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Abstract

Perceptual processing of emotional facial expressions occurs
very quickly, even without awareness. To determine whether
the fast processing of facial expressions is categorical, we
studied temporal characteristics of categorical perception (CP)
of facial expressions. We investigated the effect of shortening
stimulus duration on participant performance with respect to
identifying and discriminating morphed facial expressions.
The results of two experiments showed that CP was
attenuated or even disappeared when facial stimuli were
presented for as briefly as 50-75 milliseconds. These findings
indicate that CP is irrelevant to the fast perceptual processing
of facial expressions.

Facial expressions of emotion are processed very quickly,
even without awareness (Morris, Ohman, & Dolan, 1998;
Whalen et al., 1998). It has been proposed that this fast
emotional processing provides a ‘dirty’ image of the
external world, enabling organisms to detect salient stimuli
immediately (Adolphs, 2002; LeDoux, 1996). What is still
not understood, however, is how this fast and dirty
processing of facial expressions works.

A hallmark of facial expression recognition is its
categorical nature, that is, facial expressions are recognized
as belonging to discrete categories of emotion, so-called
basic emotions (e.g., Ekman, 1992; Izard, 1992). Reports on
categorical perception (CP) of facial expressions are thought
to provide strong evidence that people process facial
expressions categorically (Calder et al., 1996; DeGelder,
Teunisse, & Benson, 1997; Etcoff & Magee, 1992; Young
et al, 1997). Previous studies have confirmed that
recognizing facial expressions fulfills the following features
of CP: (a) in identifying a stimulus within a continuum
extending from one category to another, the rate of
categorizing the stimulus changes abruptly at a boundary
(category boundary); and (b) in discriminating a pair of
stimuli that differ by a constant physical amount,
discrimination is superior for pairs straddling the category
boundary (between-category pairs), as compared to pairs
falling within one category (within-category pairs). It has

been argued that the perceptual system transforms the
information continuously received from a given facial
expression into categorical information corresponding to the
most likely emotion (Etcoff & Magee, 1992).

In previous research, however, facial stimuli were
presented for a relatively long period (750 ms), so it
remains unclear whether the fast perceptual processing of
facial expressions is categorical in nature. Our goal was to
investigate the effects of shortening stimulus duration on CP
of facial expressions and to examine whether the fast
perceptual processing is categorical.

Experiment 1

In Experiment 1, participants identified facial expressions
from three continua extending from anger to happiness,
from happiness to fear, and from fear to anger. We
investigated how shortening stimulus exposure duration
(750 ms, 150 ms, 50 ms) affected the abrupt change in the
rate of identification at the category boundary.

Method

Participants Twelve undergraduates and postgraduates
participated (8 men, 4 women; 20-24 years old).

Facial Stimuli Three sets of eight gray-scale images of
facial expressions were used. Each set consisted of a
continuum extending either from anger to happiness, from
happiness to fear, or from fear to anger. The original
(endpoint) facial expressions were posed photographs of a
Japanese woman, and interpolated (morphed) expressions
between the two continuum endpoints were created with
software for facial expression processing (Information-
technology Promotion Agency, Japan (IPA), 1998).

The morph transformation started with the delineation of
two endpoint expressions; landmarks were placed manually
on critical positions of each image. There were 759
landmarks in total, 88 points of which were placed manually
on corresponding positions of each image: for the head, 4
points; for the outline, 28 points; for the eyes, 5 x 2 points;
for the eyebrows, 4 x 2 points; for the nose, 4 points; for the
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mouth, 6 points; for the neck, 13 points; and finally for the
hairline, 15 points. An intermediate face was then created
with linear interpolation between point-to-point pixel
intensity values, yielding a weighted blend of both facial
configuration and texture of the two endpoint faces. Six
intermediate faces were generated for each continuum, so
that eight images from one endpoint to the other were
spaced with a 14.3% gap.

Procedure and Design Participants performed the
identification task (three sessions) by viewing stimuli
presented on a 17-inch CRT monitor. Each trial began with
an 800-ms presentation of a fixation point, followed by a
blank interval of 300 ms, and then a facial stimulus from
one continuum for 750 ms, 150 ms, or 50 ms. After a 300-
ms blank interval, participants were asked to decide which
endpoint category the face expressed. The continuum was
manipulated across sessions: from anger to happiness (AH
session), from happiness to fear (HF session), and from fear
to anger (FA session). The order of the three sessions was
counterbalanced across participants. Each session began
with 24 training trials, followed by five blocks of 48
experimental trials, corresponding to two repetitions of the
24 combinations of faces (8) and stimulus durations (3). The
order of the face-duration sets was fully randomized in each
repetition.

