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C ategorica l P erception of F acia l E x press ions:

C ategories and their Interna l S tructu re

B eatrice d e G eld er

T ilburg U n ivers ity, T he N etherlands and U niversiteÂ L ib re de B ruxelles ,

B elgium

Jan-P ieter T eunisse

T ilbu rg U n ivers ity , T he N eth erlands

Philip J . B en son

O xford U n iversity, U K

The que stion w he ther judgem ents of fac ial expre ssion show the typical

patte rn of c ategorical pe rception w as e xam ined using three se ts of 11

photographs , each constituting an 11-s tep continuum extending be tw een

tw o ex trem e protypic al exem plars : angry-sad, happy-sad and angry-afraid,

respe c tive ly . F or each continuum , inte rmediate e xem plars w e re c reated us ing

a m orphing proc edure . Subjec ts ® rst identi ® ed al l face s in e ach continuum in

te rms of the ex trem e e xpressions , and then pe rform ed an AB X disc rim ina-

tion task on pairs of face s tw o steps (Expe rim e nts 1 and 2) or three s teps

(Expe rim ent 3 ) apart. The c lass ic al categorical pe rception predic tion that

disc rim ination pe rform ance m ust peak around the point on the c ontinuum at

w hich identi ® c ation reache s 50% w as te s ted not on group m eans , as in earlie r
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2 de G ELD ER, TEU NISSE , BEN S O N

s tudie s , but on a subjec t-by -subjec t bas is . It w as supporte d by the results for

both adults (Expe rim e nt 1 ) and 9- to 10 -year-chi ldren (Expe rim ent 3 ). For

adults , tw o noncategorical inte rpre tations of the m ain ® nding w ere discarded

by show ing that it w as not re plicated w ith the sam e m aterial pre sented ups ide

dow n (Experim ent 2 ).

INTRODUCTIO N

Like a w ide rang e of othe r pe rceptual obje c ts , som e m ajor fac ial expres -

s ions of em otion are eas i ly re cognised and distinguished from one anothe r

by norm al subje c ts even ac ross diffe rent cultures (se e Ekm an, 199 4 , for a

rec ent ove rv iew ). A m ong the m any que stions rais ed by this pe rceptual

¯ uency a m ajor one conce rns its func tional bas is . Ex press ion pe rception

m ig ht be base d on an ac quired m ental le x ic on of fac ial express ions bui l t up

in the course of com m unicativ e deve lopm ent and unde r the control of

gene ral le arning princ iple s . It m ight al so re ¯ e c t a biolog ical ly endow e d

abil i ty for express ion recognition. In the latte r case , pe rception of fac ial

expres s ions w ould proce ed by assigning tokens of fac ial express ions to

cognitiv e categorie s representing the bas is e lem ents or the prim itiv e s of the

hum an fac ial em otion lex icon.

This latter approac h to categorisation abi l ity is w e l l i llus trated by

research on speech pe rception. Libe rm an (1 996 ) presents a c om prehensiv e

discus sion of the early rationale for categorie s in spee ch pe rception. The

bas ic m e thodolog y of speech expe rim ents inv es tigating categorical pe rc ep-

tion (C P) took advantage of speec h sy nthe sis that becam e av ai lable in the

19 60s. A typical expe rim ent presente d l istene rs w ith a synthe tic al ly c reate d

m ulti ste p continuum inse rted be tw een tw o end-points m ade up of tw o

natural tokens. The goal of spee ch res earche rs w as to s tudy the subje c tiv e

pe rception of a l inguistic al ly m eaning ful boundary em erg ing from the

ac oustic continuum .

The orig inal CP ex pe rim ents (s e e Libe rman, 1 996 ; Libe rm an, Harris ,

Hoffm an, & Grif ® th, 195 7 , for a historical ov erv iew ) chal lenged a com m on

intuition that categ orisation of spee ch sounds w ould vary m onotonical ly

w ith the physical stim ulus v alue . Ins te ad, a c lear disc ontinuity in subje c tiv e

judg em ents of phone tic inform ation w as obse rved. A lthough discuss ions on

the theoretic al inte rpre tation of CP hav e continued, i t is g ene ral ly ag ree d

that the bas ic phenom enon of CP has the follow ing pro® le : (a) s tim ulus

identi ® c ation has a ste ep slope w ith a som ew hat abrupt change in labe l l ing

probabili tie s som ew here along the continuum corre sponding to the hypothe -

tic al cate gory boundary ; (b) a peak in sens itiv ity is found in the disc rim ina-

tion func tion at the category boundary at a location corre sponding to the

change in labe l l ing probabil i ty ; (c ) w ithin-category disc rim ination is at

chance leve l ; (d) dis crim ination is predic te d by the labe ll ing func tions.
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CATEGO R IC AL PER CEPTIO N O F FACIA L EXPRES SIO N S 3

In the c lass ic al analy sis of the C P paradig m s the se requirem ents should be

m e t jointly (se e Repp, 198 4 , for a m ore de tai led analy sis and c ritic al

approv al ) . A lthough eac h of the se requirem ents has been c ritic ised, the re

is a c lear base line requirem ent resulting from those c ritic ism s. The patte rn

of ev idence that is de sirable for CP is that the re is a m ax im um in the

disc rim ination pe rform ance and that th is is found at that point in the

continuum w here , in the identi ® c ation task, the tw o response s are equi-

probable (the 50 % identi ® c ation point) . In addition, anothe r categorical

charac teristic m ight be a slow ing dow n of the identi ® c ation dec is ion at

about the sam e point.

It is im portant to clarify the analogy betw een CP in speech and in fac ial

express ions and this for theore tic al as w el l as for m ethodolog ical reasons.

The bas ic notion unde rly ing the analogy is that express ion categorie s

em erge in the pe rception of a continuous stim ulus dom ain. In contrast to

CP e xpe rim ents , w he re one dim ension, such as voic e onse t tim e (V O T), is

m anipulated to synthe sis e a continuum , in the stim uli used he re m ultiple

prope rtie s of the fac e are c ovarie d. A lthough ve ry l ittle is know n about how

express iv e fac ial information is conv eyed, i t se em s reasonable that the

fac e , as a con® guration, play s an im portant role he re . The re is ev idence

that som e sem antic as pec ts of fac e pe rception rest c ritic al ly on the presence

of a con® g uration, as i l lus trated by the inve rsion e ff ec t (V ale ntine , 1988 ;

Yin, 196 9 ), and a com pos ition e ffe c t (Y oung , He l law e l l, & Hay , 19 87 ). A

m ethod of fac ial synthe sis , w here a large se t of fac ial param e te rs are be ing

covaried sim ultaneously , c onve rge s w ith this notion that c on® guration is

im portant for convey ing express iv e information. B ut covariation of diff er-

ent stim ulus aspe cts m ay c reate problem s of its ow n as w e w il l dis cuss

late r.

The present study conside rs four em otions that are gene ral ly taken to be

bas ic (ange r, fe ar, happine ss, and sadne ss) arrang ed in three continua

(angry-sad, happy -sad, and happy -afraid). Indeed, i t has been argued that

the se four em otions are those w hich can be s t be de ® ned along three

separate dim ens ions of positiv e-negative , approac h-av oidance , and lev e l

of arousal (Frijda, 1986 ). These em otions al so appear to be independent of

the com m only used v e rbal labe ls (Ekm an, Frie sen, & Ellsw orth, 19 72 ) and

m ight be inte rpre te d as re ¯ e c ting the Darw inian v iew of the bas is of

em otion in ac tion patte rns (Fri jda, 1 986 ). C oncentrating on the se em otions

w e chose to om it othe r candidate s, such as neutral , as i t is not c lear how a

neutral express ion re late s to pe rception of em otions in fac e s (in production

term s, this is the res ting state ). The is sue of w hat consti tute s a bas ic

em otion, as contraste d w ith com plex or com posite em otions, is a vexed

one (se e Fri jda, 1 986 , for an ove rv iew of v arious w ay s of de ® ning basic

em otions ). It is to be ex pec te d that present taxonom ie s of even so-called

bas ic em otions m ay stil l repres ent a he te rogeneous se t. For ex am ple , ange r
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and fe ar, the tw o m ost explored em otions, are ve ry diffe rent w ith respec t to

w hat the pe rception of the se fac ial express ions m eans for the pe rceive r.

