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Abstract

We report four experiments investigating the perception of photographic quality continua
of interpolated (‘morphed’) facial expressions derived from prototypes of the 6 emotions in
the Ekman and Friesen (1976) series (happiness, surprise, fear, sadness, disgust and anger).
In Experiment 1, morphed images made from all possible pairwise combinations of
expressions were presented in random order; subjects identified these as belonging to
distinct expression categories corresponding to the prototypes at each end of the relevant
continuum. This result was replicated in Experiment 2, which also included morphs made
from a prototype with a neutral expression, and allowed ‘neutral’ as a response category.
These findings are inconsistent with the view that facial expressions are recognised by
locating them along two underlying dimensions, since such a view predicts that at least
some transitions between categories should involve neutral regions or identification as a
different emotion. Instead, they suggest that facial expressions of basic emotions are
recognised by their fit to discrete categories. Experiment 3 used continua involving 6
emotions to demonstrate best discrimination of pairs of stimuli falling across category
boundaries; this provides further evidence of categorical perception of facial expressions of
emotion. However, in both Experiment 1 and Experiment 2, reaction time data showed that
increasing distance from the prototype had a definite cost on ability to identify emotion in
the resulting morphed face. Moreover, Experiment 4 showed that subjects had some insight
into which emotions were blended to create specific morphed images. Hence, categorical
perception effects were found even though subjects were sensitive to physical properties of
these morphed facial expressions. We suggest that rapid classification of prototypes and
better across boundary discriminability reflect the underlying organisation of human
categorisation abilities.
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1. Introduction

People are very skilled at understanding each other’s facial expressions. We
know that babies are very interested in faces (Johnson et a., 1991), and that they
show precocious ability to respond to different facia expressions (Field et al.,
1982). We adso know that, for tests using a fixed range of alternative choices,
certain configurations of facial features resulting from specific patterns of facia
muscle movements are recognised throughout the world as corresponding to
particular basic emotions (Ekman, 1992, 1994). Moreover, selective changes in
ability to recognise emation from the face have been reported after brain injury;
sometimes, patients may remain able to recognise other social cues such as
identity from the face, even though they have problems in recognising facial
emotion (Calder et al., 1996b; Etcoff, 1984; Sprengelmeyer et a., 1996; Young et
al., 1993). The physiological literature also suggests differences in the neura
coding of facia identity and expression in other primates (Desimone, 1991;
Hasselmo et a., 1989), and PET studies of humans have shown differences
between brain regions involved in the analysis of identity and expression (Sergent
et a., 1994), and demonstrated the possible existence of emotion-specific
responses to facial expressions (Morris et al., 1996).

These facts are consistent with the long evolutionary history of facia expres-
sions of emotion (Darwin, 1872; Ekman, 1973), but we know little about the
perceptua basis of how emotions are recognised. One of the fundamental issues
that is still disputed concerns whether facial expressions are perceived as varying
continuously along certain underlying dimensions, or as belonging to qualitatively
discrete categories (Ekman, 1982; Ekman et al., 1972). This issue has been
difficult to resolve because many data can be accommodated within either view,
and hybrid models are sometimes proposed. For example, Woodworth and
Schlosberg (1954) identified happiness (in which they included love and mirth),
surprise, fear (including suffering), anger (and determination), disgust and
contempt as distinct, recognisable categories of emotion, but then suggested on the
basis of their confusabilities that they can be considered to be located around the
circumference of a circle (running happiness—surprise—fear—anger—disgust—con-
tempt—happiness) with two orthogonal diagonals corresponding to the dimensions
pleasant—unpleasant (running from the region of happiness to the region of anger)
and attention—regjection (running from the surprise and fear boundary to the
boundary between disgust and contempt). This suggestion is shown in Fig. 1a. A
modern variant of thisideaisthe Russell (1980) circumplex model, in which more
extreme degrees of an emotion fall around the edge of a two-dimensional emotion
space encoding orthogonal bipolar dimensions of pleasure and arousal, with milder
emotions falling more toward the centre.

The intention of such models is to create a two-dimensional solution to the
problem of perceptually classifying facial expressions. Woodworth and Schlosberg
(1954) drew an analogy to the colour circle, in which hue is arranged around the
circumference and saturation along red—green and blue—yellow opponent axes.

In the present study, we took advantage of image-manipulation techniques to
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Fig. 1. Schematic representations of relation between different facial expressions. (a) As proposed by
Woodworth and Schlosberg (1954). (b) Continua used in Experiment 1.

examine contrasting predictions which follow from accounts in which facia
expressions of emotion are perceived and recognised as discrete categories or by
locating them in terms of a small number of underlying dimensions.

A consequence of dimensional accounts is that linear (or near-linear) physical
transitions from one emotional expression to another will be accompanied by
characteristic changes in identification. For example, in Woodworth and Schlos-
berg’'s (1954) schema (Fig. 1a), a transition from a happy face to an angry face
cannot be effected without passing through a region close to the origin of the
‘emotion space’, where the expression should become neutral or indeterminate.
This must happen in the Woodworth and Schlosberg (1954) account because
happiness—anger corresponds to one of the hypothesised dimensions of the
perceptual emotion space (pleasant—unpleasant), but the same will be true of any
transition between expressions lying at opposite points in the emotion space.
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Similarly, Fig. 1a shows that a transition from a happy to a frightened expression
will not cross the origin of the two-dimensional emotion space, and thus need not
involve any region where the expression becomes indeterminate, but it will enter a
region where the expression should be seen as one of moderate surprise. In
contrast, a transition from happiness to surprise does not involve entering the
region of any other emotion, and may, therefore, be relatively abrupt, passing
directly from one emotion to the other.

Dimensional accounts, then, can be used to predict the consequences for
identification of physicaly transforming one facial expression to another. A
method for making such transformations is available from image-manipulation
procedures, for which algorithms have been devised to allow manipulation of
photographic-quality images of faces (Benson and Perrett, 1991; Burt and Perrett,
1995). This is achieved by specifying the locations of a large number of facial
feature points on prototype images. To create interpolated (‘morphed’) images
depicting the continuum between two faces (say, pictures of a person with happy
and sad expressions) in photographic quality, the positions of the features in one
photograph are moved toward their positions in the other photograph, as if the
image lies on a rubber sheet. The technique is described in detail later, and our
figures show that highly regular changes can be achieved.

It is possible, then, to change one facial expression to another by computer
morphing, and from the Woodworth and Schlosberg (1954) schema we can predict
the consequences for identification if this dimensional account is correct. These
predictions contrast with those of an account of the perceptual identification of
facial expressions as discrete categories. From the discrete category standpoint,
Fig. lais not an accurate geometric representation, since the perceptual space will
be multi-dimensional. A transition from any one category to any other category
may, therefore, never involve passing through any region which will not be
assigned to one end-point category or the other. From this perspective, changes in
identification will always be relatively abrupt, with no need for any region in any
continuum between two prototype expressions to correspond to a third emotion.

Of course, predictions derived from Woodworth and Schlosberg's (1954)
schema can only work fully to the extent that it is an accurate geometric
representation, based on the correct underlying dimensions. This is important
because we noted that other two-dimensional accounts, such as Russell’s (1980)
circumplex model, do use different dimensions and hence postulate dightly
different positioning of some emotions. There can thus be differences in the
precise predictions made by different variants of two-dimensional accounts.
However, what is important is that al two-dimensional accounts of emotion
classification must share the property that they will predict that transitions between
facial expressions of emotion will be variable in their effects, according to how
these particular expressions align in the emotion space, and that at least some
transitions between two expressions will involve regions of indeterminacy or a
third emotion. Regardless of the exact predictions as to when these types of
transition will arise, the dimensional accounts thus contrast with category-based
models, for which this property is not a necessary feature; in a category-based
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account, the transition between any two emotions can aways be perceptualy
abrupt.

In previous studies of identification of morphed images of facial expressions by
normal perceivers (Calder et al., 1996a; Etcoff and Magee, 1992), only a limited
number of continua have been tested at any given time. In a typical paradigm,
subjects may be given a face varying along the continuum from expression ‘x’ to
expression ‘y’, and asked whether its expression looks more like x or y. Sharp
changes in identification along such continua have been found, but this Procrus-
tean method may artificially exaggerate the abruptness of any transition, and hide
the kinds of indeterminacy or outright shift to a different category predicted by
dimensional accounts, since only the categories x or y are permitted as choices.

In Experiments 1 and 2, then, we tested the contrasting predictions of
dimensional and category-based accounts by morphing between all possible pairs
of facial expressions of basic emotions from the Ekman and Friesen (1976) series,
and examining recognition of stimuli from all continua in a common set of trials.
Our results were inconsistent with two-dimensional accounts, and favoured a
category-based model.

A second type of prediction can be derived from the view that facial expressions
of emotion are recognised as belonging to distinct perceptual categories. This
prediction can also be seen using the analogy of Woodworth and Schlosberg
(1954) to colour perception. One of the striking features of colour perception is
that, although wavelength varies continuoudly, the appearance of the circumfer-
ence of the colour circle to a person with normal colour vision involves discrete
regions of relatively consistent colour, with comparatively abrupt transitions
between. Psychophysical studies have confirmed that we are relatively insensitive
to changes in wavelength if they occur within a region belonging to a colour
category, and more sensitive to changes of the same physical magnitude occurring
across the boundary between two colours (Bornstein and Korda, 1984). Many
other examples of such phenomena have been described for perceptual categories
that vary on a single underlying physical dimension (Harnad, 1987a). Collectively,
they are known as categorical perception. The phenomenon widely regarded as the
hallmark of categorical perception is that linear physical changes in a stimulus can
have non-linear perceptual effects, with changes which occur near to or across
category boundaries being easier to detect.

Morphed images have also made it possible to explore categorical perception
effects with multidimensional stimuli, such as faces (Beale and Keil, 1995; Calder
et al., 1996a; Etcoff and Magee, 1992). The pioneering study was by Etcoff and
Magee (1992), who took advantage of these technical developments to investigate
categorical perception of facial expressions; they converted photographs from the
Ekman and Friesen (1976) series of pictures of facia affect into line drawings, and
used a computer program to create several series of drawings representing equal
interpolated steps between two different facia expressions posed by the same
individual.

