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Abstract

With certan masls usal in JapanesNoh drana the apparent
facid expressim is a function of the verticd viewing angle.
Rotatian in deph produce changsin the retind image of the
faae which viewers may confourd with the distortion of fea-
turesdueto muscula action In particula, asthe mak istilted
forward it appeasto smile, ard asit is tilted backvardsit ap-
peas sad We explored this effect in two experimens with a
Noh mask ard onewith a3-D modé of alase-scannd human
face Separat British ard Japanessubjed pools were used to
investigaé cross-culturbeffects The resuls confirmead a sys-
tematt relationshp betwee verticd angk of view and judged
affect. For the Noh mask the effect was culturally moderated,
wherea for the human face there was no significart effect of
of culture Theeresulsarediscussd ard interpretel in terms
of perceptubstraegies for processig familiar and unfamiliar
faces.

Introduction
A variely of visud cues inform the viewer of affect Mus-

cular action of the face (Ekman & Friesen 1978) causing

featue displacemenand consequenwrinkling of the skin,
conveys the mod saliert information Visible changsin skin
hue cause by modulation of blood flow are also telling signs
to internd state A further soure of informatian abou affect

is delivered by body posture posiive affect is accompanied

by an upright postue with the heal held high ard negaive
states may be signalel by a bowed heal and croucha pos-
ture (Darwin, 1872).

Visud processig of the featue displacemenand textural
cues to face muscula action requires a representatio sensi-
tive to the fine metric properties of the spatid patterrs on the
surfa@ on the face (Lyons et al., 1999 2000) Rotatian and
translatio of the heal in 3-D spa@ accompanyig vertical
movement of the heal or changsin viewpoint, distott con-
figurd relatiors on the face as they appeain the 2-D projec-
tion of the face on the retina Indee the signak from facial
musck action and hea postue conflict Affect shoul be
judge relaively posiively in a heal held up ard back Un-
der frontd viewing conditions tilting the heal backward re-
ducesupwad curvature of the mout in the 2-D projectian of

Figure 1. Magojiro mak use in the JapanesNoh drama.

the face giving theimpressio of asadde or negaive expres-
sion Tilting the heal forward, anegatve heal postue signal,
increass upwad curvature of mout - which usually accom-
panies the muscula action signalirg a smile It is therefore
interestiiy to ak whethe the changs due to rigid displace-
mert of the heal interferes with the interpretatio of featural
ard texturd cues due to muscula action of the face Our

interes in this questian was stimulatel when we learnel of

an illusion of facid expressim perceptia involving masks
(figure 1) usel in Japanestraditiond Noh drama (Komparu,
1983) It has bee known for centuries in the Noh theater
tha certan masks particularly those usel to portray young
femak roles appea to chang expressim as the verticd in-

clination of the mak changs (figure 2). Tilt the mas for-



ward andit appearso smile; tilt it backwardsandit appears
sad.

Is thisphenomenomvidencefor alack of invarianceof the
facial expressiorrecognitionsystemunderrigid transforma-
tions?0r arespeciatechniquegmployedby themaskcaner
andNohactorto trick thevisualsysteminto mistakingarigid
rotation of the maskfor a non-rigid distortionof its internal
featuresWe conductedhreeexperimentsto investigatethe
following questiong1) Do changesn verticalinclinationin
factgeneratdaifferentperceptionof affect? (2) Is the effect
culturally moderatedr doesit dependon familiarity with the
mask?(3) Is the effect particularto the Noh maskor doesit
generalize¢o thehumanface?

Materialsand M ethods
Stimuli

Stimuli for Experiment 1 consistedf photograph®f a Noh
mask(figure 2) at 13 inclinations,from -30° to +3(C° in equal
5° increments.An antiqueMagojiro mask,usedfor young
femaleroles,datingto the Edo period (1600-1868)waspho-
tographedon a Noh stageunderlighting conditionssimilar
to whatwould be usedduring a performance The maskwas
photographedrom afrontal viewpointusingadigital camera
(KodakProfessionaDCS460)from adistanceof 7.7mwith a
200mmlens.The 3060x2036pixel 24-bit colorimageswere
croppedandre-sampledo 300x400pixel tiff images.Stimuli
for Experiment 2 (figure 3) comprisedhe sameimages but
croppedso asto emphasizehe internalfeaturesof the face.
Stimuli for Experiment 3 (figure 4) were derived from the
headandfaceof a 30 yearold Japanesé&malemodelposing
a neutralexpressionsimilar to that of the Noh mask. A Cy-
berware 3030 Color 3-D scannemwasusedto acquireshape
andcolor information of the model's head. The 24-bit RGB
color mapwasacquiredunderroom light from an overhead
fluorescentamp. Screencapturesveretakenat 13 (virtual)
headinclinationsfrom areconstructe@-D modelof thehead,
thefaceorientedfrontally andsared as24-bit 300x400pixel
tiff images. The vertical viewing anglesvariedfrom -3C to
+30° in equal5® increments. Inter-ocular distanceand eye
positionwere normalizedfor eachstimulussetandmatched
acrosssets.