The study of CP for em otions is in its infancy and these are am ong the

c ruc ial issue s that future re search w ill hav e to address.

Etc ott and Mag ee (1 992 ) obse rved CP of fac ial express ions using l ine -

draw ings. In ac cordance w ith the s tandard formulation of CP, subje c ts

show ed dichotom ous identi ® c ation behav iour and disc rim inated be tte r

be tw een stim uli on diffe rent s ide s of the category boundary , than w ithin

the sam e category for the sam e phys ical distance be tw een the m em bers of a

pair. The present study pursue s the is sue of CP by us ing real photographs

and a sophistic ated dig ital im ag e m orphing tec hnique to c reate inte r-

m ediate stim uli be tw een tw o prototypical fac ial express ions (B enson &

Perrett, 1991 ). Expe rim ent 2 pres ents the sam e expres s ion continua use d

in Ex pe rim ent 1 , but using inv e rted presentation. Expe rim ent 3 inve sti -

gate s the ex is te nce of C P in children but w ith the inc lusion of a task,

se eking a g oodne ss rating for the stim uli from adults as w e ll as from

children.

EXPERIM ENT 1

The disc rim ination and identi ® c ation of fac ial em otions from photographs

of face s w ere ex am ined in adult subje cts for ev idence of categorical

pe rception. Three continua, e ac h obtained through a m orphing procedure

be tw een tw o posed prototype s, w e re used. A s explained in the Introduc -

tion, the m ost gene rally ag reed m anife station of categorical pe rception is

the occurrence of a peak in dis crim ination pe rformance around the point

on the continuum at w hich identi ® c ation reac he s 50% . One problem in

dev is ing a tes t of that notion is the ex iste nce of indiv idual diffe rence s in

the location of that point. The solution w e adopte d consiste d of reduc ing

the disc rim ination data of eac h subje c t to tw o value s, one corre sponding

to the predic te d peak and the othe r to reg ions of the continuum on e ithe r

side of the peak. The sam e form of analy sis w as applie d to reac tion tim es

w hich w ere m eas ured in both the disc rim ination and the identi ® c ation

task.

M ethod

Subjects

A total of 24 unde rgraduate students from Tilburg Univ ersi ty , 12 of

eac h se x , ag ed 18 ± 26 , w e re paid for partic ipation in one expe rim ental

se s s ion.

4 de G ELD ER, TEU NISSE , BEN S O N
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CATEGO R IC AL PER CEPTIO N O F FACIA L EXPRES SIO N S 5

Materials

Three se ts of 11 com pute r-gene rated continuous tone blac k and w hite

photog raphs of fac e s w e re use d (s e e Appendix ). Eac h se t consti tute d a

continuum of fac ial ex press ions be tw een tw o natural posed exem plars taken

from standardis ed m ate rial (E km an & Fries en, 19 76 ). The continua ex te nded

respec tiv e ly from angry to sad, from happy to afraid, and from happy to sad.

The orig inal photographs w ere dig itis ed and inte rm ediate face s w e re c reated

using a m orphing program (B enson & Perre tt, 1 991 ).

The m orph trans formation started w ith de lineation of the dig iti sed

im ag e s of the tw o orig inal im ag e s. Landm arks w ere plac ed m anual ly on

corre sponding critic al points of the tw o fac e s , using a graphical tool . The

transformation from one ex trem e ex press ion to the othe r w as e ffe c ted in

nine inte rm ediate ste ps. The transformation affe c te d both the feature

con® guration (w arping ) and the tonal information (skin te x ture or pig m en-

tation). The w e ighte d ble nding procedure w as based on linear inte rpolation

be tw een point- to-point pixe l inte nsity value s.

Procedure

Subje c ts w e re te ste d indiv idual ly in a sound-attenuated cab in in the

laboratory . A m onitor (Com m odore 369S X at 256 grey leve ls) w as plac ed

at a distance of 1 .5 m e tre s from the subjec t, and the 9 .5 cm 3 6 .5cm

photog raphs subte nded a 3 .6 3 2 .5 deg ree v isual ang le . Eac h subje c t

w orked succ es s iv e ly on the three se ts of photographs , in counte rbalanced

orde r. For eac h se t, tw o tasks w ere adm iniste red: (1 ) the A B X disc rim ina-

tion task; then (2 ) the identi ® c ation task.

In the A B X task, eac h trial began w ith an auditory w arning signal ,

fol low ed afte r 800m sec by succ es s iv e presentation of three photographs

for 1 se c eac h, separated by 1se c inte rval s . The ® rst tw o pic tures , A and B ,

w e re alw ay s diffe rent, and the third, X , w as identical e ithe r to A or B . The

subje c t w as instructe d to indicate w hich pic ture , A or B , pic ture X w as

identical to by pres sing one of tw o buttons, labe l led A and B , w ith a ® nge r

of e ithe r the le ft or right hand. Reac tion tim e (R T) w as m easured from the

appearance of the X stim ulus to the response . The w arning s ignal of the

nex t trial appeared 2se c afte r the subje c t’ s re sponse . A and B w ere alw ay s

tw o ste ps apart on the continuum , so nine com parisons w ere possible . For

eac h com parison, the four possible orde rs of pres entation (A B A , A B B ,

B A A , B A B ) w ere eac h presente d three tim es. The resulting 108 trial s w e re

presente d in random orde r. The task began w ith 10 prac tic e trials w ith

fac e s show ing seve ral express ions .

In the identi ® c ation task, the 11 photographs of the se t w e re presente d

one -by -one , and the subje c t identi ® e d eac h s tim ulus by pres s ing one of tw o
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buttons , w ith labe ls bearing the Dutc h nam es of the tw o end-em otions of

the continuum . A trial w as announced by the sam e auditory w arning s ig nal,

and w as fol low ed afte r 8 00m se c by the fac e w hich rem ained for 1 se c . R T

w as m easure d from the appearance of the stim ulus to the start of the

response . The w arning signal of the nex t trial appeared 2sec afte r the

subjec ts ’ re sponse . Eac h of the 11 stim uli w as pres ente d three tim es in

random orde r, g iv ing a total of 3 3 trials .

Results

The total identi ® cation func tion (pe rcent response s) for eac h continuum is

show n in Fig . 1 (le ft) . A ll three curv e s hav e the usual s ig m oidal shape . For

eac h continuum , the identi ® cation response s of eac h subje c t w e re sub-

m itted to a log it transform ation (Finney , 196 4 ), w hich prov ided e stim a-

tions of the 5 0% point and of the slope of the identi ® c ation func tion at that

point. The m eans of the se tw o variable s are g iven for eac h continuum in

Table 1 .

The A B X disc rim ination data w ere com pared subje c t-by -subjec t to the

predic tion from the identi ® cation data, fol low ing the princ iple s de sc ribe d

in the Introduc tion. Given that the A B points used in the A B X task w ere

tw o s te ps apart, e ac h subje c t’ s 50 % identi ® c ation point fal ls into tw o

succes siv e A B inte rval s , and the peak dis c rim ination is supposed to fal l

into one of the se . For instance , for a subje c t w hose 50% point is 4 .2 , the

peak m us t occur in one of the tw o inte rval s ; 3 ± 5 and 4 ± 6 . W e chose to

6 de G ELD ER, TEU NISSE , BEN S O N

FIG . 1. E xp erim en t 1 (u prigh t fac e s ) . Left: Mean re spon se p erc en tag e s for the 3 con tinu a in the

id en ti ® c atio n task (% ` `sad ’ ’ re spo nse s in the an gry -sad and h ap py - sad con tin ua, % ``af raid ’ ’

re sp onse s in th e ang ry -afraid co ntinu um ). R ig ht: M ean RT s fo r th e 3 con tin ua in the id enti ® c a tion

task .
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CATEGO R IC AL PER CEPTIO N O F FACIA L EXPRES SIO N S 7

conside r the tw o inte rval s as containing the predic te d peak. O ur te s t

consiste d in calculating , for each subje c t, tw o m easures of dis c rim ination

pe rformance: (1 ) a ``peak pe rform ance ’ ’ value , w hich is the m ean of the

obse rv ed pe rcentage of corre c t re sponse s ove r the tw o peak inte rv al s ; and

(2 ) a ``nonpeak pe rform ance ’ ’ value , w hich is the m ean of the sam e

pe rcentage corre c t ove r the seven rem aining inte rvals . S ig ni ® c ance w as

asse sse d us ing the t-te st

The results for eac h continuum appear in Table 1 . The prediction of

highe r pe rformance in the peak inte rval s is supported for eac h continuum .

How ev e r, it c an be note d that disc rim ination is de ® ni te ly abov e chance in

the nonpeak inte rval s , contrary to predic tions of early form ulations of

categ orical pe rception (Repp, 1 984 , but se e Harnad, 1987 ). Giv en our

dec is ion to te st the disc rim ination data on a subje c t-by -subje c t bas is ,

traditional ® g ures show ing m ean pe rform ance ac ross subje c ts for eac h

w hole continuum , sim ilar to those presente d by Etc off and Mag ee

(1992 ), w il l not be prov ided, because they do not show the c ritic al contras t

on w hich the present analy sis is based.

RTs in both the identi ® c ation task and the AB X task w ere subm itted to

subje c t-by -subje c t analy sis follow ing the sam e princ iple as the corre c t

disc rim ination data. For identi ® c ation, the predic tion for categorical per-

c eption w as a slow er R T for the tw o photog raphs on e ithe r s ide of the 50 %

point (the ``peak RTs’ ’ ) than for the othe r item s. The results that appear in

Table 2 support the prediction for al l three continua.

For the A B X task, the predic tion w as shorte r m ean RTs for the tw o

``peak’ ’ inte rval s than for ``non-peak’ ’ one s; this w as not supported for any

of the three continua.

TAB LE 1

Experim ent 1 (Upright Faces): Identi® ca tion and

Discrim in ation R esu lts

Ang ry-Sa d Hap p y-Sa d Ang ry-Afra id

Id en ti® c a tio n

5 0 % poin t 4 .6 5 4 .42 4 .9 4

S lo pe 61 .2 8 6 2 .2 4 5 7 .1 2

D is c r im in a tio n

Peak 68 .9 0 7 3 .5 0 8 1 .7 0

Nonpeak 64 .0 0 6 8 .0 0 7 6 .0 0

t-tes t 2 .2 8 2 .28 3 .2 7

d f 23 .0 0 2 3 .0 0 2 3 .0 0

2 -tai le d P < .0 3 2 < .0 3 2 < .0 03
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Discussion

Tw o as pec ts of the results se em to indicate som e degree of c ategorical

proces sing of the m ate rial w e hav e been using . The ® rs t as pec t is hig he r

disc rim ination pe rformance in the AB X task for pairs of i te m s fal l ing

ac ross the 5 0% identi ® cation point. The se cond is s low er identi ® c ation

RTs for ite m s borde ring the 50% point than for ite m s furthe r aw ay . Eac h of

the se e ffe cts w as te ste d on predic tions for indiv idual subje c ts and w as

found sig ni ® c ant for eac h of our three continua.

B efore draw ing any ® rm conc lusions from the se results , one m ust

cons ide r the poss ible role of alte rnativ e and noncategorical fac tors . The

m orphing procedure produce s equal physical ste ps be tw een adjac ent

ite m s on eac h continuum , at le as t for those points on the fac e s to w hic h

it w as applied. B ut equal physical distance s can g ive rise to unequal

pe rceptual distance s, and it w as sugge ste d that one should m easure the

latte r using one of the m any av ai lab le psychophysical scal ing m e thods.

The problem , how eve r, is that category boundarie s are fac tors that can

c reate distortions be tw een physical and pe rce ived distance . How to

separate the contribution of hypothe tic al noncategorical fac tors from

categorical factors (to av oid throw ing the baby out w ith the bathw ate r)

is not im mediate ly apparent. On the othe r hand, for noncategorical

variations in psychophysical step siz e s to produce the present results ,

large r ste ps should happen in orde r to coinc ide w ith the 50% identif ic a-

tion point of the m ajority of subje c ts on eac h of our three continua, and

this is rather unl ike ly .

A pote ntial ly m ore se rious possibi li ty is that m ore ac curate disc rim ina-

tion tow ards the m iddle of the continuum , com bined w ith slow er identi f i -

c ation, could happen on any continuum w hich, l ike the present continua or

those explored by Etc off and Mag ee (199 2 ), ex tends be tw een exem plars of

only tw o c ategorie s . In this s i tuation, only tw o response s are proposed in

8 de G ELD ER, TEU NISSE , BEN S O N

TAB LE 2

Experim en t 1 (Upright Faces): M ean Identi® ca tion

RTs for 2 Photographs Around the 50% Id en ti® ca tion

Poin t and All O ther Po ints

Ang ry-Sa d Ha p p y-Sa d Ang ry-Afra id

5 0 % point 9 4 2 .0 0 9 8 2 .0 0 1 0 43 .0 0

Re st 8 0 9 .0 0 7 4 8 .0 0 8 3 7 .0 0

t-tes t 5 .1 2 7 .3 1 6 .5 7

d f 2 3.0 0 2 3 .0 0 2 3 .0 0

2 -tail ed P < .0 01 < .0 0 1 < .0 0 1
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CATEGO R IC AL PER CEPTIO N O F FACIA L EXPRES SIO N S 9

the identi ® c ation task and are probably av ai lable to the subje c t for short-

term re te ntion in the disc rim ination task. The problem doe s not arise for

othe r dom ains in w hich CP has been s tudied w ith continua ex te nding to

seve ral categorie s , like the /ba/-/da/- /ga/ continuum for spee ch (Mille r,

1994 ), or the hue -w hee l for colour.

It appeared to us that a use ful control of the poss ible in¯ uence of the

dichotom isation artefac t m ight be to run the sam e tw o tasks w ith the sam e

m ate rial presente d upside dow n. Inve rs ion has frequently been used in

research on fac e pe rception as a control for the role of nonfac e -spec i ® c

prope rtie s of the m ate rial (se e V alentine , 198 8 , for a rev iew ). In the pres ent

conte x t i t not only could she d l ig ht on the dichotom isation issue , but al so

m ee t a rem aining conce rn w ith that of ste p size s .