Results & Discussion

Figure 1 displays the overall percentage with which a given
endpoint expression was identified at each stimulus duration,
for each continuum. As an estimate of the category
boundary, the point at which two endpoints were identified
with equal probability was computed by applying a logit
model to each identification rate curve (Table 1). In general,
the category boundary lay near the 50% morph. More
importantly, Table 1 also indicates the slope of the logistic
curve at the category boundary as a measure of the
identification rate change at the boundary. Multiple
comparisons (Z tests) with Bonferroni’s method (0=0.017)
revealed that the slope at 50 ms was significantly, or
marginally significantly, smaller than at 150 ms and at 750
ms for the anger-happiness and happiness-fear continua (AH
session, 50 ms vs. 150 ms, z=2.37, p=0.018, 50 ms vs. 750
ms, z=3.67, p<0.001, 150 ms vs. 750 ms, z=1.48, p=0.139;
HF session, 50 ms vs. 150 ms, z=2.69, p=0.007, 50 ms vs.
750 ms, z=4.07, p<0.001, 150 ms vs. 750 ms, z=1.74,
p=0.082). No slope change was observed for the fear-anger
continuum (all ps>0.35).

The decreased slopes of the identification rate curves for
the anger-happiness and happiness-fear continua at 50 ms
indicate that the CP of facial expressions is attenuated with
the briefest stimulus exposure duration. The lack of slope
change for the fear-anger continuum may be due to the
originally weak categorical perception between fear and
anger, which reflects their remarkable similarity with
respect to the dimensional information of pleasure and
arousal (Russell, 1997). Indeed, the slope for the fear-anger
continuum was the smallest of the three continua at 750 ms.
Likewise, there are previous reports that have failed to

detect clear CP for the fear-anger continuum (Calder et al.,
1996; DeGelder et al., 1997).
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Figure 1: Overall percentage with which a given endpoint
expression (top: happiness, middle: fear, bottom: anger) was
identified at each stimulus duration, for each session. Morph
represents a percentage of happiness (top), fear (middle), or
anger (bottom) for a given face.
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Table 1: Estimates of the position of the category boundary
and the slope at the boundary.

Session Duration Boundary (%) Slope
AH 750 ms 56.9 14.5
150 ms 52.5 12.5

50 ms 49.0 10.0

HF 750 ms 43.3 18.1
150 ms 479 14.9

50 ms 51.2 11.3

FA 750 ms 53.9 13.3
150 ms 51.8 13.8

50 ms 49.2 12.6

Note Boundary represents a percentage of happiness (AH
Session), fear (HF Session), or anger (FA Session) for a
morphed face.

Experiment 2

Experiment 1 revealed that the abrupt change in
identification rate at the category boundary was attenuated
at the briefest stimulus exposure duration, indicating that CP
of facial expressions did not reflect fast perceptual
processing. To further examine temporal characteristics of
CP, Experiment 2 investigated whether superior
discrimination for between-category pairs could be observed
with the brief stimulus exposure duration when compared to
discrimination for within-category pairs. Because a more
accurate discrimination performance for between-category
pairs is regarded as the key indicator of CP (Harnad, 1987),
its disappearance at the brief stimulus duration provides
crucial evidence that categorical perception does not occur
rapidly. In Experiment 2, participants engaged in both
discrimination and identification tasks of facial expressions
from the happiness-fear continuum. We selected the
happiness-fear continuum from the three continua used in
Experiment 1 because it did not incorporate any gross
changes in physical features (e.g., from open to closed
mouth), which might obscure CP (Calder et al., 1996).

M ethod

Participants Twenty-three undergraduates participated (12
men, 11 women; 18-24 years old).

Facial Stimuli One set of 11 gray-scale images of facial
expressions was used. The set consisted of a continuum
extending from happiness to fear. The endpoint expressions
and the morphing procedure to create interpolated faces
were the same as in Experiment 1. Nine intermediate faces
were generated so that the 11 images from happiness to fear
were spaced with a 10% gap.

Procedure and Design Participants performed two
successive tasks (two sessions each) by viewing stimuli
presented on a 17-inch CRT monitor.

