
Perception & Psychophysics

1999.61 (6). ll02-1115

Asymmetric dependencies in perceiving identity

and emotion: Experiments with morphed faces

STEFAN R. SCHWEINBERGER,A. MIKEBURTON,and STEPHEN W. KELLY
University ojGlasgow, Glasgow, Scotland

We investigated whether an asymmetric relationship between the perception of identity and emo
tional expressions in faces (Schweinberger & Soukup, 1998) may be related to differences in the rela
tive processing speed of identity and expression information. Stimulus faces were morphed across
identity within a given emotional expression, or were morphed across emotion within a given identity.
In Experiment 1, consistent classifications of these images were demonstrated across a wide range of
morphing, with only a relatively narrow category boundary. At the same time, classification reaction
times (RTs) reflected the increased perceptual difficulty of the morphed images. In Experiment 2, we
investigated the effects of variations in the irrelevant dimension on judgments of faces with respect to
a relevant dimension, using a Garner-type speeded classification task. RTs for expression classifica
tions were strongly influenced by irrelevant identity information. In contrast, RTs for identity classifi
cations were unaffected by irrelevant expression information, and this held even for stimuli in which
identity was more difficult and slower to discriminate than expression. This suggests that differences
in processing speed cannot account for the asymmetric relationship between identity and emotion per
ception. Theoretical accounts proposing independence of identity and emotion perception are dis
cussed in the light of these findings,

People are very effective in perceiving different types

of information from faces. Depending on the situation,

an observer may be interested in the identity, mood, sex,

age, or speech actions of another person, and faces can

provide information about all these. Much of the early

research on face perception tended to emphasize the

stimulus properties of faces, which pose high demands

on visual analysis. For instance, this demand on visual

analysis was often thought to be the major reason for find

ings of a superiority of the right hemisphere in face rec

ognition (see, e.g., De Renzi, Faglioni, & Spinnler, 1968).

More recently, however, it has become clear that task

related differences in processing, which depend on what

information is at the focus of the observer, need to be

taken into account in research on face perception (e.g.,

Sergent, 1985). For instance, whereas a right hemisphere

superiority is typically found for the perception offacial

identity or expression, a left hemisphere superiority has

been reported for lipreading (e.g., Campbell, De Gelder,

& De Haan, 1996; for a review see Ellis, 1989). This sug-
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gests that these aspects offace perception are mediated, at

least to some extent, by different mechanisms.

In one influential model of face perception, Bruce and

Young (1986) suggested that the recognition of facial

identity, emotion, and facial speech is mediated by func

tionally independent processes. They suggested, for ex

ample, that for identity perception to occur, faces may be

"normalized" with respect to emotional expression or fa

cial speech. Yet although this hypothesis of functional in

dependence has received some support from several

areas of research, recent findings suggest that there may

be conditions in which the different aspects of face per

ception may interact. We will briefly present the evidence

taken to support functional independence first. For ex

ample, single unit recordings in the temporal cortex of

monkeys have suggested that different cell populations

are sensitive to facial identity and emotional expressions,

respectively (Hasselmo, Rolls, & Baylis, 1989). The lit

erature on neuropsychological dissociations further sug

gests that brain lesions may selectively affect the recogni

tion ofeither facial identity or emotion, thereby indicating

double dissociations between these deficits (e.g., Hum

phreys, Donnelly, & Riddoch, 1993). Experiments with

positron emission tomography (PET) have also indicated

the activation of different brain regions during the per

ception offacial identity and emotion (Sergent, Ohta, Mac

Donald, & Zuck, 1994). Finally, a study by Etcoff (1984)

has suggested that when observers are asked to sort cards

with images of faces into two piles, they can selectively

attend to either identity or expression, without much inter

ference from the irrelevant stimulus dimension. In other

experimental studies, when observers were asked to make
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speeded judgments of emotional expression, reaction

times (RTs) were not shorter for familiar faces than for

unfamiliar faces (Bruce, 1986; Young, McWeeny, Hay, &

Ellis, 1986).

Yet although these studies appear to support the hy

pothesis ofa complete functional independence between

the perception of identity, expression, and facial speech,

this hypothesis has been challenged in several more re

cent studies. Walker, Bruce, and O'Malley (1995) have

reported that the familiarity of faces modulated the de

gree to which visual information influenced speech per

ception in the audiovisual "McGurk" illusion (McGurk

& MacDonald, 1976). Schweinberger and Soukup (1998)

have corroborated an influence of face familiarity on

speech reading for static photographs of faces; subjects

were found to be more efficient in speech reading for per

sonally familiar faces. These authors also investigated

effects of variations in an irrelevant stimulus dimension

on classifications offaces with respect to a relevant dimen

sion. They used a task originally devised by Gamer (1974,

1983), in which subjects are asked to classify faces ac

cording to either expression or identity. In different con

ditions, identity and expression could be correlated (e.g.,

all happy faces showed person A and all sad faces showed

person B), constant (a control condition without variation

on the task-irrelevant dimension; e.g., all faces, whether

happy or sad, showed person A), or orthogonal (half of

the happy and sad faces showed person A and B, respec

tively). In this task, RTs are predicted to increase in the

orthogonal condition, to the extent that the relevant dimen

sion cannot be processed independently of variations in

the irrelevant one. The intriguing finding was that when

identity was the relevant dimension, RTs were entirely

unaffected by irrelevant variations in emotional expres

sion. In contrast, when expression was the relevant dimen

sion, RTs were clearly affected by irrelevant variations in

identity. These results suggest an asymmetric relationship,

in which identity is perceived independently of expres

sion, but expression perception is influenced by identity.

There is a potential difficulty in the interpretation of

Schweinberger and Soukup's (1998) data, however. One

might argue that the susceptibility of a relevant dimen

sion to irrelevant variations in another dimension may

depend on the relative speed with which both dimensions

can be perceived. If identity can be perceived faster than

emotional expression, variations in identity might be

more likely to affect the perception ofemotion than vice

versa. After all, if the perception of the "fast" dimension

is already completed before the "slow" dimension be

comes available, an insensitivity of the "fast" dimension

for variations in the "slow" dimension would be unsurpris

ing. Schweinberger and Soukup argued against such an

explanation, on the basis of their finding of similar RTs

in the control condition for the identity and the emotion

classification tasks. Nevertheless, in view of the finding

that RTs and error rates were at least slightly-albeit non

significantly-higher in the emotion classification task,
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a more direct investigation of the role ofthe relative pro

cessing speeds of both dimensions seemed appropriate.

The major aim of the present study was therefore to rep

licate the asymmetric relationship between the percep

tion of facial identity and emotion, and to determine to

what degree this asymmetry might be related to the rel

ative perceptual difficulty, or processing speeds, of both

dimensions.

Noise or spatial frequency filtering are commonly

used in order to degrade visual stimuli (e.g., Uttal, Ba

ruch, & Allen, 1995), especially ifthe processing speed of

visual stimuli is to be varied. However, such a manipu

lation of face stimuli would probably affect the speeds of

emotion processing and identity processing in much the

same way. In contrast, we were looking for a manipula

tion of face stimuli that would allow us to manipulate the

speed of either emotion or identity processing more se

lectively. A relatively recent technique in digital image pro

cessing that appears particularly well-suited for a selective

manipulation ofthe perceptual difficulty offacial dimen

sions in realistic stimuli is morphing. This term refers to

a procedure by which a photographic-quality continuum

between two images can be created. A typical observation

is that most images on a continuum between two identi

ties (e.g., Kennedy and Clinton) are consistently catego

rized as belonging to one ofthe two people corresponding

to the original stimuli at each end ofthe continuum. There

is only a relatively narrow area oftransition in which there

is ambiguity as to whether a face shows the one person or

the other (see Beale & Keil, 1995). Similar observations

have been reported for the perception of emotional ex

pressions in morphed faces (Calder, Young, Perrett, Et

coff, & Rowland, 1996; Etcoff & Magee, 1992; Young

et aI., 1997). However, Young et al. (1997) also showed that

classification RTs increased with increasing distance of

an image from the end ofthe continuum-s-even when that

image was consistently classified as belonging to a par

ticular category. This suggests that even when morphing

leaves the consistency ofa classification ofa given image

relatively unaffected, classification RTs faithfully reflect

the decreased perceptual salience of these stimuli.

In the present study, we used the morphing procedure

in an attempt to manipulate the perceptual difficulty ofei

ther identity or expression discriminations selectively in

a given set of faces. Starting from four original faces that

varied orthogonally on identity (person A, person B) and

emotion (happy, angry), we created four different morph

continua. Morph continua were created either across iden

tities within a given emotion, or across emotions within

a given identity. In Experiment I, we found that the mor

phing procedure was indeed able to manipulate the per

ceptual difficulty in either the identity or the emotion di

mension of the stimuli selectively. Experiment 2 was a

Gamer-type experiment in which the difficulty ofthe rele

vant stimulus dimension (relative to the irrelevant dimen

sion) was systematically varied. This allowed us to ad

dress the issue of whether the insensitivity of identity
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classifications to irrelevant variations in emotional expres

sion might simply be a result of the greater perceptual

speed of the identity dimension in the stimuli.

In Experiment 1, stimuli from eight equidistant points

on each of the four morph continua were used, and sub

jects were asked to classify all of them for either identity

(Experiment lA) or expression (Experiment 18). This

experiment had three aims: First, we wanted to replicate

the discontinuous classification functions with continu

ous stimulus changes that had been recently reported for

morphs across facial identities (Beale & Keil, 1995) or

across emotions (Calder, Young, Perrett, et aI., 1996; Cal

der, Young, Rowland, et al., 1996; Young et aI., 1997).

Second, we wanted to determine whether the morphing

process would be able to selectively affect RTs for classi

fications on the morphed dimension only. Alternatively,

one might argue that the morphing process could more

generally affect the perceptual difficulty of the stimuli

for example, by introducing spurious regions of blur.'
Third, given the findings by Young et aI. (1997), we ex

pected that classification RTs would increase when im

ages were morphed away from the endpoints even when

they were still consistently classified into one category.

Therefore, RTs would reflect increased perceptual diffi

culty, and hence the first experiment should serve to iden

tify those stimuli on the morph continua that showed max

imal perceptual difficulty (in terms ofclassification RTs)

while being still classified in a consistent manner. These

stimuli were subsequently used in Experiment 2.

EXPERIMENTS lA-lB

Method
Subjects. Eight University of Glasgow undergraduates con

tributed data to Experiment IA, and 8 different undergraduates con

tributed data to Experiment lB.

Stimuli and Apparatus. All stimuli were presented on a Mac

intosh monitor in gray-scale mode, using the SuperLab software.

The bases for the stimulus set were the four original stimuli, dis

played in the comers of Figure I. These stimuli show two different

people (top: person A, bottom: person B) displaying two different

emotions (happiness and anger). From these stimuli, new photo

graphic-quality stimuli were generated with Morph software, which

can produce a continuum between two images. Morph continua were

created either from one to the other emotional expression within

one identity (horizontal dimension in Figure I), or from one to the

other identity within one emotional expression (vertical dimension in

Figure I).

For each ofthese four morphs, between 70 and 90 reference points

were positioned on each face. These points were located at corre

sponding landmarks on each of the two original photographs, and

the points were then joined. The morphing procedure has two com

ponents, warping and fading. Warping basically involves a spatial

transformation of the control points from their original position in

one image to their final position in the other image. Fading refers

to a change in the values of corresponding pixels from the original

image to the other image (for details, see, e.g., Beale & Keil, 1995).

For example, a 71:29 morph warps all landmark points 29% of the

distance along the line between their initial and final positions, and

the values of corresponding pixels are a weighted average, with

contributions of 71% and 29% of the initial and final images,

respectively-

Faces from eight equidistant points on each of the four morphs

were stored on disk and used for the experiment (i.e., in proportions

of the initial and final images, 100:0, 86: 14, 71:29, 57:43,43:57,

29:71, 14:86, and 0: 100, subsequently termed morph levels). Because

the original stimuli were included, this resulted in a total of 28 dif

ferent stimuli (4 morphs with 6 intermediate morph levels each,

plus the 4 original stimuli). Figure I presents a subset of these stim

uli, with morph levels 100:0, 71:29,29:71, and 0: 100.

Procedure. The faces were presented one by one to the subjects,

who were instructed to classify each stimulus for either identity as

person A or person B (Experiment IA) or for emotion as "happy"

or "angry" (Experiment IB), using two-choice keypress responses.

The subjects were encouraged to respond as fast as possible, pro

vided that they were reasonably confident about their decision. For

a given subject, each of the 28 stimuli was repeated 10 times, re

sulting in a total of280 trials. The order of stimuli was randomized

within each block of28. There were short breaks after every 84 tri

als. Each trial started with the presentation of a fixation point, fol

lowed after 500 msec by the stimulus face. Presentation was termi

nated with a keypress or after 3,000 msec; the next trial started

1,000 msec thereafter.

Prior to the experiment, two runs of 16 practice trials were per

formed in order to familiarize the subjects with the stimuli and the

task. The practice trials always involved the four original faces. In

the first run of 16 practice trials, these faces were displayed with ei

ther a person name ("Peter" or "Simon" for person A or B, respec

tively) or the emotion label ("angry" or "happy") printed directly be

low. In the second run of 16 practice trials, the faces were presented

without these labels. The experimental trials were initiated only

when a subject performed without error on these practice trials, a

criterion that happened to be met by all subjects.

Results

Classification performance. For Experiment 1A, the

percentage of person B responses depending on morph

level and facial emotion can be seen in the upper part of

Figure 2. With respect to the two morphs that went across

the task-irrelevant dimension (i.e., expression), there

seems to be no systematic variation in identity classifi

cations. With respect to the two morphs that went across

the task-relevant dimension (i.e., identity), it can be seen

that except for the most ambiguous morph levels (those

with either 57:43 or 43:57 proportions ofeither identity),

the stimuli were very consistently classified as displaying

either person A or person 8. These data were subjected

to an analysis of variance (ANaYA) with repeated mea

sures on A-to-8 morph (8 levels) and facial emotion (2

levels: angry and happy). Epsilon corrections for hetero

geneity ofcovariances, where appropriate, were performed

with the Huynh-Feldt method throughout (Huynh &

Feldt, 1976).
The ANaYA revealed a highly significant main effect

ofmor.ph [F(7,49) = 159.8,p < .001], but no significant

effect of facial emotion [F( 1,49) < 1], and no interaction

of facial emotion X rnorph [F(1,49) = 1.5, p > .20].

Post hoc analysis using Duncan's multiple range test (a =

.05) suggested that this main effect reflected the fact that

morph levels 57:43 and 43:57 differed significantly both

from levels 100:0, 84: 16, and 71:29, and from levels

29:71, 14:86, and 0:100. Differences were not reliable be

tween levels 100:0, 84: 16, and 71:29, and between lev

els 29:71, 14:86, and 0: 100.
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Figure l. Examples oftbe stimulus material. The stimuli in the four corners show the original faces. The rows depict a sub
set of the morphed images from angry to happy emotions within one identity. The columns depict a subset of the morphed im
ages from person A to person B within one emotional expression. The intermediate stimuli represent the 71%:29% and
29%:71 % images within each morphed continuum.

For Experiment 1B, the percentage of "happy" re

sponses depending on morph level and facial identity can
be seen in the upper part of Figure 3. These data were sub

jected to an ANOVA with repeated measures on angry
to-happy morph (8 levels) and facial identity (2 levels: A
and B). The main effect ofmorph was highly significant
[F(7,49) = 186.6, P < .001]. Post hoc analysis using
Duncan's multiple range test suggested that this main ef

fect reflected the fact that morph levels 57:43 and 43:57
differed significantly both from levels 100:0, 84: 16, and
71:29, and from levels 29:71,14:86, and 0:100. Differ
ences were not reliable between levels 100:0, 84: 16, and

71:29, and between levels 29:71, 14:86, and 0:100. In
addition, there was a significant effect of facial identity
[F( 1,49) = 15.1, p < .01] and a significant interaction of

facial identity X morph [F(l,49) = 2.7, p < .05]. Fig
ure 3 suggests that the transition point between angry and
happy was slightly earlier for person A than for person B

faces.
Classification response times. The classification re

sponse times can be seen in the lower parts of Figures 2
and 3. With respect to the morphs that went across the
task-irrelevant dimension, there seems to be no system
atic variation in RTs either for identity classifications or



1106 SCHWEINBERGER, BURTON, AND KELLY

__ A to B, Angry

••• A to B, Happy

--Angryto Happy, A

..•.. Angryto Happy,B

..

................. ~ . : . : ~ ..:..; .
,....

% person 8 responses

.... ..................... ..... -'. .......
100

90

80

70

60

50

40

30

20

10

O+-.-pEEl~:&::t""';===:IIl::=!=~=+==*===t==~'f="-,o----I

100/0 86/14 71/29 57/43 43/57 29/71 14/86 0/100

RT (ms)

600

500

.......................

__ A to B, Angry

••• A to B, Happy

--Angryto Happy, A

..•.. Angryto Happy, B

"

400 +--=--+---I----+----+--+----+-----II----i
100/0 86/14 71/29 57/43 43/57 29/71 14/86 0/100

Figure 2. Results of Experiment lA (perception offacial identity). Top: Percentage of "per
son B" classifications depending on morph level and facial emotion. Bottom: The corre
sponding classification response times. Square symbols indicate data for the faces morphed
across identities within one emotion; triangle symbols indicate data for the faces morphed
across emotion within one identity. Note that morphing affects response times only when
stimuli are morphed across the target dimension (i.e., across identities).

for expression classifications. With respect to the morphs

that went across the task-relevant dimension (i.e., iden

tity in Experiment lA, and expression in Experiment IB),

Figures 2 and 3 show that RTs were fast for faces close to

either end of the morphs, and that RTs were slowest for

the most ambiguous stimuli midway between these ex

tremes. Thus, like classification performance, classifi

cation speed is most strongly affected in the most am

biguous parts ofthe morpho Figures 2 and 3 also suggest,

however, that RTs showed some sensitivity already for

the intermediate morph levels that gave rise to classifi-

cations that were similar to those for the original faces
(e.g., morph levels 86:14, 71:29, 29:71, and 14:86).

The RT data from Experiment 1A were subjected to

an ANOVA with repeated measures on A-to-B morph (8

levels) and facial emotion (2 levels: angry and happy).

The ANOVA revealed a highly significant main effect of

morph [F(7,49) = 6.6,p < .01], but no significant effect

of facial emotion [F(l,49) = 1.01] and no interaction of

facial emotion X morph [F(l ,49) < I]. Post hoc analysis

using Duncan's multiple range test suggested that the

main effect of morph reflected the fact that morph levels
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Figure 3. Results of Experiment IB (perception of facial emotion). Top: Percentage of "happy"
classifications depending on morph level and facial identity. Bottom: Classification response times.
Square symbols indicate data for the faces morphed across emotions within one identity; triangle
symbols depict the data for the faces morphed across identity within one emotion.

57:43 and 43:57 differed significantly from all other lev

els except from morph level 29:71.
For Experiment 1B, the ANOYArevealed a highly sig

nificant main effect ofmorph [F(7,49) = 8.6,p < .001]
and a just significant effect offacial identity [F(l,49) =

5.6,p < .05]. An inspection of Figure 3 suggests that RTs
to person A faces were somewhat longer than RTs to per
son B faces, but only for the more ambiguous stimuli.
However, the interaction of identity X morph failed to
reach significance [F(l,49) = 1.7, p > .20]. Post hoc
analysis using Duncan's multiple range test suggested

that the main effect ofmorph reflected the fact that morph
levels 57:43 and 43:57 differed significantly from all

other levels, with the exception of morph level 29:71.
Inspection of Figures 2 and 3 suggests that, for both

experiments, the stimuli on the morph levels 71:29 and
29:71 are good examples ofperceptually difficult but un
ambiguous stimuli (at least according to the criterion
that they are rather consistently classified into one cate

gory, but with slower classification times relative to the
original stimuli). To compare RTs directly between the
morph levels 100:0 and 0: 100 on the one hand, and the
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morph levels 71:29 and 29:71 on the other hand, we per

formed additional ANOVAs. There were significant main

effects of morph level (100:0 and 0: 100 vs. 71/29 and

29/71), both for Experiment lA [F(1,7) = 17.8,p < .01]

and for Experiment IB [F(1,7) = 6.6,p < .05]. In neither

experiment were there any further significant effects or

interactions with the identity or the emotion of the faces.

Discussion

These data suggest that when faces on a morphed con

tinuum are presented for classification, there is only a

relatively narrow area of transition in which there is am

biguity with respect to whether a face belongs to one or

another category. This confirms previous findings ob

tained for identity (Beale & Keil, 1995) or emotion clas

sifications (Young et aI., 1997).3

The RT data show that there is a clear effect on classi

fication speed even for the morph levels for which clas

sifications are very consistent. Therefore, the distance

from the original face has a clear cost on the ability to

classify the image. This corroborates the findings ob

tained for facial expressions by Young et al. (1997), and

it extends their results to identity classifications.

It might be argued, however, that the costs seen in RTs

to the morphed images are not necessarily a result ofse

lectively morphing over either the identity or the expres

sion of a face, but may in part be a consequence of the

morphing procedure in general. For instance, longer RTs

may be related to a residual loss of stimulus quality in

the morphed images. To investigate this possibility, we

performed additional analyses that included RTs for the

stimuli that were morphed over the dimension that was

irrelevant for the task (i.e., when morphed over identity

in the expression classification task and vice versa).

These ANOVAs included the factors ofmorph type (i.e.,

morphed over the task-relevant or the task-irrelevant di

mension) and eight morph levels. There was a highly sig

nificant interaction ofmorph type X morph level in Ex

periment lA [F(7,49) = 5.8,p < .01]. A post hoc ANOVA

including only the data from the stimuli morphed across

the task-irrelevant dimension did not yield any system

atic effect on RTs [main effect morph level, F(7,49) < 1],

suggesting that morphing along the irrelevant emotion

dimension did not affect classification RTs in Experi

ment lA. Similarly, there was a highly significant inter

action of morph type X morph level in Experiment 1B

[F(7,49) = 6.6, p < .001], and a post hoc ANOVA of

only the data from the stimuli morphed across the irrele

vant dimension did not yield any systematic effect [main

effect morph level, F(7,49) < 1], suggesting that morph

ing along the irrelevant identity dimension did not affect

classification RTs in Experiment 1B. This lack of an ef

fect of'morphing along the irrelevant dimension can also

be seen in the lower parts of Figures 2 and 3. It clearly

shows that the perceptual effects ofmorphing can be se

lective for the stimulus dimension (identity or emotion)

across which morphing is performed.

EXPERIMENTS 2A-2B

In recent experiments (Schweinberger & Soukup, 1998)

with the selective attention paradigm (Gamer, 1974, 1983),

classifications of facial identity were independent of ir

relevant variations in facial emotion, whereas emotion

classifications were affected by irrelevant variations in

identity. This suggests that observers can attend to iden

tity while ignoring emotional expression. In contrast, ob

servers seem unable to ignore identity when attending to

facial emotion.

The aim ofExperiment 2 was to determine whether this

asymmetric relationship might depend on differences in

the relative discriminability of the identity and emotion

dimensions. The participants in Experiment 2A classi

fied faces with respect to facial identity, with emotion as

the irrelevant dimension. Conversely, the participants in

Experiment 2B classified faces with respect to emotion,

with identity as the irrelevant dimension. In each exper

iment, we used as stimuli faces in which the relevant di

mension was either easy or difficult to discriminate. The

difficult stimuli were always the 71:29 and 29:71 morphed

images on the continuum across the relevant stimulus di

mension; the easy stimuli were always the endpoints of

these continua. In order to maximize the chance for ob

taining effects of irrelevant stimulus variations, the irrele

vant dimension was always kept easy to discriminate.

These stimuli were presented in three different exper

imental conditions, termed control, orthogonal, and cor

related conditions. In the control condition, the stimuli

varied only along the relevant dimension (e.g., identity);

the irrelevant dimension (e.g., emotion) was held con

stant. In the orthogonal condition, stimuli were presented

that varied orthogonally along both the relevant and ir

relevant conditions. In the correlated condition, there was

covariation ofthe relevant and irrelevant dimensions. For

example, there were only happy faces of person A and

angry faces of person B.

The key question here is how well participants are able

to process the relevant dimension independently ofvari

ations in the other, irrelevant dimension. The influence

of the irrelevant dimension on the processing of the rel

evant one can be examined in the orthogonal condition.

An increase in reaction time for orthogonal as compared

with control trials shows that variation along the irrele

vant dimension influences classification of the relevant

dimension. In other words, exclusive attention to the rel

evant dimension is impossible; rather, both dimensions are

processed in an integral manner (Garner, 1974; Green &

Kuhl, 1991). In contrast, similar RTs for control and or

thogonal trials indicate that variation along the irrelevant

dimension does not interfere with the perception of the

relevant dimension. In this case, the two perceptual di

mensions are processed separately.

With respect to the comparison between the control and

the correlated condition, a "redundancy gain" (i.e., faster

RTs in the correlated condition) is also usually consid-



ered as an indication of integral processing, indicating

that at some level the combination offeatures is perceived

as a unitary event (e.g., Etcoff, 1984; Garner, 1974). How

ever, it has been pointed out that a redundancy gain could

also occur in the context ofparallel but independent pro

cessing ofboth dimensions: If perceivers classify the stim

uli in the correlated condition by systematically using

the faster or more discriminable dimension for each trial

(in spite of the task instruction), this could also result in a

redundancy gain (Eimas, Tartter, Miller, & Keuthen, 1978;

Green & Kuhl, 1991). Consequently, a redundancy gain

should not in general be considered as a strong indication

of integral processing.

The main focus in Experiment 2 is therefore clearly

on the comparison between control and orthogonal trials.

In these conditions, subjects must rely on the relevant di

mension in order to solve the task. In the correlated con

dition, although the instruction is to attend to the rele

vant dimension, subjects might utilize either dimension

for their classifications. We might expect some degree of

redundancy gain in Experiment 2 simply because the de

sign was such that the relevant dimension was more dif

ficult to discriminate, on the average, than the irrelevant

dimension (see above). Nevertheless, in interpreting the

performance in the correlated trials, one should consider

the effects of our manipulation in discriminability of the

relevant dimension relative to the irrelevant dimension:

One would expect a clear effect ofdifficulty in the control

condition, where only the relevant dimension can be

utilized for classification. However, to the extent that the

more discriminable irrelevant dimension is used for the

classification in the correlated condition, one would pre

dict that the effect ofdifficulty is reduced in that condition.

Method

Subjects. Twelve University of Glasgow undergraduates con

tributed data to Experiment 2A, and 12 different undergraduates

contributed data to Experiment 28.

Stimuli. The stimuli were a subset of those used in Experiment I.

As easy stimuli, we used the four original faces. As difficult stim

uli, we selected the 71:29 and 29:71 morphed faces, which accord

ing to Experiment I were more difficult to discriminate relative to

the original faces (as measured by classification RTs) while"still

being consistently classified into one category. The stimuli in Ex

periment 2A that required identity classifications were those in the

left- and rightmost columns of Figure 1. Conversely, the stimuli in

Experiment 2B that required emotion classifications were those in

the top and bottom rows of Figure I.

Procedure. The subjects were required to make speeded two

choice classification judgments of four types of stimuli that varied

along the two dimensions of identity (person A, person B) and emo

tional expression (angry, happy). The instructions emphasized both

speed and accuracy. The participants in Experiment 2A were in

structed to classify the faces only along identity-to press one key

for faces of person A and another key for faces of person B-while

disregarding emotional expression. The subjects in Experiment 2B

were instructed to classify the stimuli only along expression-to

press one key for happy faces and another key for angry faces

while disregarding identity.

In each ofthe three experimental conditions (correlated, control,

orthogonal), two consecutive blocks of 136 trials each were pre-
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sented. Each ofthese blocks consisted of 16practice trials, followed

without interruption by 120 test trials. In the orthogonal condition,

both blocks oftest trials consisted ofall four possible combinations

of the relevant and irrelevant dimension. In the control condition,

the particular alternative of the irrelevant dimension was changed

between the two consecutive blocks (e.g., first block, only happy faces

of persons A and B; second block, only angry faces of persons A

and B). In the correlated condition, the particular combination of

the relevant and the irrelevant dimensions was changed between the

two consecutive blocks (e.g., first block, person A looking happy

and person B looking angry; second block, person A looking angry

and person B looking happy). This was done to ensure that all stim

uli appeared with equal frequency in all experimental conditions, in

order to eliminate the possibility that differences among conditions

were due to stimulus differences. Within each block, all test trials

were presented in a different randomized order with the restriction that

every permitted combination of relevant and irrelevant dimensions

appear with equal frequency. The order of the experimental condi

tions was counterbalanced across participants. Breaks were allowed

after each block. Each experimental session lasted for about 40 min.

Each trial started with the presentation ofa fixation cross, which

was replaced after 1,500 msec by a stimulus face. The face remained

visible until a response key was pressed and was then immediately

replaced by the fixation cross that marked the beginning ofthe next

trial. The participants were to press one key for one alternative ofthe

relevant dimension (e.g., person A) and the other key for the other

alternative (e.g., person B). Errors were indicated by a briefacous

tic signal. The participants used the left index finger for responses

to person A or happy faces, and the right index finger for responses

to person B or angry faces.

Responses were scored as correct if the appropriate key was

pressed within a time window lasting from 150 to 2,000 msec after

target onset. Errors ofcommission (wrong key) were recorded sep

arately. RTs more than 2 SDs below or above the mean RT for an in

dividual subject and condition were considered as outliers and dis

carded. Mean RTs were calculated for correct responses to test

trials only.

For each experiment, ANOYAs were performed on the test trial

RTs, with repeated measures on the variable condition (correlated,

control, orthogonal). Additional variables were the particular alter

native ofthe relevant dimension (depending on the experiment, e.g.,

stimulus person A or B) and the particular alternative of the irrele

vant dimension (depending on the experiment, e.g., happy or angry

expression). A comparison between experiments was also performed,

using an ANOYA with repeated measures on condition and exper

iment as a between-subjects variable. We did not use the particular

alternatives ofthe relevant and irrelevant dimension as variables for

this between-experiment comparison, because the levels of these vari

ables were obviously not comparable for Experiments 2A and 2B.

Results

Error rates were small, with an average percentage of

errors of commission of2.9% and 2.7% in Experiments

2A and 2B, respectively. Although error rates showed

some influence of the experimental conditions, the pat

tern oferror rates was generally similar to that observed

in RTs, in both Experiment 2A [M(easy) = 1.6%, 1.3%,

and 1.5%, for the correlated, control, and orthogonal

condition, respectively; M(difficult) = 2.8%,5.3%, and

4.7%] and Experiment 2B [M(easy) = 1.7%,2.1%, and

2.2%; M(difficult) = 2.2%,3.3%, and 4.9%]. Error rates

were not analyzed further.

Inspection of Figures 4 and 5 suggests that in general,

RTs were slower for the difficult than for easy stimuli,
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Figure 4. Mean reaction times in Experiments 2A (top) and 2B (bottom) for the experimental conditions and every combination of
relevant and irrelevant dimensions. Bold lines show means across all combinations of relevant and irrelevant dimensions.

and that RTs increased over the experimental conditions.

However, although there was some degree ofredundancy

gain in both experiments, there were striking differences

between the experiments in terms ofthe effects of the or

thogonal condition: Irrelevant variations in identity inter

fered strongly with classifications of emotional expres

sion, but irrelevant variations in emotional expression did

not seem to interfere at all with classifications ofidentity.
The insensitivity of identity classifications for expres

sion variations was upheld even for the difficult stimuli,

in which the relevant identity dimension was actually less

salient (in terms ofclassification RTs in the control condi

tion; see Figure 5) than the irrelevantexpression dimension.

These impressions were verified by the statistical anal

yses. We initially performed an ANOVA across experi

ments, with repeated measures on the variables of con

dition (correlated, control, orthogonal) and difficulty

(easy, difficult) and the between-subjects variable ofex

periment. This ANOVA revealed no main effect of ex

periment [F(l,22) = 1.09, p > .20], indicating that the

RTs during the classification for identity were similar to

those during the classification for emotion. However,there
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Experimental Condition

ofdifficulty X condition was no longer significant. Note
thatthe numerical effect of the orthogonal condition was,
if ahything, smaller for difficult than for easy stimuli

(M= - 3 msec vs. 10 msec for difficult vs. easy stimuli;
see Figure 5). This clearly shows that there is no influ

ence of irrelevant variations in emotional expression on
identity classifications, even when the identity dimension
is more difficult to perceive than the emotion dimension.

In the comparison between the correlated and the control
condition, the main effect of difficulty [F(I, II) = 48.7,

p < .001] and the interaction of difficulty X condition
[F(l,II) = 22.4,p < .001] were retained. This interaction
reflected the fact that the effect of difficulty was much

reduced in the correlated as compared with the control
condition (M = 10 msec vs. 41 msec; see Figure 5).

Experiment 2B. The analysis of the RTs yielded a
significant effect of condition [F(2,22) = 42.2, p <
.001], which was due to a redundancy gain [F(l,II) =

10.1, p < .01], as wen as a large difference between the
orthogonal and the control conditions [F(l, II) = 35.1,

p < .00 I; M = 368, 392, and 471 msec for the correlated,
control, and orthogonal conditions, respectively]. There
was also a significant effect ofdifficulty [F(l, 11) = 24.1,

p < .001] and a significant interaction between condition
and difficulty [F(2,22) = 13.3,p < .001]. There was a sig
nificant main effect of the particular alternative of the

relevant dimension [F(l, 11) = 24.1, P < .001], reflect
ing the fact that responses to angry faces were faster than
those to happy faces (M = 397 vs. 424 msec). The only

other significant effect was a complex four-way inter
action [condition X difficulty X relevant X irrelevant
dimension, F(2,22) = 6.6, p < .01].

In the comparison between the control and the orthog

onal conditions, there was a main effect of difficulty
[F(l, II) = 45.9,p < .001] and a significant interaction of
difficulty X condition [F(l, 11) = 13.4,p < .01].The inter

action indicates that the interference seen in the orthog
onal condition was somewhat larger for difficult than for
easy stimuli (M = 89 msec vs. 69 msec; see Figure 5).

The four-way interaction mentioned above was not sig
nificant in this comparison [F(2,22) = 1.26,p > .20]. In
the comparison between the correlated and the control
conditions, there was a main effect ofdifficulty [F(1,11) =

20.6, p < .001], but no interaction ofdifficulty X condi
tion [F(I, 11) = 1.5,p> .20]. The effect ofdifficulty was
slightly but not significantly reduced in the correlated as
compared with the control condition (M = 10 msec vs.

18 msec; see Figure 5). The four-way interaction men
tioned above was significant [F( 1,11) = 8.1, P < .05].
Inspection of Figure 4 suggests that for easy stimuli,

somewhat larger redundancy gains were observed for the
person B happy and the person A angry faces, whereas
for difficult stimuli, somewhat larger redundancy gains
were observed for the person A happy and the person B
angry faces. Although this four-way interaction is diffi

cult to account for, it seems to be weak relative to the other
effects observed in this experiment. Also, it is superim
posed on a consistent overall pattern, and it is confined

orthogonal

-<>- Identity Difficult
- 0 - EmotiOn Difficult

controlcorrelated

--- Identity Easy
- ... - Emotion Easy

350

500
»

/
/
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/

450 /
"A

(j)
/

/
/ ".s " "/

"I-
" "c: / "" ""400 ..0' ""

Figure 5. Mean reaction times in Experiments 2A and 28 for
each combination of condition and difficulty.

Experiment 2

was a significant main effect of condition [F(2,44) =

58.2, p < .00 I] and a significant interaction of condition
X experiment [F(2,44) = 13.I,p < .00I]. In addition, there

was a highly significant effect of difficulty [F(l ,22) =
106.6,p < .00 I]. There were also significant interactions
ofdifficulty X condition [F(2,44) = 18.5,p < .001] and

of difficulty X condition X experiment [F(2,44) = 9.7,
p < .001].

To further analyze these interactions, we subsequently
performed separate ANOVAs for each experiment, re

garding as variables the condition, the particular alterna
tive of the relevant dimension, and the particular alter
native of the irrelevant dimension as described earlier. If

there were any significant effects of condition in these
analyses, Bonferroni-corrected comparisons were per
formed for the correlated versus control conditions, and
for the orthogonal versus control conditions.

Experiment 2A. The analysis of the RTs revealed a
significant effect ofcondition [F(2,22) = 24.6,p < .001],
which was due to a redundancy gain [F(l,II) = 45.6,p<
.00 1], with no difference between the orthogonal and the

control conditions [F < I, M = 355,408, and 411 msec
for the correlated, control, and orthogonal conditions, re
spectively]. There was also a significant effect of diffi
culty [F(l,II) = 58.9,p < .001] and a significant inter

action of condition X difficulty [F(2,22) = 14.8,p<.001].
There were no significant effects or interactions involving
the particular alternative of either the relevant or the ir
relevant dimension.

In the comparison between the control and the orthog
onal condition, there was of course a main effect of diffi
culty [F(l, II) = 86.6,p < .00I]. However, the interaction
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to the comparison between the correlated and control

conditions. We will therefore not discuss this interaction

further.

Discussion

In this experiment, we explored the relationship between

the perception of facial identity and emotion in a speeded

classification task that required the participants selec

tively to attend to one dimension. Wereasoned that ifone

dimension (e.g., identity) can be perceived independently

ofa second dimension (e.g., emotion), classification RTs

for the first dimension should be unaffected by task

irrelevant variations in the second dimension. The results

show that identity classifications were unaffected by ir

relevant variations in facial emotion, whereas emotion

classifications were slowed by irrelevant variations in fa

cial identity. We reasoned further that if an insensitivity

of identity classifications for emotion variation is a re

sult of the higher perceptual speed of identity, identity

classifications should be affected by irrelevant emotion

variations if identity information is perceived more slowly

than emotion information. However, the results show that

even when task-relevant identity information was more

difficult and was discriminated more slowly than task

irrelevant emotion information, identity classifications

were still independent ofirrelevant emotion information.

Therefore, the present pattern ofasymmetric relationship

is not a result of different discriminabilities of identity

and emotion.

The asymmetric relationship also shows that the differ

ence between the control and the orthogonal conditions

in the emotion classification task is not simply a result of

the fact that there were four different stimuli in the con

trol condition and eight different stimuli in the orthogonal

condition. If this were the case, there should have been

an RT increase in the orthogonal condition for both the

emotion and the identity classification tasks (see also

Green, Tomiak, & Kuhl, 1997).

The results from the correlated condition show that

there was some degree of redundancy gain in all condi

tions of the experiment. This is in contrast to the results

obtained by Schweinberger and Soukup (1998, Experi

ment 1), who found no redundancy gain when identity was

the relevant dimension. These differences may be ex

plained by the fact that the relevant dimension was, on the

average, less perceptually salient than the irrelevant di

mension in the present study. Consequently, attending to

the irrelevant dimension despite the task instruction would

have been more advantageous for performance in the

correlated condition ofthe present study, compared with

the correlated condition ofthe Schweinberger and Soukup

study. In this context, it is important to note that for iden

tity classifications (Experiment 2A), the difficulty effect

was greatly reduced in the correlated condition specifi

cally. This is in line with the idea that, particularly when

identity was difficult to perceive, participants shifted their

attention to the irrelevant but more salient emotion dimen

sion in that condition.

GENERAL DISCUSSION

In the first experiment ofthis paper, it was demonstrated

that images on a continuum between two identities or

emotional expressions offaces are consistently classified

into one of the two categories over a broad range of the

continua. The classification RTs did not show a general

effect of morphing; only when images were morphed

across the classified dimension did RTs reflect an in

creased difficulty in classifying images that were further

away from the endpoints. This suggests that morphing

can be used to manipulate selectively the perceptibility

ofeither the identity or the expression offaces. In the sec

ond experiment, a subset of these stimuli was employed

in order to investigate the role ofperceptual speed in the

relationship between identity and expression perception.

In a Garner-type speeded classification task, irrelevant

variation in facial identity clearly interfered with the per

ception of emotion. At the same time, the perception of

facial identity was found to be independent of irrelevant

variation in facial emotion. This asymmetric relationship

was not related to a faster perceptibility of the identity

variation in the stimuli: Even when identity was more dif

ficult to discriminate than emotion, the asymmetric rela

tionship was maintained. This pattern ofresults replicates

and extends the previous findings of Schweinberger and

Soukup (1998).

What could be the underlying reasons for an asymmet

ric relationship between the perception of identity and

expression? First, identity might be a more "basic" type

of information. As a result of interindividual variability

in the expression ofemotion, taking identity into account

might provide a reference with respect to which the more

transient changes-such as those seen in emotions-may

be more easily processed by the perceptual system. A sec

ond possibility might be to consider the types of varia

tion in faces that convey identity and expression, respec

tively. Emotional expressions may be regarded mainly as

spatial transformations ofone and the same face. In con

trast, it appears that certain types of nonspatial variation,

such as texture and information about areas of relative

light and dark, are much more important for recognizing

facial identity (see, e.g., Bruce, Hanna, Dench, Healey,

& Burton, 1992). It is not clear whether the present find

ings are related to some special status of identity, or to

the specific stimulus variations that happen to convey

identity information in faces. One way to decide between

these possibilities, however, would be to consider stud

ies with speech stimuli that, like faces, could also be an

alyzed for identity, emotion, or speech content. Ifthe anal

ysis of identity has a privileged status, a similar pattern of

asymmetric interference would be expected for speech

stimuli. In contrast, there would be no reason to expect a

similar pattern for speech stimuli if the critical factor for

the present results was the stimulus variations that hap

pen to convey identity information in faces.

To the best of our knowledge, there are no compara

ble studies on the relationship between identity and emo-



tion perception in spoken language. Ofparticular interest,

however, are studies on the relationship between pho

netic information and talker information in speech per

ception, which also tend to reveal an asymmetric pattern

of interference: When listeners are required to perform

classifications for voice gender, there are few if any ef

fects of irrelevant variations in phonetic information, as

compared with clear effects of talker variations on classi

fications of phonetic content (Green et al., 1997; Mul

lenix & Pisoni, 1990). This finding is reminiscent ofpre

vious results concerning the relationship between facial

identity and facial speech perception (Schweinberger &

Soukup, 1998, Experiments 3-7), and it is consistent

with a growing literature on the effects of talker variabil

ity in speech processing (for an overview, see Johnson &

Mullenix, 1997). One implication of such findings might

be that identity information in faces and voices has a spe

cial status, in that it is taken into account by the systems

that compute other types of social information, such as

speech or emotional expression. However, it clearly re

mains for future studies to provide a more direct com

parison ofresults from the visual and auditory modalities.

Recently, it has been suggested that different expres

sions ofbasic emotions may have evolved quite separately,

so that their perception might be linked to different neural

substrates. For example, there is some evidence for a spe

cific involvement of the amygdala in the perception of

fear (Calder, Young, Rowland, et al., 1996), and of the

basal ganglia in the perception of disgust (Sprengel

meyer et aI., 1996). It may therefore be asked whether the

pattern of asymmetric relationship found in the present

study is specific to the basic emotions (happiness and

anger) that were investigated here. However, we have

found basically the same pattern with all the emotions that

we have investigated thus far-happiness, anger, fear, and

sadness (cf. Schweinberger et al., 1998, Schweinberger &

Soukup, 1998). Although the issue of specialized mech

anisms for particular emotions clearly deserves further

attention, it appears at present that our results do general

ize across different basic emotions.

In spite of these comments, one needs to note that we

have only studied two alternatives of each stimulus di

mension at a time, and, for a given subject, there were only

eight different stimuli in Experiment 2. A potential issue

could therefore be that stimulus-based strategies (e.g., at

tending to a particular feature such as a bigger nose or big

ger eyebrows ofperson A) may have played a role in pro

ducing the present findings ofasymmetric relationships.

For now, we have two reasons to believe that stimulus

based strategies cannot explain our findings. First, any

discrimination between faces on the basis ofa single fea

ture should also have been affected by our difficulty ma

nipulation. This is because the morphing procedure re

duces not only the overall discriminability between faces

but also the discriminability ofeach single facial feature.

Yet the overall pattern of asymmetric interference was

similar for all experimental conditions. In this respect, it

is also interesting that Mullenix and Pisoni (1990), who
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used an auditory selective attention paradigm, systemat

ically varied the number of stimuli in both dimensions

b e t w ~ e n 2 X 2 and 16 X 16. Stimulus-based strategies,

it there are any, should become progressively unlikely as

the number of stimuli is increased. Although Mullenix and

Pisoni found some increase in overall orthogonal inter

ference with more stimuli, the degree of asymmetric in

terference was unaffected by the number of stimuli. Even

though we therefore think that stimulus-based strategies

probably cannot account for the present findings, we plan

to investigate more systematically the effects of addi

tional pictorial variations in future studies.

What type of processing model can account for the

asymmetric pattern of results obtained in the present

study? The data clearly pose difficulties for a model of

parallel and independent processes for identity and ex

pression perception (Bruce & Young, 1986). Such a model

would predict that there is a mutual independence of iden

tity and emotion, in which irrelevant variation on one di

mension does not interfere with the perception of the other

dimension. In contrast to this prediction, however, we

found that identity interferes with the perception of fa

cial emotion. Another possibility would be to assume a

serial model, in which identity is encoded at an early level

and expression is encoded only at a later level. However,

a simple serial model has difficulty in explaining why,

for certain stimuli, emotional expressions can actually

be perceived faster than identity, and why the same pat

tern ofasymmetric interference can be found even under

these conditions. A third possibility, one that is consistent

with the present findings, is that facial identity and emo

tion information are encoded in a parallel-contingent fash

ion (for a discussion of these types of models, see also

Green et al., 1997; Mullenix & Pisoni, 1990). Thus. the

computation of facial identity and emotion may be per

formed in parallel, but emotion perception may be mod

erated by the output of identity perception, whereas iden

tity perception can be carried out independently of the

output of emotion perception.
In conclusion, Experiment 2 of the present study con

firms an asymmetric relationship between the perception

offacial identity and facial emotion, and the data suggest

that this asymmetric relationship is not a result ofdiffer

ences between identity and emotion in terms of percep

tibility. However, it might be worth noting that, whereas

Experiment 2 revealed a pattern of asymmetric interfer

ence between identity and expression perception, certain

aspects in the results of Experiment 1 would appear to be

more consistent with previous ideas of an independence

of identity and expression perception. Specifically, iden

tity classifications did not seem to be much affected by

whether or not these faces showed a clear-cut emotional

expression; the functions were flat for faces morphed

across emotional expressions. Conversely, emotion clas

sifications did not seem to be much affected by whether

or not these faces were morphed across identity.This could

suggest that there may be theoretically important limita

tions for an influence of identity on emotion perception.
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One way to account for the present findings would be to
adopt a perceptual "tuning" account. Accordingly, iden
tity information for a given facial pattern could be com
puted and held in working memory, in order to provide a

reference for computing information about facial ex
pressions. When facial identity varies from trial to trial

in the orthogonal condition, facial identity needs to be
recomputed, which takes time and produces the interfer
ence effect seen in the orthogonal condition in Experi
ment 2. This account would imply that the influence of

identity on expression perception should be entirely con
tingent on a trial-to-trial variation of facial identity. On
the one hand, such an explanation would be consistent

with the results ofboth experiments in the present paper.
It may also be interesting to mention recent auditory stud
ies which have suggested that an influence ofvoice iden

tity on speech perception is largely due to a trial-to-trial
variation of voice identity (Green et al., 1997). On the
other hand, previous research has also demonstrated a

facilitative effect of personal familiarity with a face on
the perception of expressive speech patterns in the face
(Schweinberger & Soukup, 1998, Experiment 5). This
does not suggest that an influence of identity on the per

ception ofexpressive changes in the face is confined en
tirely to trial-to-trial variations in identity. A challenge
for future studies will be to delineate more clearly the

conditions in which interactions between expression and
identity information occur in face perception.
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NOTES

1. In previous studies, researchers have tried to deal with this prob

lem by excluding the original stimuli from their material, making sure

that all stimuli underwent the morphing procedure. For instance, Beale

and Keil (1995) used the I% and 99% morphed images rather than the

original ones, and Young et a!. (1997; but see also Calder, Young, Per

rett, et al., 1996) used the 10% and 90% images. Nevertheless, this may

not be a satisfactory precaution against general effects of the morphing

process per se, because such effects would critically depend on the dis

tance of an image from the endpoints. In the present study, we decided

to use the original images along with the morphed versions.

2. Because the spatial transformation of the control points in warping

is linear, as is the transformation of pixel identities in fading, it has some

times been claimed that morphing produces a linear continuum between

two stimuli. This is not without problems, however, since the measure-

ment scale in morphed stimuli is some combination of the 2-D shape of

the face and the pixel intensities.

3. A sharp transition point is sometimes taken as evidence for cate

gorical perception (usually in combination with the demonstration that

the perceptual discriminability between two equidistant stimuli is in

creased when the two stimuli cross the boundary between both categor

ies, relative to when they vary within a category. However, the shape of

the classification function alone cannot be regarded as unambiguous

evidence for categorical perception (see, e.g., Calder, Young, Perrett,

et al., 1996; Ellison & Massaro, 1997). Because our intention in the pre

sent paper is not to argue for or against categorical perception, we will

not elaborate on this issue.
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