EXPERIM EN T 2

For the reasons explained in the discus sion of Ex pe rim ent 1 , a new g roup

of adult subje c ts pe rform ed the sam e tasks , A B X disc rim ination and

identi ® c ation, but the sam e m ate rial w as pres ente d inve rted.

M ethod

A total of 12 unde rgraduate subje c ts from Tilburg Unive rsi ty , 6 of eac h

sex , partic ipated in one se ss ion. They w ere paid for the ir partic ipation and

none had been exposed to our m ate rial be fore . In the happy -sad continuum

one subje c t had a 50% identi ® c ation point that fe l l out of the 1 ± 9 range ,

and w as exc luded from furthe r analy s e s.

The m aterial s and procedure w ere the sam e as in Expe rim ent 1 , the only

diffe rence be ing that the pic tures w e re presente d inve rted throughout.

Results

The total identi ® c ation function (pe rcent response s) for eac h continuum is

g iven in Fig . 2 (le ft) . It appears that the curve s hav e m ore or le ss the

custom ary sigm oidal shape for the happy -sad and angry -afraid continua,

although w ith a shal low er slope than in Expe rim ent 1 . B ut for the angry-

sad continuum , the curve is approx im ate ly be ll -shaped. Exam ination of

indiv idual data show s that about hal f the subje c ts hav e a negative slope ,

indicating a te ndency to call inve rted ang ry fac e s sad and v ic e ve rsa. Of

course , the s e obse rvations prec lude furthe r analy se s of the data conce rning

this particular se t of pic tures, w hich w ould require valid e stim ations of the

categ ory boundary .

For the rem aining se ts of photographs, happy -sad and angry-afraid, the

AB X data w ere subm itted to the sam e analy sis as in Expe rim ent 1 . The
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re sults are show n in Table 3 . For ne ithe r of the tw o c ontinua is the re a

signi ® c ant diffe rence be tw een disc rim ination pe rform ance on peak and

nonpeak com parisons, re spec tiv e ly . How ev e r, ove ral l disc rim ination pe r-

form ance is above chance leve l for the tw o continua.

Identi ® c ation RTs for the sam e tw o continua w ere sim ilar to those in

Ex pe rim ent 1 , analy sed according to prox im ity to the e stim ated c ategory

boundary . The results in Table 4 are s im ilar to those in Ex pe rim ent 1 : R T is

s low ed dow n for the photographs borde ring the 50% point, com pared to the

othe r points . W ith 2 -tailed t-te sts , the e ffe c t is s ig ni ® c ant for the happy -sad

continuum , and fails just short of the .05 leve l for angry-afraid. B ut one

10 de G ELDER , TEU N IS SE, B ENS O N

FIG . 2. E xp erim en t 2 (in ve rted fac e s ). Left: M ean re spo nse p erc entag e s for the 3 c o ntinu a in the

id en ti ® c atio n task (% ` `sad ’ ’ re spo nse s in the an gry -sad and h ap py - sad con tin ua, % ``af raid ’ ’

re sp onse s in th e ang ry -afraid co ntinu um ). R ig ht: M ean RT s fo r th e 3 con tin ua in the identi ® c a tion

task .

TAB LE 3

Experim ent 2 (Inverted Faces): Identi® ca tion

and Discrim ination Results

Ang ry-Sa d Ha p p y-Sa d Ang ry-Afra id

Id e n ti ® c a tio n

5 0 % point ± 5 .5 8 5 .7 2

S lo pe ± 4 3 .6 4 4 0 .0 7

D isc r im in a tio n

Peak ± 6 2 .6 0 7 6 .3 0

Nonpeak ± 6 1 .5 0 7 0 .3 0

t-test ± 0 .3 0 1 .4 1

d f ± 1 0 .0 0 1 1 .0 0

2 -taile d P ± < .7 7 3 < .1 8 5
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C ATEG O RIC AL PER CEPTIO N O F FA C IA L EXPR ESS IO N S 11

could argue that as the diffe rence w as predic te d, a 1 - tai led t-te s t should be

applied. In this cas e , the diffe rence w ould be signi ® c ant at P < .028 .

For the A B X task, the re w as ag ain no diffe rence in speed be tw een

com parisons ac ross and those on one side of the boundary .

Discussion

For the angry-sad photog raphs, the subje c ts had an e rratic identi ® c ation

pe rformance, w hich m ade analy sis of othe r data conce rning the se stim uli

im poss ible . A pparently , any dec is ion as to w he the r thes e pic tures are

pe rce iv ed as be long ing to the end-points assoc iated w ith e ithe r of the

tw o em otions becom es inac c e ss ible because of inve rsion. For the othe r

tw o se ts of photog raphs, w hich w ere used in Ex pe rim ent 1 , contrasting

results w e re obtained for A B X disc rim ination pe rform ance and identi f ic a-

tion RTs, re spec tiv e ly .

The disc rim ination pe rformance peak on com parisons s traddling the

categ ory boundary is no long e r obse rv ed. Thus, the notion of a dichotom y

arte fac t, sugge sting that such a peak should occur tow ard the m iddle of any

continuum ex te nding be tw een tw o dif fe rent exem plars, is not supported

and the positiv e result obtained in Expe rim ent 1 cannot be explained by

that partic ular m echanism . The present ® nding , i t m ay be note d, w ould also

c reate dif ® c ultie s for an inte rpre tation based on psychophy sical ly unequal

ste ps: How inve rs ion of the pic tures w ould re instate equal ity is not ev ident.

How eve r, in the identi ® c ation task, the s low er RTs around the category

boundary are ag ain obse rved. Thus, th is particular e ffe c t is not spec i ® c to

em otion proce ssing and m ay result from a dic hotom y arte fac t or som e othe r

gene ral m echanism .

Express ion inform ation and the inve rs ion paradigm hav e not, to our

know ledge , be en used to explore the issue of the con® gural bas is of fac ial

express ions. Con® g urational inform ation is m ore c ritic al for m aking fac e

TAB LE 4

Experim en t 2 (Inverted Faces): M ean Identi® ca tion

R Ts for 2 Photographs Around the 50% Identi® ca tion

Point an d All O ther Poin ts

Ang ry-Sa d Ha p p y-Sa d Ang ry-Afra id

5 0 % poin t ± 9 1 0 .0 0 9 3 0 .0 0

Re st ± 8 0 6 .0 0 8 0 2 .0 0

t-test ± 2 .7 7 2 .1 3

d f ± 1 0 .0 0 1 1 .0 0

2 -tai le d P ± < .02 0 < .0 5 6
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judg em ents than for judg ing othe r pe rceptual obje c ts (Diam ond & Carey ,

19 86 ). B ecause inve rsion drastic al ly reduce s the CP e ffe c t, w e can infe r

that the inform ation re levant to CP m ight be carried by fac ial con® g uration.

The issue of re lativ e ve rsus absolute inac c e ss ibi li ty of expre ss iv e inform a-

tion fo llow ing inve rsion clearly require s furthe r exploration.

Experim ent 3 w as se t up to gene ral ise the ® ndings to young c hildren,

and a new task w as al so added. S tudie s by Mil le r and col laborators hav e

show n syste m atic variations in goodne ss judgem ents w ithin the sam e

category and hav e argued for a graded inte rnal struc ture of phone tic

categorie s (se e Mil le r 1994 , for ov erv iew and discuss ion). Mille r and

col le ag ue s hav e al so found that this prototype struc ture is re ¯ e c te d in

RTs, in the se nse that the highe r the goodne ss rating s, the les s tim e it

take s l iste ne rs to identi fy a stim ulus. To w hat ex te nt m ight this s i tuation

carry ove r to the dom ain of fac ial ex press ions? In our case , this w ould

m ean that tw o diffe rent ex press ions, both ide nti ® ed as ``ang e r’ ’ , c an s ti l l be

c learly disc rim inated. The reas on for this g ood w ith in-category disc rim ina-

tion could be that one stim ulus is pe rce iv ed as a be tte r express ion of ange r

than anothe r. Note that goodne ss of category m em bership m ay m atte r

com parative ly le ss for spe ech stim uli, w he re categ orical de c is ions are

only one s te p in a w hole proce ss of w ord recog nition. In contrast, a

judg em ent about goodne ss of em otion express ion is like ly to affec t pe rc ep-

tion and ac tion m uch m ore direc tly .

