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Evaluating the independence of sex and
expression in judgments of faces

PATRICIA M. LE GAL and VICKI BRUCE
University of Stirling, Stirling, Scotland

Face recognition models suggest independent processing for functionally different types of infor-
mation, such as identity, expression, sex, and facial speech. Interference between sex and expression
information was tested using both a rating study and Garner’s selective attention paradigm using
speeded sex and expression decisions. When participants were asked to assessthe masculinity of male
and female angry and surprised faces, they found surprised faces to be more feminine than angry ones
(Experiment 1). However, in a speeded-classificationsituation in the laboratory in which the sex deci-
sion was either “easy” relative to the expression decision (Experiment 2) or of more equivalent diffi-
culty (Experiment 3), it was possible for participants to attend selectivelyto either dimension without
interference from the other. Qualified support is offered for independent processing routes.

A number of cues (e.g., gait, clothing, behavior, the pres-
ence or absence of breasts) may be used to determine
someone’s sexual identity. We also use a variety of cues to
determine someone’s internal emotional state. Both types
of information are also clearly signaled by the face and can
be interpreted accurately by perceivers from the face
alone. However, the face also provides information about
other personal information (e.g., identity, age, race) and
sends out other communicative signals (e.g., facial speech
and gaze). How are all these different messages from the
face deciphered?

Currently, there is substantial evidence to suggest that
different types of information may be extracted from faces
independently (for a review, see Young, 1998). There is
strong evidence, for example, reviewed later in this article,
that the emotional expression of a face is analyzed inde-
pendently of information about identity. The independence
of major routes, such as expression analysis and identity,
can be contrasted with the dependence seen within a par-
ticular route, between sequential stages of processing (e.g.,
assessing the familiarity of a face is an early stage and
naming arelatively late stage within the identificationroute
in Bruce & Young’s, 1986, model). In this study, we explored
the hypothesis that expression and sex! are analyzed via
independentroutes, but we did not address the question of
any stages that might be involved within specific routes.
Expression and sex might be expected to be independent,
since, in some models, sex classification forms an early
stage in the identification route (e.g., H. D. Ellis, 1986),
whereas in other analyses, sex classification is proposed to
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be independent of identification but also logically inde-
pendent from emotional expression. Experimental and
neuropsychologicalevidence relating to the proposed pro-
cessing independence of sex and expression routes is pre-
sented later in this introduction.

In this study, we employed Garner’s (1974, 1976) selec-
tive attention paradigm to investigate whether or not pro-
cessing resources are shared when participants make sex
and expression judgments to faces. Garner’s paradigm, in-
troduced in detail later, has recently been used to test the
theory of independentface processing routes by Schwein-
berger and colleagues (Schweinberger, Burton, & Kelly,
1999; Schweinberger & Soukup, 1998). The indepen-
dence of sex and expression processing is of particular in-
terest, since analyses in this instance may be applied to the
same information source. Some of the features in the re-
gion of eyebrows and eyes, which are useful for distin-
guishing male faces from female faces, vary considerably
when faces express surprise and anger. A change in ex-
pression from anger to surprise might be expected to
“feminize” a face, for example, and lead to uncertainty in
the classification of a male face as male.

In the remainder of the introduction, we briefly outline
what is understood about the information used to catego-
rize faces by sex and expression. We then review models
of face processing in which different kinds of categoriza-
tion are achieved by independentroutes. Finally, we intro-
duce Garner’s selective attention methodology, which we
apply to the question of whether sex and expression deci-
sions are made independently.

How Do We Tell Male Faces From Female Faces?
Potential cues to discriminate male faces from female
faces include superficial texture (e.g., stubble), relational
information (e.g., nose size relative to the chin), and three-
dimensional information (e.g., brow and chin protuber-
ance), in addition to simple features (e.g., brow width or
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brow-to-eye distance). Laboratory studies of human per-
ception of faces and statistical analysis of actual variation
in face images suggest thatitis the combination of a num-
ber of different discriminating cues that allows us to clas-
sify faces by sex effortlessly and accurately, even when
hairstyleis concealed (e.g., Brown & Perrett, 1993; Bruce
etal., 1993; Burton, Bruce, & Dench, 1993; O’ Toole, Abdi,
Deffenbacher, & Valentin, 1993).

Distance between the eyebrows and eyelids is a mea-
sure that was found to be one of the better discriminators
between male and female faces (Burton et al., 1993). This
distance is smaller in males than in females. Campbell,
Wallace, and Benson (1996) found little overlap between
scores for brow-to-lid distances for male and female faces
looking straight ahead. Campbell et al. (1996) went on to
show that speeded sex decisionsto faces with gaze averted
were slower than when the faces were looking straight
ahead and that male faces were judged to be less mascu-
line with eyes averted. Averting gaze increases the brow-
to-lid distance, and Campbell et al. (1996) suggest that this
is a particularly salient feature for males. The increased
distance in faces looking down slows responses. Similar
findings were also reported in a later study (Campbell,
Benson, Wallace, Doesbergh, & Coleman, 1999) in which
the men and women whose faces were used as stimuli
were asked to raise and lower their brows. These last find-
ings are of particular relevance to the experiments re-
ported here. If brow-to-lid distance also varies as the re-
sult of a change in expression (which it does when the face
changes from being angry to being surprised), then sex
decisions might also be facilitated or delayed depending
on what expression is shown.

How Do We Tell Angry Expressions From
Surprised Expressions?

For expression decisions, posed and spontaneousexpres-
sions, photographs of actors or line drawings, and even
schematic faces have been used in attempts to identify the
underlying structural information mediating recognition.
The most comprehensive measurement system to describe
the way in which facial muscles and features change dur-
ing the expression of emotions is called the facial action
coding system (FACS) and was developed by Ekman and
Friesen (1976, 1978; cited in Rosenberg, 1997). FACS al-
lows the description of visible changesin the face using 44
action units (AUs), together with the underlying muscle
groups involved. FACS-coded events can be classified
into emotion categories that match facial events with emo-
tional events. In a study of AUs that were generated when
actors portrayed felt emotions, Gosselin, Kirouac, and
Doré (1997) found that the following were generated for
anger and surprise: For anger, the “brow lowerer” (lowers
eyebrows and pulls them together), the “upper lid raiser”
(raises the upper lid exposing more of the upper portion of
the eyeball), the “lip tightener” (tightens the lips making
them appear more narrow), the “jaw drop” (parts lips so that
the space between the teeth can be seen), the “lower lip
depressor” (pulls the lower lip down and flattens the chin
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boss), and the “lip stretcher” (stretches lips horizontally)
were frequently generated. For surprise, the “upper lid
raiser,” the “jaw drop,” the “inner brow raiser” (raises only the
inner part of the eyebrow), the “outer brow raiser” (raises
only the outer part of the eyebrow), the “mouth stretch”
(stretches mouth open), and the “lips part” (parts lipsto a lim-
ited extent) were common. A great deal of displacement
therefore occurs around the eyes (and the mouth) during
the expression of both anger (brows down) and surprise
(brows up).

So, both expression and sex discriminationrely in part on
variationsin brow-to-lid distance. When eyebrows are raised,
this indicates that the face is surprised, but this should also
indicate that the face is female. When eyebrows are low-
ered, this indicates the face is angry, but this should also
indicate that the face is male.

Independent Processing Routes

Contemporary models of face recognition (e.g., Bruce
& Young, 1986) suggest independent information pro-
cessing routes for the derivation of functionally different in-
formation from faces. It is not necessary, for example, to rec-
ognize someone’s identity to know what emotion they are
expressing or to read their lips. Different types of analy-
ses appear to be carried out independently on the same
stimulus. In some cases, this functional independencebuilds
on the logical independence of information sources for the
different tasks: For example, although the transient shape
of the mouth may be important to distinguish expressions,
the identification of a person may rely on features such as
hairstyle that are irrelevant for expression perception. Func-
tional independence of information processing routes is
particularly interesting when independent analyses are
shown to be applied to the same information source. For
example, the functional independence demonstrated be-
tween expression analysis and lipreading (Campbell, Lan-
dis, & Regard, 1986) is intriguing, given that both expres-
sions and facial speech rely on momentary configurations
of the mouth. In this paper, we report new experiments
that examined whether sex and expression information are
processed independently. This is of interest because of the
extent to which the features in the region of eyebrows and
eyes that are useful for distinguishingmale faces from fe-
male faces overlap perceptually with those that are used to
distinguish anger from surprise.

Evidence for Independence

On what grounds might we propose that expression and
sex classification should be independent? Certainly, there
is strong evidence for independence of expression analy-
sis and identification, and, on some accounts, sex classi-
fication forms a stage within the identification route
(H. D. Ellis, 1986). Experimental evidence for the indepen-
dence of identity and expression comes from a study by
Young, McWeeny, Hay, and A. W. Ellis (1986). Familiar-
ity facilitated decisions to pairs of faces when the partici-
pant was asked to decide whether or not the faces were of
the same person, but familiarity had no effect on the time
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taken to match pairs of faces for expression. Neuropsy-
chological evidence comes from double dissociations be-
tween identificationand expression analysis in brain-injured
patients (e.g., see Young, Newcombe, De Haan, Small, &
Hay, 1993) and is enhanced by dissociations observed in
neurophysiologicaland neuroimaging studies (e.g., Rolls,
1992; Sergent, Ohta, MacDonald, & Zuck, 1994).

However, there is also evidence that sex classification
is in turn independent of identification. For example,
A. W. Ellis, Young, and Flude (1990) investigated the ef-
fect of familiarity, sex, and expression decisions made
during a Phase 1 task (first exposure to stimulus faces) on
later decisions to familiarity, sex, and expression in a
Phase 2 task (second exposure). They found that any of
the three Phase 1 decisions speeded later familiarity deci-
sions, that neither familiarity nor sex Phase 1 decisions
speeded later sex decisions, and that neither familiarity nor
expression Phase 1 decisions speeded later expression de-
cisions. The results of this study are interpreted as sup-
porting the idea that priming is confined to the system that
mediates identity and that sex decisions do not form part
of this route. Further evidence for the independence of
identity and sex decisions comes from a study by Bruce,
H. D. Ellis, Gibling, and Young (1987; see also Bruce,
1986). Whether a face was easy or difficult to classify as
male had no effect on how quickly participants judged a
face as familiar or not. If sex classification formed an
early stage of an identfication route, then such an effect
should have been observed.

There is also some evidence that sex information is in-
dependentfrom other facial dimensions. In an audiovisual
study to investigate the independence of sex information
and the analysis of facial speech, Green, Kuhl, Meltzoff,
and Stevens (1991) found that mismatched male and female
voices to female and male videotaped faces did not inter-
fere with speech comprehension. From this experimental
evidence then, it is likely that sex and expression are in-
dependent from identity analysis and that sex information
is independent from facial speech analysis, but it is less
certain that sex and expression are independent from each
other. The appropriate experimental comparisons have not
yet been made.

Evidence for the neuropsychological dissociation of
sex and expression processing is nonexistent. Neither are
there unequivocal reports of the dissociation of sex and
identity. A possiblereason for this lack of knowledge may
be that prosopagnosic patients have not always been tested
for the recognition of face gender, since the recognition of
familiar people (and what sex they are, through knowl-
edge about that person) from voice and gait may remain
unimpaired. This does not always apply, and there have
been reports of severely prosopagnosic patients who also
cannot tell the gender of a face (e.g., Cole & Perez-Cruet,
1964). The tests, however, have not always been rigorous,
and Cole and Perez-Cruet mention that their patient was
impaired at gender discrimination on the basis of his in-
ability to recognize thatcharacters in a soap opera on tele-
vision with the sound turned off were women: Their con-

cern was more with his inability to recognize familiar peo-
ple. The patients in Tranel, Damasio, and Damasio’s
(1988) study were also impaired at identity but retained in-
tact facial expression, age, and genderrecognition. A sim-
ilar dissociationbetween identity and expression and gen-
der was also reported by Humphreys, Donnelly, and Riddoch
(1993), whose patient (G.K.) was relatively unimpaired at
identifying famous faces but was poor at the expression
and gender of unfamiliar faces. There have also been nu-
merous studies supporting the double dissociation of ex-
pression and identity (e.g., Calderet al., 1996; Parry, Young,
Saul, & Moss, 1991). The double dissociation of expres-
sion and facial speech analysis has also been reported
(Campbell et al., 1986). From this neuropsychologicalev-
idence then, it is likely that sex and expression are inde-
pendent from identity analysis and that expression analy-
sis is independent from facial speech analysis, but, again,
it is less certain that sex and expression are independent
from each other.

In summary, there is strong evidence for the indepen-
dence of certain processing routes, particularly expression
and identity, but the evidence addressing the specific inde-
pendence of sex and expression processing is sparse. There
is evidence to suggest that both are independent from
identity analysis, but none to offer a direct comparison of
each with the other.

Recent Evidence Suggests More Complex
Relationships

Although much of the observed functional indepen-
dence is consistent with logical separations in the struc-
tural information needed to perform different tasks, recent
studies suggest that the relationship between different
types of categorization is more complex than simple in-
dependence. For example, Schweinberger and Soukup
(1998, Experiments 1 and 2; see also Schweinbergeret al.,
1999) suggest asymmetric independencebetween identity
and expression. They found that, although it is possible in
a speeded-classification task (after Garner, 1974, 1976)to
attend to identity without any interference from expres-
sion, it may not be possible to attend selectively to expres-
sion. These findings are at variance with an earlier study
by Etcoff (1984), who also used Garner’s (1974) selective
attention methodology. Participants were asked to sort
cards of faces into separate identity (Person A, Person B)
or expression (happy or sad) categories. Etcoff found that
there was no time cost when information irrelevant to the
task (e.g., identity, when classifying expressions as happy
or sad) was kept constantrelative to when it was varied or-
thogonally. Schweinberger and Soukup suggest that pro-
cedural differences, including the increased sensitivity of
their method of measuring reaction time, may account for
this difference.