XAB discrimination task The sequence of the stimuli
presented in each trial was as follows: (1) a fixation point
for 450 ms; (2) a blank interval for 300 ms; (3) a facial
stimulus ‘X’ for 150 ms or 75 ms (target); (4) a black-and-
white checker-pattern for 150 ms (backward mask); (5) a
blank interval for 750 ms; (6) and finally, two facial stimuli
‘A’ and ‘B’, positioned horizontally to the right and left of
center, displayed until the participants responded (reference).
Participants were asked to decide which reference was
identical to the target.

The backward mask was used to restrict visual access to
the target over the controlled stimulus exposure duration
(Enns & DiLollo, 2000). Because the backward mask might
degrade target perception, we used 75 ms as the brief
exposure duration, which is somewhat longer than the 50 ms
tested in Experiment 1. We also used 150 ms as the sole
longer exposure duration interval, because we speculated
that task difficulty might differ too much between 75 ms
and 750 ms. Reference stimuli were spaced with a 20% gap,
resulting in nine possible pairs. For each pair, there were
four presentation orders; (X,A,B) = (A,A,B), (A,B,A),
(B,A,B), (B,B,A). Target duration was manipulated across
sessions, and the order of the two durations was
counterbalanced across participants. Each session contained
10 training trials and two blocks of 36 experimental trials
representing all combinations of pairs (9) and presentations
(4). The order of the pair-presentation sets was fully
randomized in each block.

Identification task Stimulus sequence in each trial was
the same as in the XAB discrimination task, with the
exception that reference stimuli were removed. Participants
were asked to decide whether the target stimulus expressed
fear or happiness. The order of the two sessions across
which the target duration was manipulated was the same as
in the XAB discrimination task. Each session contained 10
training trials and two blocks of 44 experimental trials
corresponding to four repetitions of the 11 faces. The order
of the faces was fully randomized in each repetition.

Results & Discussion

Identification Task Figure 2 presents the overall
percentage of trials in which “fear” was identified at each
stimulus exposure duration in the identification task.
Application of a logit model to each identification rate curve
revealed that the category boundary lay at 52.4% (150 ms)
and 55.2% (75 ms). Contrary to the results of Experiment 1,
logit models also showed that the slope at 150 ms (17.9)
was somewhat smaller than at 75 ms (19.4), though this
difference did not reach significance (z=1.03, p=0.303). As
the slope was attenuated in proportion to the decreased
duration in Experiment 1, these data suggest that the
duration difference between 150 ms and 75 ms was
insufficient to cause a significant slope change.

XAB Discrimination Task Figure 3 presents the overall
correct response rate for each stimulus exposure duration in
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Figure 2: Overall percentage with which “fear” was
identified at each stimulus duration. Morph represents a
percentage of “fear” for a given face.
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Figure 3: Overall correct response rate in the XAB
discrimination task for each duration. Observed=observed
rate. Theoretical=theoretical rate predicted from CP. Morph
represents a percentage of “fear” for the less fearful face of
a given pair.

the XAB discrimination task. The data from the
identification task revealed that identifying between-
category pairs was 40%-60% and 50%-70% at both
durations. The peak in discrimination performance at the
category boundary was found only at the 150-ms stimulus
exposure duration.

We calculated the mean correct rate for between-category
pairs (40%-60%, 50%-70%) and within-category pairs (the
remaining seven pairs) for each duration, and conducted a 2
x 2 ANOVA of the mean correct rate with the two factors of
pair (between-category or within-category) and stimulus
duration (150 ms or 75 ms). A significant main effect of pair
was found (F(1,22)=7.79, p=0.011, MSE=0.008), indicating
better discrimination for between-category pairs (72%) than
for within-category pairs (67%). The main effect of duration
was also significant (F(1,22)=9.74, p=0.005, MSE=0.011),
indicating worse performance at 75 ms (66%) than at 150
ms (73%). There was no significant interaction between the
two factors (p>0.25), suggesting that discrimination of
between-category pairs was more accurate than that for
within-category pairs, at both durations. However, post-hoc
paired t tests revealed that superior discrimination for
between-category pairs was significant only at the 150-ms
exposure duration (150 ms, M=8%, t(22)=2.42, p=0.024; 75
ms, M=3%, t(22)=1.18, p=0.252). Post-hoc comparisons
also revealed that poorer discrimination at 75 ms was
significant for both between-category and within-category
pairs (between-category, M=9%, t(22)=2.36, p=0.027,
within-category, M=4%, t(22)=2.66, p=0.014).