EXPERIM ENT 3

The m ain obje c tiv e of this ex pe rim ent w as to inve stigate if the ev idence for

categorical pe rception obtained in Ex pe rim ent 1 (w ith adults ) could be

repl ic ated w ith c hildren. B e cause one could ex pec t chi ldren to hav e low er

disc rim ination capac ity than adults , the inte r-i te m spac e for the A B X task

w as se t at three ste ps. In consequence , new adult subje c ts had to be te ste d

for com parison purpose s. A nothe r diffe rence in Ex pe rim ent 1 w as that the

subjec ts w ere asked to rate the photographs ’ goodne ss as ex em plars of the ir

cate gory .

M ethod

Subjects

A total of 24 9 - to 10 -y ear old children, 12 of eac h se x , from a public

school in Tilburg , w e re te ste d indiv idual ly in a quie t room at the ir school;

59 underg raduate students , ag ed 1 7 ± 21 , partic ipated in a short s es s ion eac h,

24 w ith the angry -sad continuum , 1 8 w ith happy -sad, and 17 w ith ang ry -

afraid. No subjec ts had se en the m ate rial be fore .

12 de G ELDER , TEU N IS SE, B ENS O N
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C ATEG O RIC AL PER CEPTIO N O F FA C IA L EXPR ESS IO N S 13

Procedure

For each continuum , three tasks w ere adm iniste red suc ce ss iv e ly : the

AB X disc rim ination task, the identi ® c ation task, and a goodne ss rating

task. The A B X task w as run w ith three -ste p inte rval s inste ad of tw o. Apart

from that, the adm inistration procedure for both the A B X task and the

identi ® c ation task w as the sam e as in Expe rim ent 1 .

For the goodne ss rating task, eac h se t of photographs w as div ided into

tw o subse ts , one containing the ® rst s ix ite m s and the othe r one the las t s ix

ite m s. The pic tures w e re presente d on the sc reen unde r the sam e conditions

as in the identi ® c ation task. The subje c ts express ed the ir rating s on an

answ er shee t that indicate d the express ion to be rated and gav e a 10 -point

scale . The instruc tions spec i ® e d that a rating of 1 m eant no express ion of

the re levant em otion and a rating of 1 0 an exce l lent express ion.

Results

The total identi ® cation func tions of chi ldren and of adults are g iven for

eac h continuum in Fig . 3 . The chi ldren’ s functions hav e som ew hat shal-

low er s lope s than those of adults , w hich is con ® rm ed by the value s show n

in Table 5 . The adults ’ func tions are com parab le to those obtained in

Expe rim ent 1 .

In the AB X task, because three -ste p inte rval s w e re used, eac h subjec t’ s

50% identi ® c ation point fal ls in three succ e ss iv e inte rval s . The re fore , the

predic ted peak disc rim ination is m easured by the m ean ac curacy ove r the se

three inte rval s , and the nonpeak disc rim ination by the m ean ove r the

rem aining ® v e inte rval s . The data from one chi ld could not be used in

the analy sis of A B X performance on the happy -sad and ang ry -afraid

continua, because his 50% identi ® c ation points fe l l outs ide the 2 ± 8

range . The results are show n in Table 5 .

B e fore conside ring the peak-nonpeak contrast, i t c an be se en that the

pe rformance of the children on nonpeak disc rim ination is low er than that of

adults . The latte r is , as ex pec te d, supe rior to that obse rved in Experim ent 1

for tw o-ste p disc rim ination. In the chi ldren, peak inte rval supe riority is

s igni ® c ant for happy -sad and angry-afraid c ontinua. O n the ang ry-sad

continuum , the peak-nonpeak diff erence is in the expec te d direc tion but

falls short of s igni ® c ance . It can be note d that the angry-sad continuum is

w he re nonpe ak dis c rim ination is low est, not only in the chi ldren but al so in

adults of both this expe rim ent and Expe rim ent 1 . Thus , a ¯ oor e ffe c t m ay

hav e prevente d the m anife station of the peak-nonpeak diffe rence in som e

of the chi ldren. In the adults , the patte rn of statistic al s igni ® c ance is the

opposite of that of the children. The peak inte rval supe riority is s igni ® c ant

for angry-sad , but not for happy -sad or for angry -afraid. For the las t tw o
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continua, nonpeak dis c rim ination is at a high le ve l, 85% and 91 % , respec -

tiv e ly . There fore , one can conside r the possibi li ty of a c e i l ing e ffe c t.

Finally , i t c an be note d that in the case of a happy -sad application of a

1 -tai led te st, w hich the ex istence of a predic tion w ould justify , w ould

prov ide a probabil ity lev el of .054 , v ery c lose to signi ® c ance .

In identi ® c ation RTs (Table 6 ) the signi ® c ant s low ing dow n obtained in

othe r expe rim ents is ag ain obse rved for eac h continuum , in both the

chi ldren and adults . No peak-nonpe ak diffe rence is obtained for disc rim i-

nation RT.

14 de G ELDER , TEU N IS SE, B ENS O N

FIG . 3 . E xpe rim en t 3 (up rig h t fac e s ). Ad u lts : Top le ft: M ean re s p on se pe rc e n tag e s for the 3

con tin ua in th e id enti® c ation tas k (% `` sad ’ ’ re sp onse s in th e angry -sad and h app y- sad con tinu a, %

` `af raid ’ ’ re spo nse s in the ang ry-afraid co ntinu um ). To p r ig h t: M ean RT s fo r th e 3 con tin ua in the

id en ti ® c atio n task . Ch i ld re n : B otto m le ft: M ean re sp on se p erc en tag e s . B ottom rig h t: M ean RT s.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

aa
st

ri
ch

t]
 a

t 0
6:

23
 0

7 
D

ec
em

be
r 

20
15

 



