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Summary

A large body of behavioural and neuropsychological research, using static images of faces,
has informed our understanding of the mechanisms underlying identity processing. Indeed,
pioneering studies revealed dedicated modules for the processing of facial form in the human
brain. Yet interactions with people in the real world are accompanied by a greater variety of
sensory information beyond visual images, for example, people move and speak and are thus
highly dynamic, multisensory stimuli. While these additional cues (e.g. facial motion, body motion
and the voice) have received attention from researchers in the field, they have largely been
studied in isolation, possibly driven by assumptions that each identity cue was processed
independently. However, recent findings that facial form modules in the brain also respond to
facial movement and to voice information (in the absence of a facial image) have sparked a re-
examination of how these sensory cues may interact to support person perception. To date,
assertions as to how these cues may interact have been largely based on observations from

neurotypical younger adult studies (reviewed in detail in Chapter 1).

The aim of this thesis is to extend our understanding of how multiple sensory cues may
interact in person perception through the study of three different cohorts: younger adults, older
adults and developmental prosopagnosics (DP). This thesis argues that the unique approach of
examining cohorts where there is a decline (older age) or a disorder (DP) in static face processing,
may give rise to a more concrete understanding of how static and dynamic cues interact to
support normal person perception. For example, it is poorly understood how impaired face
processing, as found in cases of DP, may impact on the processing of other perceptual
information e.g. perceiving the voice, or whether perception in an older person may benefit from
multisensory cue combination, as processing in one modality declines. Such findings would clarify
how the interactions between the senses may shape our ability to represent a person in memory.
A number of behavioural studies, described in this thesis, examined this issue by centring on three
main themes: 1) the interaction of form and motion cues in face perception; 2) the interaction of
facial motion and the voice in person perception; and 3) the interaction between dynamic body

cues and the voice in person perception.

The first theme involved studies which confirmed and expanded on previous findings of
poorer static face processing in ageing and developmental prosopagnosia, using a battery of
standardised face processing tests (Chapter 2). The tests revealed that older adults showed poor
performance for recognising facial identity across changes in the visual appearance of the face;

although this pattern was particularly exaggerated for the two cases of DP. Using a series of



matching experiments reported in Chapter 3, the results demonstrated that learning a face in
motion can lead to more accurate matching of facial identity across changes in the viewpoint and
expression of the face, in older, relative to younger adults. This finding demonstrates that these
two sensory cues, form and motion, are readily integrated and can, as a consequence, enhance
the representation of the face in memory. The results of the experiments reported in Chapter 4
suggest evidence that certain types of facial motion resulted in poor matching of facial identity in
the DP group, suggesting that motion may have distracted from the encoding of static form cues
in faces. This finding adds support to the idea that the interactions between form and motion in
face processing may be mandatory, as the ability to use motion cues may also be compromised in

disorders of face recognition.

The second theme focused on interactions between the face and voice for person
perception. Using a series of matching tasks, evidence reported in Chapter 5 revealed that relative
to younger adults, older adults were poorer at matching identity from vocal cues alone.
Interestingly, this pattern was exaggerated in one case of DP, suggesting that atypical face
processing may impact on how the voice is processed to support identity. In addition, the results
of Chapter 5 demonstrated that older adults’, and to some extent younger adults’, ability to
represent the face and the voice as a single coherent percept, was likely mediated by the
presence of dynamic, relative to static, cross-modal cues. These results support cross-modal

sensory interactions for the purpose of representing identity.

The third theme concentrated on interactions between the voice and the body in person
perception. Using a sex categorisation task reported in Chapter 6, the results demonstrated that
sex cues present in the voice could modulate the perception of ‘gender-ambiguous’ biological
motion displays in younger adults and in DP. However, in general older adults did not appear to
benefit from voice information in the same way as younger adults, suggesting that sensory
integration for less bound couplings e.g. the body and the voice, compared to the face and the

voice, may be less likely to be observed in older age.

Taken together the main findings from this collection of studies support and inform
emerging models of person perception and suggest that dynamic, cross-modal cues are
integrated for the purpose of person perception at earlier stages of processing than previously
assumed. As a consequence person perception can be enhanced or at least modulated by these

interactions. The theoretical implications of these results are discussed in detail in Chapter 7.
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Chapter 1

Introduction to Person Perception and Recognition



1 Introduction to Person Perception and Recognition

1.1. Overview

Humans are social and we have evolved in close proximity with one another, surrounded
by different identities almost everywhere we turn. The accurate perception of others is a
fundamental aspect of social cognition, allowing us to detect the identity, sex and intention of an
individual (among other attributes). Indeed, humans have developed an expertise for face
perception, which arguably exceeds the perception of other stimuli: we can remember thousands
of faces as 'unique' (Bruce & Young, 1986). However, recognising others is not purely dependent
on our memory for faces alone as other social information can be used to identity others. For
example, like the face, both the voice (Belin, Fecteau, & Bédard, 2004) and the body (Cutting &

Kozlowski, 1977) contain unique identity signatures which can be used to support recognition.

This opening chapter to the thesis examines the factors which may mediate our capacity
to represent facial identity, exploring evidence that face recognition may reflect a rather unique
cognitive ability with genetic underpinnings. Although most research on face perception has been
based on the recognition of faces from static images, this chapter also discusses emerging
research which highlights our ability to use motion cues in the face to support recognition. In
parallel, it also examines our ability to use dynamic information from the body to support person
perception and reviews evidence on how dynamic visual cues, particularly those displayed by the
face, may interact with auditory cues, such as the voice, to support person perception.
Furthermore, the commonalities in how the face, body and voice are represented and processed

in the brain are also referred to throughout.

Importantly, the findings discussed throughout this chapter are strongly centred on
results from studies involving young, neurotypical adults. While this thesis is concerned with how
interactions between sensory cues may be affected by older age and in cases of developmental
prosopagnosia (DP), the literature reviewed here for these cohorts will focus on static face
processing. This is largely due to the fact that the literature pertaining to how other identity cues
may be processed in older age and DP is relatively sparse and open for exploration, however the
relevant literature for these cohorts will be discussed in detail in individual chapters. Moreover,
the experimental work based on studies of young adults contained in this opening chapter will be
referred to throughout the thesis as a grounding point for many of the novel studies examined

later in the thesis.



Finally, an outline of the current thesis is discussed. Specifically, it is argued that
examining how both the ageing process and developmental prosopagnosia modulate interactions
between sensory cues (i.e. face, body and voice) in person perception, may offer a unique insight

into, and assist in informing, emerging models of person perception.

1.2. Recognising Faces

1.2.1. Individual differences and genetic underpinnings

Although the process appears effortless, recognising and remembering faces as
‘individual’ is a challenge for the perceptual system. Each face we encounter shares the same
basic visual-feature organisation as the next, yet we can accurately discriminate between these
faces. Furthermore we can recognise the face of a familiar person even over large changes in
visual image appearance, such as viewpoint, expression or illumination (Bruce, 1982; Bruce et al.,
2001; Burton et al.,, 1999) (see Figure 1.1). Recent findings suggest that our capacity for
remembering faces is robustly separable from other general cognitive abilities, including
measures of immediate and delayed recall (Wilhelm, Herzmann, Kunina, & Sommer, 2007). In
addition, face recognition performance appears to follow a unique cognitive trajectory,
continuing to improve until just beyond the age of 30 years. In contrast other cognitive skills
associated with person recognition, for example name recognition, cease to show age

improvements almost a decade earlier (Germine, Duchaine, & Nakayama, 2011).

Recent research has suggested that the ability to recognise other faces varies across
individuals. This variation is inherently dissociable from individual differences in other general
cognitive abilities (Herzmann, Kunina, Sommer, & Wilhelm, 2010; Wilhelm et al., 2010). These
differences in face recognition performance are so evident across certain individuals that they
have been shown to be guantitatively measureable (Russell, Chatterjee, & Nakayama, 2012). For
example, recent evidence has suggested the existence of ‘super-recognizers’, individuals with
‘extraordinary’ face recognition ability which greatly surpasses average face recognition
performance (Russell, Duchaine, & Nakayama, 2009). In fact, the degree of enhancement
observed in these individuals is quantitatively similar to the degree of deficit expressed in face
recognition performance in developmental prosopagnosics (Russell et al., 2009). Developmental
prosopagnosics are individuals who have a specific impairment in face recognition performance

that is not attributable to brain trauma or insult (see further discussion in 1.2.3. below).

Several studies have suggested that rather like the highly heritable and neurobiological

correlates that have been observed for general intelligence (for review see Toga & Thompson,



2005), the degree of expertise expressed in face perception may also be largely genetically
determined. This genetic component suggests that as humans, face recognition ability may have
largely evolved as a phylogenetic adaptation (within species adaptation) (Johnson, 2011). The
most compelling evidence that genetics feature as a contributor in face recognition ability come
from the results observed through twin studies (Wilmer et al., 2010; Zhu et al., 2010). What is
important about these studies in the current context is that the role of genetics can be studied
while also controlling for environmental influences, as twins who are raised together largely share
similar environmental factors, in the same way as non-identical twins or other siblings. Wilmer et
al. (2010) observed that monozygotic (MZ) twins, (i.e. developed from one fertilized oocyte),
show highly correlated face recognition performance. In fact the correlation between their
performances was more than double the correlation observed for dizygotic (DZ) twins, (i.e.
developed from different fertilised oocytes), raised in the same environment (correlation 0.70
versus 0.29, respectively). As the MZ and DZ twin sets both shared similar environmental factors,
the observed differences can be assumed to largely reflect genetic underpinnings (Wilmer et al.,

2010).

Figure 1.1. Although faces 1 and 2 share more visual similarity than faces 1 and 3, the perceptual system
must become tuned to recognising the face of the same individual over large changes in visual appearance.
Therefore, recognising faces 1 and 3, rather than 1 and 2, as common. Face images are taken from the
Radboud Faces Database (RaFD) (Langner et al., 2010).

Zhu et al. (2010) provided similar evidence for face recognition ability being highly
correlated for MZ and less so for DZ twins raised together. Intriguingly, they found no evidence
for such a relationship for object recognition abilities across twin sets. They did, however,
demonstrate a similar pattern of correlational strength for the ‘face inversion effect’ across twin
sets. Image inversion has been shown to disrupt face recognition, yet it is thought to elicit less
disruption in the recognition of other objects and is suggested to reflect a method of processing,
holistic or configural processing, which is largely specific to face perception (Maurer, Le Grand, &

Mondloch, 2002; Schmalzl, Palermo, Harris, & Coltheart, 2009; Yin, 1969; Young, Hellawell, & Hay,
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1987). Thus the effect Zhu et al. (2010) observed for face recognition performance suggests that it
is reflective of the perceptual processes that are recruited specifically for face recognition and not

generic low level processing differences across individuals.

1.2.2. Environmental influence

However, it is also important to note that not all of the variance in face recognition
performance in the previously mentioned twin studies was explained by genetic similarity. The
statistical models used in such twin studies (Rabe-Hesketh, Skrondal, & Gjessing, 2008) take into
consideration an error measurement which includes the contribution of non-familial influence i.e.
the environmental influence unique to each twin. Thus although the ability to recognise faces may
reflect a unique and highly heritable perceptual ability, environmental influences were also
reported to be an important contributor in face recognition performance. This highlights that
face recognition is also modulated by ontogenetic individual developmental experience (Johnson,
2011). Indeed, other findings in the face literature have also demonstrated that the degree of
exposure to, for example, different face types, can directly impact face recognition ability.
Perhaps one of the best examples is highlighted by the other-race effect (for a review, see
Meissner & Brigham, 2001). Here, face memory is susceptible to a significant degree of error
when the face we are to recognise belongs to a different race (ethnic) group. This is mediated by
the fact that we perceive individual faces of other-race faces as sharing a large degree of similarity
(Valentine & Ferrara, 1991; Vizioli, Rousselet, & Caldara, 2010) and as a consequence exhibit
increased ‘false alarm’ rates in memory for other-race faces in comparison with faces of the race
by which we are surrounded (Chiroro, Tredoux, Radaelli, & Meissner, 2008; Chiroro & Valentine,
1995; Meissner & Brigham, 2001). This phenomenon is also known in the literature as the ‘own-
race bias’ and it is argued to emerge during the early stages of development through the process

of perceptual narrowing (Kelly et al., 2007).

1.2.3. Disorders of face recognition: developmental prosopagnosia

In addition to twin studies, our understanding of the heritability of face recognition has
also been informed by the study of developmental prosopagnosia. Prosopagnosia (‘face
blindness’) refers to a condition first documented by Bodamer in 1947 (see Ellis & Florence, 1990
for translated paper) in which patients demonstrated a distinct deficit in recognising individual
faces, whereas other visual abilities remained intact. Beyn and Knyazeva (1962) described this
condition as reflecting a "failure in recognition at its most highly specific and individual level"

(p158). While the first cases documented largely reflected acquired prosopagnosia, which results



from insult to, and dysfunction of, the cortical face processing network (Barton, 2008; Rossion et
al., 2003; Schiltz et al., 2006; Tranel, Damasio, & Damasio, 1988), later studies demonstrated the
existence of developmental prosopagnosia. Developmental prosopagnosics are impaired in
recognising the identity of individual faces, and such deficits emerge in the absence of insult or
atypical neuro-development (Duchaine & Nakayama, 2005; Lee, Duchaine, Wilson, & Nakayama,
2010; Susilo & Duchaine, 2013). As such, individuals with developmental prosopagnosia do not
lose the ability to recognise faces; rather the ability does not emerge organically during
development (Duchaine & Nakayama, 2005). Interestingly, other aspects of face processing
including discriminating the sex (Le Grand et al., 2006; Nunn, Postma, & Pearson, 2001) and
emotion (Duchaine, Parker, & Nakayama, 2003; Humphreys, Avidan, & Behrmann, 2007) of the
face appear to be largely intact in this cohort. Developmental prosopagnosia has been shown to
be largely heritable, with multiple cases observed in the same family (Duchaine, Germine, &
Nakayama, 2007; Grueter et al., 2007; Lee et al., 2010; Schmalzl, Palermo, & Coltheart, 2008).
Furthermore, the disorder is much more prevalent than one might assume. Recent reports
indicate that 1 in every 40 individuals, i.e. 2.5 % of the population, likely have this hereditary
disorder (Griter, Griter, & Carbon, 2008; Kennerknecht et al., 2006; Kennerknecht, Ho, & Wong,
2008). Such findings may implicate the existence of an evolved neural substrate for the
recognition of faces (Young, DeHaan, & Bauer, 2008) with genetics arguably playing a role in both

typical and atypical development.

Some researchers use the term ‘congenital’, rather than developmental prosopagnosia
(e.g. Behrmann & Avidan, 2005; Humphreys, Avidan, & Behrmann, 2007; Rivolta, Palermo, &
Schmalzl, 2013). While the disorder does appear to have a strong heritable component it is
important to consider that the term ‘congenital’ assumes that the disorder is present at birth.
Susilo & Duchaine (2013) however highlight that the exact etiology and onset of the disorder is
probably more diverse. They argue that it is more likely that abnormalities may arise at different
stages during the development of the mechanisms which support normal facial identity
processing (Susilo & Duchaine, 2013). Indeed, in neurotypical individuals the development of
these exact mechanisms appears to be protracted. For example, activation in face specific areas
of the brain (these areas are discussed in detail later on in the chapter) of children when viewing
face stimuli is typically not observed, as the areas are relatively immature in terms of both
specialisation of function and volume (Scherf, Behrmann, Humphreys, & Luna, 2007). When
activation is observed in face selective areas, it is often much less localised than it is in the adult
brain (Passarotti et al., 2003). Passarotti et al. (2003) stated that the neural systems involved in

face processing continue to experience changes in terms of their functional specialization into late



childhood. This account of increasing specialization in brain function is also in line with
behavioural evidence supporting the idea that face recognition ability continues to improve into
adulthood in the general population (Germine et al.,, 2011). As such, it is possible that
abnormalities occurring at any stage during childhood development may give rise to a deficit in

normal face processing ability which is then evident throughout the lifespan.

This may in part explain, or at least bear some relationship, to the heterogeneity of the
disorder. For example, some cases of prosopagnosia are suggested to be apperceptive, rather
than associative in nature (De Renzi, Faglioni, Grossi, & Nichelli, 1991). Apperceptive deficits may
arise due to abnormal structural encoding of form (i.e. the invariant shape cues which individuate
a face) information in upright faces (Németh, Zimmer, Schweinberger, Vakli, & Kovécs, 2014;
Towler, Gosling, Duchaine, & Eimer, 2012). While associative deficits may emerge at later
downstream stages of processing and result from disconnections between visual face memory
and semantic information (e.g. Anaki, Kaufman, Freedman, & Moscovitch, 2007; Towler & Eimer,

2012).

1.2.4. Changes in face recognition: the effect of ageing

As noted, face recognition performance does not remain stable throughout the lifespan.
Rather, recognition appears to peak at just beyond the age of 30 years (Germine et al., 2011).
Subsequently, performance appears to decline as a function of increasing age, with decline
evident at around 50 years of age (Bowles et al., 2009). This decrease in face recognition
performance appears to be specific to the recognition of faces in comparison to the recognition of
other within-category objects (Boutet & Faubert, 2006). What is important to note is that
although such changes are evident, they are dissociable from changes in general cognitive ability
that occur with the ageing process (Hildebrandt, Wilhelm, Schmiedek, Herzmann, & Sommer,
2011). These deficits in face recognition performance have been suggested to be mediated by a
number of factors including poorer sensory acuity typically associated with the ageing process
(Barnes, De L’Aune, & Schuchard, 2011; Norton, McBain, & Chen, 2009; Owsley, Sekuler, & Boldt,
1981), changes in how faces are encoded (Chaby, Narme, & George, 2011; Firestone, Turk-
Browne, & Ryan, 2007; Gao et al., 2009; Grady et al., 1995; Murray, Halberstadt, & Ruffman,
2010), and marked differences in the underlying neural activity associated with processing faces
(Grady, 2002; Haxby et al., 1994; Lee, Grady, Habak, Wilson, & Moscovitch, 2011), including less
lateralised activation in face processing areas (Lee et al., 2011). The brain areas engaged in face

processing are discussed in detail further on in the chapter.
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1.2.5. ‘Face-space’ and false alarms: changes in face representations in older
age

Perhaps one of the most striking behavioural effects which demonstrate this age related
decline, is the higher level of ‘false alarm’ memory responses that older adults report during face
recognition tasks, compared to younger adults (Bartlett & Leslie, 1986; Bartlett, Leslie, Tubbs, &
Fulton, 1989; Rhodes, Castel, & Jacoby, 2008). For example, older adults show a bias for stating
that they find a novel face familiar even when they have not encountered the face before. It is
possible that such findings may relate to the fact that older adults have been exposed to a larger
number of faces across the lifespan than younger adults. This larger ‘database’ of faces in
memory (or what Valentine (1991) referred to as ‘face-space’) may elicit larger false alarm
responses. By increasing the number of typical faces in face memory, newly encountered faces
may be likely to elicit stronger signals of resemblance to another face within this large face-space,

thus leading to false recognition.

Specifically, Valentine’s model suggests that each face we encounter is represented
within a space comprised of multiple dimensions which are used to discriminate faces (Valentine,
1991). See Figure 1.2 for a schematic illustration of the ‘face-space’ model. At the centre of the
space lies the average face. It is argued this average face may function as a perceptual ‘norm’ by
which other faces are represented (review see Rhodes & Jaquet, 2011). Specifically, rather than
representing each identity as an absolute value in face-space, the perceptual system may
represent each face as a deviation from this central face. Typical faces are likely to be represented
in the clustered centre of face-space. As such, the further a face is away from the centre the more
distinctive the face is and as a consequence it may be more readily recognised (Bruce, Burton, &
Dench, 1994; Newell, Chiroro, & Valentine, 1999; Valentine & Ferrara, 1991; Valentine, 1991;
Wickham, Morris, & Fritz, 2000). A number of face adaptation studies have offered compelling
evidence that faces are likely coded in this norm-based or ‘central tendency’ manner (Leopold et

al., 2005; Leopold, Toole, Vetter, & Blanz, 2001).
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Figure 1.2. lllustration of norm-based encoding of identity, adapted from Valentine (1991). Each blue dot
represents a facial identity. Dots which are closer together indicate faces which are similar in visual
appearance. Note that identities which are further from the centre may be recognised more readily, as they
do not compete with the identities represented in the clustered centre. Valentine stated that face space
likely has n dimensions, although for the purpose of illustration Valentine offered a 2 dimensional
representation.

However, the benefit on face recognition for distinctive faces is less evident in older,
compared to younger adults (Carr, Castel, & Knowlton, 2014). As such, changes in how the face is
represented may affect older adults’ face recognition performance. Moreover, these effects are
not only evident for face memory, since recent findings suggest that older adults are also poorer
than younger adults at discriminating between and learning unfamiliar faces (Lee, Smith, Grady,
Hoang, & Moscovitch, 2014). Lee et al. (2014) suggest that as we age face representations may
become more broadly tuned, thus making it more difficult to represent a unique facial identity.
Indeed, a functional magnetic imaging (fMRI) study by Lee, Grady, Habak, Wilson & Moscovitch
(2011) supports this finding. In that study, Lee and colleagues demonstrated that older adults
showed similar adaptation effects to repeated exposure of the same, relative to a different, facial
identity. In general, adaptation occurs when a brain region treats the presented stimuli as
containing the same underlying properties (e.g. identity or viewpoint) and this adaptation can
have significant perceptual aftereffects on subsequently viewed stimuli (Kohler & Wallach, 1944).
Failure of this region to adapt more strongly to repeated exposure to the same facial identity
suggests that functional specificity in the face processing system may become less selective with
the ageing process. These changes in underlying neural activity have also been regarded as a
possible reason why older adults also find it difficult to represent facial identity across changes in
visual appearance e.g. viewpoint, or expression, as the selective properties of neurons to a
particular viewpoint of the face may also decline (Habak, Wilkinson, & Wilson, 2008; Lee et al.,

2011). This age-related decline in representing the face across changes in visual appearance is



refereed to again in Chapter 2 and is the focus of Chapter 3. In addition, there is also some
evidence to suggest that face space may not be optimally represented in individuals with
developmental prosopagnosia (e.g. Palermo, Rivolta, Wilson, & Jeffery, 2011), which may

contribute to this cohort’s poor ability to recognise facial identity from structural form cues.

1.2.6. Face processing: underlying neural processes

1.2.6.1 The fusiform face area

Many researchers have argued for domain specificity in face processing, and that the
cognitive processes involved in face recognition appear to be distinct and specific for processing
faces in comparison with other stimuli (Duchaine, Dingle, Butterworth, & Nakayama, 2004,
McKone, Kanwisher, & Duchaine, 2007). This remains controversial, however, because others
have suggested that face processing reflects a particular type of perceptual expertise in
discriminating between similar visual stimuli, as discussed below. Evidence for domain specificity
largely originated from neuropsychological investigations that reported selective deficits to face
recognition, i.e. acquired prosopagnosia, following damage to particular regions of the temporal
lobe of the brain, which are involved in the processing of faces. Subsequent functional magnetic
resonance imaging (fMRI) revealed a face module, known as the fusiform face area (FFA), which is
located in visual areas of the ventral stream and which is thought to be engaged in the perception
of facial identity (Kanwisher, McDermott, & Chun, 1997). In particular, this area is selectively
activated when viewing face images over images of other non-face objects or scrambled face
images (suggesting that the area is not simply responsive to visual qualities of the image e.g.
luminance). Electrical stimulation of this region specifically distorts the perception of faces over

other stimuli (Parvizi et al., 2012).

Although some have argued that this face sensitive activation may reflect ‘domain
specificity’ (Kanwisher et al., 1997) for the processing of faces, it is important to note that the FFA
has been suggested to also reflect an area recruited for within-category visual discrimination of
other non-face stimuli, which require a similar level of visual ‘expertise’ for individual
discrimination (Gauthier, Skudlarski, Gore, & Anderson, 2000). This ‘expertise hypothesis’
(Gauthier & Nelson, 2001; Gauthier, Skudlarski, et al., 2000) suggests that the observed cortical
specialization for faces is a product of perceptual exposure and training in discriminating between
similar visual stimuli. For example, it has been shown that individuals who are experts (or who are
trained to become experts) in within-category discrimination of non-face stimuli, such as cars or

birds, show similar underlying neural activity in the FFA when perceiving faces or other ‘expertise’
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stimuli (Gauthier et al., 2000; Rossion, Gauthier, Goffaux, Tarr, & Crommelinck, 2002). In addition,
highly familiar non-face stimuli that require holistic processing due to their multipart visual
organisation (Bilalic, Langner, Ulrich, & Grodd, 2011) elicit activation in face selective areas.
However, this finding remains controversial and a number of studies have reported greater neural
activation to faces in comparison with objects of expertise in the FFA (Grill-Spector, Knouf, &
Kanwisher, 2004; McKone et al., 2007). It is also important to note that expertise in face
recognition and the involvement of the FFA in face processing appear to develop implicitly across
all neurotypical individuals. On the other hand, the involvement of the FFA in discriminating
between other ‘similar’ stimuli often involves explicit perceptual discrimination training.
Moreover, others have argued that normal face recognition does not rely on the development of
normal object recognition, as might be assumed from the expertise hypothesis (Germine,
Cashdollar, Duizel, & Duchaine, 2011). However, a bridging of these two viewpoints may be
realised through the ‘interactive specialization’ approach (Johnson, 2011). Interactive
specialization considers both the predisposition for cortical activation to e.g. face stimuli (intrinsic
factors) and the level of exposure to faces (extrinsic factors), which modulates the degree of
localization and specialization of this cortical activity. Thus, under this model areas of the brain
may start out as having “broadly tuned functions” and with development they gradually become
more refined for more specialized functions (Johnson, 2000, 2001), with direct consequences on

localization and specialisation of neural activation in the brain.

1.2.6.2. The core face processing network

However, it is also important to note that a number of functional imaging studies in
prosopagnosics have revealed normal activation in FFA when viewing face images (Fox, laria,
Duchaine, & Barton, 2013; von Kriegstein, Kleinschmidt, & Giraud, 2006), suggesting that
activation in FFA alone is not sufficient to support normal identity processing (Fox, laria, & Barton,
2008). Indeed, it is thought that the FFA is part of a larger neural network involved in face
perception and recognition (Haxby et al. 2000). These areas include the occipital face area (OFA),
which is argued to be involved in the early perception of facial structure (Gauthier, Tarr, et al,,
2000; Haxby et al., 2000) and areas in the superior temporal sulcus (STS), which are thought to be
concerned with processing the changeable aspects of the face, i.e. movement associated with
expression or gaze direction (Hoffman & Haxby, 2000; Puce, Allison, Bentin, Gore, & McCarthy,
1998). However, the functional and hierarchal nature of the connections between these areas is
debated. Specifically, Haxby and colleagues have argued that face processing begins in the OFA,
with subsequent analysis of the face occurring downstream in FFA (for identity) or STS (for social

signal analysis). However, others have contended that the changeable aspects of the face may be
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processed in STS through an independent network which does not entail ventral based areas i.e.
OFA or FFA (O’Toole, Roark, & Abdi, 2002; Pitcher, Duchaine, & Walsh, 2014). Moreover, it has
been argued that the facial motion may also be used to support identity, in addition to social
signal, processing (O’Toole et al., 2002; Roark, Barrett, Spence, Abdi, & O’Toole, 2003). The next

section will turn to this in more detail.

1.3. Recognising Others: Beyond the Static Face

1.3.1. Dynamic faces

As demonstrated throughout this chapter much research has been dedicated to
understanding both the perceptual and neurological processes which underlie human face
recognition. Although this has brought us far in understanding how the brain processes facial
identity, the contribution of such studies to our understanding of person recognition in the real
world is limited by the fact that only information in the visual domain is considered and moreover
that such evidence is largely based on the use of static images of faces as stimuli. Importantly,
ageing effects and prosopagnosia (both acquired and developmental) have to date been studied
almost exclusively through the use of static face images. Such investigations belie the true nature
of the processes involved in the perception of faces we often encounter every day, as faces move

and speak, and are thus inherently dynamic, multisensory stimuli.

In the real world we rarely experience a face in static form and most often see the face in
motion, across a large range of viewpoints and expression changes. It would seem odd if we
encountered someone who did not move their face. Indeed, static face images extracted from
moving sequences are viewed as less appealing than their dynamic counterparts, a finding
referred to as the ‘frozen face’ effect (Post, Haberman, Iwaki, & Whitney, 2012). In addition, it has
been reported that most regions of interest (ROI) in the face processing system are more
successfully located in neuroimaging studies through the use of dynamic (in comparison to static)
face images in functional localizers (Fox, laria, & Barton, 2009). As we are constantly surrounded
by moving stimuli, it is possible that this finding may be explained by the idea that there are more
neurons responsive to moving, relative to static, face images in the human brain (Fox et al., 2009;

Schultz & Pilz, 2009).

1.3.1.1. Accommodating motion for recognition in models of face processing

The bias in using static images in studies of face perception has been suggested to reflect

an underlying assumption about face perception itself, that recognition is based on our ability to



recognise the face through invariant characteristics (likely processed in OFA and FFA as
highlighted above) whilst ignoring changes which occur through movement (Bruce & Young,
2012). Moreover, seminal models of face perception, such as that proposed by Bruce and Young
(1986) have argued that dynamic facial cues were directly related to the communication of social
signals e.g. expression, speech movements, rather than identity (see Figure 1.3 for illustration of
the Bruce and Young, 1986 model). Yet recent findings suggests that our ability to recognise a
face as an individual may depend on our ability to process these dynamic changes and in turn
create a more robust representation of the face in memory. For example, the way someone
moves their forehead when in thought, may be peculiar to that individual and thus we may
recognise the person not in spite of this movement, but perhaps in light of it. Thus, spatio-
temporal information associated with an individual’s face may act as a unique signature to
facilitate the recognition of that person (Bulthoff, Cunningham, & Wallraven, 2011; Knappmeyer,

Thornton, & Biilthoff, 2003).

Indeed, a number of studies have demonstrated that motion plays an integral role in our
ability to recognise familiar others, under degraded visual conditions when available structural
form cues are unreliable (Knight & Johnston, 1997; Lander & Bruce, 2000; Lander, Christie, &
Bruce, 1999; Lander & Chuang, 2005; O’'Toole et al., 2002). For example, Knight and Johnston
(1997) demonstrated that when visual images of famous faces were degraded by presenting the
images in their negative photographic form, participants were more accurate at identifying the
target face when it was shown as a video clip rather than a static image. Indeed, Hill & Johnston
(2001) demonstrated that observers could reliably discriminate the sex and identity of a face,
when only motion cues were available. In that study, Hill & Johnston animated an average avatar
face with different dynamic facial identities. These motion profiles had been motion captured by
tracking the movement of markers positioned on each actor’s face during a previous recording
session. As such, even when no reliable shape cues to the face were available, observers could
still extract relevant motion cues to support identity and sex classification (Hill & Johnston, 2001).
Furthermore, the perceptual system’s sensitivity to detecting identity and other socially relevant
information is not only restricted to facial motion, as observers can reliably determine meaningful
social and identity information from sparse dynamic visual displays which represent a body in
motion (Cutting & Kozlowski, 1977; Johansson, 1973; Kozlowski & Cutting, 1977) (this will be
addressed later in the Chapter). Recovering identity information from motion may be necessary
for recognition under challenging viewing environments when facial form information may be

compromised e.g. in dim lighting or at a distance (O’Toole et al., 2002).
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Figure 1.3. A schematic illustration of the Bruce and Young (1986) functional model of face recognition. The
model proposes that static-based form cues (blue text) support face recognition, while dynamic facial cues
are processed independently to support social signal analysis (red text). The revised model by Burton et al.
(1990) assumes that facial familiarity decisions would occur in Person Identity Nodes (PIN), rather than in a
‘face recognition unit’. Burton and colleagues argued that units in the PIN could support familiarity
decisions across different modalities, such as the voice (green text). Note this assumes that face and voice
cues can only interact to support recognition at supramodal, i.e. post perceptual, stages of processing. The
illustration is adapted from Bruce and Young (1986).

Thus, motion may provide an additional route to recognition (argued to be processed in
the dorsal stream in STS, see Figure 1.4) and assist in determining the familiarity of a face when
facial form information is uncertain. However, the role for motion when learning new, i.e
unfamiliar, faces remains somewhat unclear (Christie & Bruce, 1998; Lander & Bruce, 2003; Pike,
Kemp, Nicola, & Phillips, 1997). Specifically, there is conflicting evidence to suggest that motion
may enhance face learning by creating a more robust structural representation of the face (Pike
et al., 1997; Pilz, Thornton, & Biilthoff, 2006; Thornton & Kourtzi, 2002), suggesting interactions
between the ventral and dorsal streams (see Figure 1.4). However, others have shown evidence

that, in a similar vein to familiar face recognition, motion may support face learning by providing



idiosyncratic dynamic signatures which can be associated with an identity (Hill & Johnston, 2001;
Knappmeyer et al., 2003; Longmore & Tree, 2013) (this is discussed in detail and is the focus of
Chapter 3 and Chapter 4).

However, what is evident is that preserving characteristic motion cues affects
performance when learning new faces (Wallis, 1998; Wallis & Biilthoff, 2001) and recognising
familiar others (Lander et al., 1999). That is, motion presented in forward form is more beneficial
for the perceptual system than disrupted characteristic motion (e.g. reversed, or scrambled). This
can be understood in terms of the temporal-association hypothesis (Wallis & Bilthoff, 1999).
Under this hypothesis the visual system learns to associate multiple views of, for example a face,
when they are not only physically similar but also temporally correlated (Wallis & Biilthoff, 2001).
Thus, if multiple views of a face are seen in close temporal proximity, it is most likely that they all
correspond to the same face and are thus integrated into a robust single representation of the
face in memory. Wallis and Bilthoff (2001) illustrated this sensitivity to change over time
information with a rather extreme example. They observed that individuals learned to associate a
view of a different identity with the same face when all images were presented in spatiotemporal
coherence. They presented five views of a face in smooth rotation and switched the identity of an
intermediate view and observed that people were likely to regard all views as belonging to the
one person, having a direct effect on their memory for that face. Yet when the view sequence was
‘jumbled’, disrupting spatiotemporal association, this effect disappeared. Spatiotemporal
association has been suggested to be more relevant for the recognition of faces over objects and
may in part reflect the nature in which we encounter faces in movement in the natural

environment (Liu, 2007).
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Figure 1.4.A schematic illustration of the working model for face recognition adapted from O’'Toole et al.
(2002). This model uses Haxby et al. (2000) extended neural face processing system as a framework for
understanding how static and dynamic cues may support face recognition. Like Bruce and Young (1986), the
model highlights that static based form cues (processed in FFA) are used to support recognition (blue text).
However, unlike Bruce and Young (1986), this model suggests that dynamic cues (red text) are also relevant
to face recognition. Motion cues may support recognition independently of structural form information
(processed in STS), or they may enhance the structural representation of the face through interactions
between STS and FFA (dashed red line).

1.3.2. Body and biological motion perception

As highlighted above, face processing is a fruitful and active area of research, offering
unique insight into how we recognise others. However, it is important to consider that our ability
to recognise individuals is not restricted to the face, rather there is strong evidence to suggest
that individuals can recognise others from a range of sensory cues including, but not limited to,
the body (Cutting & Kozlowski, 1977; Stevenage, Nixon, & Vince, 1999; Westhoff & Troje, 2007).
Indeed, the body has many of the same characteristics that the face has to offer; the body
conveys socially relevant information, with repeated exposure it becomes highly familiar, it is
based on the same configural arrangement across individuals (Peelen & Downing, 2007) and
importantly it is often seen in motion (O’Toole et al., 2014; O’Toole et al., 2011). Moreover, it
appears that the body (Rhodes, Jeffery, Boeing, & Calder, 2013) and possibly motion cues
displayed by the body (e.g. Hill & Pollick, 2000) may be represented based on the same norm-



based manner as previously described for face representations (Leopold et al., 2005; Rhodes &

Jaquet, 2011; Valentine, 1991).

While it has been argued that the face may offer a more salient cue for recognition than
the body (Bruce, Henderson, Newman, & Burton, 2001b; Burton et al., 1999), there is evidence
that these two sources of visual information may interact when representing identity (O’Toole et
al., 2011; Pilz, Vuong, Bilthoff, & Thornton, 2006; Pilz, Vuong, Biilthoff, & Thornton, 2011). For
example, Pilz et al. (2006) noted that when participants were presented with a face and a moving
body in which the facial identity was ambiguous, (i.e. a 50 percent morph between two different
identities) that perception of facial identity was biased by the characteristic motion signatures
which were displayed by the body. In addition, O’Toole et al. (2011) demonstrated that identity
matching is best when observers are exposed simultaneously to the face and the body in motion,

rather than to face and the body in isolation.

Moreover, a number of studies have demonstrated that motion cues displayed by the
body are sufficient to support person perception, in the absence of the form cues from the face or
the body. For example, Cutting & Kozlowski (1977) demonstrated that observers could reliably
recognise both themselves and their friends when their movements were depicted by a small
number of point of lights in motion. These ‘point-light displays’, which were first described and
implemented through the pioneering work of Johansson (1973), are typically created by
positioning markers or points of light on an actor’s joints and reducing the luminance of the
background, such that only these points of light are visible. When these displays are presented in
their static form, very little information can be extracted from them. In contrast, when viewed in
motion these visible points of light give rise to the perception of a person in motion (Johansson,

1973).

Other studies have demonstrated that these dynamic cues can be rapidly acquired for the
purpose of learning new identities (Hill & Pollick, 2000; Stevenage et al., 1999; Troje, Westhoff, &
Lavrov, 2005; Westhoff & Troje, 2007). Moreover, it has also been reported across a number of
studies, that even when the observer is unfamiliar with the identity, they can still categorise the
sex of the walker in the dynamic visual displays with performance being better than predicted by
chance (for a review see Pollick, Kay, Heim, & Stringer, 2005). Thornton (2006) also reported that
when the natural movement profiles of a moving person (i.e. presented by video and not a point-
light display) were visually degraded, rendering form cues unreliable, that observers could still

detect the sex of the individual from the movement. This finding parallels the face perception



literature discussed above and suggests that dynamic cues can be readily extracted when form

cues are degraded. This remarkable ability will discussed in more depth in Chapter 6.

1.3.2.1. Body and biological motion processing: underlying neural processes

A similar neural network has been proposed for the processing of bodies (Downing, Jiang,
Shuman, & Kanwisher, 2001; Grossman & Blake, 2002; Peelen & Downing, 2005; Taylor, Wiggett,
& Downing, 2007), to that which has been proposed for faces (Gauthier, Tarr, et al., 2000; Haxby,
Hoffman, & Gobbini, 2002; Kanwisher et al., 1997). Specifically, as the OFA has been implicated in
the processing facial features, a region in the lateral occipitotemporal cortex, referred to as the
extrastriate body area or EBA (Downing et al., 2001) has been implicated in the processing of
images of the human body and body parts, showing an increased functional response profile to

these stimuli than other object categories including that of faces.

Additionally, an area in the fusiform gyrus, labelled the fusiform body area (FBA) has also
been reported to respond to visual images of the human body, in the absence of the face (Peelen
& Downing, 2005). In parallel to activations in the FFA, which has been proposed to process the
facial configuration, rather than individual features of the face, the FBA has been shown to exhibit
enhanced functional activation in response to complete body images in comparison with body
parts (Taylor et al., 2007). This suggests that the FBA may play a role in representing the
configuration of the full body form (Taylor et al., 2007). Additionally, areas in posterior STS have
been shown to be involved in the processing of dynamic biological motion cues from the body
(Bonda, Petrides, Ostry, & Evans, 1996; Grossman & Blake, 2002; Grossman et al., 2000). Damage
to this network has been shown to give rise to deficits in body and body motion recognition,

similar to the deficits observed in acquired prosopagnosia (e.g. Moro et al., 2008).

1.3.3. Voice perception

Although the voice, like the face, is uniquely associated with a person’s identity, most
research has focused on how we process vocal information for the purpose of perceiving speech,
and it is only in recent years that attention has turned to how we process paralinguistic
information in speech to support speaker recognition. Yet in evolutionary terms speech is only a
recent addition, and our ancestors have been deducing information from vocalizations to support
recognition for millions of years (Belin et al., 2004). The fundamental nature of voice recognition
is apparent not just from birth, with new-borns showing a preference for their mother’s voice
(DeCasper & Fifer, 1980), but there is evidence to suggest that this ability to discriminate voices

may in fact emerge in utero (Fifer & Moon, 1994).
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1.3.3.1 Representing voices in the brain: underlying neural processing

The voice, like the face, is a unique identity marker and conveys similar identity
information including age, gender (this will be discussed in detail in Chapter 6), ethnicity and
familiarity as the face and has thus been referred to as an ‘auditory face’ (Belin et al., 2004).
Indeed, there is evidence that the brain may represent voice identity, also referred to as speaker
identity, in the same way as the face (Latinus & Belin, 2011; Schweinberger et al., 2008; Zaske,
Schweinberger, & Kawahara, 2010). Specifically, Latinus and Belin (2011) demonstrated that voice
identity is also represented in terms of a norm-based coding, with each voice identity likely being
represented in a similar manner to that described for multidimensional face-space mentioned
earlier in the chapter (see Valentine, 1991). Indeed, the neocortex has developed a network that
supports voice recognition that is structured along the same principles as the network that
supports face recognition. As the FFA has been implicated in the recognition of facial identity
(Grill-Spector et al., 2004; Kanwisher et al., 1997; Parvizi et al., 2012), recent findings have
revealed voice selective regions, specifically temporal voice areas (TVA), which are located in mid
and anterior regions of the superior temporal sulcus (mSTS and aSTS, respectively) (Belin, Zatorre,
Lafaille, Ahad, & Pike, 2000; Belin et al., 2004; Belin, Zatorre, & Ahad, 2002). These areas are
sensitive to, among other things, identity information in speech. Similar to the prosopagnosic
literature, insult to these areas, particularly when localised to the right hemisphere, can result in
deficits in voice recognition known as phonagnosia (Van Lancker & Canter, 1982). In contrast,
damage to left hemisphere areas often result in deficits in speech perception (aphasia) but with
intact voice recognition (Van Lancker & Canter, 1982). Recent evidence also suggests the
existence of developmental phonagnosia (Garrido et al., 2009). In parallel, to developmental
prosopagnosia, this deficit appears to be largely restricted to the ability to recognise the identity
of the individual, rather than the sex or the emotion which is depicted in the voice (Garrido et al.,

2009).

1.3.4. Iinteractions between the face and voice in person perception

It appears that the brain has evolved to efficiently process face and voice information in a
similar fashion. Recent evidence suggests that vocal and facial information is integrated and
shared across modalities at earlier stages of processing (Ghazanfar & Schroeder, 2006; Ghazanfar,
2011; Schweinberger, Kloth, & Robertson, 2011) than were previously assumed (Burton, Bruce, &
Johnston, 1990). Pioneering work by von Kriegstein and colleagues reported intriguing findings
that the FFA is active during familiar voice recognition, even when there is no visual input (von

Kriegstein, Kleinschmidt, Sterzer, & Giraud, 2005). This has important implications for existing



models of person recognition, which have assumed that the face and the voice are processed
independently and only combined at later stages of processing to support recognition in
supramodal ‘person identity nodes’ (Bruce & Young, 1986; Burton et al., 1990; Ellis, Jones, &
Mosdell, 1997), see Figure 1.3. Furthermore, it has been reported that even the haptic and the
visual modalities may encode face information in a similar way, for the purpose of supporting face
recognition (Casey & Newell, 2007). This adds to the growing evidence that activation in
unisensory areas of the brain can be modulated by cross modal input (Alais, Newell, &
Mamassian, 2010; Driver & Spence, 2000; Driver & Noesselt, 2008; Ghazanfar & Schroeder, 2006)
and suggests that the ventral temporal lobe may represent such person identity information

independent of the input modality.

In addition, von Kriegstein et al. (2005) observed that when the task of the participant
was to focus on the identity of the voice, activation between the FFA and mSTS and aSTS,
predominantly in the right hemisphere, was apparent. As mentioned such areas are involved in
the processing of identity information from the voice (Belin et al., 2011). In contrast, areas in
posterior STS are concerned with processing speech content. Such direct sharing of information is
advantageous, as it allows for robust person recognition, through cross-modal compensation,
under both suboptimal viewing and/or listening conditions. This may be evident with decline in
unisensory processing, as occurs with the ageing process (e.g. Maguinness, Setti, Burke, Kenny, &
Newell, 2011) or in a dimly lit or noisy room where it may be difficult to see a person’s face or to
hear the person’s voice. However, to date research on ageing has largely focused on the role of
dynamic facial information in speech, rather than speaker (i.e. identity), perception. Results from
such studies have demonstrated that while speech perception declines with older age dynamic
visual information can enhance the perception of the auditory signal (e.g. Maguinness et al.,
2011; Sommers, Tye-Murray, & Spehar, 2005). Moreover, in general it appears that multisensory
inputs may enhance perception to a greater extent in in older adults, relative to younger adults
(Laurienti, Burdette, Maldjian, & Wallace, 2006; Peiffer, Mozolic, Hugenschmidt, & Laurienti,
2007), suggesting that the brain may maintain robust perception by combining sensory inputs as

unisensory processing declines.

Indeed, von Kriegstein et al.’s (2005) surprising finding of visual activation to an auditory
only input, parallels many of the findings from the speech perception literature, which for a long
time had been largely viewed as a purely auditory process. However, the results from McGurk &
MacDonald (1976) seminal study on the influence of dynamic visual information on heard speech
significantly disrupted this assumption. In that study, the authors demonstrated that when

conflicting visual and auditory speech cues are presented, for example, when a visually articulated
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syllable /ga/ is dubbed with an acoustic syllable /ba/, the observer perceives a novel illusory
percept which is a fusion of the auditory and the visual signal e.g. /da/, this effect is commonly
referred to in the literature as ‘The McGurk Effect’. This new percept is a definitive example of
how speech perception is a multisensory process, as what is perceived is neither the unisensory
acoustic or visual signal. Other studies subsequently revealed that lip movements specific to
speech, in the absence of sound, were sufficient to induce activation in the primary auditory

cortex (Calvert et al., 1997).

It has been argued that the addition of visual speech information (viseme) likely
decreases the processing load on the auditory cortex by possibly inducing activation in the same
neurons in the auditory cortex which are responsible for processing phonetic information in
speech (Besle, Fort, Delpuech, & Giard, 2004; Davis, Kislyuk, Kim, & Sams, 2008; Jadaskeldinen et
al.,, 2004). In addition, there is also evidence to suggest that gesture information provided by
upper limb movements which occur naturally during the production of speech (Hubbard, Wilson,
Callan, & Dapretto, 2009), may also help to resolve ambiguities and enhance the processing of the
speech signal (Goldin-Meadow & Alibali, 2013; Hubbard et al., 2009). These speech movements
from the face and the body have been shown to enhance activation in the auditory cortex,
suggesting that they may facilitate speech perception in a similar manner (Calvert & Campbell,
2003; Calvert et al., 1997; Hubbard et al., 2009). This benefit of combining audio and visual signals
may be mediated by the saliency of the auditory signal, such that the multisensory benefit is more
pronounced when auditory performance is suboptimal (Ross, Saint-Amour, Leavitt, Javitt, & Foxe,

2007; Sumby & Pollack, 1954).

Furthermore, research reported by von Kriegstein and Giraud (2006) has provided further
evidence for the existence of an audio-visual person recognition network. They demonstrated, in
an fMRI study that the learning of audio-visual face and voice pairings increased the functional
coupling between face and voice areas in the cortex. Furthermore this functional coupling was
observed only for natural audio-visual pairings that offer some level of cross-modal redundancy
(e.g. a face and a voice versus a phone and a ring tone). Blank, Anwander and von Kriegstein
(2011) conducted a follow up study using diffusion tensor imaging (DTI). DTI offers the possibility
of assessing the connectivity of brain areas through probabilistic tractography. Blank et al. (2011)
demonstrated direct structural connections between the FFA and the voice identity sensitive
areas in aSTS and mSTS. Such direct sharing of information between regions may be used to
optimize person recognition. Thus, at least for the naturalistic coupling of face and voice stimuli,

the multisensory effects may result from direct interactions between voice and face recognitions
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areas in the brain, as opposed to top-down modulation from supra-modal areas, as was once

thought.

In line with the findings reported by von Kriegstein and colleagues, Schweinberger, Kloth
and Robertson (2011) revealed evidence for face and voice interactions occurring at strikingly
early stages of processing. They demonstrated through electroencephalogram (EEG) recordings,
that event related potential (ERP) responses occur in the frontocentral areas at around 50-80
milliseconds (ms) following audio-visual (AV) presentation. These ERP responses occurred earlier
and were more pronounced (super-additive) for AV presentations, compared to visual or auditory
unimodal presentations. Schweinberger et al. (2011) argued that such early audio-visual
processing is mandatory; however it may not reflect audio-visual integration for the purpose of
recognition. For example, detecting AV incongruencies in person recognition emerges at a later
stage in the processing stream. AV mismatches in face and voice identity elicited differences in
ERP responses at around 250-600 ms (Schweinberger et al., 2011). Nevertheless, results from a
familiar voice recognition study by Schweinberger, Robertson, and Kaufmann (2007)
demonstarted that individuals found it difficult (slower reaction times) to detect the familiarity of
a familiar voice when it was presented with a dynamic face of a non-corresponding identity,
suggesting that the neurological effects reported by Schweinberger et al. (2011) can have direct
behavioural consequences. However, similar to the face processing literature, where the benefit
for motion on unfamiliar face processing is unclear, there is also debate as to whether these
dynamic cross-modal interactions are more relevant for established familiar identity
representations, rather than for establishing new face and voice representations (e.g.
Schweinberger, Robertson, & Kaufmann, 2007). This will be returned to in detail and be the focus

of Chapter 5.

These audio-visual effects appear to parallel the findings observed by Wallis and Bilthoff
(2001) reported earlier in the Chapter. Specifically, Wallis and Bilthoff observed that participants
tended to integrate images of different identities into a single face representation when the
images were shown in spatiotemporal alignment (i.e. fluid motion). These ‘illusory effects’ tell us
a lot about the perceptual system’s sensitivity to change over time information. They also
demonstrate the optimal nature in which person recognition has evolved, when we consider that
is unlikely that we would ever encounter a face and a voice articulating speech in spatial and
temporal alignment that did not belong to the same identity or encounter a change in facial

identity as the a face moved from side to side.
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1.4. Outline and Scope of the Thesis

Taken together, the findings discussed above demonstrate that information from the
face, voice and body are likely represented and possibly processed in a similar manner in the
brain. Indeed, when we consider a typical communication scenario our sensory system is
simultaneously bombarded with multiple sensory inputs, for example when ‘listening’ to
someone speak, the voice is accompanied by visual movements of the face and often with
movement from the body. This common processing likely assists in sharing information across the
senses (Belin et al., 2004; Schweinberger, Kloth, et al., 2011). However, to date these sensory
interactions have largely been studied in neurotypical young adult populations only. While these
studies have been fruitful for understanding how the brain integrates different sensory cues to
identity, they have also left outstanding questions, particularly pertaining to how these cues may
interact when learning new identities, rather than accessing established representations of

familiar persons, an issue which has been highlighted throughout this chapter.

Furthermore, many of the findings which have challenged the assumption that different
sensory inputs (e.g. face and voice) are processed independently which have been held by
traditional models of person perception, have largely arisen with recent years. Thus further
support or refinement of these emerging theoretical models is warranted. The aim of this thesis is
to address these concerns by examining how multiple sensory cues, e.g. face, voice and body,
may interact to support person perception in both younger and older adults and in cases of
developmental prosopagnosia. Importantly, compared to neurotypical young adults, both cohorts
exhibit a decline (i.e. with normal ageing) or a distinct deficit (i.e. developmental prosopagnosia)
in their ability to represent identity from static facial cues alone. However, to date, it is poorly
understood how impaired face processing, as reported in cases of DP, may impact on the
processing of other sensory cues to identity, e.g. the voice or facial motion, or whether person
perception in older age may benefit from sensory cue combination, as unisensory processing
declines. Such findings would clarify how the interactions between the senses may shape our
representation of a person in memory. These questions were tested empirically in the chapters

that follow, through a series of behavioural experiments.

Specifically, Chapter 2 examined static face processing in older adults and age-matched
developmental prosopagnosics, in order to characterise the nature of the static face processing
deficits in these cohorts. Chapter 3 moved on to establish if motion could enhance unfamiliar face
processing in older, relative to younger adults, with the rationale that interactions between form

and motion cues may be more readily observed in this cohort as static face processing declines.
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Chapter 4 then explored how learning a face in motion may affect the representation of the face
in two cases of developmental prosopagnosia, a disorder which to date has been examined
largely in terms of static face processing ability. Chapter 5 examined how facial motion may affect
unfamiliar voice processing in older and younger adults. This chapter proposed that if voice
representations are weaker in older adults then the benefit of sensory cue combinations may be
more readily observed in this cohort. Chapter 5 also investigated if poor face processing, as
evidenced in cases of developmental prosopagnosia, may affect the ability to represent speaker
identify by this group. Chapter 6 focused on how information from the voice may modulate the
perception of the gender-ambiguous biological motion displays, in younger and older adults and
developmental prosopagnosia. Here it was predicted that the sharing of sensory cues to the sex of
an individual may assist in the classification of the sex of the stimulus when visual cues alone are
insufficient. The theoretical implications of the results observed from the series of behavioural
experiments described in the thesis are discussed in detail in Chapter 7. Possible avenues for

future research are also explored.
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Characterising Face Processing Abilities in
Neurotypical Older Adults and Age-Matched
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2 Characterising Face Processing Abilities in Neurotypical Older
Adults and Age-Matched Developmental Prosopagnosics

2.1. Introduction

The processing of facial information from static images has been studied extensively in
neurotypical younger adult populations. These observations have given rise to our understanding
of how unfamiliar and familiar faces are perceived, processed and represented in the human
brain (Bruce & Young, 1986; Haxby et al., 2002; Valentine, 1991). In parallel, the study of face
processing from images in persons with prosopagnosia has also assisted in developing and
refining our understanding of the normal mechanisms underlying face processing (e.g. Fox, laria,
Duchaine, & Barton, 2013; Fox, laria, & Barton, 2008). These two populations have also been
extensively studied alongside one another. Specifically, many of the standardised tests of face
perception and face recognition which have been used to diagnose cases of prosopagnosia (both
acquired and developmental), classify abnormal task performance based on normative data
collated from younger adult participants (e.g. Duchaine & Nakayama, 2006). However, this
approach is somewhat problematic owing to the fact that face processing performance does not

remain stable across the lifespan.

As highlighted in Chapter 1, face recognition performance appears to decline as a function
of increasing age, with decline evident at around 50 years of age (Bowles et al., 2009). Failure to
account for this deterioration can have a significant impact on the ability to accurately and
reliably diagnose disorders of face processing. For example, Bowles et al. (2009) demonstrated
that comparing performance on a standardised test of face recognition, The Cambridge Face
Memory Test (Duchaine & Nakayama, 2006), by people aged 70 years or over to the norm for a 21
year old produced a diagnosis rate of 22.6 % for prosopagnosia in the population tested. Even
more worryingly, a comparison of performance across the same populations on the Cambridge
Face Perception Test (Duchaine, Germine, & Nakayama, 2007), a standardised test for face
perception, produced a diagnosis rate of 60% for prosopagnosia in this older age group. However,
when older individuals’ scores were compared to their own age group norms, the diagnosis rate
for prosopagnosia dropped dramatically to 3.2 % and 8.0 % for the Cambridge Face Memory Test

and the Cambridge Face Perception Test, respectively.

The focus of this chapter is two-fold. Through the implementation of a number of
standardised face processing tests which examine both face memory and face perception, this

chapter hopes to gain insight into what aspects of face processing appear vulnerable to the ageing
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process. Specifically, a number of studies have demonstrated that face memory is poorer in older
adults (Bartlett et al., 1989; Bartlett & Leslie, 1986; Memon, Bartlett, Rose, & Gray, 2003).
Moreover, recent studies have suggested that face perception, specifically matching faces for
identity, is poorer in older age, particularly when the task is to match the face across changes in
visual appearance (Habak et al., 2008; Lee et al., 2011). Thus it is possible that poor structural
encoding of face images may account for some of the effects observed on face memory, with
deficits at earlier stage processing affecting later stages of recall. In turn, these investigations will
also be valuable when attempting to diagnose for prosopagnosia in older age. This chapter
explicitly examines this issue by comparing the performance of two older adults, UM and PL, who
presented with suspected developmental prosopagnaosia, to the data collected from a sample of
older adult participants on an extensive battery of tests designed to assess face processing

abilities.

The face processing battery can be divided into two parts. Part | of the battery was used
to assess age-related changes in the processing of unfamiliar faces in older relative to younger
adults. In addition, both prosopagnosics’ performance was contrasted with older adults’
performance on this part of the battery. Part Il of the battery was used solely to characterise face
processing in prosopagnosia in more depth and it included measures of familiar face recognition.
As such older adults’ performance on this section was used to assess face processing in
prosopagnosia in older age, rather than the data being compared with younger adults’
performance. While this thesis is not primarily concerned with object processing, a series of
object processing tests are included in this chapter in order to characterise how face specific the
processing deficits are in those who present with prosopagnosia in older age. Thus, this chapter
does not focus on comparing younger and older adults’ object perception or recognition
performance, but rather it contrasts the suspected developmental prosopagnosics’ object
processing results with that of age-matched controls. A full description of the tests which

comprised the face and object processing battery are described in detail below.

2.2. Face Processing Battery Part |

The Cambridge Face Memory Test (CFMT; Duchaine & Nakayama, 2006) was

used to measure age-related changes in face recognition performance. This test uses unfamiliar
face images to assess face recognition across learned and novel images of the face (design, stimuli
and procedure are described in detail later in the chapter). The use of novel test images is an
important factor in any test of face processing. Specifically, face recognition can be said to occur

when identity can still be matched despite changes in e.g. viewpoint or expression, as this type of



matching relies on the ability to represent the essential structure of the face, rather than pictorial
aspects of the original studied image (Bruce, 1982). The CFMT has been shown to be sensitive to
the perceptual processes which are thought to underlie face processing ability. Specifically,
performance declines substantially when the face images are shown in an inverted, relative to
upright, orientation. Inversion is thought to disrupt the holistic or configural processing of the
face image (Maurer et al., 2002; Piepers & Robbins, 2012; Yin, 1969). Furthermore, performance
on the CFMT has been shown to be largely dissociable from measures of general object
recognition (Bowles et al., 2009) and it has been shown to reliably diagnose face recognition
impairments in prosopagnosia (McKone et al., 2007). As a measurement tool it exhibits high
internal (Bowles et al., 2009; Wilmer et al., 2010) and external test- retest reliability (Wilmer et

al., 2010).

The revised Australian version of the Cambridge Face Memory Test was also administered
in the current study (CFMT-Aus; McKone et al., 2011). The CFMT-Aus is identical in format to the
CFMT but uses different face stimuli. Both versions were administered as performance on the
CFMT has been shown to be affected by the ageing process (i.e. Bowles et al., 2009), however the
face images used to develop the CFMT-Aus may more reliably match the ethnicity of the local
population. Specifically, the CFMT-Aus was developed using images from the Glasgow Face
Database (Burton, White, & McNeill, 2010) (Caucasian faces with Northern European/British Isles
ethnicity), while the original CFMT was developed using face images from the Harvard Face
Database (Caucasian faces with South European/Middle Eastern ethnicity). Thus in the current
context the CFMT-Aus may provide a more reliable measure of ageing effects and has yet to be
examined in an older adult cohort. In addition, this version of the test may more accurately
characterise a face recognition impairment in prosopagnosics from Northern European/British
Isles, as the face stimuli more reliably match the faces they are exposed to on a regular basis

(McKone et al., 2011).

The Cambridge Face Perception Test (CFPT; Duchaine et al., 2007) was used to

assess the effect of older age on face perception. The test involves sorting a series of novel face
images by the degree to which they match a target face. The test contains both upright and
inverted trials. As all test and target images are shown simultaneously, this test relies on the
ability to discriminate between facial identities, rather than memory for previously learned faces.
However, performance on upright trials in this test has been previously shown to relate to face
memory performance, suggesting that in neurotypical adults both face perception and face

memory share overlapping abilities (Bowles et al., 2009). Although developmental prosopagnosics
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often perform poorly on the CFPT, it is important to note that there are also cases where CFPT
performance is normal in this group, in spite of a face recognition impairment (Bowles et al.,
2009; Bradley Duchaine, Murray, Turner, White, & Garrido, 2009; Lucia Garrido et al., 2008; Lee et
al., 2010). This suggests that in some cases of prosopagnosia abnormalities may also arise at later
stages of face processing such as when accessing semantic information about a stored facial

representation (Anaki et al., 2007; Towler & Eimer, 2012).

2.3. Face Processing Battery Part I/

The Famous Faces Test was also administered to the older adult participants and

both prosopagnosics. This test was developed onsite and followed a similar format to that
previously reported in the literature (e.g. FFT; Duchaine et al., 2007, see Methods section below
for further details). The FFT has been argued to be a theoretically robust test as it strongly mimics
familiar face recognition in everyday circumstances. Specifically, people have had sufficient
exposure to the (famous) facial identity to establish a reliable representation of the face, such
that recognition can occur even when presented with a novel i.e. never before seen face image of

that particular identity (Bowles et al., 2009).

The Benton Face Recognition Test (BFRT; Benton, Hamsher, Varney, & Spreen,

1994) was administered to both prosopagnosics and the older adult group. This test was largely
administered in order to comply with the standard test battery which has been used to establish
face processing impairments in prosopagnosia. The test is argued to be a measure of face
recognition ability, however it has been shown to have a rather poor success rate in diagnosing
cases of proscpagnosia (Duchaine & Nakayama, 2006; Duchaine & Nakayama, 2004; Longmore &
Tree, 2013). For example, Duchaine & Nakayama (2006) reported that the BFRT had a 25%
success rate in correctly diagnosing prosopagnosia, compared to a 75% success rate for the CFMT.
The reason that prosopagnosics can perform so well on this task is due to the fact that both the
target identity and the test images (which are to be matched to the target) are shown
simultaneously, under free viewing conditions and for an unlimited time. Furthermore, due to the
nature of the image set viewers can easily match the identities by matching particular features
such as the hairlines or eyebrows of the face images. Duchaine & Weidenfeld (2003) observed
that younger neurotypical adults can do the task when only these cues are available; as such the

BFRT is arguably a test of image matching rather than face recognition.
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2.4. Object Processing Battery

The Cambridge Car Memory Test (CCMT; Dennett et al., 2012) was used to

investigate object recognition in prosopagnosics, compared to their older adult, age-matched
controls. This test examines the ability to recognise car images, across learned and novel images
and follows an identical format to the CFMT. Car stimuli were chosen as they share similar
perceptual properties to faces (e.g. the windows, door and wheels occur in a set configuration).
Furthermore, cars are three dimensional real world objects which can be shown from different
viewpoints (Dennett et al., 2012). As such, the CCMT largely matches the CFMT in terms of
cognitive and perceptual demands. Performance on the CCMT is however dissociated from
performance on the CFMT, suggesting that each test may harness relatively independent

perceptual abilities (Dennett et al., 2012; McKone et al., 2011).

The Birmingham Object Recognition Battery (BORB; Riddoch & Humphreys,

1993) was used to assess object recognition and object knowledge in both prosopagnosic
individuals in comparison to controls. From the battery The Minimal Feature View Task (a task
designed to assess object matching across novel extrapolated viewpoints); The Picture Naming
Task (designed to assess object recognition); The Object Decision Task (designed to assess object
recognition through detecting if objects are real or unreal entities); and The Association Match
Task (which examines the ability to detect if objects are semantically related) were administered.
Although normative data from older adults are available for the BORB tasks, the age range of
participants on which the norms are based is rather large. For example, for the Minimal Feature
View Task norms are based on data acquired from neurotypical individuals with an age range of
50-80 years. These norms suggest a mean performance score of 23.3/25, with a standard
deviation of 2. Based on these data, impairment in performance is only likely to be detected if a
score of 19 or below is obtained on the task. As will be seen later in this chapter, performance on
this task for older adults with a narrower age range 60-80 years (mean age=69 years, SD=5 years)
was rarely below 25, with a standard deviation of 0.4. Thus using the available BORB norms may
in fact decrease the likelihood of detecting a co-occurring object processing impairment in

prosopagnosia when, in comparison to age-matched controls, an impairment may exist.
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2.5. General Method

2.5.1 Developmental prosopagnosia case reports

UM is a 76 year old female, who has a self-reported difficultly in recognising facial
identity, in the absence of any neurological damage. This deficit has been consistent throughout
her life and she has relied on compensatory strategies for recognition, including environmental
context and external facial feature matching, such as hairstyle. UM describes that when viewing
faces she can clearly see the eyes, nose and lips and that the features do not appear jumbled, but
rather when features are perceived together they do not make one person appear reliably
different from the next. She reports that her mother and five of her siblings, as well as her niece,
also have this deficit, providing further evidence for the hereditary nature of the disorder (see
also Duchaine, Germine, & Nakayama, 2007; Grueter et al., 2007; Griter, Griter, & Carbon, 2008;
Kennerknecht, Grueter, Welling, & Wentzek, 2006; Lee, Duchaine, Wilson, & Nakayama, 2010).
Interestingly, UM became aware of the prevalence of the disorder in her family only when she
explicitly asked each member: prior to this UM had assumed that she was the oniy one affected.
UM reports that she can, however, readily detect the expression, attractiveness or sex of a face
and that she has no deficit in her ability to recognise objects or animals. However, UM does
report spatial disorientation, particularly while driving or navigating through unfamiliar
environments. This spatial disorientation appears to be a common feature accompanying

developmental prosopagnosia (see Grueter et al., 2007).

PL is a 73 year old female, who also reports a distinct deficit in the ability to recognise
facial identity, in the absence of any history of brain trauma or insult. However, unlike UM, PL is
unaware of any existing relatives who may also share her condition. She reports both complete
failure to recognise and ‘false alarm’ recognition (i.e. perceiving an unfamiliar other as familiar),
however when prompted for identity she has no difficulty in recalling semantic information
pertaining to the individual (e.g. relationship to, occupation etc.). Again like UM she does not
report a deficit in the ability to identify objects or animals and reports that she can readily
recognise the expression and sex of a face. Like UM, PL heavily relies on context for face

recognition.
2.5.2. Older adult participants (age-matched control group)

Thirty-eight, community dwelling older adults (age range 60-84 years) took part in this

battery of tests assessing face and object perceptual abilities. Of these thirty-eight participants,
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twenty-two (9 female, 21 right handed, mean age= 72.1 years, SD= 7.3 years) completed the
original Cambridge Face Memory Test (Duchaine & Nakayama, 2006) only. The remaining sixteen
older adults (14 female, all right handed, age range=60-80 years, mean age=69.4 years; SD=5.6
years) took part in the larger battery of face and object testing (note they did not complete the
original CFMT). Due to time constraints two of these individuals (1 male, 1 female) did not return
to complete the entire object testing battery and thus scores for the Birmingham Object
Recognition Battery (Riddoch & Humphreys, 1993) are based on fourteen older adults’

performance (see Table 1).
2.5.3. Tests for general sensory acuity and cognitive impairment

Importantly, both UM and PL scored within the normal range >24 of 30 on the Montreal
Cognitive Assessment (MoCA) and Mini Mental State Exam (MMSE), both reliable indicators of
global cognitive function status (Folstein, Folstein, & McHugh, 1975; Luis, Keegan, & Mullan, 2009;
Nasreddine et al., 2005). Both tests assess measures of verbal fluency, delayed recall, executive
function and abstraction. Visual acuity, was acceptable for their age as measured at 40cm (mean
binocular LogMar score; UM= 0.06, PL=0.2), as was contrast sensitivity (score UM, PL=1.95)

measured using the Pelli-Robson Contrast Sensitivity Test.

For the 38 older adults in the age-matched control group, cognitive function was assessed
using either the MoCA (Nasreddine et al., 2005) or the Mini Mental State Exam (Foistein, Folstein,
& McHugh, 1975) and all participants scored within the normal range (i.e. 224 of 30) suggesting
that there was no evidence of cognitive impairment in these individuals. Of these, the twenty-two
older adults who completed the CFMT, had normal visual acuity for their age as measured at 4m
(mean binocular LogMar score=0.1, SD=0.1) and normal contrast sensitivity (mean score=1.9,
SD=0.1). The sixteen participants who completed all tests had normal visual acuity for their age as
measured at 40cm (mean binocular LogMar score 0.13, SD=0.1), and normal contrast sensitivity

(mean score=1.94, SD=0.03) measured using the Pelli-Robson Contrast Sensitivity Test.

The experiments, and all experiments reported hereafter in the thesis, were approved by
The School of Psychology Research Ethics Committee, Trinity College Dublin (see Appendix A for
letter of approval) and conformed to the Declaration of Helsinki. All participants gave their

informed, written consent to participate.
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2.5.4. Comparison analysis

Performance data from all older adults on the Face Processing Battery Part | (see below
for tests administered) was compared to available published younger adult norm data (see Table
1.1) using a series of independent t-tests. As both the sample size and the variance in
performance across both age groups was unequal (see Table 1.1 for sample size and standard
deviations from the mean), the group means were compared using independent t-tests with
Welch'’s correction. This test takes into account the difference in standard deviations between the
two groups as a consequence of the sample size and results in a corrected t value and corrected
degrees of freedom. The scores for older adults on all administered tests are summarised and
compared with available (published) normative data from younger adults in Table 1.1 (see page

42), with age effects shown in bold print.

UM and PL’s scores on each administered test in the Face Processing Battery Part | and Il
and the Object Processing Battery were compared to the current older adult age-matched
controls using a modified t-test described by Crawford, Garthwaite, & Porter (2010). The test is
designed to compare whether a single case score is significantly different from a control or
normative sample. It is an appropriate test even with a modest control sample size (Crawford et
al., 2010; Crawford & Garthwaite, 2002; Crawford & Howell, 1998) and has been used consistently
in the prosopagnosia literature (e.g. Duchaine et al., 2007; Lee et al., 2010; Longmore & Tree,
2013; Németh, Zimmer, Schweinberger, Vakli, & Kovacs, 2014; Steede, Tree, & Hole, 2007). Along
with a t score, the test also affords a point estimate of the effect size for the difference between
the case and controls (z-cc) and an accompanying 95% confidence interval. This analysis was
carried out using the revised statistical package (SINGLIMS) (revised see Crawford et al., 2010;
original see Crawford & Howell, 1998). The scores for UM and PL and age-matched older adults
on all administered tests are summarised in Table 1.2 (see page 54), with impaired performance

indicated in bold print.



2.6. Face Processing Battery Part |

2.6.1. Cambridge Face Memory Test (Test 1)

2.6.1.1. Method

Stimuli and Apparatus

All face stimuli for the CFMT were provided by Duchaine & Nakayama (2006) and
consisted of greyscale images of 52 unfamiliar Caucasian (with South European/Middle Eastern
ethnicity) male identities, of which 6 were used as target faces and the remainder as distractor
faces. Faces images for the CFMT-Aus were provided by the authors of McKone et al. (2011) and
consisted of greyscale images of 52 unfamiliar Caucasian (with Northern European/British Isles
ethnicity) male identities. As with the CFMT 6 faces were used as target identities and the
remainder as distractor identities. All face images used in the CFMT and CFMT-Aus displayed a
neutral expression and were edited to include a black mask which occluded non-facial features,
e.g. hair. Both tests were identical in design and followed the same experimental procedure. Both
tests consisted of 3 sequential testing stages: Learn Stage, Novel Stage and Noise Stage (described
in detail in Procedure section below). The CFMT was presented on a computer screen using an
executable Java® programme, i.e. ‘jar’ format, from the authors of Duchaine & Nakayama
(2006), this both displayed the experiment and recorded participants responses. However, the
CFMT-Aus was presented using a custom-built programme, according to the experimental
protocol outlined by McKone et al. (2011), using Presentation® software. Both tests were
presented on a Dell OptiPlex 755 PC and displayed on a HP L1710 17” LCD colour monitor. The
screen resolution was set to 1024 x 768 pixels. Images subtended a visual angle of approximately

5.4° vertically onscreen, at a viewing distance of 55cm.
Procedure

Each test was administered in 3 consecutive stages; Learn Stage, Novel Stage and Noise

Stage (see Figure 2.1 for anillustration of each stage).

Learn Stage

In the Learn Stage participants were presented with 3 static images of the same target
face which varied by viewpoint, each image was presented for 3,000ms and separated by an

inter-stimulus interval (ISi) of 500ms in which a blank screen was presented. Images were always



shown in a set order (30° left viewpoint, 0°front, 30° right viewpoint) and were presented in the
centre of the screen. The participant was instructed to memorize each image. After all images
were displayed participants were presented with 3 separate, three-alternative forced choice
(3AFC) test arrays. In each array, 3 face images were shown side by side, and one image was of
the target face while the other two were distractor faces. Each array contained one of the 3
learned viewpoints of the face, and target and distractor faces were always presented from the
same viewpoint. In the first, second and third arrays all images were shown from a 30° left view,
0°front view and a 30° right view, respectively. The position of the target face in the array (image
left, centre or right of the array) was pseudo-randomised across arrays. For each test array the
participant was instructed to choose which of the three faces matched the identity of the
previously learned target face. Responses were made by pressing the ‘1’, ‘2’, or ‘3’ button on the
keyboard, each of which corresponded to the position of a face (left, centre or right). The 3AFC
array remained onscreen until a button response was made. This button response triggered the
offset of the current trial and the onset of the next trial. After the three separate arrays were
presented a message appeared onscreen indicating that a new identity was to be learned and to
press the spacebar to memorize this new face. This procedure was repeated for six separate
identities, giving rise to a total of 18 trials. The order of all trials was the same across all
participants. At the end of the 18 trials participants were presented with all 6 learned identities
again, shown from the same 0°, frontal view as in the Learn Stage. Participants were instructed to

memorize all faces; the images remained onscreen for 20 seconds.

Novel Stage

After the 20 second review a series of 30 3AFC arrays were presented. Participants were
instructed that in each array one face would always match the identity of one of the 6 target faces
previously viewed. The arrays were similar to that reported in the Learn Stage with the exception
that all test images were novel images of the face which varied in viewpoint or lighting. Each
target face appeared 5 times under different viewing conditions; however the same target face
did not appear on any 2 consecutive trials. Again, like in the learn stage, a response button press
of 1, 2, or 3 initiated the offset of the current trial and onset of the next trial. Each trial was
preceded by a 500ms ISI. All trials were presented in a fixed pseudo-randomised order. At the end
of the 30 trials participants were again presented with the same 6 identities shown from the 0°,
frontal view available in the Learn Stage. Participants were instructed to again memorize all faces

and the images remained onscreen for 20 seconds.



Noise Stage

This stage was as described in the Novel Stage with the exception that all novel face
images contained additional visual noise. The noise was a Gaussian blur which was set at 30%
strength (see lower panel of Figure 2.1 for illustration). Each target face appeared 4 times under
different viewing conditions, giving rise to a total of 24 trials. All trials were presented in a fixed

pseudo-randomised order.
Scoring

The dependent variable was accuracy in recognising the target faces, i.e. correctly
identifying the target face from the 3 available images (note by default misses or false alarm
responses are recognised as errors in this task). The maximum overall score was 72 correctly
identified trials. Performance was also calculated separately for each of the testing stages, Learn

Stage (max score 18), Novel Stage (max score 30) and Noise Stage (max score 24).

Learn the target identity through 3 static images
3AFC Test Stages

Learn stage: Match target face from learned image

Novel stage: Match target face from novel image

Noise stage: Match target face from novel image with added visual noise

Figure 2.1. lllustration of each test stage of the CFMT. Images adapted from Duchaine and Nakayama
(2006).

2.6.1.2. CFMT Results
Performance in younger and older adults

Analysis of the accuracy responses revealed that for older adults their Total score on the
CFMT was poorer than that of younger adults [t(24)=3.55, p<0.001, r’=0.5]. Furthermore, older

adults had poorer performance for each stage of the CFMT than younger adults: Learn stage

[t(24)=3.55, p=0.002, r’=0.34]; Novel stage [t(55)=5.55, p<0.001, r’=0.36]; Noise stage [t(54)=4.16,
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p<0.001, r’=0.24]. These results suggest that older age is associated with a decline in face memory

performance. The accuracy scores can be viewed in Table 1.1, page 42.

Performance in prosopagnosics and age-matched older adults

Analysis of the accuracy responses revealed that PL’s Total score on the CFMT was worse
than that of the older adult age-matched group [t(21)=-1.68, p=0.05, Zc=-1.72, 95% Cl =-2.38,
-1.05]%. However, UM'’s overall CFMT performance did not reliably differ from that of the older
adult controls [t(21)=-1.07, p=0.15, Zc=-1.72, 95% Cl=-1.62, -0.55]. Nevertheless, both UM and PL
showed impairment on at least one stage of the CFMT, compared to the older adult group. For
UM impairment was evident at the Learn stage [t(21)=-3.28, p=0.002, Z¢c=-3.34, 95% Ci=-4.47, -
2.23]; the Novel stage [t(21)=-1.90, p=0.04, Zc=-1.94, 95% CI=-2.67, -1.20]; but not for the Noise
stage [t(21)=1.34, p=0.1]. PL showed poor performance in the Learn stage [t(21)=-2.58, p=0.009,
Zce=-2.64, 95% ClI=-3.55, -1.71]; while her performance was not significantly different from
controls for the Novel [t(21) = -1.68, p=0.16, Zc=-1.03, 95% CI=-1.06, -0.51] or Noise stage [t(21)=-
1.10, p=0.14, Z¢c = -1.13, 95% CI=-1.67, -0.56]. The accuracy scores can be viewed in Table 1.2,

page 54.

2.6.1.3. CFMT Discussion

Overall performance was worse for the older than younger adults on the CFMT, an effect
which was evident when matching the face across learned and novel face images (see Table 1.1).
This confirms previous findings that older age is associated with poor face memory (e.g. Bartlett
et al., 1989; Bartlett & Leslie, 1986; Bowles et al., 2009; Memon et al., 2003). Compared to the
older adult, age-matched controls, PL also demonstrated a significant impairment in face
recognition. However, UM’s CFMT total score did not reliably differ from that of the older adult
control group. It is possible that UM’s relatively normal performance on the CFMT original may
relate to the stimuli used in this test. It has been suggested that some prosopagnosics may use
unusual matching strategies for this task (e.g. eyebrow matching), which can result in relatively
normal scores, but with a significant increase in time taken perform the task (Bowles et al., 2009).
Further analysis of reaction time? performance revealed that the average time spent by UM
viewing each test array before a response was made (M=10958ms) was significantly different
than controls (M=5752ms, SD= 1728ms) [t(21)=2.95, p=0.004, Z=3.01, 95% CI=2.01, 4.00].

However, PL’s reaction time performance (M=6713 ms) was similar to that of controls

1 Zcc = Effect Size for difference between case and controls; Cl= Confidence Interval
2 Note that it is common for prosopagnosic studies to compare response times in DP participants to the
mean response time for the control population (e.g. Duchaine, Yovel, Butterworth, & Nakayama, 2006).
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[t(21)=0.54, p=0.30, Zc=0.56, 95% CI=0.10, 1.00]. As such, UM may have been using an unusual,
non-face specific strategy to produce relatively normal scores on this task, in spite of abnormal

face processing.

The CFMT-Aus may more reliably characterise UM’s self-report deficit in face recognition
as the face images used in the CFMT-Aus more reliably match the faces which she is surrounded
by on a regular basis. In parallel, owing to this better ethnicity match it is possible that older
adults’ performance may differ on the CFMT-Aus relative to the CFMT (McKone et al., 2011;
Valentine, 1991).

2.6.1.4. CFMT-Aus Results
Younger and older adults

Analysis of the accuracy scores revealed that the Total score by the older adults on the
CFMT was worse than that of the younger adults [t(15)=3.55, p=0.01, r’=0.30], suggesting a
decline in face recognition in older age. However, this decline was evident only when recognising
novel images of the face: Novel stage [t(15)=2.10, p=0.05, r’=0.20]; Noise stage [t(15)=2.81,
p=0.01, r’=0.27]. Matching identity across identical images of the face in the Learn stage was
unaffected by the ageing process [t(15)=1.3, p=0.20, r’=0.09]. See Table 1.1, page 42, for accuracy

scores.

Comparison between CFMT and CFMT-Aus in older adults

Older adults’ overall Total performance on the CFMT and the CFMT-Aus was compared
using an independent Student t test. This analysis demonstrated that performance was
significantly better for the CFMT-Aus than the CFMT [t(36)= -3.88, p<0.001]. However, the
variance in performance was similar for both tests. Levene’s test for equality of variances was

[F(1,36)< 1].
Developmental prosopagnosics and age-matched older adults

Analysis of Total CFMT-Aus scores, revealed that, relative to age-matched older
adults, UM was significantly impaired on this task [t(15)=-3.47, p=0.002, Zcc=-3.57, 95% Cl =-4.92,
-2.21]. When matching the identity to a learned face image UM showed similar performance to
the older adult group: Learn stage [t(15)=-1.36, p=0.1, Zc=-1.40, 95% CI=-2.09, -0.69]. However,

UM was less accurate when matching facial identity across changes in visual appearance: Novel
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stage [t(15)=-3.31, p=0.002, Zc=-3.41, 95% CI=-4.70, -2.10] and Noise stage [t(15)=-2.35, p=0.02,
Zcc=-2.43, 95% CI=-3.40 to -1.43]. See Table 1.2, page 54, for accuracy scores.

2.6.1.5. CFMT-Aus Discussion

Older adults’ overall face recognition performance improved for the CFMT-Aus, relative to
the CFMT. This effect is consistent with findings in the literature for younger adults (McKone et
al., 2011) and it is thought to relate to a better ethnic match between the participant and the face
stimuli used. Previous studies suggest that ethnic familiarity improves unfamiliar face perception
(Chiroro, Tredoux, Radaelli, & Meissner, 2008; Chiroro & Valentine, 1995). However, older adults’
performance for recognising novel images of the face was consistently poor across both the CFMT
and the CFMT. This indicates that age effects are more robustly observed when facial identity is to
be matched across changes in visual appearance. The CFMT-Aus also clarified UM’s face
recognition deficit, as her performance was very poor relative to that of the age-matched older
adult group. This parallels the findings of McKone et al. (2011) who reported three cases of
prosopagnosia where the participants performed ‘normally’ on the CFMT but pooriy on the CFMT-
Aus. It is argued that prosopagnosics may engage abnormal matching strategies for the CFMT,
matching distinctive local features for faces from a different, relative to same, ethnicity as the

viewer.

2.6.2. Cambridge Face Perception Test (Test 2)

2.6.2.1. Method

Stimuli and Apparatus

Face perception was also assessed using the Cambridge Face Perception Test (Duchaine
et al., 2007). All images were made available by the authors of Duchaine et al. (2007) and the test
was provided in an executable “.jar’ format which both ran the test and recorded participants’
responses. Target images consisted of 8 male faces presented from a % profile view. Test images
consisted of frontal view images which varied in visual similarity to the target image. For each
target face 6 images were created by morphing the target face with a different identity, and
images were morphed to contain 88%, 76%, 64%, 52%, 40%, and 28% of the target face, giving
rise to a total number of 64 test images. See Figure 2.2 for an example of a morphed sequence of

images.



Procedure

In each test trial the participant was presented with the target face (at the top of the
screen) while 6 test images were presented concurrently below the target image. The
participant’s task was to sort the test images from ‘most like the target face’ to ‘least like the
target face’ (see Figure 2.2 for an illustration of a sample trial). In the standard CFPT this ranking is
made by clicking on an image and using the mouse to place the image in the preferred order e.g.
moving the image to the top of the 6 image line up if it looks most like the target face. However,
many older participants were not familiar with the function of a mouse, therefore, for the
purposes of the present study (and for consistency) all participants reported aloud their preferred
ranking of the test images and this ranking was manually executed using the mouse by the
experimenter. All trials terminated after 1 minute, after which the next trial was initiated. The test
consisted of 16 trials in total. In 8 trials of the total trials the target and test images were shown in
an upright orientation, in the remainder test and target images were inverted. The order of the
upright and inverted trials was intermixed, and presented in a fixed pseudo-randomised order

across participants.

Figure 2.2. lllustration of a correctly ordered sample trial for the CFPT. Images on the lower panel are
morphed to contain varying percentages of the target face image, which must be arranged in order of
similarity to the target identity (upper panel). Images adapted from Duchaine et al. (2007).

Scoring

Scores for all test trials were calculated by summing the number of deviations in position
that a test image was from its correct rank ordering. For example, if a test image which shared the
most similarity (i.e. 88%) to the target face was one position from its correct rank order, i.e.

placed in 2" place instead of 1% place, this was counted as one deviation error. If this item was
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placed in 3" place this was counted as 2 deviation errors and so forth. Error scores were
calculated for both upright and inverted trials. Note that higher scores indicate poorer
performance on the task. A score of 93.3 (for upright or inverted trials) signifies chance
performance as it reflects the original pseudo-randomised ordering (i.e. deviation from its correct

rank order) of the stimuli. Scores were calculated separately for upright and inverted trials.

2.6.2.2. CFPT Results

Younger and older adults

Analysis revealed that older adults’ Total score on the CFPT was poorer than that of
younger adults for both upright [t(25)=5.61, p<0.001, r’=0.56] and inverted [t(26)=3.67, p<0.001,
r’=0.34] trials (see Table 1.1, page 42). Interestingly, the size of the inversion effect (increase in
error scores for inverted relative to upright performance) was similar across both younger

(M=28.4, SD=13.3) and older (M=25.38, SD= 14.1) groups [t(43)=0.85, p=0.39, r’=0.02].
Prosopagnosics and age-matched older adults

Compared to the performance of the age-matched older adult group, both
prosopagnosics were impaired (to the same degree) on upright trials in this task
[t(15)=1.87, p=0.04, Zc=1.93, 95% Cl=1.08, 2.76]. Thus, UM and PL found it difficult to detect
subtle differences across face images. However, when images were inverted there was no
observable difference between the performance of older controls and that of UM'’s
[t(15)=0.37, p=0.36, Zc=0.38, 95% Cl=-0.13, 0.88] or PL’s [t(15)=0.004, p=0.49, Z¢=0.004, 95% Cl=

-0.49, 0.49] performance (see Table 1.2, page 54).

2.6.2.3. CFPT Discussion

The performance of older adults was worse than that of younger adults on the CFPT, for
both upright and inverted trials. This result suggests that older age is also associated with a
decline in the ability to discriminate subtle differences between facial identities, even when
retrieval demands on memory are low. However, both younger and older adults showed a similar
cost in the ability to detect these subtle differences when the face was shown in an inverted,
relative to an upright, orientation. This similar cost implies that faces are processed in a holistic or
configural manner (for a review see Maurer et al., 2002) even into older age (see also Boutet &
Faubert, 2006; Bowles et al., 2009). In terms of prosopagnosics’ performance on this task, both

UM and PL were poorer than their age-matched controls at discriminating between the face
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images for upright, but not inverted trials. Therefore, the deficit observed in the performance of
each prosopagnosic appears to be specific to processing which underpins face perception rather

than a general deficit in visual perception.

Table 1.1. Accuracy scores* for younger adults and older adults (with standard deviations) on the face
processing battery (part 1). Scores in bold indicate a significant effect of age.

Older Adults N Younger Adults N

Face Processing

Test 1 Cambridge Face Memory Test @

CFMT Learn 16.7/18 (1.4) 22 17.8/18(0.5) 35
CFMT Novel 15.6/30 (3.4) 22 22.0/30(5.3) 35
CFMT Noise 10.6/24 (3.2) 22 14.9/24 (4.6) 35
CFEMT Total 43.0/72 (6.4) 22 58.4/72(9.5) 35
Test 1 Cambridge Face Memory Test-

Australian ®

CFMT-Aus Learn 17.1/18 (1.5) 16 17.6/18(0.7) 75
CFMT-Aus Novel 23.0/30 (4.4) 16  25.3/30(4.0) 75
CFMT-Aus Noise 11.7/24 (4.0) 16  14.8/24 (4.0) 75
CEMT-Aus Total 51.8/72 (7.5) 16  57.7/72(7.3) 75

Test 2 Cambridge Face Perception Test 2*

CFPT Upright
CFPT Inverted

50.0/93.3 (11.4) 16
76.9/93.3 (15.9) 16

31.4/93.3(9.1) 29
59.8/93.3 (13.1) 29

*With the exception of the CFPT where performance is calculated as an error score. 93.3 is the reference
point for chance performance on the CFPT, higher scores indicate poorer performance. ® Younger adult
norm data (18-35 years) for the original CFMT and CFPT from Bowles et al. (2009); ® Younger adult norm
data (18-32 years) for the CFMT-Aus from McKone et al. (2011).
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2.7. Face Processing Battery Part I/

2.7.1. Famous Faces Test (Test 3)

2.7.1.1. Method

Stimuli and Apparatus

Face recognition was also assessed using a version of the Famous Faces Test (FFT), which
was developed onsite. Stimuli consisted of a set of 40 unique static face images of local and
international actors, politicians and television personalities downloaded from online sources.
Each image was edited in Adobe Photoshop® to include a black mask which occluded any external
features of the face, e.g. hair. All images were of a2 frontal view of the face and were roughly
equated for size and subtended a visual angle of approximately 7° horizontally and 9° vertically on
the screen at a viewing distance of 60cm. The test was programmed in and run using
Presentation® software and the hardware used to drive and display the experiment is as

described in the CFMT (see prior procedure section).

Procedure

Each image was presented in the centre of the screen for 5 seconds. After presentation a
response screen appeared which prompted the participant to report aloud the name of the
individual previously viewed. If participants could not retrieve the name, but were familiar with
the identity, they were encouraged to report any unique identifying information about the
individual e.g. name of character or television show the actor appeared in. The verbal responses
were recorded by the experimenter who was present in the room and responses were later
assessed for accuracy. The response screen prompted the participant to press the spacebar to
view a new identity, once a response had been uttered. This procedure continued until all 40 face
images had been viewed. Images were presented in a fixed pseudo-randomised order across

participants.

Finally, when all images had been viewed participants were read aloud a list of names of
all the identities presented during the testing phase. Participants were asked to indicate if they
were familiar (i.e. had sufficient exposure to the facial identity) or unfamiliar with each identity.

Again, all verbal responses were recorded by the experimenter.



Scoring

Two scores were calculated for the FFT (see Table 1.2, page 54). The first score
represented the number of identities which were successfully recognised when a list of the names
was read aloud to the participants at the end of testing phase (“familiar with”). The second score
represented the number of faces correctly identified when the identity was presented as a face
image during the testing phase (“correctly identified”). Items were scored as correct if the
participant gave the correct celebrity name or if they provided unique information which could be
directly associated with that identity. For example, for actor Daniel Day Lewis a response such as
“he starred in the movie My Left Foot” was accepted, however generic responses such as ‘Actor’

were not.

2.7.1.2. FFT Results

Prosopagnosics and age-matched older adults

Both UM and PL were familiar with (i.e. had sufficient experience viewing the facial
identity) a similar number of famous identities as the older adult group [t(15)=-0.17 , p=0.43] see
Table 1.2, page 54. However, when presented with images of the facial identities, PL was
significantly impaired in recognising the face images (4/40 correctly identified) [t(15)=-
2.77, p=0.007, Zcc=-2.85, 95% CI=-3.97, -1.72]. UM showed a similar trend for poorer recognition
from the face image alone (16/40 correctly identified), relative to the older adult group (mean
score= 27.7/40 correctly identified). However, this trend failed to reach statistical significance

[t(15)=-1.37 , p=0.09].

2. 7.1.3. FFT Discussion

PL found it very difficult to recognise the identity of the famous faces presented in the
testing phase of this task, while UM showed a trend for poor recognition from the face alone.
Importantly, both prosopagnosics demonstrated the same degree of familiarity with the famous
identities used in the current version of the FFT. Thus their deficit in recognition cannot be
explained through a lack of exposure to the faces presented in the study, but rather it reflects a

poor ability to recognise the identity of an individual in a static face image.



2.7.2. Benton Face Recognition Test (Test 4)

2.7.2.1. Method

Stimuli and Apparatus

Face perception was assessed using the Long Version of the Benton Facial Recognition
Test (Benton et al., 1994). The test stimuli consisted of 22 unfamiliar target face images (11 male
and 11 female) and 108 test images, which were either identical to the target face (6 target test
images) or matched the identity of the target face but varied by viewpoint (24 target test images)
or by lighting (24 target test images). The remainder of the face images were used as distractor
identities. All images were presented in black and white printed format from the original spiral
bound test image booklet (Benton et al., 1994) and each contained a black mask which largely
occluded non-facial features such as hair style, but left other features i.e. the ears and hairline
visible. All 22 test items were administered in line with the guidelines in the test manual and this

procedure is described in detail below.
Procedure

The test consisted of three sections. In the initial section participants were presented with
6 test trials. In each trial a target face was presented from a frontal view and positioned in the
centre of the booklet page. Six test images were also displayed concurrently on a separate page
which directly faced the page containing the target face. All test images were presented from the
same frontal viewpoint (‘matching of identical front-view photographs’ condition). The booklet
was held at roughly arm’s length from the participant. In each trial participants were asked to
point to the test image which matched the identity of the target face (5 were distractor
identities). The remaining 18 trials were similar in format with the exception that in each of the
trials 3 of the test images matched the identity of the target face (always shown from a frontal
view) and either varied by viewpoint (‘matching of front-view with three-quarter-view
photographs’ condition) or by lighting condition (‘matching of front-view photographs under
different lighting conditions’ condition). Participants were always informed as to whether the
target was present in one image (i.e. point to one image) or three images (i.e. point to three
images) in the test array. There was no time restriction placed on participant responses.
Responses were recorded by the experimenter who administered the test and each response

initiated the onset of the next test trial.



Scoring

An overall accuracy score was calculated, with a maximum total of 54 correctly identified
test images. Benton et al. (1994) also indicate that in the case of older participants the score must
be adjusted so as to account for age and years of education (note that this adjustment is applied
to the total score in order to provide a score for clinical diagnosis of perceptual/cognitive
impairment i.e. in this case prosopagnosia). For age category 55-64 years, an adjustment of +3
points is made for those with 6-11 years of education and +1 for 12+ years of education. For ages
65-74 years, +4 points is allowed for those with 6-11 years of education and +2 years for 12+ years
of education. No adjustment is made for younger age categories (16-54 years) as Benton et al.

(1994) found no evidence of age-related performance differences in this age group.

2.7.2.2. BFRT Results

Prosopagnosics and age-matched-older adults

UM'’s performance on the BFRT was worse compared to that of the older adult controls
[t(15)=-3.12, p=0.004, Zc=-3.21, 95% Cl=-4.44, -1.96]. In contrast, PL’s performance was not
significantly different from that of the older adult group [t(15)=0.03, p=0.49, Z =0.03, 95% Cl=-
0.46, 0.52]. See Table 1.2, page 54, for accuracy scores.

2.7.2.3. BFRT Discussion

In line with previous reports, the BFRT is not sufficiently sensitive at diagnosing low level
face processing impairments in prosopagnosia: a deficit in performance was found for UM only.
Compared to that of the control group, PL's performance appeared to be within the normal
range. It is important to note the PL's performance was almost identical to that of the control
group (47/54, compared to a group mean of 46.9/54, SD=3.7), and as such her performance did
not even show a trend for poorer face matching relative to controls. These conflicting results
likely arise as observers can apply unusual strategies to complete the task e.g. feature matching

hairlines.
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2.8. OBJECT PROCESSING BATTERY

2.8.1. Cambridge Car Memory Test (Test 5)

2.8.1.1. Method

Stimuli and Apparatus

Object recognition was examined using the Cambridge Car Memory Test (CCMT; Dennett
et al., 2012). The format and procedure of the test was identical to that described for the CFMT
(see Face Processing Battery Part | Methods section above), with the exception that ail stimuli
were computer generated images of 52 cars, created in 3D Studio Max and made available by the
authors of Dennett et al. (2012). As with the CFMT, 6 of the stimuli were used as targets and the
remainder as distractors. All car images were the same grey colour and contained no identifying
branding or loges. The CCMT was provided in an executable Java® programme, i.e. ‘.jar’ format,
from the authors of Dennett et al. (2012): this programme both displayed the experiment and

recorded participants’ responses. All other details remain as described for the CFMT.
Procedure

As described in the CFMT.
Scoring

As described in the CFMT.

2.8.1.2. CCMT Results

Prosopagnosics and age-matched older adults

Both UM [t(15)=-0.04, p=0.49] and PL’s [t(15)=0.11, p=0.46] Total performance on the
CCMT was similar to that of the age-matched older adult control group (see Table 1.2, page 54).
This similar performance was evident across all stages of the CCMT. Learn stage UM and PL
[t(15)=0.33, p=0.37]; Novel stage UM and PL [t(15)=0.07, p=0.47]; Noise stage UM [t(15)=-
0.62, p=0.27] and PL [t(15)=-0.17, p=0.43].



2.8.1.3. CCMT Discussion

Both of the prosopagnosic participants showed similar object recognition to their age-
matched older group, as assessed by the CCMT. This suggests that, for both prosopagnosics, their
deficit in visual recognition is largely face specific. In the neurotypical population performance on
the CFMT or CFMT-Aus and the CCMT appear to be largely dissociated, as the correlation in
performance across both tasks is poor. For example, based on scores from 67 younger adults,
McKone et al. (2011) reported a weak correlation between the CFMT-Aus and the CCMT [r=0.21,
p=0.09]. In terms of the current older adult data, correlations between performance on the
CFMT-Aus and CCMT for 16 older adults were rather weak across all stages of the CFMT-Aus and
the CCMT. Learn stage [r=0.39, p=0.15]; Novel stage [r=0.33, p=0.23]; Noise stage [r=-0.01,
p=0.97]. These results suggest that even into older age both face and object recognition may

reflect relatively independent visual abilities.
2.8.2. Birmingham Object Recognition Battery (Tests 6A-6D)

Object recognition and object knowledge was evaluated using the Picture Naming Task
(Long Version), the Object Decision Task (Hard ‘Version A’) and the Association Match Task from
the Birmingham Object Recognition Battery (BORB; Riddoch & Humphreys, 1993). Object
matching was assessed using the Minimal Feature View Task from the BORB. Note all BORB tasks
were manually administered by presenting each participant with the printed images from the
original published assessment battery booklet (Riddoch & Humphreys, 1993). The booklet was
held at roughly arm’s length, under free viewing conditions. There was no time limit for
participants to respond. The testing procedure for each task (described in detail below) conforms
to the task instructions outlined in the booklet. Note the results for all administered BORB tasks
are reported together in the BORB results section towards the end of the description of all BORB

tasks.

2.8.3. Picture Naming Task (Test 6A)

2.8.3.1. Method

Stimuli and Apparatus

The Picture Naming Task (Long Version) is designed to assess object recognition. The test
consists of 76 images (line drawings or sketches) of objects of which half are classified as animate

(e.g. animals) or inanimate (e.g. tools). These two categories are included as animate objects are



argued to contain exemplars which share similar perceptual structures (i.e. animals which share a
similar number of parts), while inanimate objects can contain dissimilar perceptual structures
(e.g. tools and jewellery may have a dissimilar number of parts). This is an important feature of
the task, if it is to be contrasted with face recognition, where all face images share similar
perceptual structure across identities. Furthermore, in each of the two categories there was an

equal number of words which are from low and high frequency of use categories in written word.
Procedure

Participants were presented with each line drawing of an object, one at a time, and asked
to state aloud the name of the presented object. Participants’ responses were recorded manually

on paper by the experimenter who administered the assessment.
Scoring

Accuracy scores were calculated as outlined in the BORB instruction manual. Specifically,
only the object names listed in the manual were accepted as correct responses for each item. The

maximum score was 76 correctly identified test images.

2.8.4. Object Decision Task (Test 6B)

2.8.4.1. Method

Stimuli and Apparatus

The Object Decision Task is designed to assess object knowiedge. In the test the
participant must rely on established object representations to decide whether an encountered
image matches (or does not match) a stored representation. Specifically, the test consists of 64
images (line drawings) of objects (animals and tools), of which half were real and half were
unreal. Unreal images of objects were constructed by combining one feature of an object with a
feature from a different object of the same stimulus class i.e. animal or tool. Half of the unreal
items were easy to identify as being an unreal construct (Easy ‘Version B’) as they contained
features from objects which were visually dissimilar e.g. the head of a bird with the body of a
donkey. The remaining images were harder to identify as an unreal construct (Hard ‘Version A’) as
each image consisted of combined features which were visually similar to their original state e.g. a
snake’s head paired with a tortoise’s body. Note that Hard Version ‘A’ was administered in line

with recommendations from the original manual. Specifically, if the participant can readily
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complete the Hard Version ‘A’ with minimal error, then it is not necessary to follow up with the
easier version of the test, as it can be assumed that this would be readily completed (see also
Germine, Cashdollar, Diizel, & Duchaine, 2011). All our older adult participants reliably completed
version ‘A’. However, if a follow up test was needed administering Easy Version ‘B’ overcomes any

problems associated with image repeats, as Version A and B contain independent image sets.
Procedure

Participants were presented with each image one at a time and asked to state aloud if
they thought the item was real or unreal. Participants’ responses were recorded manually on

paper by the experimenter who administered the assessment.
Scoring

Correct matches were calculated based on the scoring outlined in the BORB instruction
manual, which highlighted each correct response. The maximum possible score was 32 for Hard

Version A.

2.8.5. Association Match Task (Test 6C)

2.8.5.1. Method

Stimuli and Apparatus

The Association Match task is designed to assess object knowledge, specifically stored
semantic relationships between objects and their uses. The task consists of 30 test trials. On each
trial three images (line drawings) of objects were presented, one at the top of the page (target
image) and two test images, shown side by side, at the bottom of the page (90 images are
presented in total). The targets images were images of both animate (e.g. humans, animals) and
inanimate (e.g. tools, vehicles) objects. One of the two test images was always strongly associated

with the target image e.g. a car and a road.

Procedure

Participants were presented with each test trial individually. They were instructed that
one of the two images at the bottom of the page was often associated with the image at the top
and that their task was to indicate aloud which image was most likely associated with the target.

The response was manually recorded by the experimenter who was present in the room.
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Scoring

Responses were coded as correct if they matched the correct option which was outlined

in the BORB manual. The maximum score was 30 correctly identified test items.

2.8.6. Minimal Feature View Task (Test 6D)

2.8.6.1. Method

Stimuli and Apparatus

The Minimal Feature View task is designed to assess object matching. The test consists of
25 test trials. In each trial the target image (a sketch of an object shown from a standard
viewpoint) is displayed at the top of the sheet. Below, two test images are also concurrently
displayed, one of which always matches the target object but is shown from a novel viewpoint.
The novel viewpoint does not contain the main identifying feature of the object which was
displayed in the target image, but the overall shape of the object remains constant. The distractor

images were paired by visual similarity to the test target and were matched by viewpoint.
Procedure

Participants were presented with each test trial one at a time. On each trial they were
told that two of the images on the page were different views of the same object. Participants
were asked to indicate which of the two test images matched the target object. There was no
time restriction placed on responses. Once a response was made the next trial was presented. All

responses were recorded by the experimenter, who was always present in the testing room.
Scoring

Correct matches were calculated based on the scoring outlined in the BORB instruction

manual, which highlighted each correct response. The maximum possible score was 25.

2.8.7. BORB Results
Prosopagnosics and age-matched older adults
The performance of both prosopagnosic participants was comparable to that of their age-

matched counterparts’ controls across a range of the BORB tasks. Specifically, UM [t(13)=-

0.99, p=0.17] and PL’s [t(13)=-1.6, p=0.07] performance on the Picture Naming Task was similar to
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the control group. Their performance on the Object Decision Task was also similar to controls,
(UM [t(13)=1.25, p=0.17] and PL [t(13)=-1.43, p=0.1]), as was their performance on the Minimal
Feature View Task [t(13)=0.55, p=0.30], where both UM and PL scored a maximum of 25/25.
However, while performance for the Association Match Task was normal for UM [t(13)=-
1.17, p=0.30], PL’s results showed evidence of impaired performance on this task [t(13)=-

2.73, p=0.008, Zc=-2.83, 95% CI=-4.02, -1.63]. All scores can be viewed in Table 1.2, page 54

2.8.7.1. BORB Discussion

Both UM and PL’s object recognition appeared relatively comparable to the older adult
group. However, PL was poorer than her age-matched counterparts at identifying the relationship
between objects and their function. As such, using age-matched norms may provide a more
reliable indicator of co-occurring deficits in prosopagnosia (however note that the decrease in
performance was rather small i.e. 28/30, unlike her performance on a number of face processing
tasks). Indeed, PL’s ability to match or name objects appears relatively intact. In contrast, her
ability to match and name facial identities is significantly compromised (see Face Processing
Battery Part | and Il). Thus, although it is possible that overlapping deficits may exist in

prosopagnosia, they appear to be exaggerated for face compared to object processing.

2.9. Relationship between measures of face processing in older

adults

Previous studies have demonstrated that aspects of face processing, such as face
perception and face memory, may share overlapping abilities (Bowles et al., 2009; Russell et al.,
2009). In terms of the current data, a series of correlational analyses on participants’ performance
to both the upright and the inverted CFPT trials found evidence to support this assumption.
Specifically, performance on the CFPT Upright task was strongly associated with overall
performance outcomes on the CFMT-Aus in the older adult group (r=-0.7, p=0.01), see Figure 2.3.
In contrast, performance on the inverted trials showed no relationship with overall performance
on the CFMT-Aus (r=-0.3, p=0.3), indicating that it is face-specific processing that explains the
relationship in performance across these tasks. Furthermore, it was also observed that scores on
each stage of the CFMT-Aus bore no relationship with performance on the corresponding sub-
stages for the CCMT (all ps>0.2). There was also no evidence that the CFPT (upright or inverted)
was related to measures (each test stage and total scores) on the CCMT (all ps>0.1). Taken
together these results suggest that performance in one visual domain (e.g. object recognition) did

not predict performance outcome in another (e.g. face recognition). In contrast, face perception



appears to be strongly related to face memory performance suggesting they share common

underlying processing mechanisms.
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Figure 2.3. Plot showing the correlation between performance on the CFPT and the CFMT-Aus, for the older
adult group (N=16). Note that better performance on the CFPT (lower errors) was associated with increased
accuracy on the CFMT (higher scores).



Table 1.2. Accuracy* scores for developmental prosopagnosics UM and PL and age-matched older controls
(with standard deviations) on each of the face and object tests in the complete test battery. Scores in bold
indicate impaired performance.

Age-Matched

UM PL Older Adults N
Face Processing
Test 1 Cambridge Face Memory Test
CFMT Learn 12/18 13/18 16.7/18 (1.4) 22
CFMT Novel 9/30 12/30 15.6/30 (3.4) 22
CFMT Noise 15/24 7/24 10.6/24 (3.2) 22
CFEMT Total 36/72 32/72 43.0/72 (6.4) 22
Test 1 Cambridge Face Memory Test-
Australian
CFMT-Aus Learn 15/18 17.1/18 (1.5) 16
CFMT-Aus Novel 8/30 23.0/30 (4.4) 16
CFMT-Aus Noise 2/24 11.7/24 (4.0) 16
CEMT Total 25/72 51.8/72 (7.5) 16
2 Cambridge Face Perception Test*
CFPT Upright 72/93.3 72/93.3 50.0/93.3(11.4) 16
CFPT Inverted 86/93.3 80/93.3 79.9/93.3(15.9) 16
3 Famous Faces Test
FFT (familiar with) 38/40 38/40 38.4/40 (2.2) 16
FFT (correctly identified) 16/40 4/40 27.7/40 (8.4) 16
4 Benton Facial Recognition Test
BFRT (age adjusted scores) 35/54 47/54 46.9/54 (3.7) 16
Object Processing
5 Cambridge Car Memory Test
CCMT Learn 15/18 15/18 14.2/18 (2.4) 16
CCMT Novel 16/30 16/30 15.7/30 (4.3) 16
CCMT Noise 14/24 15/24 15.4/24 (2.2) 16
CCMT Total 45/72 46/72 45.3/72 (6.9) 16
6 Birmingham Object Recognition Battery
6A BORB Picture Naming 67/76 65/76 70.3/76 (3.2) 14
6B BORB Object Decision (Hard A) 22/32 29/32 25.7/32(2.5) 14
6C BORB Association Match 29/30 28/30 29.7/30(0.6) 14
6D BORB Minimal Feature View 25/25 25/25 24.8/25 (0.4) 14

*With the exception of the CFPT where performance is calculated as an error score. 93.3 is the reference
point for chance performance on the CFPT, higher scores indicate poorer performance.



2.10. Explaining older adult variance in face processing performance

Although there was a larger degree of variance in performance across the administered
standardised face processing tests in the older adult group, relative to the available younger adult
norms (see Table 1.1 for standard deviations in performance), we found no evidence that the
individual age of the participant contributed to this variance. Specifically, across all tasks (total
scores and scores for each sub stage) there was no correlation in the older adult group between
age in years and test performance (all ps>0.1). This result highlights the fact that the age range
used in the current thesis is appropriate for establishing between group effects (e.g. younger
versus clder adults). However, at an individua! level task performance cannot be predicted by the
age of the participant in the older adult group. Indeed, other studies have demonstrated that
other factors, such as underlying neural activity in the face processing network, may be more
reliable indicators of face recognition performance in this population (e.g. Lee, Grady, Habak,

Wilson, & Moscovitch, 2011).

In addition, there was no evidence that measures of global cognitive function, as assessed
by the MoCA (Nasreddine et al., 2005) or MMSE (Folstein et al., 1975), bore any relationship to
any of the attained scores (or scores for each sub stage) on the face processing battery (all
ps>0.3). This result is in line with previous studies which have assessed face recognition and
cognitive ability across the lifespan (Bowles et al., 2009; Hildebrandt et al., 2011). This suggests
that age- related changes in face processing are unlikely to be mediated, and are likely to be
dissociated (Hildebrandt et al., 2011), from general changes in cognitive function which
accompany older age. In terms of visual function there was no evidence that contrast sensitivity
was related to face processing performance across the range of tasks (all ps>0.3). It was, however,
observed that measures of near visual acuity were related to performance outcomes on the
overall CFMT-Aus (r=-0.6, p=0.01), such that a decline in visual acuity (higher LogMar scores) was
negatively correlated with performance on the face memory task (lower accuracy). However, this
effect was modulated by performance on one stage of the CFMT-Aus, the Noise stage, (r=-0.54,
p=0.04). There was no evidence of a relationship between visual acuity and performance scores in
the Learn (p=0.6) or the Novel (p=0.1) stages of the task. This effect can thus be attributed to the
addition of visual noise in this condition. Although presenting a face in visual noise is argued to
isolate the processing mechanisms which are thought to underlie face perception (Mc Kone,
Martini, & Nakayama, 2001), it is likely that visual acuity mediated the ability to reliably
discriminate the face images in this condition. This highlights the importance of controlling for

sensory acuity when using degraded visual stimuli in this population, as effects attributed to age



may also be mediated by poor sensory acuity. Importantly these effects were not evident when
the face stimuli were super-threshold (see Learn and Novel stage), as such these stimuli may be

effective in establishing changes in face processing with age.
2.11. Summary

The results from this chapter confirm that older age is associated with a decline in face
recognition. The effect of age appears to be most reliable when the face image is to be recognised
across changes in visual appearance. As such, older age is associated with a decline in the ability
to represent the essential structure of the face, rather than pictorial aspects of the original
studied image (Bruce, 1982). Moreover, older age was also associated with a decline in face
perception. Compared to younger adults, older adults found it more difficult to detect subtle
differences between facial identities. In this age group, face perception and face memory
performance also appeared to be related, such that decreased sensitivity to detecting differences
between facial identities was associated with a decrease in recognition accuracy at later stages of
recall. Therefore, it is possible that poor structural encoding of facial identity at early stages of
processing may affect the representation of the face in memory (see also Lee, Smith, Grady,
Hoang, & Moscovitch, 2014). However, the results also emphasised that the way in which faces
are perceived, i.e. holistic processing, remains relatively stable across the lifespan and as such age
effects appear to reflect changes in face processing, rather than a decline in general visual

function.

The results from this chapter also demonstrated that when controlling for this age related
decline it is still possible to accurately detect and characterise face processing impairments in
older adults who present with suspected developmental prosopagnosia. Indeed, compared to
their older adult counterparts, both UM and PL demonstrated significant impairment in the ability
to match and also to recognise facial identity. As both perception and recognition of facial identity
was impaired, it is likely that both prosopagnosics have deficits in their ability to encode the
structural representation of the face, affecting later stages of recall. This suggests that in this case
both prosopagnosics have perceptual deficits which can be characterised as apperceptive
(Németh et al.,, 2014; Towler & Eimer, 2012; Towler et al.,, 2012). Other studies have
demonstrated that some prosopagnosics can, however, accurately perceive and match facial
identity, but still exhibit significant impairments in face memory (e.g. McKone et al., 2011). This
emphasises the heterogeneous nature of the deficits expressed in those with developmental
prosopagnosia and the importance of attempting to characterise the nature of these deficits. It

has been suggested that the heterogeneity of the disorder may result from dysfunction at
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different stages along the face processing network (Dinkelacker et al., 2011; Fox et al., 2008;

Griuter et al., 2008; Le Grand et al., 2006; Schmalzl, Palermo, & Coltheart, 2008; Towler & Eimer,
2012).



Chapter 3

The Effect of Motion on Face Perception in

Younger and Older Adults



3 The Effect of Motion on Face Perception in Younger and Older
Adults

3.1. Abstract

Faces are inherently dynamic stimuli. However, face perception in younger adults appears
to be mediated by the ability to extract structural cues from static images and a benefit of motion
is inconsistent. In contrast, static face processing is poorer and more image-dependent in older
adults. This chapter therefore compared the role of facial motion in younger and older adults to
assess whether motion can enhance perception when static cues are insufficient. In a series of
studies, older and younger adults learned faces presented in motion or in a sequence of static
images, containing rigid (viewpoint) or non-rigid (expression) changes. Immediately following
learning, participants matched a static test image to the learned face which varied by viewpoint
(Experiment 1) or expression (Experiment 2) and was either learned or novel. First, an age effect
was observed with better face matching performance in younger than in older adults. However, it
was found that face matching performance improved in the older adult group, across changes in
viewpoint and expression, when faces were learned in motion relative to static presentation.
There was no benefit for facial (non-rigid) motion when the task involved matching inverted faces
(Experiment 3), suggesting that the ability to use dynamic face information for the purpose of
recognition reflects motion encoding which is specific to upright faces. These results suggest that
ageing may offer a unique insight into how dynamic cues support face processing, which may not

be readily observed in younger adults’ performance.
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3.2. Introduction

All faces share the same basic featural arrangement across individuals, yet we have the
ability to recognise each face as unique. Furthermore, we can recognise the face of a familiar
individual across large variations in visual appearance (Bruce, Henderson, Newman, & Burton,
2001; Burton, Wilson, Cowan, & Bruce, 1999). In contrast, our ability to recognise unfamiliar faces
(i.e. faces previously viewed once or twice) is more prone to error (Bruce et al.,, 2001b)
particularly when a change in visual appearance, such as expression or viewpoint, occurs (Bruce,
1982; Burton, Wilson, Cowan, & Bruce, 1999; Hancock, Bruce, & Burton, 2000; Newell, Chiroro, &
Valentine, 1999). Such effects suggest that unfamiliar face recognition is more image-dependent
than familiar face recognition (Bindemann & Sandford, 2011; Bruce, 1982; Hancock et al., 2000;

Longmore, Liu, & Young, 2008).

However, it is important to note that many studies which have observed image-
dependency in unfamiliar face processing have employed static face images as stimuli (e.g.
Longmore, Liu, & Young, 2008). Yet, in the real world faces are most likely seen in motion across a
range of viewpoint and expression changes. As mentioned in Chapter 1, the use of static images
may in part be driven by models of face processing which have argued that facial form (i.e. the
unchangeable aspects of the face) and facial motion provide two distinct sources of information,
with the former representing facial identity and the latter representing emotion and
communicative signals such as speech (Bruce & Young, 1986; see Calder & Young, 2005 for more
recent review on how identity and expression recognition may interact). Yet, emerging evidence
from studies based on younger adults suggests that motion cues may be relevant to, and enhance
the perception and recognition of, facial identity (Lander & Bruce, 2000, 2003; Lander, Christie, &
Bruce, 1999; Lander & Chuang, 2005; Pilz, Thornton, & Bilthoff, 2006; Pilz, Bilthoff, & Vuong,
2009; Thornton & Kourtzi, 2002; Bennetts, Burke, Brooks, & Robbins, 2010).

Several studies on younger adults have reported that both rigid and non-rigid motion
(O’Toole et al., 2002) of the face can improve recognition relative to static images. Rigid motion
refers to movement of the whole head, as when the head rotates from left to right, whereas, non-
rigid motion refers to movements made through internal deformations of the face, such as those
associated with changes in expression or speech production (Bilthoff, Cunningham, & Wallraven,
2011; Knappmeyer, Thornton, & Biilthoff, 2003; O’Toole et al., 2002). O’Toole and her colleagues
proposed that motion may facilitate familiar and unfamiliar face recognition in a number of ways

(O'Toole et al., 2002; see Roark, Barrett, Spence, Abdi, & O’Toole, 2003 for review).



For example, rigid motion may help create a robust representation of the face in
memory by providing more information about its three-dimensional structure across multiple
viewpoints (Farivar, Blanke, & Chaudhuri, 2009), enhancing unfamiliar face processing
(representation enhancement hypothesis). Indeed, Pike, Kemp, Nicola, & Phillips (1997) provided
evidence in support of this by reporting that learning unfamiliar faces moving in a rigid manner
resulted in better recognition of those faces than faces learned through either a single static
image or a sequence of multiple static images. However, although Lander & Bruce (2003) also
reported an advantage on recognition accuracy for faces previously learned moving in a rigid
manner compared to a single static image, they failed to observe an advantage for learning
dynamic over static faces when the static condition contained multiple images. Thus, unlike Pike
et al. (1997), Lander and Bruce proposed that the provision of information about different views
of a face during learning, from either dynamic or multiple static images, may be sufficient to
observe a subsequent benefit on recognition. Nevertheless, eariier findings reported by Lander &
Bruce (2000), found better recognition performance when the spatiotemporal alignment of the
facial motion was consistent relative to when it was disrupted. This suggests that face perception
appears to be sensitive to the change in the facial information over time and not only the quantity
of static information exposed during the motion sequence (see e.g. Schultz, Brockhaus, Biilthoff,

& Pilz, 2013 for a discussion of the neurological underpinnings of such effects).

In contrast, non-rigid motion may be more relevant for familiar face recognition.
Specifically, O’Toole et al. (2002) suggested that non-rigid motion may benefit face recognition
through the extraction of idiosyncratic motion cues which are built up over time (i.e. repeated
exposure to a face), and are processed independently from the visual form of the face (known as
the supplemental information hypothesis). Therefore, non-rigid motion may provide a unique
dynamic signature of a person’s identity such that this motion can support face recognition
independently from the structural information of the face. For example, the results of several
studies suggest that motion benefits the recognition of familiar faces under degraded visual
conditions, such as when form cues have been blurred or pixelated (Knight & Johnston, 1997;

Lander et al., 1999; Lander & Chuang, 2005).

However, there is some, albeit conflicting evidence, to suggest that non-rigid motion
may also be relevant to the processing of unfamiliar faces, even when face images are not
degraded (e.g. Lander & Bruce, 2003). For example, Thornton & Kourtzi (2002) reported faster
reaction times to match identity across changes in expression when the target face was presented
with a dynamic facial expression (non-rigid motion) relative to a single static image depicting the

expression apex. Interestingly, they reported no advantage for non-rigid facial motion when the
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task was changed to an expression matching task, which led the authors to conclude that a
general arousal state created by the motion does not provide a simple explanation of the
observed effects. Pilz et al. (2006) extended these findings by providing evidence that the
presence of non-rigid motion in the learned face facilitated the matching of the test image even
when a change in both viewpoint and expression occurred between learning and test. Schultz &
Pilz (2009) later demonstrated that, compared to a static presentation, both form (e.g. fusiform
gyrus) and motion (i.e. Superior Temporal Sulcus or STS) processing areas of the face network
showed enhanced cortical activation when viewing a face moving in a non-rigid manner. Taken
together such findings suggest that motion may increase the efficiency by which faces are
perceived, possibly by allowing for faces to be represented in memory in a manner which is
invariant to incidental changes in image properties (i.e. face based rather than image based
encoding). However, it is important to note that other studies have failed to find a benefit for
non-rigid motion on unfamiliar face recognition (Christie & Bruce, 1998; Hill & Johnston, 2001).
For example, Christie & Bruce (1998) observed that learning an unfamiliar face moving in a non-
rigid manner (expressive movements) did not enhance subsequent recognition relative to when
the face was learned from a number of static images. In fact, they reported a trend for poorer
recognition performance for novel expressions of the face, when the face had been learned in

motion.

One possibility for such conflicting results may relate to the fact that in general younger
adults perform well when matching and representing facial identity (Otsuka et al., 2009). In this
age group, where perceptual abilities have matured and are optimal, learning a face from static
images may provide enough structural information to create a robust, high quality facial
representation, and any advantage for dynamic information may be obscured (Otsuka et al.,
2009). Therefore, it is possible that motion is relevant for the processing of unfamiliar faces, but
the advantage for motion may be more readily observed in a less developed face processing
system. This idea is supported by recent evidence which suggests that motion may enhance face
recognition in infancy (Otsuka et al., 2009). Specifically, Otsuka and colleagues observed that 3
and 4 month old infants showed enhanced unfamiliar face recognition when a face was learned
moving in a non-rigid manner. This dynamic advantage was observed particularly when
recognising novel face images and performance remained superior even when the static learning

condition was equated for structural information (i.e. multiple images).

In parallel, motion effects may also be more readily observed during the ageing process.
Specifically, older age has been shown to be associated with a performance decline in recognising

unfamiliar faces (Bartlett, Leslie, Tubbs, & Fulton, 1989; Bartlett & Leslie, 1986; Boutet & Faubert,



2006; Bowles et al., 2009; Grady, 2002). For example, in comparison to younger adults, face
memory in older adults is marked by a reduction in accuracy and an increase in false alarm
responses (Bartlett et al., 1989; Bartlett & Leslie, 1986; Edmonds, Glisky, Bartlett, & Rapcsak,
2012; see also Lee, Smith, Grady, Hoang, & Moscovitch, 2014). Ageing effects are also evident in
face matching tasks over less extended intervals between learning and test where retrieval
demands on memory are low (Boutet & Faubert, 2006; Cronin-Golomb, Gilmore, Neargarder,
Morrison, & Laudate, 2007; Grady, 2002; Grady et al., 1998, 2000; Konar, Bennett, & Sekuler,
2013). For example, Boutet & Faubert (2006) observed age-related deficits in performance in both
a face matching task, where participants matched a test image to a target face shown
approximately two seconds before, and in a facial recognition task involving more long-term
memory. Moreover, Grady et al. (2000) demonstrated that older adults were less accurate than
younger adults in matching facial identity, even when the target and novel test images were

presented concurrently.

Ageing effects are particularly pronounced when matching for identity across face images
which vary in visual appearance (Habak, Wilkinson, & Wilson, 2008; Lee, Grady, Habak, Wiison, &
Moscovitch, 2011). For example, Habak et al. (2008) observed that older adults’ performance was
worse than that of younger adults, in a task which involved matching identity across face images
which differed by viewpoint (e.g. frontal to 20° side view). Furthermore, this age-related cost was
evident even when the exposure time to the target face image was increased. Habak et al. (2008)
suggested that such effects may be mediated by age-related changes in the neural activity in face
processing regions which link facial identity across views. Indeed, many studies have
demonstrated marked changes in activation in face processing regions in the older, relative to the
younger adult brain, when viewing unfamiliar faces (Burianova, Lee, Grady, & Moscovitch, 2013;
Grady et al., 1994; Grady, 2002; Grady, MclIntosh, Horwitz, & Rapoport, 2000; Lee, Grady, Habak,
Wilson, & Moscovitch, 2011). For example, Lee et al. (2011) used functional magnetic imaging
(fMRI) to demonstrate that, unlike younger adults, older adults failed to show neural adaptation
to repeated facial images of the same identity, shown from the same viewpoint, in the fusiform
face area (FFA), an area in the ventral stream which is known to be involved in the processing of
facial form information (Grill-Spector et al., 2004; Kanwisher et al., 1997; Parvizi et al., 2012). This
finding suggests that the selective properties of neurons in the fusiform face area (FFA) (e.g. to a
specific viewpoint of a face) may diminish with the ageing process. In addition, the authors
reported less lateralization in the fusiform gyrus (see also Daniel & Bentin, 2012) and recruitment
of additional frontal areas of the brain, with older age. The recruitment of such additional areas

may help compensate for age-related decline in the face processing network. Interestingly, Lee et
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al. (2011) noted that ‘high performing’ older adults (i.e. based on faster reaction time
performance in a face matching task conducted outside the scanner) recruited a similar face
network as younger adults. However, activation in this network was not sufficient to support the
matching of identity across views, as older adults who engaged this network did not reliably
exhibit faster response times in this condition. Consistent with the conclusions drawn by Habak et
al. (2008), the results observed by Lee et al. suggest that the ability to represent facial identity
across different views diminishes with age and that this performance decrease likely emerges due

to functional changes in the face processing network.

The assertion that ageing is associated with more view-dependent face recognition and
face perception (e.g. matching) is, however, largely based on studies which have used static face
images as stimuli (e.g. Bartlett et al., 1989; Boutet & Faubert, 2006; Bowles et al., 2009; Habak et
al., 2008; Lee et al., 2011). It is possible that motion may represent a particular challenge for face
perception in older adults, as more general motion processing abilities e.g. detecting and
discriminating the speed of moving stimuli, have been shown to be poorer in older than younger
adults (Roudaia, Bennett, Sekuler, & Pilz, 2010; Snowden & Kavanagh, 2006). On the other hand,
as ageing is associated with reduced performance in the perception of faces from static images
(e.g. Boutet & Faubert, 2006; Habak et al., 2008), it remains possible that the additional
information available in moving relative to static face images may benefit face perception in older

adults.
3.2.1. Outline of the Experiments

The series of three experiments reported below investigated whether unfamiliar face
matching performance in older adults benefits from viewing moving over static images of faces
during learning. In addition, in separate experiments the role of rigid (Experiment 1A, 1B) and
non-rigid (Experiment 2) motion on face matching performance was examined using an identical
face matching paradigm for both types of motion. It was then investigated whether the ability to
effectively use dynamic facial information for the purpose of matching identity may reflect

motion encoding which is specific to upright faces (Experiment 3).

3.3. EXPERIMENT 1A

In Experiment 1A both younger and older adults learned unfamiliar faces presented as
moving (rigid) or static image sequences and were required to match the learned identity by

choosing from two available static test images which were either of a learned or novel viewpoint

(@))



of the face. An immediate matching paradigm was chosen as it has been previously shown to be
sensitive to the effects of motion on unfamiliar face processing. It is argued that more explicit
‘old/new’ recognition paradigms may in fact bias the observer to adopt a strategy for memorising
pictorial, i.e. image specific, content (Pilz et al., 2006). As the current studies assessed the
matching of unfamiliar faces over very brief intervals, these tasks tap into the mechanisms
involved in face perception more than face recognition (which is largely examined over longer
intervals). Other sequential face matching studies (e.g. Thornton & Kourtzi, 2002) have however
typically employed paradigms where the participant is required to indicate if a single test and
target face are the same or a different facial identity. However, as highlighted above and in
Chapter 1, a number of face recognition studies have indicated that older age is associated with a
significant performance bias to state that a novel facial identity matches a previously learned
facial identity (i.e. high false alarm responses for same versus different or old versus new, e.g. see
Edmonds et al., 2012) a two-aiternative choice (2AFC) paradigm was employed in the series of

face matching studies reported below in an attempt to overcome this bias.

Specifically, these experiments compared face matching performance for faces learned
either dynamically (i.e. a video clip) or from a sequence of three static images which were
extracted from the video sequence. The current studies attempted to control for the role that
additional static information in motion may play in the dynamic enhancement previously reported
in face matching tasks by including multiple static images, rather than just a single static image,
during the learning phase. Previous matching studies have largely presented one face image in
the static condition, which is typically presented for the same duration as the video clip (Pilz et al.,
2006; Thornton & Kourtzi, 2002). Thus it remains plausible that it may be the additional structural
information available in the motion, e.g. additional viewpoints of the face, and not the motion
itself, which facilitates face perception (e.g. Lander & Bruce, 2003). It was expected that if the
combination of motion and form information leads to a more robust representation of facial
identity, then face matching performance in the older adult group may improve when target faces
are presented as dynamic rather than static sequences. Moreover, this benefit may be particularly
evident when the task is to match a novel view of a face to its learned identity. However, it is
possible that younger adults’ performance may be similar across both static and dynamic
sequences, as both conditions contain multiple views of the face. The diversity in facial
information available in the static condition may be sufficient to reduce viewpoint-dependency

effects in the matching performance of the younger adult group.



3.3.1. Method

Participants

Fifteen® younger adults, recruited from the student population at Trinity College Dublin
(14 female, 11 right handed, mean age= 22.9 years, SD= 7.2 years) participated in this experiment
and were given course credits in return for their time. All younger adults reported normal or
corrected to normal vision. Sixteen, community-dwelling, older adults were also recruited for this
task. All participants were naive as to the purpose of the experiment. Data collected from two of
the older adults was subsequently removed from analysis for the following reasons; one
individual had cataracts at the time of testing, while the other individual showed evidence of
cognitive decline and scored 20 of 30 on the Montreal Cognitive Assessment (i.e. MoCA,
Nasreddine et al., 2005). Data from the other 14 older adult participants were included in

subsequent analyses (5 female, 13 right handed, mean age= 72.9 years; SD= 7.9 years).

For the older adults, cognitive function was assessed using either the MoCA or the Mini
Mental State Exam (Folstein et al., 1975) and all participants scored within the normal range (i.e.
>24 of 30) suggesting there was no evidence of cognitive impairment in these individuals. All older
participants had normal visual acuity (mean binocular LogMar score = 0.06, SD= 0.1) and contrast
sensitivity (mean score= 1.88, SD= 0.1, assessed using the Pelli-Robson Contrast Sensitivity Test)

for their age. All participants wore appropriate corrective lenses, if needed, at the time of testing.

Stimuli and Apparatus

The stimulus set consisted of 20 videos of faces shown moving in a rigid manner, and
were taken from the Amsterdam Dynamic Facial Expression Set (van der Schalk, Hawk, Fischer, &
Doosje, 2011). Each video contained an individual actor’s face (9 female, 11 male) moving
between a frontal and 452 view. Video sequences began either with the actor directly facing the
front (0°) and then turning their head to their right (45°), or with the actor facing towards their
left (45°) and turning to face the front (0°). For convenience, these conditions are referred to as
‘turn to right’ and ‘turn from left’ respectively. In all rigid motion sequences, the actor always
displayed a neutral expression and the actor’s hair was visible during filming. All videos were

edited in VirtualDub open source video editing software (www.virtualdub.org) to be 29 frames in

3 The number of younger and older adult participants recruited for each experiment, and all experiments
hereafter, was based on previously reported N numbers for similar behavioural experiments e.g. Lee et al.
(2011) and Pilz et al. (2006).

41t is argued that MoCA scores of <23 are indicative of cognitive decline (Luis, Keegan, & Mullan, 2009).
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length and were displayed at a rate of 25 frames per second. All video clips were 1,125ms in
duration. Three static stimuli were extracted from the 20 edited videos. The static stimuli
consisted of the first frame, a mid-sequence frame (on average frame 15) and the last frame of
the video clip (see Pitcher, Dilks, Saxe, Triantafyllou, & Kanwisher, 2011 for similar procedure).
The display duration of each static image was 375ms. The three static images were shown in
sequence (i.e. first, mid, last frame), and an inter stimulus interval (ISI) of 150ms was inserted
between image presentations to avoid potential effects from implied motion. Thus for each facial
identity a dynamic and a static sequence was created (40 target stimuli). The videos and the static

images were presented for an equal amount of time (1,125ms) during the learning exposure.

The static images used as the test stimuli were extracted from the first and final frame of
either the turn to right or turn from left video and were either contained within the static learning
condition (learned) or not (novel). As each video sequence always contained the same frontal
view, learned images in the test condition consisted of a frontal viewpoint, while novel images
were that of an unseen 45° view (either left or right-facing). All test images were edited in Adobe
Photoshop® to include a black mask which occluded non-facial features such as hairstyle. The
experiment was programmed in and run using Presentation® software and was presented on a
Dell OptiPlex 755 PC and displayed on a HP L1710 17” LCD colour monitor. The screen resolution
was set to 1024 x 768 pixels and the video clips and static images were presented at a resolution
of 540 x 432 pixels. Participants were positioned in front of the screen at a distance of
approximately 60 cm. As such, the videos and static images subtended a visual angle of
approximately 19.1° horizontally and 15.3° vertically on the screen. The experiment was

conducted on-site, in a testing laboratory.
Design

The experiment was based on a mixed, factorial design with Age (younger or older adults)
as a between-subjects factor and both Target face (dynamic or static) and Test view (learned or
novel) as within-subject factors. The experimental protocol was based on a delayed matched to
sample, two alternative forced choice paradigm, in which a target face was first presented in the
centre of the screen and was followed by a pair of face images shown simultaneously, side by
side. The participant was required to learn the target face and then to choose which of the two
test faces matched the identity of the previous target face. The dependent variables were

response accuracy and response time taken to match the identity of the target and test face.



The experiment consisted of 80 trials in total. In half of the trials the target face was
presented dynamically (i.e. a video), while in the other half of the trials 3 sequential static images
of the target face were shown. The two test face images were always presented from the same
view, and one always matched the target face. In half of the trials the test images were presented
from a frontal, or 0° view, which was a view always shown during the presentation of the target
face (i.e. learned). In the other half of trials, test images were of a 45° view of the face which was
a view not previously presented in the target image (i.e. novel). During the presentation of the
target face, half of the participants were shown the turn to right sequence in the learning phase
and then presented with the 45° left view of the actor’s face as the novel viewpoint in the test,
while the other half were shown the reverse i.e. the turn from left sequence as the target face

and then the 45° right view of the actor’s face as the novel viewpoint.

All 80 trials were presented in a single test block and the order of trials was randomized
across participants. One of the test faces on the left and right side of the screen was always a
correct match, while the other was a distractor face (see Figure 3.1 for an illustration of a sample
trial). The distractor face was always matched to the sex of the target face and faces were paired
by facial similarity. The position of the correct matched face (left or right on the screen) was
counterbalanced across trials. Each face identity appeared twice as a target face and twice as a
distractor face in both the dynamic and static conditions. The number of exposures to each facial

identity was therefore counterbalanced across learning conditions.

Procedure

Participants were instructed to learn the face presented in the centre of the screen and,
following a short interval (500ms), to indicate which of two face images matched the identity of
the face they had learned. Responses were made by pressing either the “z” key to indicate the
face on the left or “m” key for the face on the right on the keyboard. Participants were instructed
to respond as quickly and as accurately as possible. The test images remained onscreen until a
response was made. A response triggered the offset of the current trial and the onset of the next
trial. Each trial was preceded by an inter-trial interval of 500ms in which a fixation cross was

displayed.
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Figure 3.1. An example of a trial which illustrates the face images shown in the static (upper panel) and rigid
motion (lower panel) training conditions used in Experiment 1A. The pair of images shown on the right
depicts the test phase and includes an image of the target and the distractor face. The upper panel depicts
an example of a novel test view of the target face, whereas the lower panel depicts a learned face image.

3.3.2. Results

Accuracy

Accuracy was calculated as the percentage of correctly matched faces in each condition
for each participant. The mean percentage of correct responses across participants was subjected
to a 2x2x2 mixed design analysis of variance (ANOVA), with Age (younger or older) as a between-
subject factor and both Target face (dynamic or static) and Test view (learned or novel) as within-
subject factors. A significant main effect of Age was observed [F(1,27)=20.12, p<0.001, n,?=0.43],
with lower face matching accuracy in the older (M=85.9%) than younger (M=97.0%) adult groups.
A main effect of Test view was also observed [F(1,27)=7.63, p=0.01, n,°=0.22], with better
accuracy for matching across learned than novel viewpoints of the face. There was a significant
interaction between Test View and Age [F(1,27)=7.63, p=0.01, n,>=0.22]. A post hoc Tukey,
Unequal N, HSD analysis was used to provide further details of this interaction. This analysis
revealed no difference in younger adults’ face matching performance between learned
(M=97.0%) and novel (M=97.0%) views. However, accuracy rates in older adults were lower when

matching novel (M=83.0%) compared to learned (M=88.6%) views of the face (p=0.003). There



was no effect of the Target face [F(1,27) <1] and no two-way interactions between the Target face
and either Age [F(1,27) <1] or Test view [F(1,27) <1]. However, a significant three-way interaction
between Test view, Target face and Age was found [F(1,27)=4.43, p=0.04, n,’=0.14]. A post hoc
Tukey, Unequal N, HSD analysis revealed better performance for matching learned than novel
views in the older adult group, but only when the Target face was presented as a static sequence
(p=0.007). In contrast, this viewpoint cost found when older adults matched static face views was
not evident for the dynamic Target face condition. In this dynamic condition matching
performance was the same across both novel and learned views in the older adults (p=0.91). No
viewpoint cost was evident in younger adults’ face matching performance across either target

training conditions (p=.99). The mean accuracy for each condition is reported in Table 2.1.

Table 2.1. The mean percent accuracy performance (with standard deviations) in matching learned and
novel views (Experiment 1A) and expressions (Experiment 2 and 3) of the learned target face, for each of
the younger and older adult groups.

Older Adults Younger Adults

Static Dynamic Static Dynamic
Experiment 1A: Rigid Motion
Learned View 89.6 (10.5) 87.5(10.0) 97.0(6.2) 97.0(3.2)
Novel View 81.4(12.0) 85.0(11.9) 98.3(3.1) 95.7 (4.6)
Experiment 2: Non-Rigid Motion
Learned Expression 87.5(8.3) 84.3(10.4) 96.9 (6.6) 95.0 (6.6)
Novel Expression 74.6 (9.7) 80.7 (10.2) 93.4 (6.0) 93.8 (5.0)

Experiment 3: Non-Rigid Motion Inverted
Learned Expression 77.5(12.4) 76.8 (11.5) 84.7 (8.7) 85.3(7.9)

Novel Expression 65.0 (14.0) 66.4 (10.6) 71.2.(7.7) 76.6 (11.5)




Viewpoint Change Cost

It was noted that the variability in performance across individuals in the older adult group
was large (i.e. 65-100% learned). With this in mind, and based on previous studies (e.g. Russell,
Duchaine, & Nakayama, 2009), the relative difference in percent accuracy performance was
calculated across learned and novel viewpoints, normalised to each individual’s own ‘baseline’
accuracy performance for learned viewpoints [(learned-novel)]/learned*100]. This was calculated
for each individual in the older age group across trials in both the static and dynamic target
training conditions. This calculation more accurately reflects the relative cost in performance for
matching novel compared to learned views of the face as it takes into account the cost in
performance with changes in view as a consequence of their overall performance when no view
change occurred. This score is referred to hereafter as the viewpoint change cost. For consistency,
the same analysis was also applied to the data acquired from the younger adults. However, it is
also important to note that accuracy performance was at ceiling for the younger adults across

conditions therefore making these effects difficult to compare across age.

Based on the viewpoint change cost for each individual, a 2x2 mixed design analysis of
variance (ANOVA) was conducted, with Age (younger or older adults) as the between-subject
factor and Target face (dynamic or static) as the within-subject factors. A significant main effect of
Age was observed [F(1,27)=6.57, p=0.02, n,’=0.20], with a larger cost in accuracy for matching
faces across changes in viewpoint in the older (M cost=5.84 %) than younger (M cost=-0.2 %)
adult group. There was no effect of Target face [F(1,27) <1]. However, a significant interaction
between Target face and Age [F(1,27)=4.12, p=0.05, n,°=0.13] was observed, and is shown in
Figure 3.2. To provide further insight into the basis of this interaction, simple main effects of Age
were analysed separately for the static and dynamic face Targets. These analyses revealed that
compared to younger adults, there was a large viewpoint change cost in older adults when the
Target face was static [F(1,27)=8.76, p=0.006, n?=0.25]. However, this age-related cost with
viewpoint changes was not evident when the Target face was dynamic, as there was no significant

difference in face matching performance between younger and older adults [F(1,27) < 1].
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Figure 3.2. Plot showing the mean cost in accuracy for matching a novel relative to a learned viewpoint of
the target face, for the older and younger adults tested in Experiment 1A. The results are shown for each of
the static or dynamic (rigid motion) target face learning conditions. Error bars show * 1 standard error of
the mean (SEM).

Reaction Times

For the purpose of this analysis, RTs (in milliseconds) to correct matches only were
included. Furthermore, RTs which were greater or less than 2.5 deviations from the mean RT for
each condition, for each group, were excluded (approximately 8 % of the data were removed). A
2x2x2 mixed design analysis of variance (ANOVA) was then conducted on the time to match faces
across both learned and novel viewpoints and across the Target face conditions in younger and
older adults. A main effect of Age was observed [F(1,27)=46.42, p<0.001, ny*=0.63], with older
adults taking more time to match faces (M=1552ms) than the younger (M = 850ms) adults. There
was a main effect of Test view [F(1,27)=4.60, p=0.04, n,°=0.15], with slower reaction times to
match facial identity across novel (M=1204ms) compared to learned (M=1174ms) viewpoints of
the face. There was no main effect of Target face [F(1,27)<1] found. There was no evidence of an
interaction between Test view and Age [F(1,27)<1], or between Target face and Age [F(1,27) <1]
or Target face and Test view [F(1,27) <1]. The three way interaction between Test view, Target
face and Age [F(1,27)=1.00, p=0.33, n,>=0.03] was also not significant. All mean reaction times

across conditions are reported in Table 2.2.



Chapter 3

Table 2.2. The mean reaction time taken in milliseconds (with standard deviations) to match learned and
novel views (Experiment 1A) and expressions (Experiment 2 and 3) of the learned target face, for each of
the younger and older adult groups.

Older Adults Younger Adults

Static Dynamic Static Dynamic
Experiment 1A: Rigid Motion
Learned View 1543 (405) 1516 (337) 835 (113) 848 (94)
Novel View 1566 (388) 1581 (442) 860 (120) 859 (90)
Experiment 2: Non-Rigid Motion
Learned Expression 1700 (398) 1790 (499) 944 (129) 942 (199)
Novel Expression 2000 (453) 2018 (532) 1164 (242) 1149 (236)
Experiment 3: Non-Rigid Motion Inverted
Learned Expression 1880 (536) 1888 (523) 1229 (260) 1373 (326)
Novel Expression 2362 (870) 2263 (640) 1629 (434) 1513 (344)

3.3.3. Discussion

Face matching performance was more accurate in younger than older adults, particularly
when the test image was a novel viewpoint of the face. As such, the results from Experiment 1A
confirm previously reported findings that face matching performance declines with age (e.g.
Grady et al., 2000) and that this age-related cost is particularly apparent when matching facial
identity across novel views of the face (Habak, Wilkinson, & Wilson, 2008). However, although
older adults were overall worse at matching identity it was noted that the cost on identity
matching across views, which has previously been reported to be exacerbated by the ageing
process, was evident only when the target face was presented as a sequence of 3 static images
containing rigid changes (i.e. head rotation). In contrast, when the face was presented
dynamically (i.e. video) during learning there was no evidence for an age-related deficit in face
matching accuracy across changes in viewpoint. Older adults were, however, slower in matching
facial identity than younger adults. However, reaction times increased for both age groups when

matching the face across changes in viewpoint.

Importantly, a dynamic advantage was not observed in the younger adult group, as face
matching accuracy was similar across both the static and dynamic conditions. This suggests that
the additional view information in the multiple static sequences was sufficient for younger adults

to perform the task. In contrast to previous studies (e.g. (Pilz et al., 2006) the current study failed
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to find a benefit on reaction time performance for matching moving relative to statically learned
faces, in the younger (or older) adult group. This may relate to the nature of the task, as test
images remained onscreen until a response was made. Other studies which have observed faster
matching times for faces learned in motion have typically limited the exposure time of the test
image (Pilz et al., 2006; Thornton & Kourtzi, 2002). However, it is also possible that the similarity
between younger adults’ reaction time performance for static and dynamic conditions may relate
to the preserved spatial alignment of the static images. This was examined in more detail in

Experiment 1B.

3.4. EXPERIMENT 1B

Experiment 1B was designed to investigate whether the preserved spatial alignment of
the static images presented during target learning in Experiment 1A may have effected face
matching performance, in the younger adult group. Specifically, using the same matching
paradigm reported in Experiment 1A, this study examined whether learning a face through a
sequence of static images in which the spatial alignment of images was preserved, relative to
when it was disrupted, would affect the representation of the face in memory. The static-learning
condition only was presented here. Prior findings from younger adult studies have demonstrated
that spatiotemporal alignment is an important factor in associating multiple views of the same
face in memory (Wallis & Bilthoff, 2001). It was predicted that if spatiotemporal alighment
assisted in integrating all images contained within the static sequence, then matching
performance should be better when the images are viewed in ordinal sequence (e.g. 45° left view,
22.5° left view and full-face), relative to when the order of the sequence is disturbed (e.g. 45° left

view, full face and 22.5° left view).

3.4.1. Method

Participants

Eighteen younger adults, recruited from the student population at Trinity College Dublin
(7 female, 17 right handed, mean age= 24.4 years, SD= 4.3 years) participated in this experiment
and were given course credits in return for their time. None of the participants had participated in

Experiment 1A and all reported normal or corrected to normal vision.
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Stimuli and Apparatus

The static stimuli were as described in Experiment 1A, i.e. they were extracted from the
first frame, a mid-sequence frame (on average frame 15) and the last frame of each of the videos
sequences of ‘turn to right’ and ‘turn from left’. However, in the current Experiment the sequence
order of the static stimuli was manipulated. In half of the trials the static learning stimuli were
presented in the ordinal sequence described in Experiment 1A i.e. the first frame, a mid-sequence
frame and the last frame of the video clip. This is referred to as a ‘static fluid’ sequence. However,
for the other half of the trials the ordinal sequence of the static learning stimuli was disrupted as
follows: 1) a mid-sequence frame, the first frame and the last frame; 2) or the last frame, the first
frame and a mid-sequence frame; 3) or the first frame, the last frame and a mid-sequence frame
was presented. This is referred to as a ‘static jumbled’ sequence. The 3 types of jumbled
sequences were presented randomly across trials. Note that the following order of last frame, a
mid-sequence frame and the first frame was never presented as a learning sequence in this
condition as this is still considered a fluid sequence, albeit in reverse. A static fluid and static
jumbled sequence was created for each of the 20 facial identities, giving rise to a total of 40
learning stimuli. As in Experiment 1A, the display duration of each static image presented during
the learning stage was 375ms. Each static sequence (fluid or jumbled) contained an inter stimulus
interval (ISI) of 150ms between each of the 3 images and as such each static fluid and static
jumbled sequence was presented for an equal duration (1,125ms) during the learning exposure.
As described in Experiment 1A, the static test images were extracted from the first and final frame
of either the turn to right or turn from left video and as such were learned or novel viewpoints of

the face.
Design

The learning phases were as described in Experiment 1A, with the exception that the
dynamic trials were not included (40 trials) but were replaced with static jumbled sequences. The
remaining 40 trials were presented in the same static sequence as described in Experiment 1A. As
in Experiment 1A, half of the participants were shown the turn to right sequence in the learning
phase (static fluid or jumbled) and then presented with the 45° left view of the actor’s face as the
novel viewpoint in the test, while the other half were shown the reverse i.e. the turn from left
sequence (static fluid or jumbled) as the target face and then the 45° right view of the actor’s face

as the novel viewpoint. All other details remain as described in Experiment 1A.



Procedure

The procedure is as described in Experiment 1A.

3.4.2. Results
Accuracy

The mean percentage of correct responses across participants was subjected to a 2x2
repeated measures analysis of variance (ANOVA). Both Target face (static fluid or static jumbled)
and Test view (learned or novel) were repeated factors. Analysis revealed no significant main
effect of Target face [F(1,17)=2.69, p=0.12] or Test view [F(1,17)=1.75, p=0.20]. There was also no

evidence of a significant interaction between Target face and Test view [F(1,17)=1.99, p=0.18].

There was no viewpoint change cost calculated for percent correct performance on this
task, since a comparison of performance across younger and older adults was not required.
Furthermore, there was no evidence for an effect of learning condition or test view on accuracy
scores in this younger adult group, as performance ranged from 95 to 97 percent correct across

all conditions.

Reaction Times

As in Experiment 1A, RTs (in milliseconds) to correct matches only were included in the
analysis. In addition, RTs which were greater or less than 2.5 deviations from the mean RT for
each condition, were excluded from the analysis (approximately 7 % of the data were removed).
The reaction time data were analysed using a 2x2 repeated measures analysis of variance
(ANOVA), with Target face (static fluid or static jumbled) and Test view (learned or novel) as
repeated factors. No main effect of Target Face was found [F(1,17) < 1]. However, a main effect of
Test view was observed [F(1,17)=15.57, p<0.001, n,?=0.48], with slower reaction times to match
novel (M=823ms) relative to learned (M=771ms) views of the face. Furthermore, there was a
significant interaction between Test view and Target face [F(1,17)=9.53, p=0.007, n,>=0.36]. A
post hoc Tukey analysis revealed that the time taken to match the face across novel, relative to
learned, views of the face was significantly increased when the face had been learned through a
jumbled rather than a fluid static sequence (M= 838 ms; 754 ms respectively). See Figure 3.3 for

an illustration of this interaction.



3.4.3. Discussion

The results from Experiment 1B revealed that the order in which a sequence of static
views of a face are learned can affect the time to subsequently recognise that face. In particular,
reaction time performance was slower to match facial identity across changes in visual
appearance when the face had been learned through a series of static images in which the
sequence order of the images was disrupted, relative to when it was preserved. Thus, in line with
previous research (e.g. Wallis & Bilthoff, 2001), this result suggests that spatiotemporal aligment
is an important factor for integrating all views of a face into a robust single representation of that
facial identity. In turn, this result suggests that the preserved sequential order of face images in
Experiment 1A may have reduced the possibility for any dynamic advantage on performance in
the younger adult group, as all images may have been readily integrated into a single

representation by this particular age group.
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Figure 3.3. Plot showing the mean reaction times for younger adults to match a learned, relative to novel,
view of the face across static fluid and static jumbled learning conditions. Error bars show + 1 SEM.

3.5. EXPERIMENT 2

The following experiment investigated whether the dynamic enhancement observed in
Experiment 1A for the older adult group would extend to dynamic faces when the motion was
non-rigid (i.e. internal deformations of the face). Specifically, the current study assessed whether
viewing a face with expressive movements during learning would increase accuracy in matching
the identity of the face across novel expressions, relative to the presentation of static images of a

face during learning. To that end, the same matching paradigm as described in Experiment 1A was



employed, but here the task involved matching faces across changes in expression. Again,
performance on this task was compared between older and younger adults. As Experiment 1A, it
was predicted that if dynamic information assists in forming a representation of the face which is
more robust to incidental changes in image properties, then it should be possible to observe
improved face matching performance in older adults when face targets are presented as dynamic
rather than static sequences, particularly when matching to novel (unlearned) expressions of the
face. However, as found in Experiment 1A, it is possible that the younger adult group may
perform similarly across both static and dynamic learning conditions due to the diversity of
information available in the multiple images of each face presented across both the dynamic and

static conditions.

3.5.1. Method

Participants

Sixteen naive undergraduate students from Trinity College Dublin (14 female, 15 right
handed, mean age= 18.9 years, SD= 1.5 years) participated in this experiment for course credits.
All younger adults reported normal or corrected to normal vision. Eighteen naive, community
dwelling, older adults also participated in this experiment, however data from four older adults
were excluded from analyses as it was subsequently found that these individuals had mild
cataracts at the time of testing. Data from the other 14 older adult participants were included in
the analysis (11 female, 13 right handed, mean age= 72.9 years; SD= 6.4 years). All older adults
scored in the normal range on the MoCA test (i.e. 224 of 30) suggesting there was no evidence of
cognitive impairment in these individuals. All older participants had normal visual acuity (mean
binocular LogMar score= 0.0, SD= 0.1 and LogMar score= 0.1, SD= 0.1 at 4m and 40 cm
respectively) and contrast sensitivity (as assessed using the Pelli-Robson Contrast Sensitivity Test;
mean score= 2.0, SD= 0.1) for their age. All participants wore appropriate corrective lenses, if
needed, at the time of testing. None of the participants in this experiment had taken part in

Experiment 1A, 1B.

Stimuli and Apparatus

The stimulus set is as described in Experiment 1A with the exception that only frontal
views (i.e. 0°) of the actors’ faces were used and the facial movement involved a change from a
neutral to a happy or angry facial expression. The static stimuli consisted of the first frame, a mid-

sequence frame (usually frame 15) and the final frame of the video. All video clips were 1,125ms



in duration. The display duration of each static image was 375ms, with an inter stimulus interval
(IS1) of 150ms included between image presentation. The video and the static target images were
therefore presented for an equal amount of time (1,125ms). The static images used in the test
condition were always extracted from the final frame of the videos, which was the apex of the
expression. As in Experiment 1A, the test images were edited in Adobe Photoshop® to include a
black mask which occluded non-facial features, i.e. hairstyle. The apparatus used for testing is as

described in Experiment 1A. The experiment was conducted on-site, in a testing laboratory.

Design

The experiment was based on a mixed, 3-way design with Age (younger or older) as the
between-subjects factor, and both Target face (dynamic or static) and Test expression (learned or
novel) as within-subject factors. All other details of the design are as reported in Experiment 1A,
with the exception that target and test images varied by expression and not viewpoint. In half of
the trials, one of the test images was of the apex of the expression shown during the target face
presentation. In the other half of the trials one of the test images was of the target face
presented from a novel expression which was not viewed during the target face presentation. In
all trials the expression of the distractor face matched that of the target test face. During the
learning of the target face, half of the participants were shown the ‘happy’ expression as the
target face and were then presented with an angry expression as the novel expression during the
test phase. The other half of the participants were shown the ‘angry’ expression as the target face

and the happy expression as the novel expression (see Figure 3.4 for an illustration of a trial).

Performance was measured in response times and accuracy rates. However, as in
Experiment 1A, the relative difference in percent correct for matching faces across learned and
novel expressions, normalised to each individual’'s own ‘baseline’ accuracy performance for
learned expressions of the face was also calculated i.e. [(learned-novel)]/learned*100]. As in
Experiment 1A, this expression change cost was calculated separately for both static and dynamic

trials.
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Figure 3.4. An example of a trial which illustrates the face images shown in the static (upper panel) and non-
rigid motion (lower panel) training conditions used in Experiment 2. The pair of images shown on the right
depicts the test phase and includes an image of the target and the distractor face. The upper panel depicts
an example of a novel test expression of the target face, whereas the lower panel depicts a learned face
image.

Procedure

The procedure was as described in Experiment 1A.

3.5.2. Results

Accuracy

All accuracy means are reported in Table 1. The mean accuracy rates across participants
was subjected to a 2x2x2 mixed design ANOVA with Age (younger or older) as the between
subjects factor and Target face (dynamic or static) and Test expression (learned or novel) as
repeated measures. A main effect of Age was observed [F(1,28)=35.34, p<0.001, n,’=0.56), with
lower accuracy in face matching performance in the older (M=81.8%) compared to the younger
(M=94.8%) adult group. A main effect of Test expression was also observed [F(1,28)=22.49,
p<0.001, n,y?=0.45], with lower accuracy for matching the face across novel (M=86.2%) compared
to learned (M=91.3%) expressions. There was no effect of Target face [F(1,28) <1]. A significant
interaction between Test expression and Age was found [F(1,28)=6.95, p=0.01, n,’=0.20]. A post
hoc Tukey, unequal N, HSD analysis revealed no difference in young adults matching performance

across learned and novel expressions of the face but performance in older adults was significantly



worse when matching novel compared to learned expressions of the face (p<0.001). There was no
interaction found between Target face and Age [F(1,28) <1]. There was, however, a significant
interaction between Test expression and Target face [F(1,28)=8.90, p=0.005, n,°=0.24]. A post hoc
Tukey, unequal N, HSD revealed that accuracy for matching learned expressions of the face was
similar across both static and dynamic training conditions. When static target faces were learned,
however, matching novel expressions was less accurate than matching learned expressions
(p<0.001). In contrast, when dynamic faces were learned there was no difference in matching
performance across learned and novel expressions of the face (p=0.33). The three way interaction
between Test Expression, Target face and Age [F(1,28)=3.40, p=0.07, n,>=0.11] approached
significance. As this three way interaction approached significance and because there was a large
variation in face matching performance across the older adults, these age-related effects were

addressed through analysing the associated cost in performance with a change in expression.

Expression Change Cost

Performance calculated as the expression change cost (described in the Design section)
was subjected to a 2x2 mixed design ANOVA with Age (younger or older) as the between-subject
factor and Target face (dynamic or static) as the within-subject factor. A significant main effect of
Age was observed [F(1,28)=8.25, p=0.007, n,°=0.23] with worse performance in the older adult
group to face matching across changes in expression (M cost=9.1 %) than younger adults (M
cost=2.3 %). There was a significant effect of Target face [F(1,28)=9.39, p=0.004, n,°=0.25], with
better matching performance across changes in expression when the target faces were dynamic
(M cost=2.5 %) than static (M cost=8.5 %). A significant interaction between Target face and Age
group [F(1,28)=4.02, p=0.05, n,?=0.13] was cbserved, as shown in Figure 3. To analyse this
interaction, tests of simple main effects comparing the Age groups were performed separately for
the Static and Dynamic target face conditions. These analyses revealed a significant effect of Age
when the target face was learned as a series of static images [F(1,28)=11.95, p<0.001, n*=0.30],
with a larger ‘expression change cost’ for the older compared to the younger adult group.
However, there was no difference in the expression change cost for younger and older adults face
matching performance when the target face was learned as a dynamic face [F(1,28)<1]. In
addition, a simple main effects analysis revealed that an effect of the learned target face was
evident in the older adult group [F(1,28)=10.12, p=0.007, n,?=0.44], with poorer performance
when the face was learned as a sequence of static images (M cost=14.3 %) compared to dynamic
presentation (M cost=3.8 %). This difference was not evident in the younger adult group

[F(1,28)<1] as shown in Figure 3.5.
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Figure 3.5. Plot showing the mean cost in accuracy for matching a novel relative to a learned expression of
the target face, for the older and younger adults tested in Experiment 2. The data are presented for each of
the static or dynamic (non-rigid motion) target face learning conditions. Error bars show + 1 SEM.

Reaction Times

RTs to correct matches only were included. Furthermore, RTs which were 2.5 deviations
away from the mean RT for each condition, for each group were excluded (approximately 7 % of
the data were removed). The mean reaction time performance to correctly match faces were
then subjected to a 2x2x2 mixed ANOVA with group Age (younger or older) as the between
subjects factor and both Target face (dynamic or static) and Test expression (learned or novel) as
repeated measures. A main effect of Age was observed F(1,28)=44.30, p<0.001, n,>=0.61], with
older adults taking longer to match faces (M =1877ms) than younger adults (M=1050ms). A main
effect of Test expression was also evident [F(1,28)=80.50, p<0.001, n,°=0.74], with faster reaction
times when matching learned (M=1317ms) than novel (M=1554ms) expressions of the face. No
main effect of Target face was found [F(1,28)<1]. There were no significant interactions between
Test expression and Age [F(1,28)<1], between Target face and Age [F(1,28)=1.82, p=0.19,
ny?=0.06] or between Test expression and Target face [F(1,28)=1.31, p=0.26, N,>=0.04]. The three
way interaction between Test expression, Target face and Age [F(1,28)<1] was also not significant.

All mean reaction times across conditions are reported in Table 2.2.



3.5.3. Discussion

In terms of accuracy, older adults were poorer at matching facial identity than younger
adults, particularly when the image was of a novel expression of the face. However, it was noted
that the expression change cost (i.e. the cost associated with matching a novel relative to learned
view of the face) was evident in the static condition only, when the target face was presented as a
series of 3 images extracted from the video sequence containing non-rigid changes (i.e.
movement associated with expression). In contrast, when the face was learned in motion there
was no evidence for an age-related cost in face matching performance across changes in
expression. Moreover, for the older adults, face matching across novel expressions was better
when the target face was presented moving rather than through a sequence of static images
during learning. Indeed, the expression change cost dropped from approximately 14% when the
target face was static, to approximately 4% when the target face was dynamic. Thus the results
from Experiment 2 both replicate and extend those reported in Experiment 1A, and suggest that a
dynamic enhancement in face matching performance in older adults is evident for both rigid and
non-rigid facial changes. Furthermore, consistent with the results of Experiment 1A there was no
observed benefit of motion, over static presentations of faces, on either accuracy or response
time performance in the younger adult group. This may be because the multiple view information
in both the static and dynamic sequences may have been sufficient to create a robust, less image-
dependent, representation of the face in younger adults. Furthermore, the preserved spatial
alignment of the static images may have benefitted this performance (see Discussion for
Experiment 1A and 1B). Had the task been more difficult, for example comparing dynamic
performance to a single static image, it is possible that the effect of motion on face matching may
have emerged. However the reaction time results are consistent with those found in Experiment
1A in that older adults took longer to match faces for identity than younger adults. In addition,
the reaction time cost associated with matching the face across changes in expression was similar

for younger and older adults.

The results from Experiments 1A and 2 suggest that the availability of motion during face
learning facilitates perception in older adults. The results may also suggest that dynamic
information facilitates perception in general in older adults, although this would be counter to
previous studies which reported relatively poorer motion perception in older compared to
younger adults (e.g. Snowden & Kavanagh, 2006). To reconcile these findings, it may be the case
that the benefit of motion may be specific to face processing. To that end, the purpose of

Experiment 3 was to investigate whether the dynamic enhancement observed in the older adult



group was specific to face perception by testing whether the benefit for learning dynamic faces

generalised to inverted faces, or was specific to faces viewed in an upright orientation.

3.6. EXPERIMENT 3

Previous studies have reported that face recognition is disrupted when the face is viewed
in an inverted, relative to upright, orientation. Face inversion is thought to interfere with the
holistic or configural processing of the face, which is argued to be specific to face perception (Yin,
1969; Young, Hellawell, & Hay, 1987; Maurer, Le Grand, & Mondloch, 2002). Interestingly,
Thornton, Mullins, & Banahan (2011) noted that unlike other studies which have demonstrated
the facilitative effect of motion for face recognition under canonical viewing conditions (e.g. Pilz
et al., 2006; Thornton & Kourtzi, 2002), facial motion interfered with face processing when the
image was inverted. In the Thornton et al. (2011) study, compared to static presentation of faces,
reaction times taken to identify the sex of an inverted moving face typically increased by an
average of 100 milliseconds compared to performance to the upright faces. The authors argued
that such interference effects reflect how the encoding of facial motion cues is likely to be
mandatory, as they cannot be suppressed in favour of the available form cues. Under inverted
conditions motion may interfere with the observer’s ability to track specific features of the face
for identification purposes, thus affecting recognition performance. Similarly, facial motion
appears to facilitate the recognition of familiar faces under degraded visual conditions, and this
facilitation seems to be strongest when viewing upright faces (Knight & Johnston, 1997; but see
Lander et al., 1999). Such results suggest that the ability to use motion cues for the purpose of
recognition likely engages a motion encoding system which is tuned to upright, but possibly not,

inverted faces (Hill & Johnston, 2001; see also Steede, Tree, & Hole, 2007a, 2007b).

As dynamic facial features may be difficult to encode under inverted viewing conditions, it
was predicted that compared to a static presentation, motion may interfere with, or at least not
be of benefit to, face perception. This may be particularly evident when matching identity across
images of the face which differ in visual appearance. Moreover, the effect of motion on matching
inverted faces may be more pronounced in the older adult group as upright motion cues appear
important in forming a more robust, less image-dependent, face representation with older age
(see results from Experiment 2). To address these questions, the following experiment replicated
Experiment 2 with the exception that all target and test images and videos were rotated 180°

degrees in the picture plane.
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3.6.1. Method

Participants

Sixteen naive younger adults (11 female, 14 right handed, mean age= 20.4 years, SD= 3.6
years), recruited from the undergraduate population at Trinity College Dublin, participated in this
experiment for research credits. All participants had self-reported normal or corrected to normal
vision. Fourteen naive community-dwelling older adults also participated in this experiment (11
female, all right handed, mean age= 69.9 years; SD= 5.5 years). All older adults scored in the
normal range on the MoCA (i.e. 224 of 30) and all had normal visual acuity for their age, as
measured at 4 meters (mean binocular LogMar score= 0.04, SD= 0.1) and 40cm (mean binocuiar
LogMar score= 0.09, SD= 0.1). Contrast sensitivity was also normal for age and was assessed using
the Pelli-Robson Contrast Sensitivity Test (mean score= 1.97, SD= 0.08). All participants wore
appropriate corrective lenses, if needed, at the time of testing. With the exception of 4 older
adults who had also participated in Experiment 2 at least 2 months prior to this experiment, no

participant had taken part in either of the preceding experiments.
Stimuli and Apparatus

The stimuli used were as described in Experiment 2, with the exception that all videos and
images were inverted. The inverted stimuli were created by rotating the video or static image
180° in the picture plane. VirtualDub open source video software (www.virtualdub.org) was used

to edit the video clips and Adobe Photoshop® software was used to manipulate the static images.
Design

The design of this experiment, and the approach to the analyses of the data, was as

described in Experiment 2.
Procedure

The procedure was as described in Experiment 2.



3.6.2. Results
Accuracy

A 2x2x2 mixed ANOVA was conducted on the participants’ mean accuracy results with
group Age (younger or older) as the between subjects factor and Target face (dynamic or static)
and Test expression (learned or novel) as repeated measures. A main effect of Age was observed
[F(1,28)=13.29, p<0.001, n,?=0.32], with lower face matching accuracy in the older (M=71.4%)
than younger (M=80.9%) adult group. A main effect of Test expression was also observed
[F(1,28)=25.97, p<0.001, n,>=0.48], with lower accuracy for matching the face across novel
(M=71.7%) compared to learned (M=81.3%) expressions. No interaction between Test Expression
and Age was found [F(1,28)<1]. There was no effect of Target face [F(1,28) <1]. There were no
significant two-way interactions between Target face and group Age [F(1,28)<1] or Test
expression and Target face [F(1,28)<1]. There was no evidence for a three way interaction
between Test expression, Target face and Age [F(1,28)<1]. The mean accuracy rates across age

groups and conditions are reported in Table 2.1.

Expression Change Cost

The expression change cost was calculated i.e. the cost in percent correct for matching
faces across novel compared to learned expressions for each participant and subjected these data
to a 2x2 mixed ANOVA with the Age of the group (younger or older) as the between-subject
factor and Target face (dynamic or static) as the within-subject factors. There was no effect of Age
observed F(1,28)<1] nor of Target face [F(1,28)<1]. There was no interaction between Target face

and Age [F(1,28)<1].

Reaction Times

Reaction times which were less than or greater than 2.5 standard deviations from the
mean RT, to the correct trials for each condition, for each group were removed. This amounted
to a removal of approximately 6 % of the data. The participants’ mean reaction time performance
to the correct trials only was analysed using a 2x2x2 mixed design ANOVA with Age of group
(younger or older) as the between-subject factor and Target face (dynamic or static) and Test
expression (learned or novel) as repeated measures. A main effect of Age was observed
[F(1,28)=14.14, p<0.001, ny,?=0.34], with older adults taking longer to match faces (M=2098ms)
than younger adults (M=1436ms). A main effect of Test expression was also evident

[F(1,28)=59.40, p<0.001, n,?=0.68], with faster reaction times when matching learned



(M=1573ms) than novel (M= 1917ms) expressions of the face. No effect of Target face [F(1,28)<1]
was evident. The two-way interactions between Test expression and Age [F(1,28)=3.07, p=0.09,
Ne,’=0.09] or between Target face and Age [F(1,28)<1] were not significant. However, a significant
two-way interaction between Test expression and Target face [F(1,28)=6.72, p=0.01, n,*=0.19]
was observed. A post hoc Tukey, Unequal N, HSD analysis revealed results which reiterated the
main effects of Test expression, with slower RTs for matching novel compared to learned
expressions of the face, both across and within the static and dynamic conditions (p<0.001).
Specifically, RTs were slower when matching novel expressions, when the face was learned as a
series of static images (M=1971ms), compared to matching learned expressions when the target
face was presented in motion (M=1613ms). in turn, RTs were also slower for matching novel
expressions when the face was learned in motion (M=1863ms), compared to matching learned
expressions in the static learning condition (M=1533ms) (see Figure 3.6). The three way
interaction between Test Expression, Target Training Condition and Age [F(1,28)=1.17, p=0.29,

N»>=0.04] was not significant. All mean reaction times across conditions are reported in Table 2.2.
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Figure 3.6. Plot showing the interaction between the test expression and learned target face on the mean
response times in Experiment 3, in which all face images were inverted. Error bars show + 1 SEM.

3.6.3. Discussion

In terms of overall accuracy, younger adults were better than older adults at matching
facial identity in inverted images. However, unlike the results from Experiment 2 the cost in
accuracy associated with matching inverted faces across changes in expression was similar across

age groups and was found in both the accuracy and associated expression change cost



performance measures. This similar cost implies that faces are processed in a holistic or configural
manner (for a review see Maurer et al.,, 2002) irrespective of age (see also Boutet & Faubert,
2006). Moreover, there was no observed effect of the motion of the target face on the expression
change cost i.e. learning inverted dynamic faces was not associated with a reduction in the error
rate in matching identity across facial expressions. However, although no beneficial role for
motion on matching performance was found, unlike previous reports by Thornton et al. (2011) it
was not observed that motion interfered with task performance in either the younger or older
adult groups relative to static presentation, e.g. by increasing reaction times. This maybe because
both static and dynamic learning conditions contained multiple image frames. Therefore, in both
conditions there was a change in facial form information over time and strategies for identity
matching under the inverted condition e.g. feature matching, may have been equally difficult to
implement in both learning conditions. Consistent with the results of the previous experiments
older adults were slower at matching faces for identity than younger adults. However, both
younger and older adults showed a similar increase in the time taken to match the inverted face
across changes in expression. Taken together, the results from Experiment 3 suggest that the
ability to use dynamic information for the purpose of face perception likely relates to motion
encoding which is tuned to upright faces only. Furthermore, any effects due to a general arousal
state induced by motion cannot simply explain the results observed from Experiment 1A and
Experiment 2. Rather motion confers an advantage which is related to the representation of facial

identity.

3.7. General Discussion

The aim of the present study was to investigate the role of facial motion cues on the
perception of unfamiliar faces. Previous studies showed inconsistent evidence for a benefit of
facial motion on perception in younger adults. Here, the role of facial motion in face matching
across changes in viewpoint and expression was examined, in younger and older adults. During
learning, participants were presented with either a short video or 3 static face images of a target
face. When presented as a video this target face was learned in either a rigid (Experiment 1A) or a
non-rigid (Experiment 2) manner. Immediately following presentation, participants were asked to
match the identity of the face image from two available images, one of which was a distractor
face. All test images were static and contained either a learned or novel view (Experiment 1A) or
expression (Expression 2) of the target face. The results from Experiments 1A and 2 were
consistent in that face matching performance was better in younger than older adults, particularly

when face images contained a change in visual appearance, such as a novel expression or view.
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However, further analysis revealed that matching novel face images improved when the target
face was presented as a moving compared to a static sequence of images, particularly for older
adults. Furthermore, matching performance was similar for static and dynamic learning
conditions, when the task was to match a learned image of the face. Importantly, the dynamic
enhancement for matching novel images of faces was evident when faces were learned moving in
either a rigid (i.e. viewpoint) or a non-rigid (i.e. expression) manner. Conversely, when faces were
inverted (Experiment 3) no such benefit was observed for learning moving relative to static faces
on matching inverted faces for either the younger or older adults. Moreover, a similar cost in
matching facial identity across changes in expressions was found for both age groups, when faces

were inverted.

The finding that older adults are relatively worse at matching unfamiliar faces than
younger adults, particularly across changes in visual appearance, is consistent with previous
research. For example, Habak et al. (2008) noted that compared to younger adults, performance
in older adults was poorer when matching identities across changes in view. Moreover, they
found that this cost in performance could not be reliably reduced in the older adult group by
increasing the exposure duration of the target image, unlike in the younger adult group. For the
younger adults, performance continued to improve with increasing exposure duration (i.e. there
was a consistent improvement in face discrimination performance across changes in viewpoint
with increasing exposure of 200ms, 500ms or 1000ms respectively). Habak et al. (2008) concluded
that there may be a limit to the amount of form information which older adults can encode for
matching facial identity across views. Furthermore, they noted that the viewpoint cost is unlikely
to be due to a general slowing in processing speed with age, as younger adults could do the task
at even shorter exposure durations, but is more likely to reflect changes in the ability to associate
different facial views with the same identity. However, Habak et al. (2008) increased the exposure
duration of a target image from one viewpoint only, therefore such exposure is likely to elicit a
pictorial or image-based encoding of that face and consequently render face matching more
image-dependent in the older adult group. In contrast, the current findings suggest that an age-
related cost in matching facial identity across views can be reduced when a face was learned
moving in a rigid manner, relative to a series of static face images, suggesting that motion can
facilitate the association of facial views in memory. Indeed, matching performance to novel views
of the face was equivalent to the best performance in this group (i.e. matching learned views in
either static or dynamic target learning conditions, see Table 2.1) when the face was learned
moving rigidly. The results from studies involving younger adults (e.g. Pilz et al., 2006; Thornton &

Kourtzi, 2002) suggest that viewing a face in motion is likely to elicit a face-based, rather than



image-based encoding of identity. As such, these findings suggest that dynamic information can
assist in linking facial identities across views (i.e. allowing novel viewpoints and expressions of the
face to be more readily linked to the facial representation) and that the ageing brain can exploit
these cues to form a more robust structural representation of the face. However, it cannot be
completely ruled out that the additional static information in the dynamic sequence may have
contributed to these effects (videos, by default, contained more static frames per second than the
multiple static control condition). Nonetheless, the viewpoint dependency displayed in older
adults’ face matching performance, even when multiple static images of the face were available
during learning, would suggest that it is the combination of form and motion information which
may maintain efficient face perception with older age. This combination of cues may become

more important as the ability to efficiently encode form information declines.

Interestingly, this dynamic advantage was also observed in older adults when the face
was learned moving in a non-rigid manner. Previous studies have suggested that non-rigid motion
may support recognition through the extraction of a dynamic facial signature (e.g. the way
someone may move their forehead in thought), which is processed independently of form
information (e.g. O'Toole et al. 2002). The results from Longmore & Tree (2013) support this idea.
They observed that both developmental prosopagnosics and age-matched controls (mean age 50
years) were better at matching the identity of a face across changes in facial viewpoint when the
face displayed the same non-rigid motion during the learning and test phase, compared to when
both the learned and test images were static in nature. This suggests that the ability to extract
characteristic motion cues to support recognition may remain relatively well preserved with
increasing age and lends favour to the supplemental information hypothesis proposed by O'Toole
and colleagues. However, the current findings suggest that non-rigid motion may also support
face processing in a manner which is consistent with the representation enhancement hypothesis.
It was found that when the target face was learned moving in a non-rigid manner (i.e. an
expression change), that this was sufficient to improve matching performance for novel
expressions of the face in the older adult group (by about 10%). Here, novel image matching was
superior in the dynamic relative to static condition, an effect which was apparent when face
matching performance was normalised to each individual's best performance (i.e. learned
expressions). Thus the current results extend Longmore & Tree (2013) findings and suggest that
viewing a face in non-rigid motion also enhances subsequent facial identity matching, even when

the image is static in nature.

Schultz & Pilz (2009) demonstrated that non-rigid motion increased activation in both

form and motion areas of the face processing network. Such increased activation may be



mediated by perceptual experience, as we more often view faces in motion and are therefore
likely to have a larger neural network responsive to moving than to static faces images (also see
Fox, laria, & Barton, 2009). It is possible that the role of motion cues may become more
pronounced with age due to changes in the integrity of the underlying neural structures in the
face processing network (Daniel & Bentin, 2012; Grady, 2002; Lee et al., 2011), such as the
reduced selectivity of neurons in functional areas, such as the FFA (Goh, Suzuki, Park, 2011; Lee et
al., 2011), or the decline in visual contrast sensitivity which may reduce the availability of spatial
information pertaining to facial configuration (Goffaux & Rossion, 2006; Norton et al., 2009;
Owsley et al., 1981).

In contrast, it was noted that younger adults’ face matching performance was
consistently very good when matching identity across both novel and learned images of the face.
Moreover, for this group both reaction time and accuracy performance were similar when the
target face was learned in motion or through a static image sequence. As such, the current results
failed to observe a dynamic enhancement which has been previously reported in other perceptual
matching studies involving younger adult groups (i.e. Pilz et al., 2006; Thornton & