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Abstract

This thesis investigates the hypothesis that emotions play an influential role in

cognition. Interference between facial emotional expression processing and selected

tasks 1s measured using a vanety of experimental methods.

Prior to the main experimental chapters, the collection and assessment (Chapter 2,
Exp. 1) of stimulus materials is described. Experiments 2-11 then concentrate on the
likelihood of interference with other types of information from the face. Findings using

a Garner design suggest that, although identity processing may be independent of

expression variation, expression processing may be influenced by variation in identity

(Exps. 2-4). Continued use of this design with sex (Exps. 6-7) and gaze direction (Exps.

9-10) information appears to support the (mutual) independence of these facial

dimensions from expression. This is, however, in contrast to studies that indicate the
modification of masculinity judgements by expression (Exp. J5), and the interaction of
gaze direction and expression when participants rate how interesting they find a face

(Exp. 8). Further to this, a search task (Exp. 11) shows that slower responses to an

angry (cf. happy) face looking at us, may be due to the presence of an aversive mouth.

Experiments 12-135 test for interference 1n the field of time perception: complex

interactions between expression and encoder and decoder sex are indicated. Finally,

Experiments 16-17 find that exposure to a sequence in which the majority of faces are

angry depresses probability learning, and that prior exposure to varying quantities of

angry and happy faces aftects our later memory for them.

Overall, there is evidence that exposure to emotional expressions may affect other
(selected) cognitive processes depending upon which expressions are used and which
experimental methods are chosen. It is suggested that future investigations would

benefit from techniques that describe the temporal profile of an emotional response.
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Emotion and cognition: an integrated
approach

The ability to interpret the emotional state of another person from their facial

expression comes easily for most of us. There are exceptions, and if we are visually
impaired we may rely on other things about that person such as tone of voice or touch.
If we suffer certain neurological impairments we may have difficulty in interpreting
both our own and others' emotional expressions, and our relationships with others can
be affected badly (e.g., autism). So too, when cognition goes wrong we are reminded,

often dramatically, of accompanying emotional consequences (see Baddeley's, 1997,
description of the case of Clive Wearing, a musician who suffered an encephalitic brain

infection that left him severely amnesic and emotionally devastated). There is however,
an asymmetry about emotion and cognition rescarch. Reviews about the state of
emotion research are likely to contain many references to the primary role of emotion
in cognition and vice versa, but texts on cognition promote theories of perception,

attention, learning, memory, and problem solving that rely on evidence from

experiments that incorporate affective stimuli only rarely.



Research into emotions has had a controversial history and they were once
considered the antithesis of rational thought. (See Oatley, 1994, for a résumé of the
history of concepts of emotion in psychology.) Darwin (1872/ 1948) provided modern
emotional expression investigators with a biological and evolutionary context, and
Oatley attributes Paulhan (1887, as cited in QOatley, 1994) as establishing a cognitive
context for emotion research. Observations about how many types of expression there
are, how they originate and how they are recognised, and ideas about emotions

intruding on cognition when goal attainment is frustrated, are still very much the

currency of contemporary research (e.g., Ekman and Davidson, 1994).

Some researchers go so far as to say that emotion processing is different from, and
partially independent of, cognition (e.g., Le Doux, 1995, 1998; Zajonc, 1980, 1984,
Zajonc, Murphy, and Inglehart, 1989). That is, the processes that trigger emotion can

be understood at a mechanical, neurophysiological level and that any computational or

information processing analysis is unnecessary. Le Doux (1995) makes the point that
the question of whether emotion depends on cognition depends to a large extent on how
cognition is defined. If cognitive processing 1s restricted to only those functions
mediated by complex association cortex, then emotion may not necessarily be
dependent on prior cognitive processing. If, however, cognition is broadly defined to
include sensory information processing, then emotional processing (in the amygdala) is
highly dependent on cognitive processing. Others (e.g., Smith and Lazarus, 1993:
Lazarus, 1982, 1991) place cognitive appraisal (conscious or unconscious) at the very
heart of emotion processing, and consider that evaluative processes are not only enough
for emotion processing to proceed, but that they are necessary. Yet others (e. g., Gray,
1990) suggest that the brain systems which mediate emotion overlap to such an extent
with those that mediate cognition, it is difficult to maintain any clear distinction
between them. In this view emotional and cognitive processing are very close, if not

indistinguishable. Much of the motivation for this thesis is to look for evidence of what

Le Doux (1995) describes as the "other side of the cognitive-emotional dyad” (p. 225)



that 1s, the influence of emotional processing on selected aspects of cognition.
Emotional expressions are considered, in the experiments carried out here, to provide
information to the viewer that is processed either unconsciously or consciously. Its
effects on behaviour are also assumed to be accessible to measurement using the
methodological tools that have been developed, for the most part, by cognitive

psychologists. Such an approach leaves to one side the sticky question as to whether or

not emotion is cognition.

Information related to the recognition of emotional expressions 1s reviewed below.

After this there is a review of the standing of emotional expression processing in

relation to the analysis of other types of information from the face. This 1s followed by
a brief description of an influential attempt to integrate what we understand of the
functions of emotions into a cognitive framework (Oatley and Johnson-Laird, 1998).
Next, the example of how our knowledge of emotional disorders has grown by focusing
on the mechanism of attention, is used as an illustration of what there 1s to gain by

taking an integrated approach. Finally, the aim, and an outline of this thesis and the

experiments that follow are presented.

Emotional expression processing

Production

Although the main subject of this thesis is concerned with processes internal to the
receiver or decoder of expression information, many early investigators in expression
research have been concerned with how and why we produce or encode emotional
expressions. The ideas of these investigators have been formative in the course of later
research, and by considering the process of production we may achieve some insight

into how we receive expression information. Therefore, a brief outline of some of the

earliest work on expression production 1s presented, prior to a more extensive

consideration of the literature on expression recognition.



Early in the 19th Century, work by Bell (1844, as cited in Bruce and Young, 1998)
focused 1n some detail on how the muscles of the face moved to signal emotion.
Darwin (1872/ 1948), while admiring Bell's discoveries, found his explanation of how
expressions were created (by a Creator) unsatisfactory, and contended instead that
expressions have been gradually acquired. Darwin's primary interest in expressions was
driven by the desire to uncover evidence of human evolution, and he viewed
expressions as behavioural vestiges of our animalistic origins. He pointed out that it is

possible to assign uses for almost all the facial muscles independently of expression.

Darwin (1872/1948) proposed three main principles for the origin of expressions.

The first is by the process of service when actions that are repeated often become
habits'. Examples are reflex actions, such as spitting something out that tastes nasty, or
leaping backwards from the strike of a snake (even in circumstances where you know
there is a protective barrier between the snake and yourself). A single reflex probably
varies slightly in its expression and Darwin suggested that any variation conveying an
advantage would be preserved. In this way it would be possible to end up with actions
once gained for one purpose being modified for another. It 1s almost impossible to
control reflex actions and Darwin accords differing degrees of automaticity to different

expressions. The second principle 1S antithesis when opposite movements are

voluntarily performed in response to opposite expressive impulses and become
established. According to this principle, the use of different muscle groups in response

to different expressive impulses (e.g., affirmation cf. negation) may be to a large extent
voluntary while maintaining clearly distinct physiological origins, as for a reflex. A
consequence of this distinctive origination 1s the generation of signals that function as
opposites that are also very different from each other. This is important for social
animals where clear communication between members of the same community is
essential. The third Darwinian principle is that of direct action of the nervous system
on the body. An example of this is blushing. Shyness and shame were thought by

Darwin to be the expressive impulses behind this particularly human form of emotional



expression. Blushing is seen in instances when various parts of the body are not
properly under voluntary control. The functional physiological basis for blushing is not
at all clear. For other expressions, such as anger where the snarl is proposed as
originating from the teeth-bared aggressive impulse to bite, the action impulses
associated with production and discrimination, are more easily understood. Darwin’s
observations and ideas have influenced almost all subsequent work on the production

and recognition of emotional expressions.

Less well known ideas are those of Waynbaum (1907/ 1994, see also Zajonc,
1994), who was interested in what 'psychic’ states are induced 1n us by our perceptions
of the world. Waynbaum proposed that the muscles of the face act primarily as a
regulatory mechanism for the supply of blood to the brain. The carotid artery splits at
the neck into two branches, one to supply the brain and the other to supply the face,
with the supply of oxygen to the face not so critical as that to the brain. Blanching and
blushing for example, are secondary outcomes caused by the relocation of blood away
and towards the face. The muscular actions of the face are responsible for the direction

of blood flow and expressions evolved as signals to conspecifics because of their

correlation with internal states. Darwin and Waynbaum (in contrast to other eminent
scientists of the time) both proposed that facial emotional expressions are useful
secondary outcomes linked to physiological adaptations necessary for survival. As

such, expressions are recognised and interpreted consistently by others, and function as

signals of the sender's intentions.

