func-
tion of magnificationandtruncationof depictedspatiallayout.
Perception& Psyhophysics33, 177-182.

Nicholls, A. L., & KennedyJ. M. (1993). Angular subtenseef-
fectson perceptionof polar and parallel projectionsof cubes.
Perception& Psyhophysics54, 763—-772.

Perkins,D. N. (1968). Cubic corners. Quarterly ProgressRe-
port, MIT Reseach Laboratory of Electronicg89), 207-214.
(Reprintedin Harvard Project Zero Technical Report no. 5,
1971)

Perkins,D. N. (1973). Compensatindor distortionin viewing
picturesobliquely. Perception& Psytophysics14, 13-18.
Pirenne M. H. (1970). Optics, painting and photogaphy Cam-

bridge,UK: CambridgeJniversity Press.

Rogers,S. (1995). Perceving pictorial space. In W. Epstein&
S.RogergEds.),Perceptionof spaceandmotion(pp.119-163).
New York, NY: AcademicPress.

Rogers,S. (1996). The horizon-ratiorelation asinformation for
relative sizein pictures. Perception& Psydophysics58, 142—
152.

Rosinski,R. R., & Farber J. (1980). Compensatiorior viewing
point in the perceptionof picturedspace. In M. Hagen(Ed.),
Theperceptionof pictures(Vol. 1: Alberti’'s window: The pro-
jective modelof pictorialinformation,pp.137-178) New York,
NY: AcademicPress.

Rosinski,R. R., Mulholland, T., DegelmanD., & Farber J. (1980).
Pictureperception/An analysisof visualcompensationPercep-
tion & Psydophysis, 28, 521-526.

SedgwickH. A. (1986). Spaceperceptionn K. R. Boff, L. Kauf-
man,& J.P. ThomagqEds.),Handboolof perceptionandhuman
performancegVol. 1: SensoryProcesseandPerceptionpp. 21-
1-21-57).New York, NY: JohnWiley andSons.

Sedgwick,H. A. (1991). The effects of viewpoint on the virtual
spaceof pictures. In S. R. Ellis, M. K. Kaiser & A. C. Grun-
wald (Eds.), Pictorial communicatiorin virtual and real ervi-
ronmentgpp.460-479).London,UK: TaylorandFrancis.

SedgwickH. A., Nicholls, A. L., & Brehaut,J. (1995,May). Per-
ceptualinteractionof surfaceanddepthin opticallyminifiedpic-
tures.Postempresentedtthe AnnualMeetingof the Association
for Researclin Vision andOphthamologyFt. LauderdaleFL.

ShepardR. N., & CooperL. A. (1982). Mentalimagesandtheir
transformation.CambridgeMA: MIT.

Smith, 0. W. (1958a). Comparisorof apparentlepthin a photo-
graphviewedfrom two distances Perceptualand Motor Skills,
8, 79-81.

Smith, O. W. (1958b). Judgmentof size and distancein pho-
tographs.AmericanJournal of Psydology, 71, 529-538.

Smith, 0. W., & Gruber H. (1958). Perceptiorof depthin pho-
tographs.Perceptualand Motor Skills 8, 307-313.

Smith, P. C., & Smith, O. W. (1961). Ball throwing responses
to photographicallyportrayedtamgets. Journal of Experimental
Psydology, 62, 223-233.

Tukey, J. W. (1977). Exploratory data analysis. Reading,MA:
Addison-Wésley.



Appendix
Extreme Outlier *
Outlier °
Upper Hinge
= 75th percentile
Median ——=— Is

Lower Hinge
25th percentile

n

MODIFIED COMPENSAION THEORY

1.5 Ah

1.5 Ah

Ah

1.5 Ah

95% Confidence Interval
for comparing medians

=Ah

median + 1.58

vn

Figure8. Definition of theboxplot.

11