With these line drawing stimuli, Etcoff and Magee (1992) measured identifica-
tion of the emotion seen in individual stimuli falling along a particular expression
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continuum (e.g., from happiness to sadness), and discrimination between pairs of
these stimuli with an ABX task (in which stimuli A, B, and X were presented
sequentially; subjects had to decide whether X was the same as A or B). For
identification, Etcoff and Magee (1992) observed sharp boundaries between a
region of each continuum perceived as corresponding to one expression, and a
region corresponding to the other expression. In the ABX discrimination task,
Etcoff and Magee (1992) found that people were more accurate at detecting the
differences between pairs of drawings which crossed a subjective category
boundary (such as between a drawing seen as happy in the identification task and a
drawing seen as sad) than they were at detecting equal physical differences which
lay within a category (i.e., between two drawings which would be identified as
happy, or two drawings identified as sad). This was clear evidence of categorical
perception of facial expressions.

Calder et al. (1996a) used photograph-quality morphed images of expression
continua to replicate Etcoff and Magee's (1992) findings of categorical perception
of facial expressions with photographic-quality images. Calder et al. (1996a) also
found sharp boundaries between the region of each continuum perceived as
corresponding to one expression, and the region corresponding to the other
expression, and they showed that subjects discrimination performance could be
predicted from their identification performance with the same stimuli; discrimina-
tion was poorest for stimulus pairs in which identification of the emotion was most
consistent, and discrimination was best when identification was least consistent.

Findings of categorical perception of facial expressions again challenge the view
that the perception of facial expressions is determined by a smal number of
underlying dimensions, such as pleasant—unpleasant. On a dimensional account,
the perceptual function should be continuous from one emotion to the next; the
categorical perception results show that it is not. In Experiment 3, we further
examined this phenomenon, introducing a much more severe test of categorical
perception than has been used in previous publications, by examining within-
category and between-category discriminabilities for stimuli drawn from the six
possible continua forming the perimeter of the hexagon shown in Fig. 1b. In
addition, we adopted a task (simultaneous perceptual matching) which eliminated
the memory requirements inherent in the ABX discrimination task used in studies
based on methods from the speech perception literature. Enhanced discriminability
was still found for stimuli falling across category boundaries.

Although the results of Experiments 1-3 were inconsistent with a two-dimen-
sional account of the perceptual classification of facial expressions of emation,
there were also aspects of the data which indicated that subjects could none the
less often see differences between stimuli they assigned to a common perceptual
category; reaction times for identification were affected by the closeness of a
morphed image to the nearest prototype, and within-category discriminabilities
were not aways at chance level. In Experiment 4, we therefore examined
systematically the extent to which subjects could recognise exactly which
prototypes particular morphed images had been interpolated between; although not
perfect, they did have some insight.
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These findings provide data which must be explained by any adequate model of
facial expression recognition, and which allow us to regect two-dimensional
accounts as inadequate models of the perceptual mechanisms involved. An account
treating facial expressions as corresponding to discrete categories of emotion is
more readily reconciled with our findings, but they are also inconsistent with the
strongest possible variants of the categorical perception hypothesis. In our General
Discussion, we examine which forms of category model can provide plausible
accounts of the data we present.

EXPERIMENT 1

Experiment 1 investigated identification of morphed facial expressions taken
from all possible continua between pairs of the six universaly recognised
emotions in the Ekman and Friesen (1976) series. We were interested to determine
whether these morphed expressions would still behave like discrete categories
when they could come from many possible continua and a 6-way choice was
available, or whether some continua would show properties predicted by two-
dimensional accounts of emation recognition, including indeterminate central
regions (when the end-points of the continuum lie on opposite sides of ‘emotion-
space’) or intrusions of other categories into the middle of the continuum (when
the end-points are non-adjacent but not opposite in emotion-space).

2. Method
2.1 Simuli

The Ekman and Friesen (1976) series contains examples of six different
emotional facial expressions (happiness, surprise, fear, sadness, disgust and anger)
which have been found to be accurately recognised from forced-choice between
these possible emotions in most cultures of the world. Since these are dlightly
different from the list of Woodworth and Schlosberg (1954) of distinct emotions
(happiness, surprise, fear, anger, disgust and contempt), we began by examining
the confusabilities of the Ekman emotions, to create a representation analogous to
that of Woodworth and Schlosberg (1954). From the control data of Ekman and
Friesen (1976), we assembled an overall confusion matrix for all of the faces in
the series, showing how likely a particular emotion was to be confused with each
of the other emotions. This confusion matrix was then used to order the emotions
by their maximum confusabilities, placing each adjacent to the one it was most
likely to be confused with.

The result ran happiness—surprise—fear—sadness—disgust—anger, with mean
percentage confusabilities for each pair of expressions in this sequence being
happiness and surprise 0.8%, surprise and fear 5.8%, fear and sadness 2.4%,
sadness and disgust 2.7%, disgust and anger 6.4%. The ends of the sequence,
anger and happiness, were then joined to create the perimeter of a hexagon, as
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illustrated in Fig. 1b. This gives a representation which is very like the emotion
space resulting from a computer network model developed by Morishima and
Harashima (1993). Fig. 1b is also similar to the Woodworth and Schlosberg (1954)
circle shown in Fig. 1a, but with their disgust and contempt regions collapsed into
the single emotion of disgust, with their single fear and suffering region separated
into distinct emotions of fear and sadness, and with the relative positioning of
disgust and anger reversed. As will become clear later, it turns out that the exact
ordering of the emotions around the hexagon is not crucial; it simply provides a
convenient means of exposition.

Fig. 1b shows that there are 15 possible continua between pairs of the 6
emotional expressions. Six continua lie around the perimeter of the hexagon
(happiness—surprise, surprise—fear, fear—sadness, sadness—disgust, disgust—anger,
anger—happiness). Six more continua form two inner triangles in Fig. 1b
(happiness—fear, fear—disgust, disgust—happiness; surprise—sadness, sadness—
anger, anger—surprise). The other 3 continua are diagonals in Fig. 1b (happiness—
sadness, surprise—disgust, fear—anger).

Face JJ (Ekman and Friesen, 1976) was chosen for morphing because the
photographs of al 6 emotional facial expressions (happiness, surprise, fear,
sadness, disgust and anger) were of consistent quality, with reasonably stan-
dardised pose and lighting. The numbers and identifiers of the selected prototype
images in the Ekman and Friesen (1976) series were happiness 34 JJ}4-07,
surprise 39 J}4-13, fear 37 J}5-13, sadness 36 JJ5-05, disgust 40 JJ-3-20, and
anger 38 JJ-3-12. Photographic-quality continua were made, morphing between
every possible pair from these 6 prototype expression images in the manner
charted in Fig. 1b.

Five morphed images were created for each continuum. These were prepared by
blending between two prototype expressions posed by JJ (e.g., happiness and
sadness) in proportions 90:10 (i.e., 90% happy 10% sad for the happiness—sadness
continuum), 70:30 (70% happy 30% sad), 50:50 (50% happy 50% sad), 30:70
(30% happy 70% sad), and 10:90 (10% happy 90% sad). We will refer to these as
90%, 70%, 50%, 30% and 10% morphs along the appropriate continuum (in our
example, happiness—sadness).

The preparation of each continuum was done in the same way. Preparation of
the happiness—sadness continuum is described in detail to illustrate the process.
The procedure involved three stages.

2.1.1. Sage 1. Delineation

One hundred and eighty six points were positioned manually onto the photo-
graph of JJ's face with a happy expression from the Ekman and Friesen (1976)
series. The locations of these points were specified in terms of anatomical
landmarks, with each facial feature represented by a set number of points; for
example, the mouth was represented by 22 points, and each eyebrow by 8 points.
These points were then joined to produce a delineated representation comprising
50 feature contours. Exactly the same method was applied to the photograph of the
same model posing sadness. Hence, across the two prototype expressions
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(happiness and sadness) there was conformity with respect to the anatomical
positioning of the 186 points on each face, but not always their exact spatial
positions; for example, the corners of the mouth were turned up in the happy face
and down in the sad face, but the shape of the hairline was the same in both.

2.1.2. Sage 2: Shape interpolation

A continuum of face shapes was generated between the two delineated
prototype face shapes (in our example, JJ happy and JJ sad). This was achieved by
taking the delineation data for the two prototype images and calculating the vector
difference for each landmark. For example, consider the point describing the tip of
the nose; this has a location on the JJ happy face of (x1,yl) and a location on the
JJ sad face of (x2,y2). Equations describing the vector from (x1,y1) to (x2,y2)
were used to obtain positions for the point at the tip of the nose which moved
10%, 30%, 50%, 70% and 90% along a straight line from the location of that point
in JJ s happy face (x1,y1) to the location of that point in JJ s sad face (x2,y2). This
process was repeated for each of the 186 feature points, to generate the 5 face
shapes which would interpolate at 10%, 30%, 50%, 70% and 90% distances
between the two original face shapes.

2.1.3 Sage 3: Producing a continuous-tone image

The final stage created a continuous-tone (photographic quality) image for each
of these interpolated face shapes. This was achieved by taking both of the
prototype faces and ‘warping’ or ‘stretching’ them (as if they were printed on a
rubber sheet) to the new shape, so that all points representing the same feature
were aligned across images. The two faces, now with the same intermediary face
shape, were then blended with the appropriate weight. For example, in the 90%
happy 10% sad morph, the pixel intensities in each tessellation were arrived at by
deforming the happy face 10% toward the sad prototype, and the sad face 90%
toward the happy prototype, and then blending the grey levels in these two
contributory images in the ratio nine parts from the happy prototype to one part
from the sad prototype.