Discrimination and recognition

Emotional expression processing 1s assumed to include the discrimination and
recognition of expressions and the matching of these to different internal emotional
states 1n the other person. The appraisal of this information with reference to our selves,
the other person, and the interaction between us, is also included. There are (at least)

two persistent themes that emerge as people have tried to figure out the relationship



between what 1s shown on the face and how others feel and think about what they see.
Both are connected transparently to the ideas of early thinkers. Firstly, consistency in

the production of expressions provokes the hypothesis that consistency of recognition
also occurs. Secondly, differing degrees of automaticity of production allow the

possibility of differing degrees of automaticity for discrimination, recognition and

appraisal.

Some expressions are more easily discriminated than others. McAndrew (1986)

found that exposure times of 12 ms were required to name happy and sad expressions,
that surprise required between 12 ms and 25 ms, disgust required 25 ms, the time

exposure for anger at between 12 ms and 300 ms was the most variable, and fear
required 300 ms for stable recognition. Jenkins (1997), using psychophysical detection
methods and a set of expressions that included happy, sad, surprised, angry, fearful and
disgusted expressions, found that although happy, surprised and sad expressions were
all easy to label, and happy and surprised expressions were easy to detect, sad
expressions were the hardest to detect. People just could not discriminate sad
expressions from neutral ones of the same person. She found fear and disgust, on the
other hand, were not difficult to detect, but were more difficult to label (for this
stimulus set). This indicates that there may be no simple relationship between the ease
of visual discrimination of expressions and their recognition. This makes the data from
some recognition experiments difficult to interpret because stimulus characteristics,
irrelevant to the task instruction but relevant to how the participant solves the task (e.g.,
the difference between and open and closed-mouth smiles; brightness and contrast
levels), have not always been controlled for. Experiments in which very few
expressions have been used, where the stimulus exposure is very brief, and experiments

with infants (for this last see Oster, Daily, and Goldenthal, 1989, for a review), are

susceptible to this ambiguity.



Emotional expression recognition research has become concentrated on the debate
about whether or not there are a set of basic expressions that are recognised by
members of diverse cultures as conveying the same emotional meanings. The universal
recognition of expressions would support Darwin's proposition that different emotional
expressions are determined genetically. By extension, if this were true, then we may
have discrete neural substrates dedicated to the recognition, and possibly the

production, of discrete expressions.

Ekman (e.g., 1980, 1992a, b) has become the foremost protagonist since Darwin to

assert the universality of a limited set of expressions. He 1s careful, however, not to

exclude environmental influences as fundamental in the development of an expressive
repertoire. He points out that the confusion about the universality of some expressions
may result from culturally specific display rules preventing the sender from showing

the true extent of their fear, sadness, or other emotion.

In a summary publication Ekman (1980) reviews the early studies he carried out
with colleagues on the cross-cultural recognition of happiness, sadness, anger, disgust,
fear and surprise. In one of these studies, still photographs of Caucasians posing
expressions were shown to members of a preliterate community in New Guinea who
had no previous contact with Western culture. Given three alternative photographs and

one story (e.g., 'Her friends have come and she is happy') which matched the target

expression, high recognition rates were achieved for all except fear and surprise. When
the New Guineans were asked to pose expressions to an emotion-story and videotapes
of these expressions were shown to American college students, the students were
likewise able to recognise the intended emotion (Ekman, 1972, as cited in Ekman,

1980; Ekman and Friesen, 1971). A second study (Friesen, 1972, as cited in Ekman,

1980) was carried out to show the masking influence of display rules on what we show

on our faces when in the company of others. Similar expressions were found on the

faces of Japanese and American viewers while watching disgust inducing films on their



own. More positive expressions were found on the faces of Japanese viewers when the
films were viewed in the presence of the interviewer. Ekman (1980) claims this as

evidence supporting both the existence of universal expressions and the modification of

these expressions by display rules.

The evidence supporting the proposition that there are categories of expressions
common across cultures has been challenged on methodological grounds (Russell,
1994), with suggestions that appropriate precautions were not taken during the

translation of instructions and that insufficient alternatives were offered in the forced

choice recognition format used. Interpretative objections have centred on the

limitations of language, with the suggestion that inferences about what an expression
means 1n any one culture is limited by the vocabulary available to describe it. Also,
there are notable differences present between cultures in how expressions are
interpreted. For example, Darwin notes that the Dyaks of Borneo express agreement by
raising the eyebrows, and negation by slightly contracting them: Eyebrow raising in
Western cultures 1s interpreted most commonly as a component of surprise. In a recent
collection of papers (Ekman and Rosenberg, 1997), measurements of the face were
taken as dependent measures using the Facial Action Coding System (FACS)
developed by Ekman and Friesen (1978, as cited in Ekman and Rosenberg, 1997).
These measurements were then used to determine the relationship of face muscle action
units to clinical characteristics (e.g., depression, the tendency to commit suicide), or to
predict recognition scores, with inferences made by observers excluded entirely.
Although this approach yields interesting data, it side-steps the issue of how and in
what context the communicative message is received, especially as there is no absolute
correspondence found between action unit clusters and recognition (Gosselin, Kirouac

and Dore, 1997). We are not yet at the stage where it can be said definitively what the
core correspondences are between facial action and expression recognition. An

expression continues to be what most people say 1t is in the circumstances in which it is

recelved.



Identitying those expressions that generate consistency of recognition and
matching them to discrete physiological profiles has also been part of the project to find
evidence supporting their genetic basis. Emotion-specific patterning in response to
contracting facial muscles in ways specific to angry, fearful, disgusted, sad, and happy
expressions has been found for measures of heart-rate, finger temperature and skin
resistance (Ekman, Levenson, and Friesen, 1983; Levenson, Ekman, and Friesen,
1990). However, as Ekman (1992a) himself points out, such evidence does not exclude
the possibility that the link between expression and physiology is learned and

established through co-occurrence.

Russell and his colleagues (1980; Russell and Bullock, 1985, 1986), and betore

him, Schlosberg (1952, 1954), have attempted to explain the inconsistency of
expression recognition and the confusions that are made between expressions by
suggesting that they are perceived dimensionally. Russell’s 1dea 1s that each expression
can be assigned values along scales that describe how pleasant (or unpleasant) or how
arousing (or boring) it is. These dimensions, 1f arranged orthogonally to each other,
then describe the total etﬁotion space, and expressions are situated at characteristic
places within it. If the expressions rated in this way are all highly 'prototypical’ then
they are situated on the circumference of a circle, with many gaps. Other 'emotional’
states, which may not have distinctive expressions, such as calmness or sleepiness have
been included to obtain a more perfectly circular structure. It is not clear whether this
should be considered a model of expression perception and recognition or, more

broadly, a representation of emotional experience that may be predictive of certain
effects observed when we interpret emotional states and interactions. The idea of

valence and arousal as key emotional dimensions has been used extensively in emotion

research, particularly when questions about learning and memory are being explored.



The categorical model of expression perception is often opposed to the
dimensional model. Using line drawings of the core set of expressions from the Ekman
and Friesen (1975; as cited in Etcoff and Magee, 1992) set of happiness, sadness, anger,
disgust, fear, and surprise, Etcoff and Magee (1992) constructed sets of faces that
varied continuously between key examples. The happy-sad set, for example, was made
up of line drawings of happy and sad faces situated at each end of a continuum of 11
faces. The faces in between were made up of computer generated (morphed) images
that showed equal physical adjustments of the lines to render 90% happiness plus 10%

sadness, 80% happiness and 20% sadness at one end, and so on until 10% happiness

and 90% sadness was modelled at the other end. Three of the sets were created from
pairs that are discriminated easily from each other (happy-sad, angry-afraid and angry-
sad). These pairs also represent the end-points of Russell's (1980) dimensions (e.g.,
positive-negative, level of arousal). Etcoff and Magee found that the probability of

identifying each of the stimuli did not vary linearly as predicted by the dimensional

model but that expressions were identified more readily at the boundaries between
categories. This was in spite of the equal physical differences between stimuli. Their
discrimination data also showed that pairs across boundaries were distinguished more
accurately than those within categories. Etcoff and Magee suggest that, although their
data show that within-category discriminations can still be made above chance levels,
low-level perceptual processes and further processing add together to support a
categorical rather than dimensional organisation of expression perception for all the

expressions they tested except surprise.

The results obtained by Etcoff and Magee (1992) have been replicated and verified

for happiness, sadness, anger and fear (Calder, Young, Perrett, Etcoff, and Rowland,
1996), and for surprise, disgust, and neutral expressions (Young, Rowland, Calder, et
al., 1997) for morphed continuous-tone images. Unless the morphing procedure
produces stimuli that are unnatural in the sense that they are not ever seen and we deal

with genuine blends of emotional expressions by assigning multiple labels, 1t scems

10



likely that expressions are coded perceptually in terms of prototype configurations that
correspond to basic emotion categories. Young et al. suggest that our ability to make
within-category discriminations is retained because we are interested in making

decisions about the level of intensity with which an emotion is expressed and in picking

up transitions between emotional states.

The existence of neurological patients with impairments selective for specific
expressions supports the idea that the processing of core expressions may be limited to
discrete neural substrates. There is evidence, for example, suggesting a role for the
amygdala in the processing of fear (Adolphs, Tranel, Damasio, and Damasio, 1994;
Broks, Young, Maratos, et al., 1998; Calder, Young, Roland, et al., 1996; Young,
Aggleton, Hellawell, et al., 1995; see also Allman and Brothers, 1994). This evidence is
however qualified by a report from Hamann, Stefanacci, Squire, et al. (1996)
demonstrating that two patients with complete bilateral lesions of the amygdala and
additional temporal lobe structures appeared unimpaired 1n recognising emotional
expressions, including fear. Hamann et al. suggest that early developmental damage
may be necessary for the impaired recognition of fear and that there may not be an
absolute dependence on the amygdala. In addition, however, there is evidence for a role
for the basal ganglia in the processing of disgust expressions. This brain structure is
damaged in patients either showing the symptoms for Huntington's disease
(Sprengelmeyer, Young, Calder, et al., 1996), or who carry the gene (Gray, Young,
Barker, Curtis and Gibson, 1997), and these patients show a selective impairment in the

recognition of disgust.
Neuropsychological studies are supported by positron-emission tomo graphy

measures of 1n vivo activation of the amygdala which increases for fearful expressions

compared with happy expressions (Morris, Frith, Perrett, et al., 1996). The participants

11



in this study were asked to make gender! decisions to more or less intensely fearful or
happy faces and appeared unaware that the variable of interest was emotional
expression. The authors concluded that activation was automatic on exposure to the
stimulus. Breiter, Etcoff, Whalen, et al. (1996) have shown, even more specifically, that
the activity in the left anterior amygdala increases during the perception of fearful
compared with neutral expressions. However, the situation is not completely

transparent, as Breiter et al. also found that similar regions in the amygdala responded
to happy compared with neutral faces. Viewing sad faces has also been demonstrated to
show a preferential association with the left amygdala (Schneider, Gur, Harper Mozley,
et al., 1995). Animal studies too indicate a key role for the amygdala in emotional and
social responses to faces (e.g., Rolls, 1992). Phillips, Young, Senior, et al. (1997) used
functional magnetic resonance imaging with human participants to examine the neural
substrates for the perception of disgust and fear expressions and found that, while fear
activated the amygdala, disgust did not. An area in the anterior insula cortex known to

be implicated in the appraisal of distasteful stimuli became active for disgusted

expressions in this study.

Our understanding of the way emotional expressions are produced and recognised
1s becoming increasingly detailed. However, although we may not treat all emotions or

all expressions in the same way, accounts of expression processing may still benefit

from considering the various expressions of sadness, disgust, and so on, as members of

a generic category that contains a type of information functionally consistent with the
description of another’s (and one's own) emotional state. An angry expression is still
more like a fearful expression conceptually than it is like the form the lips take to
communicate the sound /1/, for example. Some of the later studies mentioned above

have used information processing methods borrowed from cognitive psychology to test

I The terms gender and sex are used interchangeably throu ghout, with references to original studies
retaining the usage of the author(s). Sex is the preferred usage for work in this thesis as one biological

sexual identity or the other was presented by all actors and participants involved.
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for the differences and potential non-equivalence between different emotional
expressions. Allied methods have also been used to test for the functional independence
of expression information, as a single category or type of information, from other types

of information from the face.

The relationship of expression information to other signals from the face
Whether fortuitous leftovers from evolution or not, facial expressions facilitate the

communication of messages allied to the survival and well being of the individual and

conspectfics. The face 1s also adapted to send many other types of signal linked to

survival, that may or may not convey messages with emotional content. Even if we can

hear, speech information is supplemented by the shapes the lips make. We are finely
tuned to perceive gender, age, and race differences, all from the face. We know where
someone 1s attending by where they are looking. We recognise the faces of people we
have met or who are famous, and can tell them apart from those we do not know. There
1s evidence to suggest that, counter to our subjective experience of others as integrated
communicating human beings, the brain analyzes these functionally different types of
information separately from each other. The independent and parallel processing of all
these types of information from the face (with the exception of gaze direction analysis)

1s set out in Bruce and Young's (1986) model of face recognition. As it is of particular

relevance to the experiments in this thesis, Bruce and Young's model is described later

in Chapter 3. For the time being, some of the evidence relevant to the proposed mutual
independence of expression analysis from facial speech, unfamiliar, and familiar face

processing is described below.

Neuropsychological evidence for the independence of expression from familiar face,
unfamiliar face and facial speech information
People who suffer brain damage selectively may retain some abilities and lose

others. This type of evidence is used extensively to support processing independence

between different types of facial information (as it is in the studies outlined above

13



assessing the processing independence between individual expressions). It is known,
for example that the ability to recognise facial expressions may be maintained while the
ability to recognise familiar faces is lost (e.g., Bruyer, Laterre, Seron, et al., 1983;
Schweinberger, Klos, and Sommer, 1995). The opposite impairment, that is, the loss of
expression recognition while retaining the ability to recognise famous faces, has also
been reported (Kurucz and Feldmar, 1979; Kurucz, Soni, Feldmar, and Slade, 1980).
Disorders of familiar face recognition, expression recognition, and unfamiliar face
matching have also been shown to dissociate in a single study reported by Parry,
Young, Saul, and Moss (1991). Patients AB and HI could no longer recognise faces

that were once familiar to them but were still able to recognise emotional facial

expressions and match unfamiliar faces, patient VS was impaired only on unfamiliar
face matching, and patient JP was impaired on facial expression recognition only (see

also Young, Newcombe, de Haan, Small, and Hay, 1993, for similar dissociations).

Campbell, Landis, and Regard (1986) provided evidence of a double dissociation
between the interpretation of facial speech and expression. Two women were described
who were both in their 60's when they were tested. One could interpret information
from the lips to assist speech comprehension and she was susceptible to the McGurk
illusion (McGurk and MacDonald, 1976), that 1s, when /ga/ is transmitted in the visual
channel and /ba/ is transmitted in the auditory channel, /da/ or /tha/ is reported as

having been heard, but she could not identify emotional expressions (or familiar faces,

or say what sex they were). The other woman had no difficulty with emotional
expressions (or recognising familiar faces, or what sex they were), but the involuntary
combination of auditory and visual speech information shown by the McGurk effect
did not happen with her, and she was impaired at some lipreading and lipspeech

matching tasks.

14



Experimental evidence for the independence of expression from familiar face,
unfamiliar face, facial speech, and sex information

In addition to the neuropsychological evidence cited above, experimental studies
suggest that independence is sustained for expression and familiar face processing
(Bruce, 1986; Campbell, Brooks, de Haan, and Roberts, 1996; Young, McWeeny, Hay,
and Ellis, 1986). Young et al. asked participants to decide whether or not faces
presented simultaneously were the same or different (person or expression). Familiar
faces were responded to more quickly than unfamiliar ones, but whether the faces were
familiar or not did not affect expression matching. Campbell et al. using a similar task
replicated these findings, and found, in addition, no effect of familiarity on judgements

to pictures of faces mouthing sounds. Etcoff (1984), using a card-sort version of
Garner's (1974) selective attention paradigm, asked participants to put cards with
different expressions (happy or sad) or identities (woman A or woman B) into piles.
The time taken to do this for each task when irrelevant information was varied in a
filtering condition, compared with when the irrelevant information was held constant in
a baseline condition, did not increase significantly. This was interpreted as indicating

that expression and identity analysis proceed independently under these conditions.

The proposed independence of expression and sex analysis relies on the

independence of each from identity processing. Parallel processing of the sex and
familiarity of a face was confirmed by Bruce, Ellis, Gibling, and Young (1987) when
they showed that, even if the sex of a face was ambiguous, participants were no slower
to categorise these faces as familiar or unfamiliar. An earlier finding suggested that
knowing the identity of someone may facilitate knowing their sex (Bruce, 1986), but
this is thought to occur via semantic identity-specific associations established for

known faces, rather than via a perceptual mechanism. Evidence for the independence of

facial speech and gender information comes from a study by Green, Kuhl, Meltzoff,
and Stevens (1991). Green et al. found that susceptibility to the McGurk effect was not

affected by the mismatching of face and voice gender, despite the incongruence

15



between faces and voices being detected easily by participants. McAndrew (1986), who
tested how long an expression needed to be exposed to the viewer before it could be
recognised, also tested how long was needed to determine the sex of a face. Most
expressions established stable recognition thresholds at 12-25 ms (fear required longer),

with the threshold for sex information also 12-25 ms in this study.

The story of simple independence is becoming more complex

The evidence outlined above is consistent with the formation of separate structural
codes for the analysis of these different types of information (Bruce and Young, 1986).
However, there are recent studies that have shown that, although the identity of familiar
faces may maintain independence from expression and facial speech, the analysis of
these last may be modified by the viewer's previous experience of whose face is being
viewed. Schweinberger and Soukup (1998, Exps.1 and 2) used a speeded-classification
version of Gamner's selective attention paradigm and found that expression
classification was indeed slowed by irrelevant identity variation in the filtering
condition. Their Experiments 3 to 5 showed similar interference from identity for facial
speech classifications. Schweinberger and Soukup’s finding of an effect of identity on
facial speech supports previous obscrvations made by Walker, Bruce, and O'Malley
(1995) who used moving clips of familiar and unfamiliar faces to test for susceptibility
to the McGurk illusion. When familiar face clips were matched with unfamiliar voices
participants showed reduced susceptibility compared with when unfamiliar face clips

and voices were matched.