Further evidence of complexity comes from studies on
other functional facial information. Schweinberger and
Soukup (1998, Experiments 3—7), again using Garner’s
speeded-classification format, found an asymmetric rela-
tionship between identity and facial speech similar to that



found for identity and expression. That is, it was possible
to ignore the different speech actions depicted when iden-
tifying a face, but it was not possible to ignore identity
when classifying speech. This latter finding supports a study
by Walker, Bruce, and O’Malley (1995), using “McGurk”
blend illusions (McGurk & MacDonald, 1976), where vis-
ible facial speech influences what a speaker is heard to say.
Walker et al. found that when the identities of the faces and
voices that were combined were incongruent, participants
familiar with the speakers reported fewer blends than did
participants who were unfamiliar with them, again show-
ing an influence of identity on facial speech processing.

Garner’s (1974) selective attention paradigm offers an
advantage over unidirectionalexperimental methods (e.g.,
Campbell et al., 1999; Campbell et al., 1996), in that the
procedure is bidirectional: Both processing routes under
investigation may be examined in the same experiment.
Current measurement techniques also allow the detection
of small, systematic differences in reaction time (RT) be-
tween conditions. For these reasons, the focus of the pres-
ent study was an exploration of sex and expression judg-
ments using Garner’s speeded-classification method. A
detailed consideration of Garner’s methods follows in the
next section.

Garner’s Selective Attention Paradigm

Garner (1974, 1976) was interested in determining which
stimulus properties could be said to occupy their own pro-
cessing dimension and which (even though they might be
defined by the experimenter as occupying another dimen-
sion) require shared processing resources. If selective at-
tention is possible in the presence of irrelevant variation,
then the two “dimensions” under investigation can be de-
clared independent or “separable.” If selective attentionis
not possible, then the dimensions show “integrality.” His
work was focused on seemingly simple dimensions, such
as shape and color. The present study was concerned with
testing the idea of functional independence between the
stimulus properties of faces that determine whether the
underlying emotion of the bearer is anger or surprise and
those that determine their maleness or femaleness. In this
way, the Garner paradigm was extended to the seemingly
much more complex dimensions of expression and sex.

In atypical Garner experiment, participants are required
to make speeded two-choice classificatory judgments to
four types of stimuli representing the crossing of two dif-
ferent dimensions. When the dimensions are expression and
sex, participantsare instructed to ignore sex when deciding
whether the face is angry or surprised or are instructed to ig-
nore expression when deciding whether the face is male or
female. The stimuli are presented in three different exper-
imental conditionstermed the control, orthogonal, and cor-
related conditions. In a between-subjects design, one group
of participants makes sex classifications for all three con-
ditions and one group makes expression classifications
for all three conditions.

In the control condition, the stimuli vary along only the
relevantdimension and the irrelevant dimensionis held con-
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stant. A blocked presentation of stimuli is crucial to Gar-
ner’s method. For example, in the control condition, when
the relevant dimensionis sex, the participantclassifies the
face as either male or female when all the faces in the first
block are one of the expressions only (e.g., angry). In the
second block, all the faces seen are the other version of
the expressions (e.g., surprised). In the orthogonal condi-
tion, stimuli vary orthogonally along both the relevant di-
mension and the irrelevant dimension. When the relevant
dimensionis sex, the faces in both blocks can be eitherangry
or surprised. In the correlated condition, there is covaria-
tion of the relevant and irrelevant dimensions. When the
relevant dimension is sex, in this condition, all the faces in
the first block that are male will also show just one of the
expressions (e.g., surprised), as will the female faces seen
(e.g., angry), with this contingencyreversed in the second
block. The use of blocked presentation ensures all the
faces are seen an equal number of times. Even though the
participant is asked to ignore irrelevant variation in all in-
stances, the influence of the irrelevant dimension when kept
constant (control), varied unexpectedly (orthogonal), or
made contingenton each version of the relevant dimension
(correlated) can be estimated.

Garner (1976) outlines four types of dimensional inter-
action and their effects on different perceptual processes
(RT facilitation, selective attention). He gives experimen-
tal evidence to back up the four possible outcomes and in-
dicates that a further two could be predicted. The four for
which there is evidence are the following: (1) integral (facil-
itation with correlated dimensions and interference with
orthogonal dimensions), (2) configuml! (no facilitation with
correlated dimensions and interference with orthogonal
dimensions), (3) separable (no facilitation with correlated
dimensions and no interference with orthogonal dimen-
sions), and (4) asymmetric separable (facilitation with cor-
related dimensions and asymmetric interference with or-
thogonal dimensions).

Two further possible outcomes were mentioned by Gar-
ner for which, at that time, he could cite no evidence. These
were facilitation with correlated dimensions and no inter-
ference with orthogonal, named as optional separable (Gar-
ner notes this could be called the “ideal interaction,” since
the participant can use redundancy in the correlated condi-
tion to facilitate discrimination and ignore it when it is irrel-
evant to the classification task), and a lack of facilitation
with correlated dimensions and asymmetric selective atten-
tion with orthogonal ones, named as asymmetric configurnal.

Garner claims that one of the characteristics of integral
dimensions is that the stimulus is seen as an integrated
whole. This creates a cost to the perceiver in the increased
uncertainty of the orthogonal condition. Although Gar-
ner’s explanation of the processes underlying the percep-
tual experience of the viewer has been questioned by later
researchers (e.g., attribute level processing driven by con-
text rather than holistic processing; Melara & Marks,
1990), the view that slowed RTs in the orthogonal condi-
tion demonstrate a failure of selective attention is gener-
ally accepted (e.g., Schweinberger & Soukup, 1998).
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It is not the case, however, that a redundancy gain (shown
by speeded reaction times in the correlated condition rel-
ative to the control condition)is unambiguous support for
integrality. Garner claims that, by some process of stimu-
lus redefinition, it is possible for the participant to bene-
fit from the additional or “redundant” information avail-
able here. Although a redundancy gain is consistent with
integrality, this is not the only reason faster RTs in the cor-
related condition might be expected. Participants re-
sponding to separable dimensions could also use the re-
dundantinformation here. For example, if dimensions are
separable, participants may be free to choose which of the
dimensions they process first, choosing either the easier
dimension to discriminate or the one they prefer, which
could lead to a gain. The conditions for such a “selective
serial processing” strategy are outlined by Biederman and
Checkosky (1970) and Felfoldy and Garner (1971). The
presence therefore, of a redundancy gain is best consid-
ered additional evidence for integrality, with the critical
comparison to be made between control and orthogonal
conditions (see also Ashby & Townsend, 1986).

The main aim of the present study was to investigate the
relationship between the sex and expression dimensions
using Garner’s selective attention classification method-
ology. Independence of processing routes should allow se-
lective attention to each dimension, which would there-
fore give rise to the pattern described as separable by
Garner. However, Schweinberger and colleagues (Schwein-
berger et al., 1999; Schweinberger & Soukup, 1998) have
applied the Garner method to the dimensions of expres-
sion and identity to yield evidence of asymmetric rather
than complete separability, and so it is possible that a sim-
ilar relationship might be observed for the dimensions of
expression and sex. Furthermore, since variation in ex-
pression and sex both affect the same features of the face
(e.g., in brow-to-lid distance), there could be grounds for
supposing that these dimensions would be integral (or
configural) in Garner’s terms. Before describing the Gar-
ner experiments, we report an experiment in which we ex-
amined directly how expression moderates masculinity
using a (unidirectional)rating task. If expression influences
rated masculinity as predicted, then the two dimensions
might be expected to show integrality in the Garner experi-
ments that follow.

EXPERIMENT 1

Experiment 1 was conducted as a preliminary investiga-
tion, prior to the Garner experiments (Experiments 2 and 3).
If sex and expression information are independent, then
rated masculinity will not be sensitive to expression (sur-
prise or anger). If variations in expression affect the per-
ceived masculinity of faces, then a difference in ratings due
to expression is expected. Male faces especially should
appear less masculine when surprised, since the increased
brow-to-lid distance is a cue associated with female faces.
Female faces should look less feminine when angry, since
the reduced brow-to-lid distance is characteristic of male
faces.

Method

Participants. The participants were recruited while viewing a
gallery exhibition. Twenty-four members of the public (8 men,
16 women) agreed to take part.

Stimuli and Apparatus. Angry and surprised expressions from
5 male and 5 female actors made up the stimulus set (Figure 1).
Stimulus faces were checked for consistency of recognition in a pre-
vious assessment procedure (Le Gal, 1999). The mean expression
recognition scores and standard deviations (SDs) for each subset of
faces are as follows: female angry, 93% (SD =7.5); male angry, 94%
(SD = 8.0); female surprised, 87% (SD = 9.8); male surprised, 83%
(SD = 8.7). Stimuli were printed out, a single image per page, and
made into small booklets for presentation to raters.

Preliminary analyses were carried out to check that the brow-to-
lid distances of male and female faces of this stimulus set were dif-
ferent from each other. Measurements were made in the following
manner using the method proposed by Campbell et al. (1996) (Fig-
ure 2). The vertical distance between the eyelid and the underside of
the brow immediately above the pupil divided by the diameter of the
iris is called ratio minA. The vertical distance between the corner of
the eye at either the inner canthus or the outer canthus (whichever is
greater) and the underside of the brow divided by the diameter of the
iris is called ratio maxA. It was found that neutral male and female
faces of this set are distinguished clearly from each other with regard
to this feature: mean minA female = 1.12, (SD = 0.18), mean minA
male = 0.70 (SD = 0.16) [#(4) = 4.02, p < .02, two-tailed]; mean
maxA female = 1.72 (SD = 0.17), mean maxA male = 1.23 (SD =
0.14) [#(4) = 4.95, p < .01, two-tailed]. There was no overlap at all
between the scores from the sets of female and male faces on either
measure.

To see whether sex differences for this feature were sustained for
expressive faces, two separate analysis of variance (ANOVAs) were
carried out on minA and maxA ratios, with sex (male, female) and
expression (angry, surprised) as factors. For the minA ratio, there
was a main effect of expression [F(1,8) =109.1, p <.001], with sur-
prise ratios higher. There was no main effect of sex (p >.1), although
the trend was for female brow-to-lid distances to be larger. For the
maxA ratio, there was also a main effect of expression [F(1,8) =
214.8, p <.01], with surprise ratios higher. There was again no main
effect of sex (p >.1), although the trend was again for female dis-
tances to be larger. There was no significant interaction in either of
these analyses. Unlike the neutral faces, there was some overlap in
the measures derived from male and female faces when these were
expressing.

These measurements show that differences between male and fe-
male faces should be clearly visible if the viewer looks at the brow-
to-lid distance when these faces are expressively neutral. This dis-
tinction between male and female faces is not so sharp if this feature
is considered when the faces are distorted by angry and surprised ex-
pressions. Therefore, it was predicted that ratings of masculinity and
femininity should be influenced by variations in expression.

Design. A 2 X 2 within-subjects design was used, with sex of
stimulus face (male, female) and expression (angry, surprised) at
two levels. Ratings were the dependent measure.

Procedure. The participants were invited to rate the faces (20 in
total), according to how feminine or masculine they appeared. Rat-
ings ranged from 1 (very feminine) to 15 (very masculine). The par-
ticipants were asked to try to ignore the expressions shown on the
faces. Each participant viewed the faces sequentially in two blocks.
Half the participants saw females first, and half saw males first. The
faces were ordered randomly within blocks, and two different ran-
dom orders were used. Equal numbers of participants viewed each
order. The task took approximately 5 min.

Results and Discussion
Rating scores are shown in Figure 3. Male faces were
thought to be an average of 2.4 scale intervals less mascu-
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Figure 1. Stimulus set for Experiment 1. Far left column (from top): female
angry Faces 2, 7,9, 16, and 17. Center left: female surprised; Center right:
male angry Faces 21, 22,24, 32, and 41. Far right: male surprised. Face num-
bers identify which faces from Le Gal (1999) were selected for use.

line and female faces were thought to be an average of
1.91intervals more feminine when the faces were surprised
relative to when they were angry. A 2 X 2 ANOVA re-
vealed main effects of sex [F(1,23) =46.8, p <.0001] and
expression [F(1,23)=92.5, p < .0001] but revealed no in-
teraction (p > .1).

Experiment 1 provided some evidence to suggest that
angry and surprised expressions may modify judgments

of masculinity and femininity and that this response is
consistent with the way in which brow-to-lid distances
vary when these measurements are taken from expres-
sively neutral faces.2 Having found that physical variation
of brow-to-lid distance does impact on gender ratings, we
examined whether there is interaction between these two
types of coding using Garner’s interference task in Exper-
iment 2.
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Figure 2. Measurements of the eyelid that distinguish female (left) from male
(right) expressively neutral faces (after Campbell et al., 1996).

EXPERIMENT 2

A test of the modification of sex judgments by expres-
sion was carried out by placing the stimuli in an RT ex-
periment using the selective attention paradigm described
by Garner (1974, 1976). If, as Campbell et al. (1996) sug-
gest, a large eyelid area is perceptually important for the
classification of sex, an experiment that compares sex
classifications with expression classifications for stimuli
in which this feature is contrasted should reveal interfer-
ence if it is impossible to attend selectively to just the rel-
evant dimension.

It was predicted, on the basis of the results of Experi-
ment 1, that sex decisions would be influenced by varia-
tion in expression. It was not known whether expression
classification would be influenced by variation in sex. Al-
though there is no necessary equivalence between how sex
and identity information are processed, expression classi-
fication has been found susceptible to interference from
identity information in this speeded-classification format

15
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114
10 4
0 4
8 < T

O female
B male

rating

74
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54
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24

surprised
expression

angry

Figure 3. The effect of surprised and angry expressions on rat-
ings of face masculinity in Experiment 1. 1 = very feminine; 15 =
very masculine.

(Schweinberger et al., 1999; Schweinberger & Soukup,
1998).

One group of participants made sex classificatory de-
cisions, and another group made expression classificatory
decisions. A mixed analysis of the entire data set was used
to determine whether the effects of the Garner conditions
differed for the two tasks (groups). Irrespective of whether
this interaction was observed, however, more detailed
analyses were planned within each task to investigate the
detailed effects of the different dimension combinations
within each Garner condition.

Method

Participants. Twenty-seven women volunteered as participants,
and each received either course credit or £3 for their participation.3
The data from 24 participants, with a mean age of 21.5 years (SD =
5.8) were included in the data set, since 3 participants failed to
achieve at least 50% correct responses within the time window in
each cell for the expression classification task.

Stimuli and Apparatus. The face stimuli used were as for Ex-
periment 1. They were presented using SuperLab software on a light
background on a Macintosh Quadra 800. Stimulus size measured
6 X 9.9 cm, which subtended an angle of 5.7° horizontally and 9.4°
vertically at a viewing distance of 0.6 m. Each participant’s head was
kept level and in one place with the use of a chinrest.

Design. The experiment had a 2 X 3 mixed design, with the be-
tween-subjects variable of task at two levels (sex classification, ex-
pression classification) and condition at three levels (correlated,
control, orthogonal). Dependent measures were RTs and errors.

Procedure. The procedure for the sex classification task was as
follows: The 12 participants in this group were told that the task in-
volved making a decision as quickly and as accurately as possible as
to whether the face presented on the computer screen was male or
female. Prior to the main task, the participants saw each stimulus
face (printed out and mounted on pieces of card) for 3-5 sec, so that
they would be familiar with the range of stimuli included. Half saw
the male faces first, and half saw the female faces first. Each subset
was ordered randomly. Once seated in front of the computer, the par-
ticipants were asked to ignore the expressions on the faces while
making their speeded responses and to use their index fingers to
press one key for male and another for female. The keys were 15 cm
apart on the keyboard, and hand of response was counterbalanced.

Each order of the three conditions was seen by 2 participants.
Each of the conditions was made up of two consecutive blocks of
100 trials. Blocks contained 20 practice trials ordered randomly, fol-
lowed by 80 test trials ordered randomly. In the correlated condition,
Block 1 contained male angry and female surprised faces (the sex
decision is assumed to be easy in this block), and Block 2 contained
male surprised and female angry faces (the sex decision is assumed
to be hard in this block). In the control condition, Block 1 contained
male and female angry faces, and Block 2 contained male and fe-
male surprised faces. In the orthogonal condition, Block 1 contained
male angry and surprised and female angry and surprised faces, and



Block 2 contains the same. In this way, each stimulus was seen for a
total of 8 test trials in each condition.

The procedure for the expression classification task was as above
for sex classification, with task-relevant details changed as appro-
priate. For example, the participants were asked to ignore sex while
making their expression decision. For expression classifications, the
makeup of the correlated and orthogonal conditions remained the
same, and the control condition contained angry and surprised male
faces in Block 1 and contained angry and surprised female faces in
Block 2.

For both tasks, each trial started with the presentation of a fixa-
tion cross, which was replaced after 1,550 msec by a stimulus face.
The face remained on the screen until a key was pressed when it was
immediately replaced by the next fixation cross. Criteria for inclusion
in the data set were 50% correct and within the time window (150—
2,500 msec) in each cell. The participants with errors and outlying
responses greater than 10% overall were excluded. The experi-
ment took 30—-35 min to complete.

Results

Errors and outliers. Errors for the participants who
met the scoring criteria were few. The participantsin the sex
classification group made average incorrect responses of
1.6% (correlated, 1.7%; control, 1.7%; orthogonal, 1.1%).
The participants in the expression classification group
made average incorrect responses of 2% (correlated,
1.3%; control, 2.7%; orthogonal, 2.2%). Error rates were
not analyzed further. Outliers made up 0.03% of responses
to sex and 0.2% of responses to expression.

RTs: Comparisons between classification tasks
across conditions. Mean correct RTs for both groupsinall
experimental conditionscan be seen in Figure 4. Inspection
of the figure shows that the participants made sex classi-
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Figure 4. Mean reaction times in Experiment 2 for sex and ex-
pression classification groups in each condition. Vertical bars
represent positive standard errors of the mean.
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fications more quickly than expression classifications.
Also, the participants in the expression classification
group showed faster reactions to stimuli in the correlated
condition than in the control and orthogonal conditions. A
2 X 3 mixed ANOVA, with task as the between-subjects
variable and condition as the within-subjects variable,
showed a significant main effect of group [F(1,22)=12.6,
p =.002], a significant main effect of condition [F(2,44) =
8.4, p =.001], and a significant interaction between task
and condition [F(2,44) = 3.8, p = .03]. Mean RTs for sex
and expression responses were 522 msec (SD = 87 msec)
and 679 msec (SD = 142 msec), respectively. A simple main
effects analysis [F(2,88) = 11.8, p < .001] confirmed that
the interaction reflected an effect of condition when mak-
ing classification decisions for the expression task but not
for the sex classification task.

RTs: Comparisons within each classification task.
RTs for every combination of each relevant and irrelevant
dimension may be seen in Figure 5. In Figure 5A, the rel-
evant variable is sex; in Figure 5B, the relevant variable is
expression. Although differences between each of the
combinations of relevant and irrelevant variables may be
seen within each condition,comparisons between the con-
trol and orthogonal conditions are critical indicators of
Garner interference. In neither task do these conditions
appear to be very different from each other. Separate 3 X
2 X 2 ANOVAs were carried out for each task, with the
within-subjects variables of condition, sex, and expression.

For sex classifications, the overall mean RTs were 510,
528, and 528 msec for correlated, control, and orthogonal
conditions, respectively. No main effects of condition, sex,
or expression reached significance. A significant three-
way interaction [F(2,22) = 4.5, p = .02] is interpreted as
reflecting faster RTs to female surprised expressions than
to female angry expressions and faster RTs to male angry
expressions than to male surprised expressions in the cor-
related condition. Although the slight redundancy gain in
the correlated condition observed in this task did not reach
significance in the analysis across subjects, an analysis
across items did show a significant main effect of condi-
tion [F(2,16) = 8.05, p = .004]. Although a slight redun-
dancy gain within this dimension was observed, sex clas-
sification appears to have been unaffected by irrelevant
expression variation in the control and orthogonal condi-
tions.

For expression classifications, the mean RTs per con-
dition were 619,701, and 716 msec for correlated, control,
and orthogonal conditions, respectively. A significant main
effect of condition [F(2,22) = 7.3, p = .004] was further
confirmed by an analysis across item [F(2,16) = 95.82,
p <.0001]. However, Newman—Keuls comparison (alpha=
.05) of condition means showed that, although RT in the
correlated condition was significantly different from RT in
the control and orthogonal conditions, these latter were no
different from each other. Expression classification there-
fore also showed a redundancy gain in the correlated con-
dition; however, stimulus specific effects like those for sex
classification were not observed for expression. For the



238 LE GAL AND BRUCE

A

900
gs0- O ra .
800 4 . fsu i
750 e -
é 700 -
g 650 i
H
& 600~ .
550 - I et T TTIT §
500 4 -
450 - -
correlated control orthogonal correlated control orthogonal

Figure 5. Mean reaction times for every combination of each relevant and irrelevant dimension for Ex-
periment 2. (A) The relevant dimension is sex; (B) The relevant dimension is expression. Vertical bars rep-
resent the positive standard errors of the means. f = female face; m = male face; a = angry; su = surprised.

expression dimension also, there was no significant dif-
ference between control and orthogonal conditions.

Discussion

Sex classifications were faster than expression classifi-
cations, suggesting that sex is more easily discriminable
than expression for these stimuli. The comparisons criti-
cal for establishingintegrality—those between control and
orthogonal conditions—were not significantly different
either for expression classifications or for sex classifica-
tions, which would suggest that it is possible to attend to
each dimension selectively. This result therefore appears
to support the suggestion of independentprocessing routes
for expression and sex. There is also some evidence that the
participants were able to use correlated irrelevant infor-
mation to enhance their performance, and this was most
marked for the expression classification task. Further-
more, the analysis of intratask relationships did yield
slightevidence to suggest that variation in expression may
affect the ease with which contingency information is ac-
cessible to participants making sex classifications in the
correlated condition (enhanced RTs to surprised female
and angry male faces). Garner (1976, p.101) discusses
how “higher order” interactions may take place with com-
plex stimuli to influence conditions within dimensions,
but, unless interference is demonstrated between control
and orthogonal conditions, the overall conclusion of di-
mensional separability can be sustained.

However, the obvious difference in task difficulty indi-
cated by longer RTs to expression than to sex in the base-
line condition makes meaningful comparison of these two
dimensions difficult. Melara and Mounts (1993), in a se-
ries of experiments to investigate the roles of practice, re-
sponse mode, and baseline discriminability in modifying
the asymmetric interference between color—word and

color dimensions, found that discriminabilitydominatedin-
teractions. Matching baseline discriminabilities between
words and colors removed almost all interference, and cer-
tainly asymmetric interference, between these dimensions
in a Garner experiment (Experiments 1c and 1w). When
discriminability is mismatched, Melara and Mounts (1993,
p. 627) propose that information from the more discrim-
inable dimension will intrude on the less discriminable
one, causing asymmetric interference and resulting in a
“mandatory failure of selective attention.” Mismatching
task difficulty may therefore in some cases lead to the pres-
ence of interference, with dimensions shown eventually to
be separable. In order to eliminate the possibility of the
more discriminable dimension intruding on the process-
ing of the less discriminable dimension, RT's in the control
conditions should not be significantly different from each
other.

Thisissue could be a concern when faces are used as stim-
uli. However, Schweinberger et al. (1999) used morphed
photographic stimuli to vary discriminability systemati-
cally across expression and identity dimensions and con-
cluded that differences in perceptual salience were not re-
sponsible for the asymmetric interference that they observed
between these facial dimensions.

While these initial results therefore support the inde-
pendence of sex and expression processing, the redundancy
gain in the expression classification task, together with the
(nonsignificant) increase in orthogonal RTs over the con-
trol condition, is (weakly) suggestive of asymmetric inter-
ference. This implies that sex information may be processed
independently of expression but that expression classifi-
cation might be modified by the sex of the sender’s face.
Also, complex interactions between different stimulus
groupings revealed in the correlated condition for sex
classification may become more important interdimen-



sionally when the discriminability of each dimension is
matched. In Experiment 3, we attempted to match base-
line RT's in order to make a more appropriate comparison.

EXPERIMENT 3

Because the discrimination of sex from facial features
is readily affected by hairline (O’ Toole et al., 1993) and jaw-
line (Brown & Perrett, 1993), cropping the stimuli used in
Experiments 1 and 2 more severely was predicted to slow
sex decisions without affecting too greatly the time taken
to respond to expression. Again, on the basis of the results
of Experiment 1, it was predicted that sex classification
would be influenced by variation in expression. It remained
an open question as to whether expression classification
would be influenced by variation in sex, although the re-
dundancy gain and slight attenuation of RTs in the orthog-
onal condition of Experiment 2 suggested that it might be.

Method

Participants. Forty-eight participants (32 women, 16 men; see
note 3) volunteered, each participant received either course credit or
£3 for participation. The data from 24 participants, with a mean age
of 23.1 years (SD = 5.8), were included, since 22 participants failed
to achieve at least 50% correct responses within the time window in
each cell for the sex classification task (much more difficult with
the cropped stimuli). Only 2 participants failed these criteria for the
expression classification task.

Stimuli and Apparatus. The face stimuli were the same as in
Experiments 1 and 2, except that they were cropped to remove hair-
line and jawline information. Examples of the modified stimuli used
in this experiment are shown in Figure 6. Stimulus size was slightly
smaller, at 6 X 8.5 cm. The images subtended an angle of 5.7° hor-
izontally and 8° vertically at a viewing distance of 0.6 m. Other
viewing conditions remained the same as in Experiment 2.

Design. The experiment had a2 X 3 mixed design, with a between-
subjects variable of task at two levels (sex classification, expression
classification) and condition at three levels (correlated, control, or-
thogonal). Dependent measures were RTs and errors.

Procedure. The procedure was as described for Experiment 2,
with new stimulus versions printed out and viewed on cards prior to
the speeded-classification tasks.

Results

Errors and outliers. Errors for the participants who met
the scoring criteria were few. The participants in the sex
classification group made average incorrect responses of
2.9% (correlated, 2.7 %; control, 3.1%; orthogonal,2.9%).
The participants in the expression classification group
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made average incorrect responses of 1.9% (correlated,
1.3%; control, 2.4%; orthogonal, 2.1%). Error rates for
these participants were not analyzed further. Outliers
made up 0.5% of responses to sex decisions and 0.3% of
responses to expression.

Errors made by the participants excluded from the data
set for sex classifications made up 11.6% of responses,
which were also approximately evenly distributed across
conditions (correlated, 11.8%; control, 11.9%; orthogonal,
11.2%). Of these errors, 26% were made to female angry
faces, 15% to female surprised faces, 27% to male angry
faces, and 32% to male surprised faces. The vast majority of
the disqualifying responses by the 2 participants who did
not achieve inclusion criteria for the expression classifi-
cation were outliers. Overall, 2.3% errors were made by
these participants (correlated, 5.9%; control, 0.3%; orthog-
onal, 0.6%). Of these errors, 50% were made to female sur-
prised faces, 23% to male surprised faces, 23% to male
angry faces, and 5% to female angry faces. Virtually all
the errors made occurred with long (excluded) RTs.

There was then no sign of an effect of condition on the
combined error rates for all 48 participants (mean errors =
2.0%,2.1%, and 2.2% for correlated, control, and orthog-
onal conditions, respectively, within the expression task,
and 8.6%, 8.8%, and 8.3% for correlated, control, and or-
thogonal conditions, respectively, for the sex task).

RTs: Comparisons between classification tasks
across conditions. Mean correct RTs for both groups in
all experimental conditionscan be seen in Figure 7. Mean
RT for sex classifications was 759 msec (SD = 117),
whereas mean RT for expression classifications was
708 msec (SD = 120). Performance was equivalent across
the three conditions for sex classification. For the expres-
sion task, there appears to have been some advantage for
the correlated condition, but the mean RT in the orthogo-
nal condition was also faster than that in the control con-
dition. However, a 2 X 3 mixed ANOVA, with task as the
between-subjects variable and condition as the within-
subjects variable, showed no significant main effects of
task or condition and no significant interaction between
task and condition. The lack of a main effect of task is
taken to indicate that difficulty was approximately equiv-
alent in each task when RT alone is considered. Although
no main effects or any interaction have been revealed, the
results presented in Figure 7 suggest that there may have
been a condition effect for expression classification,
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Figure 6. Examples of the cropped faces used in Experiment 3. From left to
right: female angry, female surprised, male angry, and male surprised.
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Figure 7. Mean reaction times in Experiment 3 for sex and ex-
pression classification groups in each condition. Vertical bars
represent positive standard errors of the mean.

though not for sex. Dimensions were again analyzed sep-
arately to check for interference within each task.

RTs: Comparisons within each classification task.
RTs for every combination of each relevant and irrelevant
dimension may be seen in Figure 8. In Figure 8A, the rel-
evant variable is sex; in Figure 8B, the relevant variable is
expression. As for Experiment 2, differences between each
of the combinations of relevant and irrelevant variables
can be seen within each condition. In particular, the irrel-
evant variable may have been affecting RT in the corre-

A

900

lated condition for expression classification. However,
comparisons between the control and orthogonal condi-
tions were critical indicators of Garner interference. Sep-
arate 3 X 2 X 2 ANOVAs were carried out, with within-
subject variables of condition, sex, and expression.

For sex classifications, there were no significanteffects
of condition, sex, or expression, and there were no signif-
icantinteractions. An analysis across items confirmed this.

For expression classifications, the mean RTs were 678,
736, and 712 msec for correlated, control, and orthogonal
conditions, respectively. There was a significant main ef-
fect of condition [F(2,22) = 4.2, p = .03], and there was a
significant three-way interaction between condition, expres-
sion, and sex [F(2,22) =3.96, p = .03]. A Newman—Keuls
comparison (alpha = .05) of condition means showed that
RT in the correlated condition was significantly different
from RT in the control condition only. Further analysis of
the three-way interaction showed that, for the correlated
condition, female surprised faces are responded to more
quickly than were female angry faces; for male faces, this
was reversed, with male angry faces achieving faster RTs
than male surprised faces [F(2,33)=5.4,p =.009]. Anitems
analysis confirmed this pattern of responses, with a sig-
nificant main effect of condition [F(2, 16)=21.3,p <.0001],
a significant two-way interaction between condition and
expression [F(2,16)=3.6,p =.05], and a significant three-
way interaction between condition, expression, and sex
[F(2,16)=7.2, p =.006]. A Newman—Keuls comparison
of conditionmeans again showed no significant difference
between control and orthogonal conditions.

Discussion

The results of Experiment 3 suggest that the attempt to
match task difficulty across sex and expression classifica-
tions was a partial success. For the sex classification task,
although RTs were slowed by an appropriate amount for
comparability with the expression task, accuracy was com-
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Figure 8. Mean reaction times for every combination of each relevant and irrelevant dimension for Experi-
ment 3. (A) The relevant dimension is sex; (B) The relevant dimension is expression. Vertical bars represent the
positive standard errors of the means. f = female face; m = male face; a = angry; su = surprised.



promised, and this meant that a high proportion of the par-
ticipants failed to meet the criteria for inclusion in this
speeded task. An analysis of RT alone from the included
participants lends support to the tentative conclusion from
Experiment 2 that participants are able to attend selec-
tively to each dimension independently of the other. This
indicates that, provided the structural information is suf-
ficient to make the correct sex judgment, variations in ex-
pression are processed independently.

For expression classifications (cf. sex classifications in
Experiment2), the accessibility of contingentinformation
was influenced by the irrelevant dimension, with male
faces responded to more quickly as angry and with female
faces responded to more quickly as surprised. This indi-
cates that when stimulus information contained within the
value on the irrelevant dimension corresponds to stimulus
information within the value on the relevant dimension
used to make a classificatory decision, responses may be
speeded, and when it conflicts, responses may be slowed.
This effect appears to be restricted to the correlated con-
dition. Within-dimensional analysis confirmed the ab-
sence of any increase in difficulty from the control condi-
tion to the orthogonal condition. The influence of irrelevant
variation in the correlated condition might be interpreted
as a higher order effect arising for complex stimuli (see
Garner, 1976, p. 101) butis not inconsistent with the over-
all demonstration of separability that arises from the com-
parison between control and orthogonal conditions.

For sex classifications, errors made by the large num-
ber of participants excluded from the RT data analysis also
reflect an influence of irrelevant variation—this time, of
expression. Nearly twice as many errors were made to fe-
male angry faces than to female surprised faces, and more
were made to male surprised faces than to male angry faces.
In spite of being shown which faces belonged in each set,
the participants classified faces as either male or female
early in the task on the basis of the information available.
This pattern of errors is in line with the ratings made in
Experiment 1 and indicates that, for still photographs, an ex-
pressive face (at least an angry face and a surprised face)
can alter our perception of someone’s gender. These results
are also consistent with an observation by Burton et al.
(1993) that faces misclassified by discriminant function
analysis were also those that raters saw as atypical for their
sex. Importantly, however, the errors were distributed
evenly across the Garner conditionsindicatingthat this as-
pect of stimulus assessment was not affected by increas-
ing difficulty across conditions. This is suggestive of au-
tomatic processing specific to the values within each
dimension, rather than a failure of selective attention be-
tween dimensions.

In summary, when RTs of the participants who achieved
a high level of accuracy at sex classification were com-
pared with those of the participants who maintained a sim-
ilar level of accuracy at expression classification, no fail-
ure of selective attention for either dimension was observed.
However, “congruency” effects, which emerged in the cor-
related condition when the participants classified expres-
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sion, and the types of errors made by the participants who
did not achieve criterion accuracy at classifying the faces
for sex suggest that the participants were indeed influ-
enced by changes in irrelevant variation when compar-
isons were made within dimensions.

GENERAL DISCUSSION

Variation in expression was able to modify the rated mas-
culinity of male and female faces when the participants
were allowed unlimited viewing time in Experiment 1.
However, during speeded classification of the same faces
in the laboratory, selective attention to both sex and expres-
sion dimensions was possible under conditions in which
sex classifications were both easy (Experiment 2) and dif-
ficult (Experiment 3). In none of the groups carrying out
sex or expression classification was a significantincrease
in RT from control to orthogonal conditions (the outcome
considered critical to establishing dimensional integrality)
detected. It therefore appears that expression and sex are
separable dimensions, in Garner’s terms, consistent with
independent processing routes for expression and sex in
functional models of face perception. Yet the rating exper-
iment (Experiment 1) revealed a pattern more consistent
with integrality. How are these results to be reconciled?

One possible explanation is that the rating of the
masculinity/femininity of a face may be different from the
time-stressed classification of male/female. For example,
masculinity/femininity judgments to faces of known sex
may be influenced by stereotypical attributions (anger is
more masculine), whereas speeded classification could be
conducted so quickly that judgments are immune from
such influences. Moreover, the participants in Experi-
ment 1 knew which faces were male and which were fe-
male, since these were presented in blocks. A face that is
rated as masculine in appearance will not necessarily be
classified as male, and some dissociation between sex
classification and gender ratings has also been noted in
previous work (Burton et al., 1993).

However, the observation that errors in Experiment 3
(from the participants excluded from the experiment) mir-
rored the ratings data of Experiment 1 suggests that the two
tasks may not be so different. In this case, errors were made
presumably because surprised faces in these circumstances
looked more female and angry faces looked more male.
This is probably because a major cue to sex, the brow-to-
lid distance, is congruent with these decisions. If many
more errors had been made in the orthogonal condition
than in the control condition, rather than being equally
spread across conditions as they were, then such a pattern
would indicate a dimensional sharing of resources in Gar-
ner’s (1976) terms. However, the fact that the errors made
were distributed equally across the different Garner con-
ditions suggests that the errors were due to higher order
properties of the stimuli rather than due to a failure of se-
lective attention.

Indeed, even for the participantsincludedin the RT analy-
ses, separate analyses of each of the classificatory tasks of
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Experiments 2 and 3 showed that variations in expression
consistent with features that play a role in the discrimina-
tion of sex from faces may be used to enhance responding
to both sex (Experiment 2) and expression (Experiment 3)
when these dimensions are correlated. Clearly, there is
separability of sex and expression processing in Garner’s
terms (Experiments 2 and 3) but some interaction between
the two dimensions as well (Experiment 1, ratings; Exper-
iments 2 and 3, correlated conditions; Experiment 3, errors).

We suggest that there is a distinctionto be drawn between
information processing operations that may be indepen-
dent (or separable, in Garner’s terms) and interactions at
the level of stimulus pattern, which may affect the way an
item is assigned to a category. For example, an angry fe-
male face will be more distant from the prototypical ap-
pearance of “female” than will a surprised (or neutral) fe-
male face. This will lead to an angry female face being rated
as less feminine in appearance and (depending on how
much other information is present in the pattern) could
lead to the item being misclassified as male in a speeded
decision when pattern information is limited. However,
once the item has been categorized in one way or another,
whether or not this classification is the same as the one the
experimenter came up with, it is still possible to attend se-
lectively either to the sex or to the expression of that face.
Similar arguments can be applied to the other kinds of item
in our experiments, and can explain why there was some
variation in ease of responding to different items within
the correlated conditions of the experiments.

This analysis would seem to argue strongly for the use
of a Garner paradigm in order to investigate the indepen-
dence (or interference) of information processing opera-
tions, since other kinds of method may simply reveal in-
teractions at the level of stimulus pattern rather than
cognitive process. Laboratory experiments suggesting that
functionally different types of information interact do not
always include equivalenttasks for both dimensions under
consideration. For example, the inclusion of gaze direc-
tion classifications for baseline (control) and filtering (or-
thogonal) tasks, as well as a baseline measure for sex clas-
sifications, would extend Campbell et al.’s (1996) findings
with regard to sex-of-face and gaze direction dimensions.

However, there are also a number of difficulties associ-
ated with using Garner’s selective attention paradigm with
faces as stimuli. These range from ensuring matched dis-
criminability of dimensions to interpreting outcomes when
these are complex and to mapping any results achieved on
to models of face perception. Indeed, research to date
records conflicting findings even using the Garner logic to
examine the same question (Etcoff, 1984; cf. Schwein-
berger et al., 1999, Schweinberger & Soukup, 1998). Faces
as stimuli are more complex than are those explored by
Garner (e.g., red and green squares and triangles, left and
right positioned parentheses), and the logic that has been
used here and by Etcoff, Schweinberger, and others has
relied on making the equation between a processing route
(e.g., to derive sex, expression, or identity) and a stimulus
dimension. Given these difficulties, we suggest that, al-

though powerful, the Garner method should not be used
alone but that results from this paradigm should be set along-
side those obtained using other methods.

In this study, we obtained different answers to our ques-
tion about the independence of sex and expression pro-
cessing depending on the task and measure used. We have
argued that there is a distinctionto be drawn between higher
order interactions at the level of the stimulus pattern and
information processing operations that operate on that
pattern. In terms of the information processing acts that
allow faces to be categorized in terms of sex and expres-
sion, the data reported here best fit that pattern described
as separable. There was a slight indication that the classi-
fication of sex information in Experiment 2 and the clas-
sification of expression information in Experiment 3 may
have been optional separable (this may be linked to over-
all discriminability), but this qualification does not alter
the substantive conclusion of separability between the di-
mensions. The major implication of this finding is that of
independentprocessing systems for sex and expression in-
formation. That s, sex and expression processing are car-
ried out by separate functional systems.

In conclusion, although the perceived masculinity of a
face may be modified by variations in expression in a rat-
ing task, in a speeded-classificationtask, in circumstances
in which task difficulty and accuracy of responding are
matched, both sex and expression may be attended to se-
lectively. The evidence presented here using the Garner
paradigm thus provides qualified support for functional
models of face processing (e.g., Bruce & Young, 1986),sug-
gesting independent processing routes for sex and expres-
sion information.
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NOTES

1. The terms sex and gender are used interchangeably throughout the
introduction and discussion, using whichever term was used by the au-
thors of each paper we discuss. In all our published research, we have
used the term sex to refer to biological sexual identity, and we retain this
usuage here for Experiments 2 and 3 in which classification of faces as
either (biologically) male or female was required. However, the term
gender is the preferred usage for Experiment 1 where an assessment
along the masculinity/femininity dimension of faces of known sex was
required.

2. The finding here that both male and female surprised faces were
considered more feminine than were angry faces is not completely anal-
ogous to the rating study carried out by Campbell et al. (1996), in which
there was an interaction between “maleness” and “femaleness” for faces
looking down relative to faces looking at the viewer, such that only male
faces looking down were thought more “female.”

3. Pilot experiments that equated the number of male and female par-
ticipants and compared their performance showed no differences, and,
therefore, no attempt was made to examine data for sex differences in
Experiments 2 and 3.
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