The resulting morphed faces are shown in Fig. 2. In total, there are 75 images (5
from each of 15 continua). Moving from left to right in Fig. 2, the columns show
90%, 70%, 50%, 30% and 10% morphs along each continuum. Note that a 90%
morph on the happiness—sadness continuum would be the same as a 10% morph
on a sadness—happiness continuum, and that the prototype expressions are not
shown in Fig. 2. Fig. 2a shows morphs from the perimeter of the outer hexagon in
Fig. 1b; happiness—surprise (top row), surprise—fear (second row), fear—sadness
(third row), sadness—disgust (fourth row), disgust—anger (fifth row) and anger—
happiness (bottom row). Fig. 2b shows morphs from the inner trianglesin Fig. 1b.
The first inner triangle runs happiness—fear (top row in Fig. 2b), fear—disgust
(second row), disgust—happiness (third row); the second inner triangle runs
surprise—sadness (fourth row in Fig. 2b), sadness—anger (fifth row), anger—
surprise (bottom row). Fig. 2c shows morphs from the diagonals in Fig. 1b;
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Fig. 2. Expression continua used in Experiment 1. (8) Outer hexagon in Fig. 1b (happiness—surprise—
fear—sadness—disgust—anger—happiness). Going from left to right, the columns show 90%, 70%, 50%,
30% and 10% morphs along each continuum. From top to bottom, the continua shown in each row are
happiness—surprise (top row), surprise—fear (second row), fear—sadness (third row), sadness—disgust
(fourth row), disgust—anger (fifth row), anger—happiness (bottom row). (b) Inner triangles in Fig. 1b
(happiness—fear—disgust—happiness; surprise—sadness—anger—surprise). Going from left to right, the
columns show 90%, 70%, 50%, 30% and 10% morphs along each continuum. From top to bottom, the
continua shown in each row are happiness—fear (top row), fear—disgust (second row), disgust—
happiness (third row); surprise—sadness (fourth row), sadness—anger (fifth row), anger—surprise
(bottom row). (c) Diagonals in Fig. 1b (happiness—sadness; surprise—disgust; fear—anger). Going from
left to right, the columns show 90%, 70%, 50%, 30% and 10% morphs along each continuum. From
top to bottom, the continua shown in each row are happiness—sadness (top row); surprise—disgust
(middle row); fear—anger (bottom row).

happiness—sadness (top row), surprise—disgust (middle row), fear—anger (bottom
row).

2.2, Qubjects
Eight members of the MRC Applied Psychology Unit subject panel acted as

subjects in the experiment. All were between the ages 30 and 45 years and had
normal or corrected-to-normal vision. They were paid for participating.
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2.3. Design and procedure

The 75 morphed faces shown in Fig. 2 were used in an identification task. They
were presented one at atime, in random order, on a 256 grey scale 16" Macintosh
colour monitor using Psyscope software. Each morphed face subtended a
horizontal visual angle of 3.6° and a vertical visual angle of 5.2°. The subjects
task was to decide whether each image was most like happiness, surprise, fear,
sadness, disgust or anger. Responses were made using a box with 6 labelled
buttons (one for each emotion), which was interfaced with the computer to record
the choice of emotion and the reaction time (from stimulus onset) for each
morphed image. On each trial, the morphed image remained in view until a button
press was made. The ordering of the 6 emotion labels on the response buttons was
randomised across subjects. No feedback was given as to the appropriateness of
any responses.

Each subject undertook atotal of 9 blocks of trials, across 3 testing sessions. In
each of these blocks of trias, al of the 75 morphed faces were presented once.
The first block of trials was discounted as practice, leaving 8 blocks of 75 trials
from each subject for analysis. Note that the prototype face for each expression
was never shown in the experiment; al the stimuli were morphs. Note too that the
morphs were presented in random order; they were not grouped into the
underlying continua.

3. Resaults

Data from Experiment 1 involved frequencies with which each morphed image
was identified as happiness, surprise, fear, sadness, disgust or anger, and reaction
times to make these classifications. We will consider each in turn.

First, frequency of identification. Data are presented as percentages of choices
corresponding to each emotion category for each morphed face, in the upper
graphs of Fig. 3. The continua belonging to the outer hexagon of Fig. 1b form Fig.
3a (happiness—surprise—fear—sadness—disgust—anger—happiness;, these are the
morphs shown in Fig. 2a), the first inner triangle of Fig. 1b (happiness—fear—
disgust—happiness; the morphs shown in the upper half of Fig. 2b) forms Fig. 3b,
the second inner triangle of Fig. 1b (surprise—sadness—anger—surprise; shown in
the lower half of Fig. 2b) forms Fig. 3c, and the diagonals of Fig. 1b (happiness—
sadness; surprise—disgust; fear—anger; shown in Fig. 2c) form Fig. 3d. For each
continuum, the morphs are numbered in a series corresponding to the percentage
of morphing from the prototype at the left end on the graph; thus, the morphs in
the first continuum, happiness—surprise (top left in Fig. 38 are numbered 90 (the
90% morph; i.e., 90% happiness 10% surprise), 70 (70% happiness 30% surprise),
50 (50% happiness 50% surprise), 30 (30% happiness 70% surprise), 10 (10%
happiness 90% surprise), then the next continuum (surprise—fear) begins and is
numbered 90 (90% surprise 10% fear), 70 (70% surprise 30% fear), and so on.
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Fig. 3. Percentage identifications and reaction times (in ms) from Experiment 1. (8) Outer hexagon in
Fig. 1b (happiness—surprise—fear—sadness—disgust—anger—happiness). (b) First inner triangle in Fig. 1b
(happiness—fear—disgust—happiness). (c) Second inner triangle in Fig. 1b (surprise—sadness—anger—
surprise). (d) Diagonals in Fig. 1b (happiness—sadness; surprise—disgust; fear—anger).

Had the prototype images been presented in the experiment, each would thus lie
between the appropriate points numbered 10 and 90.

These identification data form a clear and highly consistent pattern. We can set
upper and lower confidence limits at the 0.05 level using the binomial theorem.
For every morphed image there are 64 data points, each involving a 6-way choice.
Chance responding in the identification task would therefore lead to responses in
the range 8—25% for choice of any particular emotion. The majority of data points
in Fig. 3 are outside this range. Many are of course at 0%, showing that the
morphed images do not look much like those emotions, and then there is a clear
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Fig. 3. (continued)

region corresponding to each perceived emotion where the choice of that emotion
rises well beyond 25%. For every emotion, the 30% and 10% morphs approaching
the prototype, and 90% and 70% going away from the prototype, are aways
classified as corresponding to that emotion more than 80% of times. This applies
to all of the 15 continua plotted in Fig. 3, regardless of where they come from in
the hexagonal representation used for Fig. 1b.

For identification, then, every continuum fell into two clear regions, each of
which belonged primarily to the emotion category corresponding to the prototype
at that end, with an abrupt shift from one category to the other at or near the centre
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of the continuum. A particularly interesting feature of these regions where there
were abrupt shifts in identification at the midpoint of the continuum is that there
was little tendency for other categories to intrude. For example, we noted in
Section 1 that in the schema of Woodworth and Schlosberg (1954) (Fig. 1a), a
transition from a happy face to an angry face will pass close to the origin of the
‘emotion space’, where the expression should become indeterminate, and a
transition from a happy to a frightened expression will enter a region where the
expression should be seen as one of moderate surprise. However, the data for these
continua simply show direct shifts from one prototype to the other; identification
of images in the anger—happiness continuum forms the rightmost section of the top
graph in Fig. 3a, and the happiness—fear continuum forms the leftmost section of
the top graph in Fig. 3b. In other words, the half-way points on these continua
were still seen as transitions between anger and happiness in the anger—happiness
continuum, and between happiness and fear in the happiness—fear continuum.
They were not perceived as regions of generalised uncertainty, or as any other
emotion from the range used.

To test this property formally, we looked at identification of the 50% morphs for
each of the 15 continua shown in Fig. 3. If these morphs lying at the mid-point of
each continuum were still perceived as belonging to a particular continuum,
identification as either of the two prototypes (e.g., as happiness or sadness for the
happiness—sadness continuum) should be at higher rates than identification as any
other emotion (e.g., as surprise, fear, disgust or anger for the happiness—sadness
continuum). This held true for the 50% morphs from 13/15 of the continua shown
in Fig. 3 (p < 0.001 on binomial theorem). The exceptions were fear—disgust (Fig.
3b; disgust was mostly seen, but sadness, anger and fear occurred at low rates) and
anger—surprise (Fig. 3c; surprise was mostly seen, but then there was a clear
intrusion of fear, followed by anger).

Although responses for most continua were largely in terms of the two
prototype expressions, there were some cases where low but consistent rates of
identification as an alternative expression arose. Inspection of Fig. 3 shows that
surprise was sometimes identified as fear, and disgust as anger. When this
happened, it was usualy because one subject consistently did this. These
alternative, non-modal identifications (surprise as fear, disgust as anger) are known
to occur to prototype expressions in the Ekman and Friesen (1976) set, and they
are known to be consistent across cultures (Ekman, 1972). Interestingly, when
they occurred here, they were made throughout the range of morphs belonging to
each prototype; for example, the regions around the surprise prototype in Fig. 3 (a,
¢ and d) showed consistent alternative classification as fear.

We now turn to consider reaction times. These were calculated for all cases
where identification rates were above the chance level of 25% given by the
binomial theorem. Mean reaction times (in ms) are shown in the lower graphs of
Fig. 3, with reaction time for each morph positioned directly below the corre-
sponding identification rate (upper graphs in Fig. 3).

The reaction times showed a very clear scalloping. For every response category,
RT was inversely related to distance from the prototype; for example, when a
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morphed expression was identified as ‘happiness’, responses were fastest to 90%
happy morphs, slower to 70% happy, and slower still to 50% happy. To confirm
this, reaction times for each continuum were collapsed into those for morphs
closest to the prototype (90% and 10% morphs in each continuum), morphs further
from the prototype (70% and 30% morphs), and morphs furthest from the
prototype (50% morphs). A one-factor Analysis of Variance showed a highly
significant effect of distance from the prototype on reaction time (F = 67.57, df
2,28, p<0.001); Tukey tests (a« = 0.05) confirmed that RTs were fastest for
near-prototype morphs, and significantly slower with each increase in distance
from the prototype.

Of course, identification rates also fell off with increasing distance from the
prototype, and strong negative correlations were found between reaction time and
identification rate. The statistical significance of these correlations was determined
by converting each to a t-value (McNemar, 1962). For example, when RT and
identification rate were correlated for the morphs identified as happiness (by
pooling data across the happiness—surprise, happiness—fear, happiness—sadness,
happiness—disgust and happiness—anger continua), a highly significant negative
correlation was observed (r = —0.95, t=9.96, df 10, p<0.001). Significant
negative correlations of reaction time and identification rate were also found for all
of the other emotions (surprise, r = —0.81, t=4.83, df 12, p<0.001; fear,
r=—081 t=4.83, df 12, p<0.001; sadness, r = —0.90, t=7.49, df 13,
p <0.001; disgust, r= —0.85, t=5.68, df 12, p<0.001; anger, r = — 0.67,
t=3.02, df 11, p<0.02), and for an anaysis in which the data were pooled
across al 6 expressions (r = —0.81, t = 12.41, df 80, p <0.001).