Asymmetnical relationships between expression and identity and sex and identity
have been reported in a study by Ellis, Young, and Flude (1990). In an experiment in

which participants first made a sex, expression or familiarity decision to a face, later
familiarity decisions were speeded (primed) for all three types of previous exposurc.
However, later sex decisions were not primed from previous sex or familiarity

decisions, nor were later expression decisions primed from previous expression and
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familiarity decisions. Saying whether a face was familiar or unfamiliar therefore did not
speed either sex or expression decisions to faces. The implication is that identity
information is processed automatically during the first exposure to a face, no matter
what the decision required. A similar asymmetry between facial speech and identity has
been reported by Campbell and de Haan (1998). Identity decisions were primed by
faces seen previously during a speech-reading task, but speech-reading was not primed

by identification.

The motivation of a large part of this thesis is linked to the evidence outlined
briefly above for although the weight of the evidence is currently in favour of the

independence of expression from other types of information from the face, 1t 1s the

intention here to take another look at the asymmetrical relationship between expression
and identity reported by Schweinberger and Soukup (1998, Exps. 1 and 2). The

interference found by Schweinberger and Soukup is surprising in that, 1f it 1s the

invariant featurcs of the face that are attended to when building a representation of
identity compared with the constantly changing components of an expression,
intuitively, a relationship would not be expected. Clarification of the relationship
between expression and sex would also be helpful as this has not yet received much
explicit attention. In contrast to the comparison between expresston and identity
information, expression and sex information may be the same. For example, the
discrimination of anger and surprisc depends partly on attention to the area between the
cyclid and eyebrow and this is one of the key arcas of the face implicated in sex
discrimination. Intuitively, a relationship here would be expected. In addition, as our
current understanding of the relationship between gaze direction analysis and any of the
above is lacking, the independence of expression and gaze processing is also explored.
In this case, it might be expected that the interpretation of an expression would be
affected greatly by the gaze direction of the encoder and vice versa. The difference

between someone with an angry expression looking at you compared with someonc

angry looking away could, quite reasonably, have a critical effect on your response.
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Within the confines of the cognitive laboratory tasks used in the evidence
considered so far, expression is treated as recognisable on the basis of configural
properties alone. While this may well be sufficient to answer certain questions, the
emotional response of the participant is not emphasised in this type of enquiry. The
experimental participant is not really expected to take fright at an angry face appearing

on the monitor, or be pleased or alerted if happy or surprised faces are seen. If,

however, the emotional response is foregrounded, evidence of an affective response in

the decoder might be revealed. Qutlined below are some approaches that have grappled

with this type of enquiry.

The function of emotion in cognition

It is no longer sufficient to study cognition in the absence of emotional processes if
our intention is to produce a unified theory of behaviour, a theory that "aspires to
explain the whole cognitive person” (Simon, 1994, p. 8). A network that represents and
transforms knowledge is impressive, and inhuman. There i1s great public interest in this
aspect of human science, and commentators on the irrepressible ‘progression’ of science
(e.g., Melvyn Bragg in the magazine programme in Our Time, BBC Radio 4, 29.()4.99)
ask questions that are at once obvious and scemingly intractable: Will computers ever
fcel/ be conscious/ know how to prioritise all that information they have at the end of
their virtual ncurons to take rcal decistons? It is difficult to think of computers

cxpericncing emotional states. It docs not help, Simon points out, that the fields of

cognition, on the onc hand, and motivation and emotion on the other, have been

assigned to different groups of psychologists.

It also docs not help that the vernacular understanding of emotion includes both
those emotions described as 'basic’ and those that philosopher and evolutionary

psychologist Griffiths (1998) describes as the higher cognitive emotions like love,

envy, revenge, and so on. Griffiths suggests that, for the time being, and to allow the
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formation of empirical questions, a distinction be made between those emotions that

can be shown to be cladistic (have systematic phylogenctic origins), and those such as
love, that require further conceptual work on the part of psychologists. Among those
who have looked for an effect of emotion on cognition, attention, memory, and
problem solving have been targeted as mechanisms likely to reveal any impact (e.g.,

Bower, 1981; Eysenck and Keane, 1995; Oatley and Johnson-Laird, 1987, 1998; Reid,
Gilbert, and McGrath, 1998).

An influential theory
Oatley and Johnson-Laird (1987) have produced an influential cognitive theory of

emotion based on the evolutionary ideas about emotions and emotional expressions.
They propose that emotions are functional and communicative and that facial
expressions are part of the expressive behaviours that accompany actions based on
signals within the brain. This signalling systcm specifies modes of processing that are
influenced by goal prioritics. When there is a significant juncture or interruption in a

plan, then an emotion will function to supply the mechanism that will accomplish and
maintain the transition. There is a basic set of emotions specified as including
happiness, sadness, anger, fear and disgust. The mechanisms underlying fear, for

example, facilitate the detection of threat in the environment and help the organism to

respond promptly and effectively to threatening situations.

In a revised version of their theory, Oatley and Johnson-Laird (1998) modify the
way they conceptualise those emotions that make up the core sct to exclude disgust.
They suggest that the feelings of happincss, sadness, anger, and fear are basic and
universal. While these emotions are usually experienced as brief and relatively intense

with a knowledge of their cause, they can also be experienced as free-floating states
and so form the basis of moods or temperaments (for an alternative conception of how
emotions relate to moods see Griffiths, 1998). A free-floating form of fear could also be

anxiety: that of sadness, depression. A further five innate, biologically based emotions

19



are described: attachment, parental love, sexual attraction, disgust, and interpersonal
rejection. These five differ from the previous four in that it is deemed necessary for

them to have objects. (Note that even the most basic accounts of emotional organisation

are to a large extent fluid.) According to Oatley and Johnson-Laird (1998), each kind of
emotion has its own distinctive cognitive organisation. These are attentional
characteristics, biases of memory, and characteristics of problem solving. Attention, in

particular, has been focused on as a key mechanism mediating motivation and

cognition (e.g., Derryberry and Tucker, 1994).

Emotion and attention

Attention can be described as the mechanism that allows us to withdraw from
some objects in the (internal or external) environment and concentrate on others. It can
be ‘captured’ either involuntarily or 'focused’ by the application of mental effort. A
distinction is made in the literature between preattentive processes that occur in parallel
and are unselective, and selective attention that functions to control the order of
processing and reduces interference. Yantis (1998), for example, with regard to visual
attention, makes a distinction between stimulus-driven selection when some salient
attribute of the stimulus captures the viewer's attention and goal-driven visual selection
which is controlled by the observer's deliberate strategies and intentions. These
processes coordinate to yield coherent performance, and experiments show that

attentional control results from an interaction between the propertics of the image and

the obscrver’s intentions. If emotions function to alter attention, then emotional
manipulations in the laboratory, cven minor ones such as exposure to a black and white
still image of a hostile face, might be expected to have an effect on some measure of

atiention.

Tasks used in the assessment of attention have included: dichotic listening

techniques (Cherry, 1953) where the participant’s ability to focus on a message

presented to one car while ignoring the message presented to the other is tested; visual
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sclective attention tasks (such as those pionecred by Stroop, 1935, and Garner, 1974)
where the participant’s ability to focus on the visual information relevant to the task and
ignore irrelevant information is tested; visual search tasks (sce Wolfe, 1998, for a
review) in which the participant has to find a target in the presence of distractors; eye
movement studies (sce Hoffman, 1998, for a review) where the viewer's eye
movements are tracked to determine the focus of overt orienting to the stimulus; and
choice reaction time tasks (e.g., Welford, 1952) in which the participant responds
quickly to the identity of the stimulus making onc of a number of responses depending

upon the identity of the stimulus. In the majority of cases the stimuli used 1n attention

experiments are affectively neutral.