15

TAB LE 5

Experim ent 3 (Uprigh t Faces): Identi® ca tion

an d D iscrim in ation Resu lts

Ang ry-Sa d Hap p y-Sa d Ang ry-Afra id

A . A d u lts

Id en ti® c a tio n

5 0 % poin t 4 .4 2 4 .47 4 .5 6

S lo pe 63 .5 6 6 3 .4 8 6 8 .2 3

D is c r im in a tio n

Peak 81 .1 0 8 8 .0 0 9 0 .6 0

Nonpeak 74 .6 0 8 5 .0 9 9 0 .9 0

t-tes t 3 .1 6 1 .70 2 0 .2 8

d f 23 .0 0 1 7 .0 0 1 6 .0 0

2 -tai le d P < .0 0 4 < .1 0 8 < .7 83

B . C hi ld r en

Id en ti® c a tio n

5 0 % poin t 4 .9 2 4 .77 4 .6 7

S lo pe 51 .2 8 5 5 .5 4 5 4 .1 7

D is c r im in a tio n

Peak 63 .1 0 6 9 .7 0 8 2 .6 0

Nonpeak 60 .8 0 6 4 .3 0 7 8 .4 0

t-tes t 0 .9 8 2 .42 2 .8 9

d f 23 .0 0 2 2 .0 0 2 2 .0 0

2 -tai le d P < .3 3 5 < .0 2 4 < .0 08

TAB LE 6

Exp erim ent 3 (Upright Faces): M ean Identi® ca tion RTs

for 2 Photographs Around the 50% Identi® ca tion Po int

and All Other Points

Ang ry-Sa d H ap p y-Sa d Ang ry-Afra id

A . A d u lt s

5 0 % poin t 1 1 6 4 .0 0 1 1 2 2 .0 0 1 2 8 2 .0 0

Re st 8 6 6 .0 0 8 2 5 .0 0 9 6 4 .0 0

t-te s t 5 .9 1 5 .8 8 4.9 9

d f 2 3 .0 0 1 7 .0 0 1 6 .0 0

2 -tail ed P < .0 0 1 < .0 0 1 < .0 0 1

B . C h il d r e n

5 0 % poin t 1 2 9 5 .0 0 1 4 0 4 .0 0 1 3 5 2 .0 0

Re st 1 1 4 3 .0 0 1 1 4 3 .0 0 1 1 0 9 .0 0

t-te s t 3 .55 6 .2 7 5.3 1

d f 2 3 .0 0 2 3 .0 0 2 3 .0 0

2 -tail ed P < .0 0 2 < .0 0 1 < .0 0 1
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The results of the g oodne ss rating task appear in Fig . 4 . In al l c ateg orie s

the m ean rating inc rease s m onotonical ly w ith c losene ss to the prototype .

This patte rn is observ ed in both the children and adults . As a com parison of

Fig s. 3 and 4 indicate s, the rating data corre late strong ly w ith the identi -

® c ation RTs for the sam e photographs, in both the chi ldren and adults . O f

12 produc t-m om ent corre lations (2 g roups 3 3 continua 3 2 prototy pe s) 1 0

are signi ® c ant at P = .05 . The only nonsig ni ® c ant corre lations are those for

sadne ss on the ang ry -sad continuum for adults (r = .76 ), and for ange r on

the sam e continuum for children (r = .79 ).

Discussion

Ex pe rim ent 3 w as dev ised in order to inv e stigate w hethe r ev idence for

categorical pe rception obtained in Expe rim ent 1 w ould be replic ated w ith

chi ldren unde r the ag e of 10 years. The m ain c rite rion for c ategorical

proces sing , a peak in disc rim ination pe rform ance around the c ategory

boundary , w as obse rv ed for al l three continua, but fai led to reac h

signi ® c ance for the m ore dif ® c ult continuum , angry-sad. It m ight be

the case that a ¯ oor e ffe c t play ed a role in this cas e. A s a com parison,

adults w e re te s te d on the sam e tasks: The peak supe riority e ffe c t w as

only partial ly replic ated in th is eas ie r disc rim ination task, and typical ly

w ith the tw o m ost dif ® c ult continua. The absence of e ffe c t w ith the eas ie r

angry -afraid m ate rial m ay be partly due to a c ei l ing e ffe c t. Indee d, one

can speculate w he the r the resort to adult control subjec ts w as a sound

dec is ion, g iv en that absolute pe rform ance lev el is of li ttle re le vance to

the m ain theore tic al ques tion. The direct com parison of the chi ldren of

Ex pe rim ent 3 w ith the adults of Ex pe rim ent 1 at the leve l of pe rform ance

pro ® le is probably m ost instruc tiv e . The pro® le of disc rim ination pe rfor-

m ance of the tw o g roups is rem arkably sim ilar and allow s the sam e

conc lusions.

Experim ent 3 show s that chi ldren categorise fac ial express ions in a v ery

sim ilar w ay to adults . The only diffe rence conce rns speed of response , a

variable that is know n to inc rease w ith ag e. Fac ial ex press ion pe rc eption as

exam ined he re doe s not se em to be af fe c te d by deve lopm ental diff erence s

in the proce ssing s ty le of younge r chi ldren, such as the ``dev e lopm ental

dip’ ’ (Carey , 198 1 ).

Final ly , adults as w e l l as chi ldren prov ide c lear goodne ss rating s for al l

the express ions studied. Rated goodne ss dec rease s as distance from eac h

natural unm anipulated ex press ion inc rease s. A lso, the re appears to be a

sy ste m atic re lationship be tw een RTs in the identi ® c ation task and s tim ulus

rating s. Furthe r res earch is needed to explore this re lationship and its

im portance for unde rstanding the disc rim ination results .
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GENERAL DISCUSSIO N

This study addressed the que stion of w he the r fac ial ex press ions are pe r-

c e ived categorical ly , and if so, w he the r this is the cas e for adults as w e ll as

for chi ldren. Com bining the diffe rent results from the three tasks and the

three expe rim ents , it appe ars that, gene rally speaking , the fac ial expres -

s ions studie d here are c learly pe rce iv ed categorically by adults as w e l l as

by chi ldren. A t the sam e tim e , subje c ts appear to judge ac curate ly w he the r

a g iv en fac ial expres s ion is a good or a poor exam ple of the fac ial

expres s ion represe nte d. W e com ment on the se results and discuss w he the r

infe rence s about unde rly ing categorie s of fac ial express ion pe rception can

be based on the se behav ioural re sults .

The poss ibi l i ty that categorisation behav iour results from learning w as

® rst argued for by Lane (1965 ). A learning explanation stre sse s the con-

c eptual as opposed to the pe rceptual status of categorie s and focuse s on the

role of labe ls and their role in m em ory to ex plain categoric ity . A s unde r-

stood in th is conte x t, le arning explanations te nd to reduce the pow er of

infe rence s about unde rly ing biolog ical functional categorie s . A rti ® c ial

neural ne tw orks us ing a bac k-propag ation learning rule hav e been use d

to sim ulate CP e ffec ts (Harnad, Hanson, & Lubin, 19 94 ). Indeed, suc h

ne tw orks can be c on® gured to exhibit categorical behav iour ve ry m uch in

the m anne r of hum an and anim al pe rformance . The se im plem entations are

not a substi tute for hum an subje c ts because , currently , they cannot be

direc tly re lated to high-leve l cate gorical behav iour. Ne tw orks ope rate

heuristic ally and algorithm ical ly and can be sensitiv ity -tuned to y ie ld

categorical pe rception (CP), but they are not capable of ope rating at the

cognitiv e leve l as a hum an subje c t m ight during an express ion task.

A lthough exam ination of hidden unit w e ights at the learning s tage m ay

g ive som e indication of the m ag nitude and consis te ncy of just notic eable

diffe rence s, one cannot assum e the se w il l re¯ e c t consc ious or unconsc ious

hum an disc rim ination g rounded in term s of c ategory sym bols or categ orie s

in the m ind.

W e hav e al ready note d that the possibi l ity of CP ® ndings in the identi -

® c ation task m ight be based on task-spec i ® c fac tors . Note that a m e thodol-

og y w here bipolar continua are com bined and the anchor point A of a

continuum a-b is al so that of anothe r continuum a-c , e tc , doe s not pres ent a

ful l answ er to the obje c tion of possible task arte fac ts . In the present study ,

Ex pe rim ent 2 address e s that issue satisfac torily and se rve s as a control for

the e ffe c t of such fac tors . Improv ing CP m ethodology w ould require a

study of categ orie s in a m ultidem ensional spac e . It has been i llustrated that

just notic eable diffe rence s play a le ss s igni ® c ant role w hen m ore than tw o

categorie s are present, as in a high-dim ensional express ion spac e (eac h

expres s ion represents one dim ension: B enson, 19 92 , 19 95 ). Fac ial expres -
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C ATEG O RIC AL PER CEPTIO N O F FA C IA L EXPR ESS IO N S 19

s ions are highly inte rac tiv e in nature , and the pres ence of blended em otions

is w e l l know n (Ekm an & Frie sen, 1976 ; Kats ikiti s & B enson, subm itted;

Num m enm aa, 19 88 ). O nly in a high-d im ensional spac e can such phenom -

ena be prope rly asse s sed (B enson, 1 995 ).