What the reaction time data show, then, is that distance from the prototype has a
definite cost on ability to categorise the resulting morphed image.

4. Discussion

The results of Experiment 1 showed three main features. First, identifications of
the morphed faces belonging to each continuum were mainly in terms of the
prototypes at either end of the relevant continuum, with high identification rates at
each end, and a sudden shift in the middle. This result is particularly impressive
because the prototype images were never shown in Experiment 1; all of the stimuli
were morphs. Second, in the regions where identification changed from one
emotion category to ancther, there were few intrusions from categories which did
not belong to that continuum. Hence, these regions were seen as involving
transitions between categories, not as regions of generalised uncertainty or as
regions where any other emation from the range chosen was seen.

These features of the data are clearly inconsistent with the predictions of
two-dimensional accounts of facial expression perception. These accounts vary in
details of the exact geometric positioning of the 6 basic emotions we tested.
However, they all concur in the view that at least some of the continua we tested
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should lie at opposite points in emotion space, in which case the central region of
the continuum should be of indeterminate emotion since it lies near the geometric
origin, and some other continua should enter regions where the expression should
be seen as an emotion other than the two prototypes used to create the continuum.
Neither property was found. Instead, it is clear that a two-dimensional geometric
interpretation of Fig. 1b will not hold; in effect, any continuum from one prototype
to another passes directly between those two prototypes, and does not enter any
other region. This is consistent with a category-based model, and inconsistent with
a two-dimensiona account.

However, the third main feature of the data from Experiment 1 is also
inconsistent with the strongest possible variants of category-based model. In
Experiment 1, the reaction time data showed that distance from the prototype had a
definite cost on ability to classify the resulting morph; morphs which lay closest to
the prototype expressions used to create them were most easily identified. This
implies that, at some level, subjects were picking up differences from the category
prototype, and that all morphed images assigned to the same emotion category
were therefore not treated as equally good examples. We will explore the wider
implications of this point later. For now, we simply note that in genera the
findings of Experiment 1 provide evidence inconsistent with a two-dimensional
account of emotion perception.

However, we considered that a possible limitation on the results of Experiment
1 might be that our forced-choice identification task did not include ‘neutral’ as a
possible alternative. Some dimensional theories explicitly state that the origin of
the emotion-space is neutral (Russell, 1980), and, therefore, predict that the
mid-point of continua passing near to or through the origin of the emotion space
might be more readily seen as neutral rather than emotional. Therefore, we
reasoned that the abrupt discontinuities and absence of mid-continuum intrusions
noted in the identification curves for Experiment 1 might not be found if this
(neutral) choice was available. This was investigated in Experiment 2.

EXPERIMENT 2

Experiment 2 included ‘neutral’ as a possible response alternative. As explained,
we thought it possible that the mid-points of some continua might be more readily
seen as neutral than emotional. On a dimensional account of emotion, this would
apply especialy to continua which lie along the hypothesised dimensions and,
therefore, pass through the centre of the emotion space, such as happiness—anger
in Fig. l1a

In order to ensure that neutral was a valid choice of response for at least some
stimuli, Experiment 2 included continua in which al of the 6 emotiona
expressions from the Ekman and Friesen (1976) series were morphed toward a
neutral prototype. This also allowed us to explore whether morphs from continua
including a neutral prototype would behave any differently to those belonging to
continua created between any of the other emotions.
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5. Method
5.1, Simuli

The photograph of JJ's face with a neutral expression (photograph number 41,
identifier JJ-3-04) from the Ekman and Friesen (1976) series was morphed with
the 6 prototype expressions selected for Experiment 1, to create a further 6
continua running from each of the 6 emotional expressions to neutral. These
emotion-to-neutral continua are shown in Fig. 4. From left to right, the columns
show 90%, 70%, 50%, 30% and 10% morphs from an emotional to a neutral
expression; happiness—neutral (top row), surprise—neutral (second row), fear—
neutral (third row), sadness—neutral (fourth row), disgust—neutral (fifth row),
anger—neutral (bottom row). Note again that the 90% morph on the happiness—
neutral continuum is the same as a 10% morph on a neutral —happiness continuum,
and that the prototype neutral expression is not shown in Fig. 4.

These 6 emotion-to-neutral continua were combined with the 15 emotion-to-
emotion continua used in Experiment 1, to create a pool of 105 morphed faces
from the 21 continua representing every pairwise combination of happiness,
surprise, fear, sadness, disgust, anger and neutral.

52 Qubjects

Eight members of the MRC Applied Psychology Unit subject panel participated
in the experiment. All were between the ages 20 and 35 years and had normal or
corrected-to-normal vision. They were paid for participating.

5.3. Design and procedure

The 105 morphed faces were used in an identification task. The general design
and procedure were as for Experiment 1; the principal differences resulted from
the inclusion of the emotion-to-neutral continua into every block of trials, giving
21 continua in total (105 stimuli), and the inclusion of neutral as a possible
identification response. The subjects’ task was thus to decide whether each image
was most like happiness, surprise, fear, sadness, disgust, anger or neutral. They
made their responses using a box with 7 labelled buttons (one for each possible
choice), which was interfaced with the computer to record the choice of emotion
and the reaction time for each morphed image. Each subject performed 6 blocks of
trials with the 105 morphs, across 2 sessions. As in Experiment 1, no feedback was
given but the first block was discounted as practice, leaving data for each subject
consisting of identification choices and reaction times in 5 blocks of 105 trials.

6. Results

Data from Experiment 2 involved frequencies with which each morphed image
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Fig. 4. Continua including a neutral expression used in Experiment 2. From left to right, the columns
show 90%, 70%, 50%, 30% and 10% morphs along each continuum from an emotional to a neutral
expression. From top to bottom, the continua shown in each row are happiness—neutral (top row),
surprise—neutral (second row), fear—neutral (third row), sadness—neutral (fourth row), disgust—neutral

(fifth row), anger—neutral (bottom row).
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was identified as happiness, surprise, fear, sadness, disgust, anger or neutral, and
reaction times to make these classifications. We will consider each in turn;
analyses followed the procedures used for Experiment 1.

Data for frequency of identification are presented as percentages of choices
corresponding to each emotion category for each morphed face, in the upper
graphs of Fig. 5. The continua belonging to the outer hexagon of Fig. 1b are
shown in Fig. 5a (happiness—surprise—fear—sadness—disgust—anger—happiness),
the first inner triangle of Fig. 1b (happiness—fear—disgust—happiness) forms Fig.
5b, the second inner triangle of Fig. 1b (surprise—sadness—anger—surprise) forms
Fig. 5¢c, and the diagonas of Fig. 1b (happiness—sadness; surprise—disgust;
fear—anger) are shown in Fig. 5d. These, of course, correspond to the continua
used in Experiment 1, shown in Fig. 3. What was new in Experiment 2 were the
continua including neutral expression (morphs shown in Fig. 4); data for these are
presented in Fig. 5e (happiness—neutral—surprise; fear—neutral—sadness; disgust—
neutral—anger). As was done previously (in Fig. 3), the morphs are numbered in
Fig. 5 according to the percentage of the prototype at the left end on the graph;
thus, the first morph in the first continuum, happiness—surprise (top left in Fig. 53
is numbered 90 (the 90% morph; i.e., 90% happiness 10% surprise). As before,
had the prototype images been presented in the experiment, each would thus lie
between the appropriate 10% and 90% morphs.

The data for the continua which were common to Experiments 1 and 2 (Figs.
5a—d) show a closely comparable pattern. For Experiment 2, we can set upper and
lower confidence limits at the 0.05 level using the binomial theorem. For every
morph there are 40 data points, each involving a 7-way choice. Chance responding
in the identification task would therefore lead to responses in the range 5—-25% for
choice of any particular emotion. The majority of data points in Figs. 5a—d are
outside this range. Many are at 0%, showing again that the morphs do not look
much like those emotions, and then there is a clear region corresponding to each
perceived emotion where the 30% and 10% morphs approaching the prototype,
and 90% and 70% morphs going away from the prototype, are mostly classified as
corresponding to that emotion.

As in Experiment 1, then, every one of the emotion-to-emotion continua (Figs.
5a—d) fell into two clear regions, each of which was identified as belonging
primarily to the emotion category corresponding to the prototype at that end, with
an abrupt shift from one category to the other at or near the centre of the
continuum. Despite the inclusion of neutral as a possible response, there were till
few intrusions into the regions where there were abrupt shifts in identification. To
test this, we looked at identification of the 50% morphs in each of the 15 continua
shown in Figs. 5a—d. For 13/15 of these continua, identification as either of the
two prototypes was at higher rates than identification as any other emotion
(p<0.001 on binomia theorem). The exceptions were exactly the same as for
Experiment 1; at the midpoints of the fear—disgust continuum (Fig. 5b; disgust
was mostly seen, but sadness and fear occurred at low rates) and the anger—
surprise continuum (Fig. 5c; surprise was mostly seen, but then there was a clear
intrusion of fear, followed by anger).



292 AW. Young et al. / Cognition 63 (1997) 271-313

(a)

——=&—— Happiness
~——0~—— Surprise
——&—— Fear

——0—— Sadness

% identification

———— Disgust
——&—— Anger

Neutral

——=&—— Happiness
Ty ——{—— Surprise
2 : ——+—— Fear
§ 2000 M/ N ——o—— Sadness
P ——&— Disgust

—&—— Anger

——o—— Neutral

——&—— Happiness
——— Surprise
——&— Fear

——0—— Sadness

% identification

——&— - Disgust
——- Anger

—&—— Neutral

Fear-Di:

——&— Happiness
~——0—— Surprise
-——e&— Fear

-——O— - Sadness

RT (milliseconds)
g
g
/

[}

—a— Disgust

——&—— Anger

0 ——e—— Neutral

8RB828RBBL28RBEeS8

Fig. 5. Percentage identifications and reaction times (in ms) from Experiment 2. (a) Outer hexagon in
Fig. 1b (happiness—surprise—fear—sadness—disgust—anger—happiness). (b) First inner triangle in Fig. 1b
(happiness—fear—disgust—happiness). (c) Second inner triangle in Fig. 1b (surprise—sadness—anger—
surprise). (d) Diagonals in Fig. 1b (happiness—sadness; surprise—disgust; fear—anger). () Continua
including neutral expression shown in Fig. 4 (happiness—neutral—surprise; fear—neutral—sadness;
disgust—neutral—anger).