Selective attention and emotional stimuli - a ‘case study’

A notable exception to the usc of neutral stimuli is where the Stroop (1935) task
has been used extensively by researchers interested in the relationship between
vigilance for threatening stimuli and emotional disorders (for a review see Williams,
Mathews, and MacLeod, 1996). Participants in the original task developed by Stroop
are asked to name the colour of the ink in which cither a row of 'Xs' or a colour word is
printcd. The colour word, for example, may be 'red’ printed in green ink or 'brown'
printed in red ink. The time taken to do this task is substantially longer when naming
the ink colour of words antagonistic to the meaning of the ink colour (such as in the
examples given above) compared with when the words are meaningless. The adaptation
of this task to the ‘cmotional’ Stroop has involved using concern-related words (e.g.,
cancer, discase, ctc., for pcople who are anxious about health), and comparing colour-
naming time to ncutral words matched for frequency (e.g., basket). People with anxicty
(ncarly always) and depression (sometimes) show biases for certain types of affectively
significant words compared to people without these emotional disorders. The main
interference cffect has been replicated many times with increasingly detailed
differences revealed depending on the severity of the disorder, the types of words used,

contextual effects, therapeutic treatment, and so on (see Mathews, 1994; Mogg and
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Bradley, 1998, for recent reviews). Experiments using expressive faces instead of
words are few. There 1s however recent evidence (Bradley, Mogg, Millar, et al., 1997)
to suggest that although non-clinical participants with higher than normal levels of
depression show no bias either towards or away from negative emotional expressions,
participants with low levels of negative affect, show an attentional bias away from
threatening expressions and towards positive ones. The use of the Stroop task has
yielded rich returns in understanding the underlying biases of emotional disturbances.
The attentional tool chosen for use in a large number of experiments in this thesis is
Gamer's selective attention task, and a detailed account of the method and inferences
that may be drawn from particular pattemns of result when this task is used 1s given

later, in Chapter 3.

Thesis aim

The central aim of this thesis is to look for interference (in non-clinical
populations) between emotional expression processing and the processing of other
types of information. If emotions are central in cognition, then maybe they should be
expected to pervade other aspects of face processing more than they apparently do.
Also, in some cases the information base (as for sex and emotional expression) seems
to overlap partially, or implication is linked (as for gaze direction and expression).
Time perception and probability lcarning are known to be core cognitive abilities on
which very little experimentation has been carricd out with affective stimuli (sce later
for reviews of the relevant literature): They are targeted specifically to determine how

well they withstand the impact of threatening expressions.,

Thesis organisation

The very first task was to film a large number of people posing expressions to
provide a stimulus sct from which experimental materials could be drawn. Chapter 2 is

devoted to a description of how these expressions were elicited, edited, and rated.
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After this, there are three chapters that are concerned with the relationship between
expression information and other types of information from the face. As the face
communicates multiple signals, it scems logical to start by exploring possible
interactions here. Schweinberger and Soukup’s (1998) suggestion that the situation
between expression and identity processing may be more complex than simple
independence is taken up. It is of interest to see whether, or how far, Schweinberger

and Soukup'’s findings generalise, and the method they used is replicated in Chapter 3 to

test the independence of expression and identity information. Chapters 4 and 5 continue
the use of this method together with other experimental techniques to look at
expression and sex, and expression and gaze respectively. Garner's methodology is
scrutinised in Chapter 6 on the grounds that any results are only as good as the tool

used to produce them.

In Chapter 7 a break is made with other types of facial information as potential
interactants and our awareness of time passing is targeted as a process that might show
interference. In the first experiments in this chapter, participants are asked to make

estimates of ten second intervals while viewing expressive faces. In later experiments,

stimulus durations of very much shorter (20 - 170 ms) are judged.

The effect of negative expressions on probability learning is explored in Chapter 8.
This involves a scries of replications of what is, by now, quite an old finding (Rosenhan
and Messick, 1966), and it appcars to be a relatively fragile phenomenon. The last of
these replications is combined with a memory test in an attempt to extend and explain

the effect of emotional expression on a form of processing once considered immune to

the cffects of affect (Hasher and Zacks, 1984; Reber, 1989).

Finally, Chapter 9 contains a summary and an evaluation of the evidence found for
interference. The implications of these findings are discussed and suggestions for future

research are put forward.
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Overview

The integrated study of cognition and emotion is to the benefit of both fields of
enquiry. Rescarch on emotional expression since Darwin, including research on recognition
and categorical perception, has done much to confirm and refine his original observations.
For the purpose of this thesis, the pragmatic assumption is madc that emotional expression
information is represented and transformed by processes that are accessible to those same
techniques used by cognitive psychologists to study affectively neutral information,
Discrete emotions may have characteristic attentional, memorial and problem solving
profiles and this idca has been used to good effect in our understanding (for example) of
how cognitive processing may proceed in people with emotional disorders. In this thesis use

will be made of cognitive psychological techniques to look for interference between the

processing of emotional expression and the processing of other types of information.

Initially, other information from the face will be considered, with further experiments
investigating the effects of emotional expression processing on time estimation and
leaming. Literature and experimental methods relevant to each of the chapters that follow

will be reviewed as appropriate. The next chapter deals with the collection and assessment

of the stimulus sct.
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Collection and assessment of expressions

The first task was to collect a large number of expressions from which experimental
matenals could be drawn. This chapter is in two parts. The {irst describes how expressions
were elicited, filmed and assembled for assessment. The second describes the judgement
procedure and reports the results of this process. As it was necessary to compile a stimulus
sct for further use, the opportunity was taken simultancously to explore some issues
relevant to expression collection and assessment gencrally. These are the issues to do with
the use of poscd expressions, whether expressions are perceived categorically or
dimensionally, and whether or not there are encoder and decoder sex differences. These
1ssucs are scen as additionally relevant to the experiments that follow, rather than as central

to cach chapters' theoretical basis.

Posed vs. spontancous expressions

Much of expression rescarch is built on the posed expressions of actors and a recady
caticism of this work is that the expressions used are not valid ccologically. The actor
generates the representation of an expression on their face, and, possibly, holds in mind the
representation of an emotional incident once experienced. This is a very different situation

from one in which intense emotion is experienced and recognised spontaneously. However,



it was decided to collect posed rather than spontancous expressions for a number of

rcasons.

There are several points to be made vindicating the use of posed expressions besides
their relative ease of collection and their smaller comparable cost. On the question of
validity, Rosenthal (1982) cites evidence to support the idea that producers of clear
spontancous expressions are good at producing clear posed expressions and that decoders
who are good at recognising spontancous expressions are good at recognising posed

expressions. Gosselin, Kirouac, and Doré (1998) also report a high level of consistency

between posed and spontaneous expressions. People can and do produce facial display
signals that they assume will be understood by a viewer in the way they intend whether

these are reflective of ‘genuine’ felt emotions or not (sce Bavelas and Chovil, 1997
regarding the signification of emotionally expressive facial displays in dialogue), and
viewers do agree which label to apply to posed expressions, even given a still image and a

limited selection of alternatives.

While it is granted that the use of posed expressions does not allow for the possibility
that some facial expressions of emotion may be difficult, if not impossible, to produce
veridically voluntarily (sce Ekman, 1993, regarding the difficulty of producing anger, fear,
and sadness) and that signals of ‘deception’ may be cither missed or misrecognised by
viewers, the rating process is carricd out to ensure consistency of recognition. In the present

study, in addition to being asked to sclect a single emotion word out of a list of seven, raters

were asked to construct a 'profile’ of cach expression to indicate how much of cach of the
scven cmotions they thought present. It was assumed that raters would use the profile to
signal how good an example of its kind they thought each expression was, and that any
marked unnaturalness about the item would be registered here. Selection of an emotion
word and the expression profile were both used to establish criterion recognition. As
additonal points 1n favour of the use of posed expressions, the origination of the

expressions will be replicable and findings comparable to other findings reported in the
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literature where much of the work has been with posed expressions. Collecting posed

expressions also allows cthical consent to be obtained prior to filming.

Categories or dimensions?

The limited set of seven expressions chosen include anger, disgust, fear, happiness,
sadness, surprise, and ncutrality. As mentioned in Chapter 1, Ekman (1992a) argues for the
universal recognition of emotions from facial expressions for at least five distinct emotions
(anger, disgust, fear, happiness, and sadness) and possibly “three or four more” (p. 551). He
marshals evidence from cross-cultural studies (although see Russell, 1994 for a

methodological critique), and psychophysiology (characteristic patterns of ANS activity are
associated with some facial expressions) in support of his position. There is evidence that

the amygdala is involved in the expression of fear (Le Doux, 1995, 1998, for reviews) and
recent neuropsychological findings suggest separate neural substrates may be implicated in
the recognition of fear (Calder, Young, Rowland et al., 1996; Young et al., 1995) and
disgust (Sprengelmeyer, et al., 1996). Studics using morphed facial expressions (e.g.,
Young, et al., 1997) are interpreted as supporting the categorical perception of expressions.
Young et al. (1997) in addition, demonstrate that ‘ncutral’ is perceived as a category and
not as the midpoint between ‘dimensions’. Choosing the seven listed above for collection

does not presume any equivalence between members of the set.

The competing ‘dimensional’ model of the ‘emotion space’ has been taken into
account in the asscssment of the stimuli collected in this study. In addition to selecting a
categorical label for cach stimulus item, raters were asked to make judgements about how
much pleasure (or displeasure) and arousal cach face was showing. Russell’s (1980; Russell
and Bullock, 1985) ‘circumplex’ model places categorical descriptors (happy, sad, angry,
ctc.) at specific locations around the edge of a judgement space defined by degree of
pleasurc and degree of arousal (sce Figure 1). Using a prototype approach to describe
emotions Shaver, Schwartz, Kirson, and O’Connor (1987) suggest that, while cmotion

words refer to a ‘mere handful’ of basic-level emotions, a dimensional description is also
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meaningful, the two forms of representation revealing different aspects of emotion

knowledge.
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Figure 1. Twenty facial expressions of emotion in a space defined by pleasure-displeasure and
arousal-sleepiness axes (from Russell and Bullock, 1985).