Experimental Procedure

Experimentsvererunin separatéaboratoriesn Londonand
Kyoto. In eachcasethe stimuli weredisplayedona 17 inch
24-bit color computermonitor in a slightly darkenedroom.
Viewing distancewas approximately60 cm. Following a
practicetrial, four epochsof all 13 stimuli werepresentedn
successionwith presentatiororder randomizedwithin each
epoch.Presentatiomrderwasasfollows: fixation point (500
ms) - blank (400 ms) - stimulus(300 ms). Subjectswverein-
structedo respondvhetherthe stimulusfaceappearedhappy
or sadby pressingthe left or right shift key. Japanessub-
jectswereinstructedin Japanesasingthe terms“yor okobi”

and “kanashimi”. Left/right assignmenbf responsekeys

wascounterbalancedcrosssubjects Thewords“happy” and
“sad” (in Englishfor both subjectgroups)appearecn the
response-appropriatgde of the screenfor eachsubjectto

maintaincorrectresponserientation. All Japanessubjects
werefamiliar with the Englishterms.Reactiontimesandde-
cisiontype wererecordedautomaticallyfor eachsubjectfor

eachtrial.

Subject Pool

Differentsubjectavererun for eachof thethreeexperiments.
Therewere5 femalesand5 malesfrom eachcultural group
for eachexperiment,making 60 subjectsin total. Subjects
wereundegraduatesgraduatesindstaf from DoshishaJni-
versity, Kyoto andUniversity College London. Agesranged
from 18 to 50 years. All hadnormalor corrected-to-normal
vision. All wereeithernative to the countryof testingor had
first-schooleducationin thatcountry The Japanessubjects
werefamiliarwith Noh masksasimagesor, occasionallyob-
jects. None of the UK subjectshad familiarity with Noh or
hadvisitedJapan.

Results

All threeexperimentshadthe samemixed, 3-factorrepeated
measureslesign. Therewere 13 levels of the first factor
(inclination), which varied within subjects,and one level
of the first between-subjectiactor (culture) andthe second
between-subjectactor (gender).Both RTs andresponsdas
the proportionof “happy” responsesver 4 trials) were ex-
amined. Following initial analysis,in which the full range
of scoreswere examined,only the seven mid-rangescores
(-15° to + 15 °) in the following treatment. Preliminary
dataanalysisconfirmedparametric,normal distributions of
the scoresreportedhere. Therewere no significantdiffer-
encesin the patternof resultswhenthe full rangewas in-
cluded.However, thefull-rangeanalysesnaybelessreliable
dueto non-Gaussiadistribution of scoresatsomeof theend-
points. RT (medians)shaoved no systematiaelationshipto
theothervariablesandarenotreportedhere.Gendethadno
effect on ary of the analysesand effectsof genderwerenot
consideredurther Tablel outlinesthesignificantfinding for
eachexperiment. Therelevantgraphsare shavn in figure 5.
Theseanalyseshaw asignificantlinearrelationshipbetween
angleof inclination andratedhappinessgor all threeexperi-
ments.The Noh mask,but not the scannedace,is classified
differently by Japanesand British viewers. Furtheranaly-
sesandtheir justificationin termsof individual experimental
hypothesesrereportedbelow.

Experiment 1 - Full Mask

The experimentalhypothesisvasthat the Noh maskwould
generatehangesn perceved affect asa function of vertical
angle. The perceptionof facial expressionds thoughtto be
similarfor ourtwo culturalgroups(Matsumoto,1992),hence
similar resultswereexpectedfor thetwo subjectgroups.

The results confirmed the predictionsin generalterms,
but with someimportantdeviations. The groupsdifferedin



Figure2: Stimuli for Experimentl. Edo-periodMagojiro maskat 13 differentverticalinclinations.

Figure3: Samplestimuli for Experiment2. Sameimagesasin figure 2 but with the edgesof the maskcroppedto highlight
internalfeatureslmagesfrom left to right shav the maskatinclinationsof -15, 0°, and15°.