As was noted in Experiment 1, surprise was sometimes consistently identified as
fear, but in Experiment 2 no-one classified disgust as anger. In Experiment 2,
however, disgust was sometimes identified as neutral (see Figs. 5ab,d,e). As
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Fig. 5. (continued)

before, then, these differences happen when a subject used an dternative
classification of the emotions seen in JJ's prototype expressions.

In sum, the identification data for the 15 continua which were common to
Experiments 1 and 2 showed a very high comparability across experiments. The
inclusion of neutral as a possible response category in Experiment 2 had little
discernible effect, and did not lead to morphs at the mid-points of emotion-to-
emotion continua being identified as neutral.
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We now consider identification rates for the emotion-to-neutral continua, shown
in the upper graph of Fig. 5e. They were similar to the emotion-to-emotion
continua (Figs. 5a—d), except that the neutral region could be less broad; the
discontinuity between identification rates occurred at the 30% morph for the
happiness—neutral continuum. Hence, subjects see happiness as a broader category
than neutral, which might well be expected as we are often looking for subtle cues
to moods like happiness. Importantly, though, wherever the crossovers between
neutral and emotional identifications occurred on each of the 6 emotion-to-neutral
continua, there was again no tendency for other emotion categories to intrude
(p<0.001).

Reaction times were calculated for al cases where identification rates rose
above the chance level of 23% given by the binomial theorem. These are presented
in the lower graphs of Fig. 5.

As for Experiment 1, the reaction times showed a very clear scalloping; RT was
inversely related to distance from the prototype for every response category. To
confirm this, we again used the procedure of collapsing reaction times for each
continuum into those for morphs closest to the prototype (90% and 10% morphsin
each continuum), morphs further from the prototype (70% and 30% morphs), and
morphs furthest from the prototype (50% morphs). A one-factor Anaysis of
Variance showed a highly significant effect of distance from the prototype on
reaction time (F = 73.34, df 2,40, p<0.001); Tukey tests (o = 0.05) confirmed
that RTs were fastest for near-prototype morphs, and significantly slower with
each increase in distance from the prototype.

Again, strong negative correlations were found between reaction time and
identification rate in Experiment 2. For example, when RT and identification rate
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were correlated for the morphs identified as happiness (by pooling data across the
happiness—surprise, happiness—fear, happiness—sadness, happiness—disgust, happi-
ness—anger and happiness—neutral continua), a highly significant negative correla
tion was observed (r = — 0.84, t =5.72, df 14, p<0.001). Significant negative
correlations of reaction time and identification rate were also found for al of the
other emotions (surprise, r = — 0.78, t = 4.70, df 14, p<0.001; fear, r = — 0.63,
t=3.21, df 16, p<0.01; sadness, r = — 0.91, t = 9.21, df 17, p < 0.001; disgust,
r=—073 t=436, df 17, p<0.001; anger, r= —0.78, t=4.64, df 14,
p <0.001; neutral, r = — 0.70, t = 3.51, df 13, p<0.01), and for an anaysisin
which the data were pooled across all 7 expressions (r = —0.71, t =10.79, df
119, p < 0.001).

7. Discussion

Even though Experiment 2 included neutral as a permissible response, results
for the continua that were common to Experiment 1 and Experiment 2 were highly
consistent across experiments, demonstrating unequivocally that the pattern found
in Experiment 1 was not affected by the inclusion of neutral as a possible response
in Experiment 2. In addition, the 6 emotion-to-neutral continua used for Experi-
ment 2 each showed a marked discontinuity between a region identified as the
appropriate emotion and a region identified as neutral. There was no tendency for
other emotion categories to intrude into the crossover regions.

These findings again provide further evidence inconsistent with the predictions
of atwo-dimensional account of facial expression perception, for which emotion-
to-emotion continua which lie close to or along the hypothesised dimensions (such
as happiness—anger in Fig. 1a, or happiness—sadness in Fig. 1b), or at opposite
points in the emotion space, should move through a region with no identifiable
expression in the middle; in this region subjects should respond at random or
perceive the emotion as neutral, yet this was never found.

In addition, Experiment 2 showed that neutral behaved in much the same way as
the other emotion categories. Etcoff and Magee (1992) had also found sharp
category boundaries between emotional and neutral faces. They suggested that
emotions do not just dwindle down to nothing, but instead lose signal value
abruptly at a certain point, and that there really is a state seen as ‘neutral’ which is
its own category. Our data are entirely consistent with this position.

However, in both Experiment 1 and Experiment 2, the reaction time data
showed that distance from the prototype had a definite cost on ability to classify
the resulting morphed expression. This is inconsistent with the strongest possible
form of categorical perception hypothesis, on which differences within a category
should not be perceived at all. This strong version of the categorical perception
hypothesis is therefore untenable for facial expressions, but it probably does not
apply to other perceptual categories either; we can still see differences between
different reds, or different yellows, it is just that we see the effect of an equivalent



296 AW. Young et al. / Cognition 63 (1997) 271-313

difference in wavelength more easily if it crosses a boundary between colour
categories (Bornstein and Korda, 1984).

For these reasons, the key indicator of categorical perception is nowadays taken
to be the existence of better discrimination across category boundaries than within
categories (Harnad, 1987b). This has been found in previous studies of categorical
perception of facial expressions (Calder et al., 1996a; Etcoff and Magee, 1992). A
potentially important procedural difference, though, is that these studies used
morphs involving only 2 or 3 categories in any given task, whereas here we used 6
basic emotion categories in Experiment 1, and 7 categories for Experiment 2. We
therefore decided to determine whether the hallmark categorical perception effect,
enhanced discriminability of stimuli faling across the boundaries between
perceptual categories, could be found when 6 emotion categories were used to
generate stimuli. In addition, we made use of a simultaneous perceptual matching
task which eliminated the memory requirements inherent in the more usua ABX
discrimination task.

EXPERIMENT 3

Experiment 3 used sequential or simultaneous discrimination tasks. In the
sequential (ABX) discrimination task, stimuli A, B and X were presented in
seguence; subjects had to decide whether X was the same as A or B. The pairs to
be compared (A, B) were taken from the morphs in continua belonging to the outer
hexagon of Fig. 1b; these are the stimuli shown in Fig. 2a This is the standard
form of task used in the categorical perception literature; our aim was to determine
whether better discrimination would be found for morphs faling across the
boundaries between perceptua categories than for morphs that were close to the
category prototypes.

The simultaneous discrimination task used a perceptual matching procedure in
which pairs of stimuli involving identical (same) or adjacent (different) morphs
from continua belonging to the outer hexagon of Fig. 1b (the images shown in Fig.
2b) were presented simultaneously, and subjects were asked to decide whether
they were same or different. The advantage of this form of task is that it can be
based on a genuine perceptua discrimination, with no necessary memory
component; the aim was again to determine whether better discrimination would
be found for morphs falling across the boundaries between perceptual categories
than for morphs that were close to the category prototypes.

8. Method

8.1. Simuli

The six continua forming the outer hexagon of Fig. 1b were used as stimuli;
these are the 30 morphed images shown in Fig. 2a.
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82 Qubjects

Twenty-four members of the MRC Applied Psychology Unit subject panel
participated in the experiment. None of these had taken part in Experiment 1 or
Experiment 2. All were between the ages 25 and 50 years, and had normal or
corrected-to-normal  vision. They were paid for participating. Twelve were
assigned to the sequential (ABX) discrimination task, and 12 to the simultaneous
(same—different) matching task.

8.3. Design and procedure

First, we describe the ABX discrimination task. On each trial, a central fixation
cross was presented for 250 ms, followed by a blank interval of 250 ms and then
three successive face images. The first and second faces (A and B) were displayed
for 750 ms each, and the third face (X) for 1 s; they were separated by blank
intervals of 1 s. These times were the same as those used for ABX discrimination
by Etcoff and Magee (1992) and Calder et a. (1996a). Faces A and B were aways
different, and on half of the trials face X was identical to face A and on the other
half face B. Subjects were asked to make a button-press response to indicate
whether X matched A or B. Choices of A or B, and reaction times from the onset
of stimulus X were recorded.

Faces A and B differed by 1 step around the perimeter of the hexagon shown in
Fig. 1b, using the images presented in Fig. 2a. All 30 of the possible face pairs
were presented six times each during a single testing session, giving a total of 180
trials. The stimuli were presented on a 256 grey scale 16" Macintosh colour
monitor using Psyscope software. Each face subtended a horizontal visual angle of
3.6° and a vertical visual angle of 5.2°.

To acquaint subjects with the ABX procedure, the experiment began with 20
practice trials, selected at random. So that the subjects could assess their
performance in this practice phase, an error was signalled by a bleep from the
computer; there was no feedback in the experimental trials.

In the simultaneous (same—different) matching task, a central fixation cross was
presented for 250 ms, followed by the two simultaneous face images, which
remained in view until subjects responded, or for a maximum of 3500 ms if no
response had been made at that time. The face images were aligned horizontally on
the computer display screen, with one to the right and one left of centre, separated
by a vertica gap of 1.4°. All 30 of the different face pairs created by taking
adjacent images in Fig. 2a were presented six times each during a single testing
session, randomly interleaved with an equivalent number of trials where the two
images were exactly the same as each other, giving a total of 360 trials. Subjects
were asked to make a button-press response to indicate whether each pair involved
‘same’ (identical) or dightly ‘different’ images. Choices and reaction times from
stimulus onset were recorded. All other details of design and procedure were as for
the ABX task.
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9. Results

Both accuracy of discrimination and reaction times for correct choices were
recorded. Our principal interest was in discrimination accuracy, and we will only
use the RTs to establish that there was no overall speed—accuracy tradeoff. Note
that subjects in Experiment 3 were never asked to identify any of the stimuli in
terms of their emotion category, and that none had taken part in Experiment 1 or
Experiment 2.