Yamada (1993) found that participants asked to produce schematic faces expressin g SIX
basic emotions using a computer graphics program (Exp. 1) distorted a schematically
neutral face (see Figure 2) in a way that could be described by the two factors of
'curvedness/ openness' and 'slantedness'. The first is strongly correlated with the
displacements of the middle points of the eyebrows, upper eyelids, and the upper and lower
lips. The second factor is strongly correlated with the endpoints of the eyebrows and the
eyes. The results of a judgement study using the faces produced in his Experiment 1 as
stimuli were interpreted as indicating that participants used these dimensions to make
categorical judgements. Yamada relates the findings from this study to those of theorists

deriving dimensions from affective semantic meanings and finds a comfortable

correspondence while emphasising that categorisation is the task of placing similar

expressions into groups and should be based on the visual information in the face.



Figure 2. The neutral schematic face used by Yamada (1993). Each feature point (P1 - P9) could be
displaced vertically and the outer corners of the lips (P9) could be displaced horizontally to create
happiness, surprise, fear, sadness, anger, and disgust.

A number of diverse cognitive effects have been reported for affective stimuli that vary
on arousal and valence dimensions with explanations, where they are attempted, invoking
either memory, or attention, or both. For example, a study by Bradley, Greenwald, Petry,
and Lang (1992) on memory for pictures that varied along affective dimensions for
pleasantness and arousal found that reaction times to unpleasant pictures (cf. pleasant) that
had not been seen earlier, were longer, but that valence per se did not have a significant
effect on long-term memory. Pictures rated as highly arousing regardless of valence were
better remembered than low arousal or neutral counterparts. In a study comparing

negatively valenced stimuli only, Hansen and Shantz (1995) report emotion-specific effects

within the categories of anger, sadness, and fear. They suggest that, in a divided attention
task, information congruent with the to-be-remembered category may be schematically
processed whereas ‘attentionally controlled processing' may be reserved for incon gruent

information. Rosenhan and Messick (1966) report an effect of the valence of facial
expression (angry cf. happy) on implicit learning within a probability learning paradigm
and Thayer and Schiff (1975) found that when female viewers were confronted with a

female making an angry face they made greater overestimates of the time they were

exposed to this stimulus than if the person was making a happy face. There is a high level

29



of agreement 1n the literature therefore as to the usefulness of both categorical and

dimensional assessments of expressions.

Information on raters’ judgement of the relative ‘mixture’ and 'intensity’ of expressions
(the 'profile’) was also collected using the category rating procedure outlined by Rosenthal
(1982). As mentioned above, this measure was used together with the 7-alternative forced-
choice question to assess criterion agreement for individual stimuli. Oster, Hegley, and
Nagel (1992) used a similar procedure in an assessment of the usefulness of Max formulas
(Izard, 1983, as cited in Oster et al., 1992) and the Facial Action Coding System (FACS;

Ekman and Friesen, 1978, as cited in Oster et al., 1992) on infant faces and concluded that

the more global estimate of negative emotion, 'distress’, was of more use as negative affect
expressions are not fully differentiated in children. If the production of clearly
differentiated expressions is tied to the recognition of clearly differentiated expressions, the
potential for the use of this stimulus set in work with children 1s enhanced by the inclusion
of this intensity measure as well as categorical classification and arousal and (dis)pleasure

ratings. It is not, however, intended to test infants in the expeniments for this thesis.

Sex differences in encoding and decoding expressions

There is some evidence to suggest that females are better at communicating emotion
via facial expression than males (e.g., Wallbott, 1988). However, although females may
also perceive themselves to be more expressive than males, this is not always confirmed by
judges' ratings (Barr and Kleck, 1995). The situation 1s similar with sex differences and the
recognition of expressions as there are studies that have found Female? perceivers are better
at decoding emotions than Males (e.g., Briton and Hall, 1995). A study by Duhaney and
McKelvie (1993), however, who used photographs taken from Ekman and Friesen's (1975)

set, did not find any difference between men and women raters for identification of

2 Upper case initial letters are used throughout when describing the sex of the decoder or participant with

lower case used for stimuli.
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expression, or for rated intensity. Stimulus collection and assessment in the current work
were balanced for sex of sender and rater to test for sex differences for this particular set of
expressions and sample population. Later experiments to test the independence of sex and

expression processing also require the collection of approximately equal numbers of male

and female faces from which to choose.

Collecting different views for expression and gaze direction studies later
Gaze direction, especially eye-contact, is also acknowledged as one of the principal
components communicating social signals from the face (see review by Kleinke, 1986).

There are some studies that report an interaction between gaze direction and emotional
expression. For example, Dimberg and Ohman (1983) found that an acquired conditioned

response to an angry face showed resistance to extinction only if the face was directed
towards the participant during extinction. Also, gaze direction has been shown to be

defective in addition to emotional expression processing in Young et al.’s (1995) patient

DR. Very little is known about gaze direction and how information about this interacts with

other types of information from the face. There is the possibility that a study by Campbell,
Wallace, and Benson (1996), which revealed an interaction of gaze direction with gender
assessment, may be relevant to expression research as there 1s an overlap between the

perceptual cues used for each of expression, gender, and gaze direction determination.

Briefly, they found that classifying a face as male or female was affected by whether or not
the eyes were averted or looking ahead. Earlier expression research has not always
controlled for gaze direction (e.g., Subent and McKeever, 1977), and this may be of
particular importance in recognition accuracy for some of the expressions (e. g., sadness). fn
addition to filming all expressions at a selection of congruent body and gaze angles, happy,
angry, and neutral expressions were filmed at different angles in incongruent head/ gaze

directions.

31



ummary of aims for Experiment 1
1. To assemble a set of facial expressions that achieve criterion levels of recognition
for use in experiments carried out later in this thesis
2. To become informed at first hand about what happens (e.g., possible points of
compromise) when collecting and submitting expressions for assessment in the ‘artificial’

experimental context used here

3. To explore Ekman's 'categorical’ and Russell's 'dimensional’ accounts of
expression recognition by using assessment procedures that have been used by each of
these researchers in the construction of their models (e.g., alternative forced choice

questions and arousal and (dis)pleasure ratings)

4. To ensure the inclusion of equal numbers of male and female expressive faces and

Male and Female assessors to test the idea that there may be sex differences in production

and recognition
5. To film actors with different head and gaze directions to use in later experiments.
(It 1s proposed to assess only those expressions in which the actors' heads and gaze

directions are both oriented towards the camera. That 1s, not all angles of view of the same

expression will be assessed.)
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Experiment 1

Part 1: stimulus collection

Participants and consent

Fifty-one actors (25 male, 26 female) were recruited, each for a half-hour filming
session, after placing an advertisement in the Stage newspaper. The mean age of the males
was 34 years (range: 23 to 52 years) and the mean age of the females was 33 years (range:
20 to 67 years). Two males with facial hair and one black female responded to the

advertisement who were filmed and copied to VHS but who have not been included in
further assessment procedures to date. All signed a consent form allowing their images to

be used 1n scientific experiments to do with information from the face and all agreed that
their image could be used anonymously in publications on this subject. In addition, 40

signed consent for their images to be placed on the Internet. Actors were paid £10 (UK)

towards their expenses.

Procedure and apparatus

Filming took place at Birkbeck College (London) in a room approximately 2.8 m long
by 2.3 m wide (see Figure 3). Diffuse overhead lighting was provided by a single
fluorescent lamp, white walls and no windows. Additional lighting was not used after the

first day as the room became too hot and uncomfortable. A plain grey backdrop was used.
Moving images of the head and neck were recorded on 8 mm video cassette (Sony Hi8
Super MP) using a portable 8 mm video camera (Sony CCD - TR2000E. 10X zoom) set on
a tripod 1.5 to 1.7 m from the face of the actor. The actors were encouraged to ‘method’ act,
using either a remembered experience or the script suggested by the experimenter to
generate the emotion, and to allow the expression to follow naturally. In a minority of cases

where the actors preferred to ‘technique’ act this was allowed. (See Carroll and Russell,

1997, for some differences in expressions that may be observed between the two methods.)
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Figure 3. Filming set up for the collection of expressions.

ideoine and scripts used for eliciting expressions

Jrder o
The expressions were filmed in the following order: happy, angry, sad, fearful,
disgusted, neutral, and surprised. At the first time of meeting it was assumed that display
rules might dominate the extent to which emotional responses were expressed and
requesting happiness first was designed to make this initial encounter flow more smoothly

and set the actor at their ease for the rest of the task. To elicit ‘happy’: “What I would like
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you to do is look through the lens of the camera and focus about 3 inches behind the lens on
someone you have been really happy with. It’s a kind of uncomplicated happiness I want-

choose a situation that’s not muddled up with other feelings.”