To indicate CP in the discrimination task, previous
studies (Calder et al.,, 1996; Young et al., 1997) have
reported correlations between observed and theoretical
performances, predicted from CP. Calder and colleagues
(Calder et al., 1996) assumed that discrimination between
two facial expression stimuli depends on two cues: first, the
physical difference between the stimuli, which is constant
for any pair, regardless of their expressions; and second, the
expression categories of the stimuli. To estimate the
contribution of the first non-categorical cue, they computed
the mean observed discrimination for the two pairs, placed
at both ends of the continuum. To estimate the contribution
of the second categorical cue, they calculated the difference
in identification rates for the two relevant stimuli observed
in the identification task, and multiplied the obtained
difference by 0.25 (a constant). Calder et al. (1996) argued
that summing the two estimates measures theoretical
performance in the discrimination task.

Figure 3 also presents theoretical performance, based on
the same formula as Calder et al. (1996), along with
observed performance. The fit between observed and
theoretical performance looks better at 150 ms than at 75
ms; indeed, their correlation was significant only at the 150-
ms exposure duration (150 ms, r=0.667, t(7)=2.37, p=0.050;
75 ms, r=0.362, t(7)=1.03, p=0.338).

Analyses revealed that the superior discrimination
performance for between-category pairs disappeared at 75
ms but was present at 150 ms, providing decisive evidence
of null CP at the brief stimulus duration. In response to
objections claiming that observing only one continuum is
insufficient, studies using neuroimaging (Morris et al.,
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1996; Morris, Friston, et al., 1998; Whalen et al., 1998;
Wright et al., 2001) and developmental data (Kotsoni,
DeHaan, & Johnson, 2001) have indicated that happiness
and fear are the most distinct categories, and that the lack of
CP between the two expressions is important. Critics might
also insist that the disappearance of CP at 75 ms is a floor
effect; however, discrimination for any stimulus pair at 75
ms was above chance (all ps<0.01), indicating that residual
perception of differences in some visual properties was
present. Moreover, the 75-ms duration was sufficient for
accurate identification of near-endpoint facial expressions
(see Figure 2). Thus, categorical perception did not occur,
even with such well-preserved visual processing.

General Discussion

The present experiments revealed that categorical
perception of facial expressions was attenuated and even
disappeared with brief stimulus exposure durations. The
abrupt change in identifying facial expressions at the
category boundary was weakened at the 50-ms stimulus
duration (Experiment 1), and the more accurate
discrimination observed for between-category pairs than for
within-category pairs was eliminated at the 75-ms stimulus
duration (Experiment 2). Our findings indicate that the fast
perceptual processing of emotional facial expressions is not
categorical.

It has been postulated that the fast processing of facial
expressions involves subcortical structures, specialized in
the detection of salient stimuli (Adolphs, 2002). However,
categorical perception refers to the processing of ambiguous
stimuli or the transformation of an indistinctive facial
configuration into a distinctive emotion category. Such fine
analysis of emotional information may involve cortical
structures, implying slower processing (LeDoux, 1996).

Etcoff and Magee (1992) have claimed that their
observation of CP in facial expression recognition rejects
the possibility that categorical processing of facial
expressions is performed by higher conceptual and linguistic
systems. There are data, however, demonstrating that verbal
interference eliminated CP of colors and facial expressions,
suggesting the essential role of verbal coding over visual
coding (Roberson & Davidoff, 2000). Medin and Barsalou
(1987) have argued that it is important to distinguish
between sensory perception categories (SP categories),
categories related to low-level perceptual experiences, and
generic knowledge categories (GK categories), categories
related to high-level knowledge representation. Shibui and
colleagues (Shibui, Yamada, Sato, & Shigemasu, 2001)
found that discrimination accuracy for within-category pairs
of facial expressions was proportional to their semantic
distance, and they inferred that facial expressions belong to
cognitive GK categories. Our findings are consistent with
the view that categorical processing of facial expressions is
performed by higher cognitive systems.

Some researchers have postulated that CP of facial
expressions supports the notion of basic emotions
(DeGelder et al., 1996; Ekman, 1994), such that each
emotion possesses an innate and specialized neuro-cognitive
system. However, categorical perception is also known to
occur for non-emotional visual categories such as identity

(Beale & Keil, 1995; Levin & Beale, 2000), race (Levin &
Angelone, 2002), and even familiar objects (Newell &
Bulthoff, 2002). Categorical perception of facial expressions
may thus reflect visual information processing that is
common to general object recognition rather than specific to
emotional content.
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