The re are tw o im portant and pote ntially confounding fac tors in sim ilar-

i ty ass e ssm ents and A B X disc rim inanda for C P research and are e spec ially

re lev ant to a discuss ion of highe r-orde r stim uli inte rpre tations. First, a

g iven fac ial express ion m ay be signal led by only a few fac ial features.

How features inte rac t, is c le arly an im portant conside ration; only a portion

of the im ag e s m ay be use ful Ð but w hich? S im ilarity judgem ents of CP

e ffe c ts along a happy -angry continuum are m ore like ly to depend on

im ag e -based (congruent) fe atures, w he reas A B X disc rim ination w il l

draw on diffe rent sal ient fe atures. S e cond, the s treng th of the affe c t

s ignal , or its ``energ y ’ ’ (B enson, 199 5 ; Katsikiti s & B e nson, subm itted),

prov ide s a sim ple and c lear indication that som e (cate gory) e xem plars m ay

not be as re pres entativ e or as good m em bers as othe rs. This is particularly

ev ident in Etc off and Mag ee (19 92 ) and m ay he lp to ac count for the failure

to ® nd categoric ity of surprise (B enson, 1 995 ). It should be c lear that the se

tw o fac tors (feature salienc e , ene rg y ) are intrinsically re lated and there fore

one should ex pec t to obse rv e m odulations in the m ag nitude , or abse nce , of

CP e ffe c ts de pendent on category v eris im ilitude (B enson, 1995 ). Prototy -

pical or enhanced express ions m ay be tte r qual i fy for category m em bership,

the predic tion be ing that optim al re pres entations w ill y ie ld optim al C P.

In the present study , as in earlie r s tudie s using the CP paradigm , subje cts

are good at disc rim inating be tw een tw o s tim uli that be long to the sam e

categ ory . This ® nding is com patible w ith CP conc lusions and it has been

argued (Harnad, 19 87 ) that the re are no good g rounds for expecting

disc rim ination ab il i ty w ithin categ ory pairs to be at chance lev el . Nev er-

the le ss , the issue of the bas is of good dis c rim ination ab il i ty is w orth

pursuing because of its im portance for unde rstanding fac ial ex press ion

pe rception, w he the r or not this is category-base d. Exam ining the goodne ss

rating s and the ir poss ible re lation to th is disc rim ination abi l ity m ay be a

® rs t ste p.

W e hav e al ready m entioned that a situation com parable to a ® rst stage

of phys ical information proce ssing m ay not obtain, in the case of fac ial

express ion perception. Like sounds, fac e s are com plex stim uli , but unlike

the former, fac e s are l ike ly to be pe rce ived con ® gurationally rathe r than

com ponentially w ith pe rception be ing built-up from separate features. A

tw o-s tage m ode l of fac ial express ion pe rception in w hich be tte r than

expec te d dis c rim ination w ould be due to continued post-cate gorical pre -

sence of low lev el diffe rence s is thus not ve ry l ikely . B e tte r than chance

disc rim ination m ight result from the fac t that subjec ts w hile ass igning

various stim uli to the sam e categ ory , neve rthe le s s note critic al diffe rence s
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in the ex te nt to w hich the se diffe rent sam e -category stim uli represent the

expres s ion typical for that category . Tw o inte resting hypothe se s for future

research are that goodne ss judgem ents are predom inantly re lated to

pe rce ived quali ty of ex press ion of the stim ulus as a w hole , and that

subjec ts do not base the ir response on separate com ponents of the fac e

only .

A s note d in the Introduc tion, ve ry l i ttle is know n about pe rceptual

expres s ion categ orie s , and c laim s conce rning a func tional archite c ture

and the em otional categorie s w hic h com prise it w il l require conve rg ing

ev idence , at le as t in deve lopm ental neuropsychology . The pres ent study

pres ents such deve lopm ental data. The se allow us to m ake a com parison

w ith results obtained from a group of auti stic subje c ts . In this population,

de ® c its in the pe rception of fac ial express ions hav e been docum ente d.

Thus, the predic tion is that an im pairm ent w ould also be obse rved w ith

the C P task. This w as indeed the case (Teuniss e & de Ge lde r, subm itted).

The auti stic subje c ts show ed poorer identi ® c ation and disc rim ination. O n

furthe r inve stig ation of the subjec ts , inte resting w ith in-g roup diff erence s

em erge . Poor pe rformance on the fac ial ex press ion task is predicte d by a

low score on com m unication-ski ll te sts , but not by g ene ral inte l lig ence or

ve rbal inte l l ig ence ski lls . This sugge sts that poor pe rformance in fac ial

expres s ion te sts is not a m atte r of g ene ral learning skil ls or of ease of

m anipulating ve rbal labe ls .

S om e ® nal cav eats . The ques tion w he the r fac ial em otions are pe rceive d

categorically is not so m uch inte resting in itse lf , but rather for its potential

re le vance to dis cussions on the locus of em otion pe rception in the cognitiv e

archite cture of the org anism . Ne ithe r our present data nor prev iously

obtained results al low infe rence s that g ene ralise beyond the pe rception

of em otions in fac ial express ions. Issue s of cognitiv e or func tional prim i-

tiv e s unde rly ing the pe rception of fac ial ex press ions m ay be connec te d to

the notion of natural categorie s or prototy pe s. S uch infe rence s raise inte r-

e sting que stions on the dom ain-spec i ® c i ty of the fac ial ex pres s ion pe rc ep-

tion m echanism s. Are those em otions pres ente d in v oice s throug h speec h

prosody , equal ly pe rce iv ed categ orical ly ? A nd if so, doe s one and the sam e

m echanism sustain pe rc eption in the tw o m odalitie s? Recent ev ide nce (de

Ge lde r, V room en, & Teunis se , 19 95 ) sugg es ts that this m ight be the c as e

because the re is a c lear c ross-m odal effe c t from one m odal ity to the othe r.

The re is increas ing ev idence that the pe rception of som e em otional s tate s is

subse rved by spec ial ised cognitiv e and neurolog ical c ircuitry (A dolphs,

Tranel , Dam as io, & Dam as io, 19 94 ). From this pe rspec tiv e , it is te m pting

to conside r bas ic em otions, at le as t the cognitiv e abi li ty unde rly ing the

pe rception of such, as consisting of a lim ite d se t of ex pres s iv e prim itiv e s

and to v iew C P results as prov iding cruc ial ev idence . For exam ple , Ekm an

(19 94 ) arg ue s that ® nding s of categorical pe rception of fac ial express ions
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C ATEG O RIC AL PER CEPTIO N O F FA C IA L EXPR ESS IO N S 21

supports the notion of bas ic em otions that w ould be expres s iv e unive rsal s ,

invariant ac ross cultures. Current candidate s for m em bership of the c lass of

bas ic em otions m ust how eve r be conside red eac h on the ir ow n; and

® ndings supporting categoric i ty of an em otion w il l ne ed to be inte g rated

w ith neurobiolog ic al , neuropsy cholog ical, and deve lopm ental data be fore

infe rence s about expres s iv e prim itiv e s can be draw n.