Anger was filmed next while the actors were still reasonably ‘fresh’ as it seemed to
require a lot more energy and body tension than the other emotions (except perhaps fear).
To elicit ‘angry’: “Imagine someone you have once been angry with and confront them

with your feelings. This person knows that you are really very angry. It’s the kind of anger

that - 1f you weren’t a civilised person - you would do something.” Sadness next provided

the actor with an opportunity to ‘relax’ (an interesting functional connection) and to be
slower moving both internally and externally. Many of the actors found 1t difficult to raise

their eyes to the camera. To elicit ‘sad’: “The kind of sadness I want 1s inconsolable loss.

You can do nothing about the situation that is making you sad. It 1s hopeless. Almost tears

but not quite.”

The remaining expressions were organised to place neutral before surprise to, as far as
possible, try and avoid the confusion sometimes made between surprise and fear or surprise
and delight both by producers of the expression and viewers. To elicit ‘fear’: “Imagine one

of those fast moving machines like a lathe or a paper shredder that chumns things up and

your watch strap is caught and your fingers are heading towards......OK?” To elicit
‘disgust’: “You know... you’re walking down the street and next thing you know you have
stepped in some dog muck - you lift your shoe to get a good look...that’s it.” To elicit
‘neutral’: “Relaxed alertness. You are still there for other people - neither pleased nor
displeased. Just doing the day.” To elicit *surprise’: “Neither surprise as in someone has

thrown you a surprise party or surprise as 1n someone’s pulled a knife on you. Surprise that

1s more to do with not believing something and startle.”
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Angle of expressions and gaze direction de¢

All expressions were filmed head, body and gaze to camera (0°), 5°, 10°, 20°, 45°, and
90°L (L = the viewer’s left) and then 5°, 10°, 20°, 45°, and 90°R (R = the viewer’s right).
The actors, who were sitting on a revolving chair, paused and regenerated each expression
for every angle. They focused on markers set at eye level around the room. For happy,
angry, and neutral expressions in addition, the actors were asked to maintain their head and
body orientation towards the camera while turning their gaze to 5°, 10°, 20°R, and 5°, 10°,
and 20°L. They were then asked to keep their head and body oriented to 20°R while turning
their gaze to the 10°R, 5°R, and 0° markers and similarly so, head and body oriented to
20°L while tuming their gaze to the 10°L, 5°L, and 0° markers. As far as possible, the actors
were monitored to see that they achieved constancy when moving from one angle to the
next. Encouraging words (e.g., good, very good) at the generation of each expression

signalled to the actor when to move on. Each actor was filmed according to the same
protocol unless they seemed inexperienced, when a shortened version omitting the
incongruent gaze sequences for happy, angry, and neutral was used.
Preparati he materis 18S€ )

The 8mm videotapes were copied to VHS prior to editing using Apple MaclIntosh
Medial00 software. Unfortunately sporadic overheating of the copying equipment meant
that some of the stimuli were lost at this stage. Faces from 43 actors were edited further.

(Face Nos. 42 and 43 were combined to create a set of 7 expressions: see procedure and

materials section and Table 1 in the results section 1n Part 2 for further detail.) A two

second moving clip (after Rosenthal, 1982) using only the 0° view for each of the seven
emotional expressions for each of the actors was selected. Within this interval a single still
frame that was judged by the experimenter to represent the ‘peak’ of the expression was

transferred to Adobe Photoshop and printed out (image size, 185 mm x 125 mm) on to an
A4 sheet (see Figure 4 for a scaled version of what the raters saw). This gave 294 images (7

expressions x 42 different actors) that were then assembled into 7 different books (A, B, C,
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D, E, F, and G) containing 42 images each, such that each actor was seen once in each book

and all expressions were seen an (almost) equal number of times.3

- s \

B S

&V

F W

Figure 4. Face No. 7. An example of an image as seen by raters (scale: 1: 2).

Part 2: stimulus assessment

The outcome of primary importance in this study was how many and which of the
stimulus faces would achieve the criteria for agreement with the experimenter as to what

emotional expression was intended. Of secondary interest was whether there would be

differences in agreement between Male and Female participants to male and female faces.

3 The uneveness in this design is created by combining female Face Nos 42 and 43. The details of this
adjustment are in Part 2. Scores were converted to percentages and the items concerned were reserved for

use as practice stimuli.
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Method

Participants
Seventy participants (Ps) (35 M, 35 F) agreed to rate the stimulus faces. They were
students, academic and technical staff of Stirling University, and acquaintances of the

experimenter. All had normal or corrected to normal vision. None were paid for their

participation.

Design
This study had a 2 x 7 x 2 mixed design with sex of participant at 2 levels (M, F), the

within subjects variable of expression at 7 levels (angry, disgusted, fearful, happy, neutral,
sad, and surprised), and sex of stimulus face at 2 levels (m, f). Dependent measures were, in

order as they appear on the rating sheet (see Appendix A for questions and response scales),

for each expression:

* Ql. (7-alternative forced choice). Category agreement with the intended expression
was scored as recognition accuracy

* Q2. ‘Success’ ratings were ignored for the purposes of analysis

Q3. Category ratings (intensity) for the ‘blend’ of emotions in each face. These were
used 1n conjunction with Q1 responses to score criterion agreement

* Q4. Arousal ratings

* QJ. (Dis)pleasure - pleasure ratings

Procedure and materials

Ps were asked to fill out a response sheet for each of 42 faces in one of the books

assembled in Part 1 of this experiment. They were asked not to look forward or back over
their responses and to concentrate on their felt experience while making their judgements. If

there was any doubt about their understanding the instructions, the experimenter waited
while the first response sheet was filled out to respond to queries. Ps were tested

individually and different Ps assigned to each of Books A, B, or C etc. saw the faces in a
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different order (see Russell and Fehr, 1987, for a description of some of the systematic

effects obtained depending on what other expressions are seen).

Ten Ps (OM, SF) rated each expression. Within each of the folders there were 3
examples each of anger (a), disgust (d), fear (f: note that where f = female and f = fear
might be confused, the unabbreviated label will be used), happy (h), neutral (n), sad (s) and
surprise (su) from male actors and 3 examples of each of these expressions from female
actors except in Book B, where owing to the technical fault during image copying, a ‘sad’

expression (Face No. 42) was lost, and replaced by an angry expression from an additional
female actor (Face No. 43). The 10 Ps who rated Book B therefore saw 4 af (angry female)

faces and 2 sf (sad female) faces and 3 of all the others.

1a for scoring recognition racy, agreement, and misattributi
Responses to both Q1 and Q3 were taken as either agreement or disagreement in the

following way: Examples are given as if to a ‘fear’ face.

e The rater made a response to Q1 that was congruent with their intensity profile. That is
fear was selected (Q1) and fear was indicated to be more 1ntense than any other emotion

(Q3). This was scored as accurate and as agreement.

* The rater made a response to Q1 that was other than fear (e.g., sad) and rated this
emotion as being most intense. This was scored as disagreement and as a ‘sad’

misattribution.

 The rater made a response to Q1 that indicated they thought the photographer was
looking for an expression of fear but, actually, the rater thought that disgust (for example)
was more intense. This was scored as disagreement, as a misattribution and as if the rater
had chosen disgust in Q1 (i.e., as inaccurate).

* Therater chose fear for Q1 and rated fear and disgust as bein g of equal intensity. This
was scored as agreement.
*  Therater chose disgust for Q1 and scored fear and disgust as being of equal intensity.

This was scored as 50% agreement and as a 50% disgust misattribution.
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* The rater chose fear for Q1 but indicated two others as being of higher equal intensity.
There were 3 responses of this type out of a possible total 2940 (10 raters x 42 faces x 7
expressions). These were scored as disagreement and discounted for the purposes of scoring

misattributions.

Each stimulus item was considered to have achieved criterion agreement if at least

70% of the raters were accurate at (Q1) and the category rating profile for a particular

image (Q3) followed the profile of the emotion of interest of those that reached 70%
agreement. For example, a comparison of male Face Nos. 34 and 35 disgust (Figure 5)

makes this clear. Both achieved 70% agreement if Q1 alone was considered. However, Face
No. 34d follows the composite profile of male disgust faces (see Figure 9), whereas Face

No. 35d clearly does not. The former was considered to have achieved criterion agreement
(and included in the composite profile) and the latter was not. When there are 7 alternatives,

there is a 14.3% probability of an accurate response by chance alone; 67% agreement

between rater responses is required to achieve significance at p = .05 (Rosenthal, 1982).

Figure 5. Comparison of Face Nos. 34d (above) and 35d (below) to illustrate criterion agreement. a
= angry, d = disgust, f = fear, h = happy, n = neutral, s = sad. su = surprise.
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Results
Recognition accuracy fc
Correct attributions

Taking the entire stimulus set into consideration 70.5% recognition accuracy was
obtained. (Appendix B contains ANOVA summary tables for all experiments in this thests.)
Responses to individual items in the full stimulus set are summarised at Table 1. (Examples
of 1tems may also be seen in Appendix D.) Accuracy scores for all items and the rank for
each item achieving criterion agreement are given. (Descriptive statistics only have been
carried out for individual items.) It is intended that Table 1 be used as a reference table for
the rest of the experiments in this thesis. Actors are given a number (leftmost column) and
the status of each expression (level of recognition agreement and rank within each

expression category) is seen at a glance. Only those expressions that achieved criterion
agreement (those that are ranked) are used in the experiments that follow with the exception

of some (marked by an asterisk) that are reserved for use as practice or distracter items.

There was slightly better recognition of female expressions compared with male
(71.8% cf. 69%) and 91 female expressions reached criterion agreement compared with 88
male. A mixed 2 (Participant sex or Psex) x 7 (Book series) x 2 (sex of stimulus face or
fsex) ANOVA revealed this effect of fsex as just significant, F(1, 56) = 4.01, p = .05.
There was no main effect of Psex on overall level of recognition accuracy. However, there
was a significant interaction between Psex and fsex, F(1, 56) = 4.44, p = .04 (Figure 6). A
simple main effects analysis showed that there was a significant effect of Psex for both
male and female faces (male faces, F(1, 112) = 17.89, p < .0001; female faces, F (1, 112) =
71.73, p = .006), with Male Ps better at recognising exﬁressions on female faces than Female
Ps and Female Ps better at recognising expressions on male faces than Male Ps. There was
also a sigmificant effect of fsex on Male Ps (F(1, 112) = 8.64, p =.004), but not on Female

Ps. That 1s, Female Ps were accurate with equal numbers of female and male expressions

whereas Male Ps were accurate with more female expressions than male expressions in the

total set.
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at achieved criterion agsreemen yonised takine into account intensi

ag;:eemem; !

Expression

ANGER DISGUST FEAR HAPPY NEUTRAL SAD SURPRISE
No. Acc.Rank Acc.Rank Acc.Rank Acc.Rank Acc.Rank Acc.Rank Acc.Rank
female
1 35 N S= 75 100 = 30 8= 70 5 60
2 95 5§ 100 = 60 100 = 60 80 2= 85 1l=
3 40 100 = 20 100 = 100 = 60 100 —
4 70 12=* 100 = 50 100 1= 100 = 40 80 14=
5 30 R 12= 25 100 = 100 = 0 1 85 11=
6 100 1= 70 16 N 1= 100 = 95 4 40 75 16
7 N 6= 100 = 40 70 19= 80 8= 55 70 17=
8 N 6= 80 15 90 1= 70 19= 10 40 90 8=
9 100 1= 60 80 5= 100 = 0 5= 40 100 1=
10 60 10 35 100 = 80 8= 30 70 17=
11 35 85 12= 30 100 = 10 40 100 =
12 20 00 9= 0 100 1= 60 55 95 6=
13 100 1= 50 10 70 19= 70 13 25 100 =
14 90 6= 100 1= 80 5= 90 16= 75 12 60 65
15 90 6= 60 65 100 1= 30 40 100 =
16 100 = 65 70 8 100 1= N 5= 75 4 90 8=
17 80 11 100 = 90 1= N0 16= 8 8= 0 90 8=
18 40 100 = 8 4 100 1= 8 7 8 2= 50
19 35 900 9= 80 5= 100 1= 60 20 8 1l=
20 50 85 12= 20 100 = 60 55 95 6=
42 70 12=* 05 8 0 90 16= 65 80 14=
43 o0 6=%
s.tot. 10 16 8 21 13 5 I8
male
21 100 = 80 9= 15 100 1= 100 1= 35 80 13=
22 o0 8= 8 7= 65 100 1= 0 6= 25 N 6=
23 95 7 45 30 100 = 9 6= 50 75 16
24 80 10 10 50 100 1= 100 1= 45 95 4=
25 40 75 11 50 95 18 95 5 20 70 17=
27 100 1= 70 12= 45 100 1= 50 100 1 90 6=
28 30 9 4= O 80 21 60 20) o) 6=
29 10 20 35 100 = 60O 70 4= N 6
30 5 70 10 100 1= 80 10= 50 0
31 55 % 100 1= 20 90 19= 70 14= 0 0 6
32 100 1= 85 7= 80 2= 90 19— 70 14= 70 4= 70 17=
33 100 = 90 4= 30 100 1= 60 70 4= S0
34 50 70 12= 10 100 1= 90 6= 15 100 1=
35 40 70 80 2= 100 1= 75 13 10 100 1=
36 30 80 9= 50 100 = 80 10= 55 o) 6=
37 40 30 40 100 = 80 10= 60 50
383 100 1= 40 45 100 1= 70 14= 30 80 13=
39 20 90 4= 60 100 1= ND 6 10 o) 6=
40 55 100 1= 40 100 1= 65 80 3 95 4=
41 100 1= 60 20 1 100 = 100 1= 0 4= 80 13=
s.tot. 10 13 3 21 16 7 18
total 20 29 11 42 29 12 36
reaching criterion

J
L\

* reserved for use as ‘practice’ or 'distracter’ stimuli
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When the data were examined, the better recognition of female expressions by Male Ps

was found restricted to those stimuli that did not achieve criterion agreement. Those items
that reached criterion agreement (by definition almost) were those that were recognised

equally well by both Males and Females. There was a significant main effect of Book, F(6,
56) = 5.59, p <.0001 and a significant Book x fsex interaction, F(6, 56) = 4.10, p = .002.
Female faces were recognised better than male faces in Books A to E, with male faces

recognised better in F and G. The three-way interaction was not significant, (p = .08).

When a 2 x 7 x 2 mixed ANOVA was carried out with Psex, expression and fsex as
variables, a strong main effect of expression was observed as expected, F(6, 408) = 65.05, p
< .0001. In order of most to least accurate recognition for expression the results are as
follows: happy, 96.1%:; surprise, 81.7%; neutral, 77.4%; disgust, 75.2%; anger, 65.4%; sad,
49.3%, and fear, 48.3%. There was also an interaction between expression and Psex, F(6,
408) = 2.33, p = .03. (The interaction between Psex and fsex only approached significance
in this analysis, p = .08, probably due to the almost perfect agreement for happy
expressions.) This interaction was not analysed further as only those items achieving
criterion agreement (recognised equally well by both Male and Female Ps) were to be
selected for future experiments. For interest, Figure 7 shows recognition accuracy for Male

and Female Ps to individual emotional expression categories for male and female faces.

76 recognition accuracy

female male

stimulus faces

Figure 6. Female and Male assessors' recognition accuracy to female and male expressive faces.
Vertical lines represent positive standard errors of the means.
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Figure 7. Mean recognition scores for Male (M) and Female (F) participants for each expression
category for male (m) and female (f) faces. Vertical lines represent positive standard errors of the

means.

Misattributions

Misattributions expressed as a percentage of the total number of misattributions to each

expression are included at Table 2. For example, 50 raters said that anger was disgust.
There were 146.5 misattributions in total to anger of which the disgust responses make up
34.1%. It can be seen that there is an asymmetry between some of the expressions. Disgust

is mistaken as sadness more often than sadness 1s mistaken for disgust (66.7% or 71 actual

misattributions cf. 13.4% or 28 misattributions). Fear 1s seen as sadness more often than
sadness is seen as fear (20%, 44 cf. 6.2%, 13), and sadness is seen as neutral (63.5% .
132.5) more often than it 1s seen as any other expression, with neutral seen as sadness
46.8%, (44.5) of the time. (This comparison makes sense if the number of misattributions
are high. When happiness was misrecognised it was seen as neutral 63.5% of the time,
which represents only 10.5 actual misattributions. Happiness is, however, an exception and

the next fewest misattributions, 77, were made to surprise.) Of the emotions chosen when

e N wam— - . = —



misattributions were made, neutral was chosen most often and happiness least often

(neutral, 202.5; sad, 192.5; disgust, 127; surprise, 118.5; angry, 108.5; fear, 74; happy, 47).

Table 2. Misattributions made to each of anger (a), disgust (d), fear ha h). neutral
A( and surprise (su) expressed as a percentage of the total misattributions made
each expression,
emotional expression

(+ total misattributions)

misattribution a d __ f h n S su
(146.5) (106.5) (220) (16.5) (95) (208.5) (77)

a - 14.5 21.1 6.1 15.3 10.8 11.0

d 34.1 - 14.3 6.1 14.2 13.4 3.9

f 12.3 6.1 - 6.1 3.2 6.2 42.2

h 6.5 0.5 8.2 - 8.4 0.5 13.0

n 22.2 5.6 0.9 63.6 - 63.5 24.7 o
S 19.8 66.7 20.0 0 46.8 - 5.2
su 5.1 6.6 35.5 18.2 12.1 5.5 -

Arousal and (dis)pleasure - pleasure ratings

Scatter plots for all items are shown at Figure 8.

[tems achieving criterion agreement

Individual items reaching criterion agreement are those that are ranked at Table 1.

Category rating (intensity) profiles for ranked items

Composite profiles for all male and female items in each expression category are set
out in Figure 9. It can be seen that, apart from happiness, there is a background level in
addition to the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>