The upper graph in Fig. 6 shows a summary of identification data for the
relevant continua taken from Experiment 1 (the perimeter of the hexagon in Fig.
1b: happiness—surprise—fear—sadness—disgust—anger—happiness), and the three
lower graphs show summaries of discrimination accuracy for each pair of stimuli
in Experiment 3.

First, there is a summary of sequential discrimination accuracy for the ABX
task, giving the percentages of correct choices. In this graph, the labels along the
x-axis represent the pairs of morphs being discriminated; for example, pair 90,70
in the happiness—surprise continuum (leftmost in the lower graphs of Fig. 6)
involves the 90% morph (90% happiness 10% surprise) and the 70% morph (70%
happiness 30% surprise). On this numbering convention, the 10,90 discriminations
lie across the locations of the prototype images; for example, the 10,90 discrimina-
tion in the happiness—surprise—fear region involves the 10% morph on the
happiness—surprise continuum (10% happiness 90% surprise) and the 90% morph
on the surprise—fear continuum (90% surprise 10% fear).

The two lowest graphs in Fig. 6 show performance in the simultaneous
discrimination task. This is represented in terms of the percentage of ‘different’
pairs correctly recognised as different, which is the obvious measure to take since
subjects tend to look for differences between the stimulus pairs, responding ‘ same’
whenever they fail to detect such a difference. Because there is thus a natural bias
toward responding ‘same’ whenever differences were not detected (which explains
why the percentages of correct responses to ‘different’ pairs can sometimes be less
than 50%), we also calculated sensitivity values for the signal detection statistic
d’, which is uncontaminated by response biases.

To analyze these data, we began by using the same procedure as Calder et al.
(19964a), which is based on a method which is widely adopted in the categorical
perception literature. Subjects performance in each discrimination task was
predicted from their identification rates, and these predictions were compared with
the observed discrimination results (Liberman et a., 1957).

The formula used to calculate subjects’ predicted performance was identical to
that used by Calder et al. (1996a). This formula is based on the view that
discrimination will depend on two contributory factors; first, subjects’ ability to
make use of the physical differences between each pair of morphed images in a
continuum, regardless of their expressions, and, second, any additional contribu-
tion from categorical perception of the facial expressions. As an estimate of the
first factor (ability to make use of the physical differences between each pair of
morphed images) we used the mean of the discriminabilities for the pairs at the
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Fig. 6. Percentage identifications from Experiment 1 (top graph) and predicted and observed
discrimination performance (lower graphs) in Experiment 3 (using the outer hexagon in Fig. 1b:
happiness—surprise—fear—sadness—disgust—anger—happiness). Discrimination performance is shown in
terms of percent correct sequential (ABX) discrimination, and for simultaneous discrimination as
percent correct ‘different’ responses and as d'.
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ends of each continuum (i.e., for the happiness—surprise continuum, we used the
average discrimination of morphs 10,90 lying at each end). To estimate the second
factor (contribution from categorical perception of the facial expressions), we used
the sum of the differences between the percentage rates at which the members of
each pair were assigned to each expression category in the identification task (i.e.,
using the identification data from Experiment 1). These two factors were then
combined to yield the predicted performance curve for each continuum; for the
percent correct measures this was done by adding 0.25 of the identification
difference for the relevant pair to the estimate of the overall physical difference.
Of course, this particular way of combining the estimates of the two factors is
arbitrary, since we have no a priori way of knowing which will have the greater
influence. However, the 1:4 ratio works reasonably well not only for Experiment 3
here, but for all of the experiments reported by Calder et a. (1996a). For the d’
measure, the same formula was used, but with the second factor (sum of
identification differences) weighted at 0.01 instead of 0.25, to alow for the
different numerical scale of d’ as compared to percent correct. Again, the same
procedure was used for d’ by Calder et a. (1996a).

The three lower graphs in Fig. 6 show subjects mean predicted performance
(filled squares) and their observed performance (open sguares) for each measure.
The fit between predicted and observed performance in each graph was assessed
by correlating predicted and observed scores, and converting this to a t-value
(McNemar, 1962). This showed a significant correlation of predicted and observed
performance in each case (sequential discrimination, r = 0.46, t = 2.76, df 28,
p < 0.02; simultaneous discrimination, percent correct ‘different’ responses, r =
0.57, t =3.69, df 28, p<0.001; simultaneous discrimination, d’, r =0.53, t =
3.29, df 28, p<0.01). As can be seen, peak discriminabilities were generaly
found for morphs which were near the midpoint of each section of the continuum,
whereas morphs lying closer to the prototype expressions (which were never
shown in the experiment) were less discriminable.

An intriguing feature of this finding is that it appears to be the morphed images
which subjects were slowest to assign to emation categories in the identification
task used in Experiment 1 which proved easiest to discriminate in Experiment 3.
We therefore decided to find out whether the reaction times for identification of
each morph from Experiment 1 could also predict discrimination accuracy in
Experiment 3. This was done with the same procedure as above, but taking the
contribution from categorical perception of the facia expressions to predicted
performance to be one-fiftieth of the difference between the Experiment 1 reaction
times (in ms) for identification of the morphs in each stimulus pair. This anaysis
of the relation between reaction time for identification of each morphed image and
discrimination accuracy also showed significant correlations (sequential discrimi-
nation, r = 0.40, t =2.33, df 28, p<0.05; successive discrimination, r = 0.65,
t =4.49, df 28, p <0.001), confirming that morphs which subjects were slower at
assigning to emotion categories in Experiment 1 were indeed easier to discriminate
in Experiment 3.

We now turn to consider the reaction times from the discrimination tasks. These
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cannot be used as a principal measure, because discrimination accuracies were at
chance level for some pairs. Also, in the particular case of ABX discrimination,
response times will probably be affected by the order of the stimuli; for example,
subjects may be faster to respond when face B = face X than when face A = face
X, and it is quite likely that they are doing different things in making these
comparisons to the immediate or one-before-last items. However, despite these
problems affecting the interpretability of discrimination RTs, we considered it
important to establish that there was no overall speed—accuracy tradeoff; i.e., that
poor discrimination did not arise from subjects responding very quickly to these
pairs, without due consideration. Analyses of the relation between reaction time
and discrimination accuracy for Experiment 3 showed highly significant negative
correlations (sequential discrimination, r = —0.73, t=5.58, df 28, p<0.001;
successive discrimination, r = — 0.80, t = 7.13, df 28, p < 0.001). In other words,
RTs were fastest when discrimination was good, and slowest when discrimination
was poor. Hence, there was no sign of subjects trading speed against accuracy.

Although the design used here, in which faces could differ by 1 step around the
perimeter of the hexagon shown in Fig. 1b, has certain powerful features, there is
one problem which can limit the interpretation made. This is that, whilst the
morphing process creates equal shape intervals for any one of the 6 constituent
continua in the hexagon, these intervals need not be equal across continua. Instead,
the size of interval for each continuum will be dependent on the similarity of the
two prototype expressions involved; the more similar the prototypes are in the first
place, the smaller will be the intervals between the interpolated images. The
consequence of this is that the size of the 1 step intervals which pass a prototype
(i.e., the 10,90 discriminations in Fig. 6) need not be exactly the same as the sizes
of adjacent intervals.

For these reasons, we decided to confirm the critical categorical perception
finding of better discrimination for pairs of stimuli drawn from regions where there
were marked differences in identification rates than for pairs of stimuli lying close
to the prototypes, using a procedure which did not involve data from the 10,90
pairs. If one removes the 10,90 pairs from consideration, then each set of
discrimination results involves 6 continua running from pairs numbered 90,70 to
30,10 using the convention outlined for Fig. 6. Of these, the 90,70 and 30,10 pairs
in each continuum lie close to one of the two prototypes, and the 70,50 and 50,30
pairs are more distant from the prototypes. We, therefore, calculated the mean
discriminabilities of near prototype (90,70 and 30,10) and more distant from
prototype (70,50 and 50,30) pairs in each continuum. If categorical perception
applies, then we would expect better discrimination of pairs that are more distant
from the prototypes, even though the members of near-prototype and far-from-
prototype pairs are an equal number of steps apart in the morphed continua. This
was found; mean discriminability was poorer for near-prototype pairs in al 6
continua for each of the lower 3 graphs in Fig. 6 (Wilcoxon matched-pairs
signed-ranks test: sequential discrimination, T=0, N =6, p <0.05; simultaneous
discrimination, percent correct ‘different’ responses, T=0, N=6, p<0.05;
simultaneous discrimination, d’, T=0, N=6, p<0.05).
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Finally, it seems likely from these analyses that the sequential and simultaneous
discrimination tasks tap the same phenomenon, since results were always
consistent across these variants of the discrimination task, even though different
groups of subjects were involved. There was a high correlation between observed
percent correct performance for sequential and successive discrimination (r = 0.82,
t=7.45, df 28, p<0.001).

10. Discussion

Experiment 3 showed significant correlations of predicted and observed
discrimination performance, and the critical categorical perception finding of better
discrimination for pairs of stimuli drawn from regions where there were marked
differences in identification rates than for pairs of stimuli lying close to the
prototypes. Better discrimination of far-from-prototype stimuli was found even
though the members of near-prototype and far-from-prototype pairs were an equal
number of steps apart in the morphed continua. These results held both for
sequential (ABX) and for simultaneous discrimination, and the findings were
achieved using a set of stimuli consisting entirely of morphed faces made by
combining prototype images from 6 possible emotion categories.

These findings provide a strong test of categorical perception, and rule out two
important sources of potential artifact which are often neglected.

First, the typical categorical perception experiment uses a single continuum
ranging between two prototype expressions. A problem with this sort of design is
that during the course of the experiment subjects can readily learn the prototypes
and the range of stimuli in between; the consequence might be to bias subjects
correct discrimination responses toward the middle of each continuum (Poulton,
1975). Here, we eliminated such problems by drawing stimuli from six possible
continua forming the perimeter of an emotion hexagon, and by never showing any
of the prototypes from which these continua were derived.

Second, the standard ABX discrimination procedure incorporates a memory
load; in order to decide whether face X matches face A or face B, one must hold
representations of A and B in memory. Hence, although the ABX discrimination
task is usually interpreted as if it were a test of perceptual processing, it also taps
short-term memory function. It was possible then that the pattern of discrimination
data (heightened discrimination at the category boundary) found with the ABX
task might have reflected a short-term memory phenomenon rather than a
perceptual effect. Here, we replicated the results of ABX discrimination with a
same—different matching task that did not incorporate a memory load as an
essential component. Of courseg, it remains (just) possible that people still make
use of some form of short-term storage even in the same—different matching task;
however, the important point is that same—different matching with simultaneously
presented pairs does not in itself demand that they do so, and it thus gives a rather
better estimate of perceptual discrimination than does the sequential ABX task.
Given the high degree of concordance between the data from these two tasks, it
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seems reasonable to infer that categorical perception of facial expressions is more
likely a perceptua than a short-term memory phenomenon.

We can conclude, then, that categorical perception (in the sense of enhanced
discrimination across boundaries and poorer within-category discrimination) is
found even when stimuli are drawn simultaneously from a large set of emotion
categories.

EXPERIMENT 4

Although Experiments 1-3 produced evidence consistent with a category-based
rather than a dimensional account of facial expression recognition, they also
showed that people can see differences between morphed expressions, even when
they assign them to a common category. This was implied by our findings that
distance from the prototype affects ability to classify the resulting morphed
expression (Experiment 1 and Experiment 2), and that discrimination need not be
at chance level for within-category pairs (90,70 and 30,10 pairs in Experiment 3).

In Experiment 4, we were interested to explore further the nature of this
within-category discriminability, and especially to determine whether people can
perceive the direction in which an image has been morphed. For example, can they
see the anger in a 90% happy 10% angry morph, or in a 70% happy 30% angry
morph, even though they would classify both of these as ‘happy’? To investigate
this, we asked subjects to rank order the emotions which each morph mostly
closely approximated.

11. Method

11.1. Simuli

Stimuli were the 75 morphed images from Experiment 1, and JJ's 6 prototype
expressions from the Ekman and Friesen (1976) series.

11.2. Subjects

Eight members of the MRC Applied Psychology Unit subject panel participated
in the experiment. All were between the ages 25 and 40 years and had normal or
corrected-to-normal vision. None had participated in Experiments 1-3. They were
paid for participating.

11.3 Design and procedure
The experiment involved 2 blocks of trials, carried out in a single testing

session. In each block, the 75 morphed images from Experiment 1 were presented
one at atime in random order. Interspersed among these trials with morphed faces
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were 2 sets of trials with JJ's 6 prototype expressions (happiness, surprise, fear,
sadness, disgust, anger) from the Ekman and Friesen (1976) series.

Subjects were asked to decide for each face image which emotion (happiness,
surprise, fear, sadness, disgust or anger) it was most like, which it was second-
most like, and which it was third-most like. Responses were made via sequential
button presses for first, second and third choices, using a box with 6 labelled
buttons (one for each emotion), which was interfaced with the computer to record
ratings and begin the next trial once the third choice had been made. On each trial,
the morphed image remained in view until the three button press choices were
completed. The ordering of the 6 emotion labels on the response buttons was
randomised across subjects.

To ensure that subjects were used to this procedure, the first block of trials was
preceded by 12 practice trials with the 90% and 70% morphs from the 6
emotion-to-neutral continua used in Experiment 2; these images form the two
left-most columns in Fig. 4.

As for Experiment 1, stimuli were presented on a 256 grey scale 16” Macintosh
colour monitor using Psyscope software. Each face subtended a horizontal visual
angle of 3.6° and a vertical visual angle of 5.2°.

12. Results

The issue of interest was whether subjects could see that a morphed image
which was close to prototype A (e.g., one which is 90% happy) had been
combined with prototype B (e.g., 10% anger). To investigate this, we created an
arbitrary scale to indicate which emotions were seen in each morphed image. On
this scale, the first choice emotion for each stimulus was given a score of 3, the
second choice a score of 2, the third choice scored 1, and the other (unchosen)
emotions scored 0. What we were looking for was whether people could see the
combinations of expressions within the region consistently assigned to a particular
emotion category; i.e., whether a morph lying close to prototype A was rated most
like expression A, but next-most like B (where B is the expression it was blended
with), and unlike C, D, E or F (expressions not used in that particular morph). The
critical question then becomes that of whether the mean score for emotion B was
higher than the mean scores for emotions C—F.

A complicating factor is that some of the prototype facial expressions are more
similar than others; hence, it is important to separate out cases where emotion B is
seen in a morph simply because the prototype expression for emotion A resembles
emotion B anyway. For this reason, the prototype images were included in
Experiment 4, to give an estimate of the intrinsic similarities between JJ's facial
expressions regardless of morphing. The scores for the relevant prototype were
then subtracted from the scores for each of the morphed images, so that only
differences between the perception of each emotion in a morphed image and the
appropriate prototype were considered.

These difference scores are presented in Fig. 7. Each of the graphs in Fig. 7
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Fig. 7. Scores representing differences between the perception of each emotion in a morphed image and
the appropriate prototype. Each graph shows difference scores (y axis) for the perception of each
emotion in 90%, 70% and 50% morphs (x axis). Each of the near prototype expressions (i.e., the ones
contributing 90%, 70% or 50% to each morph) is shown as a separate row. Moving from left to right
along each row, the graphs show data for morphs moving toward each of the 6 different far prototype
expressions (i.e., those contributing 10% to 90% morphs, 30% to 70% morphs, or 50% to 50%
morphs).

shows difference scores (y-axis) for the perception of each emaotion in 90%, 70%
and 50% morphs (x-axis). Each of the near-prototype expressions (i.e., the ones
contributing 90%, 70% or 50% to each morph) is shown as a separate row.
Moving from left to right along each row, the graphs show data for morphs
moving toward each of the 6 different far-prototype expressions (i.e., those
contributing 10% to 90% morphs, 30% to 70% morphs, or 50% to 50% morphs).
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Because these scores represent the differences from the relevant near prototype,
the score for the perception of the near-prototype emotion quickly becomes
negative as the morph moves away from the prototype. What is of interest,
however, is what happens to the difference scores for the far-prototype emotions.
Inspection of Fig. 7 shows that these are generaly indistinguishable from the
scores for other emotions at the 90% morph level (where the far prototype
contributes 10%), start to rise above the scores for other emotions at the 70%
morph level (where the far prototype contributes 30%), and are usually well clear
of the rest at the 50% point.

To andyze this datistically, we compared the difference scores for far
prototypes to the mean difference score for the 4 unrelated emotions which were
not involved in that continuum (i.e., excluding the near and far prototypes). A
two-factor Analysis of Variance was used to determine the effects of distance from
the prototype (90%, 70%, 50% morphs; repeated measure) and type of emotion
(far prototype versus unrelated; repeated measure). This showed significant main
effects of both factors (distance from prototype, F = 104.77, df 2,58, p < 0.001;
type of emotion, F = 87.63, df 1,29, p < 0.001). Both of these main effects were
qualified by the significant interaction shown in Fig. 8 (distance from prototype X
type of emotion, F = 111.64, df 2,58, p < 0.001). Analysis of this interaction with
post hoc Tukey tests (o = 0.05) showed that perception of the far-prototype
emotion was significantly different from the perception of unrelated emotions at
the 50% level and at the 70% level, but not at the 90% level (where the far
prototype only contributes 10% to each morphed image).

Note that in Fig. 8, where any overall similarity between prototype expressions
has aready been removed by subtraction, the mean score for perception of
unrelated expressions is effectively zero at all levels of morphing. This is exactly
as would be expected if the emotions which do not come from one of the
prototypes are not perceived in the morphed images. The finding that this holds for

1.5
—®— Far prototype
1 —0—— Mean unrelated
o expression
S 0.5
o
0 —0—
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90 70 50

Percent morphing

Fig. 8. Interaction of distance from prototype with type of emotion; the scores represent differences
between the perception of an emotion in a morphed image and the appropriate prototype. Ability to
perceive the far prototype emotion was significantly different from the perception of unrelated emotions
(i.e., the 4 emotions which were not used in the creation of a particular morph) at the 50% level and at
the 70% level, but not at the 90% level.
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50% morphs is consistent with the identification results from Experiments 1 and 2,
where we noted that there were few intrusions from unrelated categories at the
mid-point of each continuum.

13. Discussion

The results of Experiment 4 show that when a prototype only contributes 10%
to a particular morph, subjects cannot reliably identify which prototype that 10%
has come from, but that for prototypes contributing 30% they begin to be able to
do this. This is interesting because in Experiment 1 al 30% morphs were
consistently identified as belonging to the category contributing 70%. However,
we noted that distance from the prototype affected reaction times for classifying
morphed expressions in Experiment 1, which implied that people can see
differences between these morphed expressions, even when they assign them to a
common category. Experiment 4 has taken this point a step further, by showing
not only that people are sensitive to differences between expressions which they
assign to a common overall category, but that they can have some insight into the
nature of these differences.

However, one should not overestimate the extent of this insight, which was
elicited by a forced-choice procedure, where subjects were made to select 3 labels
for each face. Etcoff and Magee (1992) had included a ‘free naming' task in which
subjects were shown each picture and encouraged to describe the expression using
whatever words or labels they wished. They noted that in these circumstances
““descriptions in which two emotions were mentioned were virtually non-existent,
even though use of multiple labels of the subjects’ choosing was encouraged”
(Etcoff and Magee, 1992, p. 236).

Nonetheless, the ability to see some within-category differences revealed by our
experiments makes sense, given that in everyday life we are often interested not
only in the emation category to which a perceived facial expression belongs, but
the intensity with which it is expressed. Moreover, more subtle emotion states may
involve transitions from one emation to ancther, or even blends, and again some
ability to pick these up perceptually is desirable. Consistent with our findings,
Ekman et a. noted that for faces which had some action units relevant to a second
emotion, subjects could often identify the second emotion, though with a certain
amount of difficulty (Ekman et al., 1987).

GENERAL DISCUSSION

Our experiments examined perception and recognition of facial expressions,
using morphs of the full set of emotions from the Ekman and Friesen (1976)
series. Although the very substantial computational requirements of rendering and
morphing such a large set of continua meant that only one person’s face (JJ s) was
used to create the morphed images, his prototype expressions were well recognised
in the control data of Ekman and Friesen (1976), and the results proved highly
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consistent across nearly al of the morphed continua. There is thus no reason to
believe that our findings are constrained by the use of a single face, and we would
expect they will generalise to other models.