Manusc rip t re c e iv ed 2 6 May 1 9 9 5

Re v is ed m anusc ript re c e iv ed 1 3 Decem ber 1 9 9 5

REFERENCES

A dolp hs , R., Trane l, D., Dam as io , H., & Dam as io, A . (1 9 9 4 ). Im paired re cog nition of

em otion in fac ia l e x pre ss ions fol lo w ing b i la te ra l dam ag e to the hum an am y g dala .

Natu re , 3 7 2 , 6 6 9 ± 6 7 2 .

B enson, P.J. (1 9 9 2 ). Unpubl is hed doc toral dis se rtation, Univ e rs ity of S t. A ndre w s , S cot-

land.

B e nson , P.J. ( 1 9 9 5 ) . Pe rspec tiv e s on fac e pe rc e ption: d ire c ting re searc h by ex ploiting

em erg ent prototype s . In T. V alentine (Ed.) , Co g n it iv e a n d co m pu ta tio n a l a sp e c ts o f fac e

re co g n it io n (pp. 2 0 4 ± 22 4 ). London: Routledg e .

B enson, P.J. , & Pe rre tt, D.I. (1 9 9 1 ). S y nthe s is in g continuous-tone caricature s . Im a ge a n d

Vis io n Co m p u tin g , 9 , 1 2 3 ± 1 2 9 .

Carey , S . (1 9 8 1 ). The de v e lopm ent of f ac e pe rc eption. In G. Dav ie s , H. El li s , & J. S hephe rd

(Eds .) , Perce i v in g a n d rem emb er in g fac e s (pp. 9 ± 3 8 ). London: A cadem ic Pre ss .

de Ge lde r, B ., V room en, J., & Teunis se , J.P. (1 9 9 5 , Nov em ber) . Hea r in g sm il e s a n d se e in g

c r ie s : Th e b im od a l p e rc ep tio n o f e m otio n . Pape r pre sented at the 3 6 th A nnual M ee ting of

The Psy c honom ic S oc ie ty , Los A ng e le s .

Diam ond, R., & Carey , S . ( 1 9 8 6 ). W hy face s are and are not spec ial : A n e ffe c t of ex pe rt is e .

Jo u rn a l o f Expe r im en ta l Psych o lo g y, 1 1 5 , 1 0 7 ± 1 1 7 .

Ekm an, P. (1 9 9 4 ). S trong e v idence for univ e rsals in fac ia l ex pre ss ions : A re ply to Russe ll ’ s

m is taken c ritique . Psych o lo g ic a l Bu l le t in , 1 1 5 , 2 6 8 ± 2 8 7 .

Ekm an, P., & Frie sen, W .V . (1 9 7 6 ). M easuring fac ial m ov em ent. Jo u rn a l o f En v ir o n m en ta l

Psych o lo g y a n d No n ve rb a l Beh a v io r , 1 , 5 6 ± 7 5 .

Ekm an, P., Frie sen, W .V ., & El ls w orth, P . (1 9 7 2 ). Em o tio n in th e hu m a n face : G u id e li n e s

for re sea rch a n d a n in teg ra tio n o f ® n d in g s . New York: Pe rg am on.

Etcof f, N.L., & M ag ee , J.J. (1 9 9 2 ). Categori cal pe rc eption of fac ial ex pre ssions . Co g n itio n ,

4 4 , 2 2 7 ± 2 4 0 .

Finney , D.J. (1 9 6 4 ). Pro b it a n a lyse s . Cam bridg e : Cam bridg e U niv e rs ity Pre ss .

Frijda, N . (1 9 8 6 ). Th e em otio n s . New York: Cam bridg e Univ e rs ity Pre ss .

Harnad, S . (Ed.) (1 9 8 7 ). Ca teg o r ic a l pe rc ep tio n . New Y ork: Cam bridg e Univ e rs ity Pre ss.

Harnad, S ., Hanson, S .J., & Lubin, J. (1 9 9 4 ). Le arned categ oric al pe rc eption in neura l ne ts :

im pli c ations for sy m bol g rounding . In V . Honav ar & L. Uhr (Eds .) , Sym b o l p ro c e sso rs

a n d co n n e c tio n is t n e tw o rk m o d e ls in a r ti® c i a l in te l li g en c e a n d c o g n it iv e m o d e ll in g : Step s

tow a rd pr in c ip l ed in teg ra tio n (pp. 1 9 1 ± 2 0 6 ). London: A cadem ic Pre ss .

Kats ikitis , M ., & B e nson, P.J. (subm itted). Cla ss i ® c a tio n o f F ACS-in s tru c ted fac ia l expre s -

s io n s .

Lane , H. (1 9 6 5 ). The m otor theory of spe e ch pe rc eption: A c rit ic al re v i ew . Psych o lo g ic a l

R ev i ew , 7 2 , 2 7 5 ± 3 0 9 .

L ibe rm an , A .M . (1 9 9 6 ). Ca teg o r ic a l pe rc ep tio n . Cam bridg e , M A: M IT Pre ss .

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

aa
st

ri
ch

t]
 a

t 0
6:

23
 0

7 
D

ec
em

be
r 

20
15

 



Libe rm an, A .M ., Harris , K.S ., Hoffm an, H.S ., & Grif ® th, B .C . (1 9 5 7 ). The dis c rim in ation

of spee ch sounds w i th in and ac ross phone m e boundari e s . Jo u r n a l o f Exp e r im e n ta l

Psych o lo g y, 5 3 , 3 8 5 ± 3 6 8 .

M il l e r, J.L . (1 9 9 4 ). O n the in ternal s truc ture of phone tic categ orie s : A prog re ss re port .

Co g n itio n , 5 0 , 2 7 1 ± 2 8 5.

Num m enm aa, T. (1 9 8 8 ). The re cog nition of pure and ble nded fac ial e x pre ss ions of em otion

from still photog raphs . Sca n d in a v ia n Jo u rn a l o f Psych o lo gy , 2 9 , 3 3 ± 4 7 .

Re pp, B .H. (1 9 8 4 ). Categ ori cal pe rc e ption : Is sue s , m e thods , ® nding s . Sp eech a n d La n -

g u a g e : Adva n ce s in Ba s i c R esea rch a n d Pra c tis e , 1 0 , 2 3 4 ± 3 3 5 .

Te uni sse , J.P ., & de Ge lde r, B . (subm itte d). Im p a i red c a te g o r i ca l p e r c ep tio n o f fa c ia l

expre ss io n s in h ig h -fun c tio n in g a u tis t ic s .

V alentine , T . ( 19 8 8 ) . Ups ide -dow n face s : A re v ie w of the e ffe c t of inv e rs io n upon fac e

re cog n ition. Britis h Jo u rn a l o f Psych o lo g y, 7 9 , 4 7 1 ± 4 9 1 .

Y in, R.K . (1 9 6 9 ). Looking at ups ide -dow n face s . Jo u rn a l o f Expe r im en tal Ps ych o lo g y, 8 1 ,

1 4 1 ± 1 4 5 .

Y oung , A .W ., He l law e ll , D., & Hay , D.C . (1 9 8 7 ). C on ® g urational in form ation in fac e

pe rc e ption. Percep tio n , 1 6 , 7 4 7 ± 7 5 9 .

22 de G ELDER , TEU N IS SE, B ENS O N

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

aa
st

ri
ch

t]
 a

t 0
6:

23
 0

7 
D

ec
em

be
r 

20
15

 



23

APPENDIX

Stim uli: Expression Continua for Angry-Sad, Happy-Sad, and
Angry-Fear
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