Figure4: Samplestimuli for experiment3. Imagescapturedrom renderedB-D modelof a Japanestemalefaceobtainedusing
aCybervarelaserscannerlmagesfrom left to right shov thefaceatinclinationsof -1%, 0°, and15°.

the inclination at which a “neutral” expressionis perceved.
Japaneseiewersratedthe back-tiltedmaskmore positively
than British viewers. This may reflectdifferentboundaries
in termsof perceved facial expressionon the cateyoriesof
“happy” and“sad” andtheir cognatesn Japaneser lower
ratesof sadnessecognitionfor Japaneseiewers. We ad-
dresghisfurtherin Experiment3. A secondunexpectedind-
ing is thatthe groupsdifferedin thelinearity of the relation-
shipwith inclination angle(interactionof groupandinclina-
tion washighly significant).While therelationshipwaslinear
over this rangefor the British subjectsfor the Japaneseub-
jects,the proportionof “happy” responsepealedat5°, and
thendipped.At 15°, mean“happy” responsa&vasno greater
thanat-10 °. Why shouldthis changein perceved expres-
sionoccur?Onepossibilityis thatthe Japaneseiewerswere
moresensitve to posturalcuesin the imagesof thehead. A
headbowed forwardsmay be seenas“sadder”. Perhapghe
two subjectsgroupsweightthe postureandinternalfeatures
cuesdifferently For the Noh maskimagesused,posecues
aremostvisible in the dispositionof the top of the headand
thechinwith changen inclinationof the head.

Experiment 2 - Cropped Mask

In this experiment,the faceimageswere croppedto dimin-
ish cuesto headposeandemphasizénternalfeaturesof the
face (figure 3). The experimentalpredictionwas that this
may eliminatethe non-linearityin the relationshipbetween
perceved expressionandverticalinclinationin the Japanese
viewers. Theresultssupportedhis. In this study the“dip” at
greaterpositive inclinationswasgreatlyreduced.Thusit ap-
pearghatJapaneseiewerstake accounbof cuesto headpose
in ascribingexpressiorto theimageof theverticallyinclined
mask.

Otherwise,experiment2 replicatesthe main findings of
experimentl: a linear relationshipbetweenangle of incli-
nationand judgedexpression;aswell asa group difference

emeged betweenJapanesand British viewers. The group
differencemay indicatethattheterms“happiness’and“sad-
ness'in EnglishandJapanesdonotsharesimilarextensions.
This would suggesthat Japanesenay be morewilling than
British viewersto ascribe*happiness’(a socially acceptable
facial signal)to a relatively “unhappy” face,despitethe ap-
parentreversalof this patternfor masksat high forward ilt.
If this wereso, we would expecta similar disparitybetween
groupsto emegewhenimagesof naturalfacesareperceved.
Experiment3 exploresthis possibility.

Experiment 3 - Human Face

This experimentusedstimuligeneratedrom a 3-D laserscan
of a humanface(figure 4) to explore the question:do group
differencesn ascribingexpressionto a cultural artifact, the
Noh mask,extendto naturalfaceimagesf they do, we may
infer that cultural andlinguistic interpretationf facial ex-
pressiormaydiffer betweerthesegroups.If they donot,then
theNoh maskmayhave speciaperceptuastatusor Japanese
viewers. The findings strongly supportthe latter conclu-
sion. The relationshipbetweeninclination angleand hapyy-
sadjudgmentswasto all purposesdenticalin both groups.
Mann-Whitng/ non-parametri¢-testsexploredgroupdiffer-
encesat eachorientationpoint. None approachedsignifi-
cance.We canconcludethat the Noh maskeffectsreported
in Experimentdl and2, includingboththedip in thefunction
at high anglesof forwardtilt andthe “happier” classification
at mostotherangles,reflecteda cultural phenomenon but
onerelatedto perceptualprocessinglifferencesdetweerthe
groups. Thoughthe laserscannedacedid not replicatethe
lighting conditionsof thenaturallyphotographeémagesused
in Experimentsl and2, the relationshipbetweeninclination
and judgedexpressionstill held, suggestinghat the differ-
encein lighting differencedid not contribute notablyto the
illusion for this setof conditions.



Tablel: Summaryof F values,separatANOVAs for eachexperiment(SPSSGLM).

F(6,216) F(1,36) F(6,216) F(1,36) F(1,36)
Main effect of | Main effect | Group X | Main effect of | Group X
inclination of group inclination inclination inclination
interaction Lineartrend Quadratidfit
Experiment 1| 10.5 NS 4.67 15.33 7.56
Full Mask p < 0.001 p < 0.001 p<0.01 p<0.01
Experiment 2 | 23.9 5.27 3.47 55.77 3.47
CroppedMask | p < 0.001 p < 0.05 p<0.01 p < 0.001 p<0.01
Experiment 3 | 14.96 NS NS 36.88 NS
Scannedrace | p < 0.001 p < 0.001
- Discussion
(a) Full Mask Thethreeexperimentonfirmedthatthe angleof verticalin-
05| ; | clination of afaceprofoundlyinfluencesa simpleexpression
2 discriminationtask:facedilted down have ahappiercastthan
a8 thosetilted back. Thismaybeunderstoodn termsof thepro-
% of T jectionof thethree-dimensiondhcialsurfaceontotheimage.
g An earlierstudy (Cavanaghet al., 1988) notedthe effect as
sk | an exampleof the failure of shapeconstang underrotation
Ja%gtrgsehs —O— in depth.Anotherstudy(Kappasetal., 1994)lookedat view-
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Figure5: Meanresponseversusverticalinclinationfor the 3
experiments.

pointdependencef facialexpressiorrecognitionusingvideo
clips of poseddynamicexpressionsaswell asa schematic
wire-framemodel of the face,both quite differentfrom the
Noh maskstimuli andscannedaceusedhere.However, that
work did not attemptto look at facial expressioncuessepa-
rately from posecues,asin experiment2, or studydifferent
culturalgroups.

A surprisingbut consisten{40 subjectsaltogetherfinding
wasthatthe Noh maskelicited differentresponses thetwo
culturalgroups.Theskilled processingf faceshastypically
beendescribedas configurationalDiamond& Carey, 1986;
Young et al., 1987). Thatis, skilled viewers take account
of the variousfacefeaturesand their dispositionin coming
to a unified accountof the identity or readingof the face.
Their readingof the facecannotbe predictedon the basisof
local featuraldetail. One possibility is that familiarity may
have delivereda greaterdegree of configuralprocessingor
the maskin JapanesthanBritish viewers,for the Noh mask
occasionallyappearsn the Japanesmediathoughanunder
standingof Noh, or interestin Noh asatraditionis nolonger
widespreadn the Japanespopulation.Onelocalfeaturethat
reliably signals‘happy-sad”is the curvatureof the mouth. It
is possiblethatBritish viewersof the Noh masktook account
of this featurealone. For Japanesegiewers,otheraspectof
thefacemay have moderatedhe effect. Only further experi-
mentswill indicatewhatfacialaspectshesemaybe.

At the outsetof thesestudieswe speculatedhatthe three-
dimensionaktructureof the Noh maskandthe dispositionof
the paintedfeatures,may be intentionally designedo elicit
changef perceved expressiorwith smallchangesn pose.
Examinationof the 3-D structureof the maskshawved, for
example, that the depthof the mouthregion is exaggerated



relative to the humanface. Our psychologicalstudiescon-
firmedthatsmallchangesn poseof the maskleadto signif-
icantchangesn perceved affect. A forwardtilted maskap-
pearedrelatively happy andonetilted backwards,relatively
sad.Paradoxically however, in the stylizeduseof maskpose
in Noh drama,the corventionis the oppositeto our findings.
In onegestureknown asterasu(shining),signifying a happy
state,the maskis turnedupwards. In anotherknown asku-
morasu(clouding),signifying a sadstate the maskis turned
downwards(Komparu,1983).

In thisconnectionit is notablethatZeami(1363-1443)the
mostinfluential early Noh dramatistrankedyugen, or subtle
profundity, asthe highestaesthetigrinciple of Noh (Zeami,
1968).In theframework of the Nohworld, ajoyful posetem-
peredwith a slightly sadmouthmay be appreciatecismore
beautifulthana direct expressionof joy. Likewise,sadness
or pain masked with a smiling mouth suggestanore emo-
tional compleity thanandisplayof puresadnessA further
interpretationis possible not necessarilyn conflict with the
above. The psychometriccurves (figure 5) shawv that small
changesn inclinationanglesignificantlyaffect percevedfa-
cial expression. Minor movementsof the actor's headmay
trick viewersinto thinking that the internal featuresof the
maskaremoving non-rigidly asif it wereananimatediving
face.Oneof theauthors(MJL) hasobseredthis effectwhile
watchinga Noh play. In arelatedperceptuakffect, arigid 3-
D stick manfigure rocked longitudinally backandforth can
appeatto walk with non-rigid limb movementin 2-D projec-
tion (Sinha& Po0ggio,1996).
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