In Experiment 1 and Experiment 2 we showed that, for identification, morphed
facial expressions still behaved like discrete categories when stimuli could come
from any possible continuum and a 6-way choice of all emotions or a 7-way
choice including neutral was available. In al cases, identifications of the morphed
faces belonging to each continuum were mainly in terms of the prototypes at either
end of the relevant continuum, with high identification rates at each end, and a
sudden shift in the middle. Moreover, in the regions where identification changed
from one emotion category to another, there were few intrusions from categories
which did not belong to that continuum. Even in Experiment 4, where subjects
were asked to list in order the 3 most appropriate emotion labels for each morph,
they showed no tendency to perceive emotions which did not come from one of
the prototypes used to generate each morphed image. Hence, these regions with
identification shifts were seen as involving orderly transitions between categories,
not as regions of generalised uncertainty. These findings held even when ‘neutral’
was alowed as a response, in Experiment 2; in effect, neutral behaved in the same
way as the other emotion categories.

These results provide strong evidence that facial expressions are perceived as
belonging to discrete categories. Note especially that the findings held for all
expression continua, regardless of their positioning with respect to confusabilities
or hypothesised dimensions of emotion. This is inconsistent with any account of
emotion perception in terms of a two-dimensiona model. On such accounts,
continua which lie close to or actually run along the hypothesised dimensions
should move through a region with no identifiable expression in the middle; in this
region subjects should respond at random or perceive the emotion as neutral, yet
this was never observed. Since we explored every possible pairwise continuum in
Experiments 1 and 2, we might reasonably expect that some should have
corresponded to underlying dimensions of emotion perception, if these exist. No
such evidence was forthcoming. Similarly, on an account based on two underlying
dimensions, continua which cross these dimensions should have a discrete region
in the middle which belongs to neither prototype. For example, on the schema of
Woodworth and Schlosberg (1954) (see Fig. 1a), the surprise—anger continuum
should run through a central region perceived as fear. Again, this type of pattern
was never found.

It is clear, then, that the colour circle analogy used by Woodworth and
Schlosberg (1954) gives a misleading account of emotion recognition. Although
the types of representation used in Fig. 1(a and b) may capture certain interesting
and important aspects of the similarities (and hence confusabilities) between
emotions perceived in the face, there is no acceptable two-dimensional solution to
the whole problem of classifying facial expressions. The two-dimensional circle
representation works for colour because hue is determined by a single underlying
physical variable (wavelength), and coded in the visual system by opponent
processes operating along two dimensions (red—green; blue—yellow). The analogy
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of facial expression perception to the colour circle probably breaks down because
facial expressions arise from the interaction of several distinct physical cues.

Of course, we may well be able to perceive continuous variation in each of these
physical cues to emotion; if you look at each continuum in Fig. 2, you can see the
shape of the lips change, the mouth open or close, the eyes widen or narrow, the
eyebrows raise or lower, and so on. Our point is simply that the visual system uses
these continuously variable cues in combination, to create perceived categories.
There is nothing in our results to encourage the view that the visual system codes
facial expressions solely in terms of their positions with respect to a small number
of underlying dimensions.

Hence, the morphed facial expressions from the Ekman and Friesen (1976)
series are best considered as lying in a multi-dimensional perceptual space, in
which the continua linking any particular prototype to any of the other prototypes
pass through entirely distinct regions. Dimensions such as pleasant—unpleasant
thus correspond to intellectual, not perceptual constructs.

To understand the implications of this, two closely related theoretical issues
need to be distinguished. The first issue concerns whether facial expressions of
emotion are analyzed as discrete categories, or in terms of underlying dimensions
(Ekman, 1982; Ekman et a., 1972). As we have noted, our results are in line with
the analysis as categories hypothesis, since morphed facial expressions were
always seen as belonging to discrete categories, with no evidence of any
underlying dimensions. This consistency is all the more impressive because the
prototype images were never shown in Experiment 1 or Experiment 2; al of the
stimuli were morphs.

The second issue concerns the level at which assignment to categories is made;
whether (as we have argued here) perceptua classification mechanisms are
specificaly tuned to the combinations of facial features that represent each
particular emotion, and we assign a seen facial expression perceptualy to the
category exemplifying the nearest emotion, or whether category membership is
assigned at a post-perceptual stage by higher conceptual and linguistic systems
(Etcoff and Magee, 1992). As Etcoff and Magee (1992) pointed out, the
hypothesis that emotions are analyzed as discrete perceptual categories also
predicts that facial expressions will show categorical perception effects. Experi-
ment 3 therefore used discrimination tasks, in which the pairs to be compared were
taken from the morphs in continua belonging to the perimeter of the hexagon
drawn in Fig. 1b. Results showed categorical perception in terms of better
discrimination for pairs of stimuli taken from regions belonging to different
perceptual categories, and poorer discrimination of pairs of stimuli lying close to
the prototypes. This was achieved using a set of stimuli consisting entirely of
morphed faces, which were made by combining prototype images from 6 possible
emotion categories. We can thus conclude that categorical perception (in the sense
of enhanced discrimination across boundaries and poorer within-category discrimi-
nation) is found even when stimuli are drawn simultaneously from a large set of
emotion categories.

When placed end to end, the 6 continua used in Experiment 3 had no fixed
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beginning or end. Experiment 3 was thus an extension of the technique used by
Calder et al. (1996a), who used a fear—happiness—anger—fear triangle to show that
categorical perception of facial expressions is not created by range effects, anchor
effects, or learning of prototypes during the experiment (in fact, prototypes were
never shown). The present Experiment 3 therefore provides further strong support
for the view that categorical perception of facial expressions reflects what is in
subjects’ heads at the start of the experiment, rather than artefacts created by
reliance on single continua. In addition, Experiment 3 used a simultaneous
discrimination task that did not incorporate a memory load as an essential
component as well as the more conventional sequential (ABX) discrimination;
closely comparable results were found with these tasks. In this way, we were able
to show that categorical perception of facia expressions is more likely a
perceptual than a short-term memory phenomenon.

Despite these clear demonstrations that facial expression recognition shows
properties consistent with the idea that recognition involves assigning expressions
to discrete categories, reaction time data from the identification tasks used in
Experiment 1 and Experiment 2 showed that distance from the prototype had a
definite cost on ability to classify the resulting morphed image; morphs which lay
closest to the prototype expressions used to create them were most easily
identified. This finding provides evidence against the view that categorical
perception effects are an epiphenomenon of verbal labelling. Instead, the best-
discriminated pairs were those which were actually the most difficult to label.
However, the finding also shows that people are sensitive to differences between
particular exemplars of facial expressions and some idealised category prototype.

Experiment 4 took this a step further, and showed not only that people are
sensitive to differences between expressions which they assign to a common
overall category, but that they can have some insight into the nature of these
differences. Hence, the categorisation of facial expressions into basic emotions is
carried out by a system which remains sensitive to physical differences within a
category; for instance, the differences between two different faces which may
signal fear to an observer may still be seen, even though they are assigned to a
common category. But there are limits to our ability to see within-category
differences; Experiment 3 showed the classical categorical perception effect of
better discrimination for pairs of stimuli drawn from regions belonging to different
perceptual categories, and poorer discrimination of pairs of stimuli lying close to
the prototypes.

We have shown, then, that categorical perception effects of enhanced discrimi-
nation at category boundaries are found even though subjects can be sensitive to
differences between morphed expressions in identification tasks. We therefore need
to consider which forms of category model can provide plausible accounts of the
data we have presented. Our view is that an account treating facial expressions as
corresponding to discrete categories of emotion fits our findings, but we accept
they are inconsistent with the strongest possible variants of the categorical
perception hypothesis; it is not the case that assignment to discrete categories



AW, Young et al. / Cognition 63 (1997) 271-313 311

means that there is nothing else to account for. In fact, though, findings from other
domains of research are also inconsistent with exaggerated and oversimplified
versions of categorical perception; the overall pattern of findings reported here for
facial expressions is no different than for other perceptual categories.

Consider colour perception. Although we can discriminate a wavelength we see
as blue from a wavelength we see as green more easily than we can discriminate
an equivalent difference in wavelength falling within the blue or within the green
category, we can nonetheless still see differences between different blues and
different greens (Bornstein and Korda, 1984). Similarly, studies of categorical
perception effects for speech show that stimuli falling within the same phonetic
category can be discriminable from each other, even though within-category
discriminability is generally lower than between-category discriminability (Miller,
1994). Such findings exactly parallel our results for perception of facial expres-
sions of emation.

Our experiments show that, athough facial expressions are recognised as
discrete categories, there are clear effects on recognition of distance from the
prototype; the closer a seen face approximates one of the category prototypes, the
more easily it is recognised. But this is aso true for al known forms of human
categorisation. In perceptual categorisation, for example, studies of speech
recognition show that it is possible to construct good or poor exemplars of each
phoneme (Miller, 1994). Or consider semantic categorisation. Again, closeness to
category prototypes is well-known to exert influences on our ability to assign
exemplars to the correct semantic category; we can classify robins as belonging to
the category ‘birds’ more quickly than we can classify atypical exemplars such as
penguins (Shoben, 1982; Young et al., 1989).

Facial expressions, then, show effects which are found for other types of human
classificatory ability. Thisis in some ways counterintuitive. Because of the strong
biological background evident in facial expressions of emotion (Darwin, 1872;
Ekman, 1973), it might have been thought that the evidence of categorical
perception we have found reflected a relatively fixed influence from a dedicated
underlying biology. Although this assumption is often made, in part because other
categorical perception effects (e.g., for speech or colour perception) also seem to
be linked to underlying biological predispositions, we see no compelling reason to
accept it. Instead, it seems to us more likely that categorical perception will prove
to be an emergent property of population coding in the nervous system; in other
words, we suspect that categorical perception effects of the type investigated here
will arise whenever populations of cells become tuned to distinct categories.
Findings that categorical perception effects can be created by learning, such as
those observed for recognition of identity from the face (Beale and Keil, 1995),
are consistent with this view.

It seems, then, that rapid classification of prototypes and better across-boundary
discriminability reflect the underlying organisation of human categorisation
abilities. If so, then Harnad (1987b) was right to suggest that categorical
perception reflects fundamental properties of human cognition.
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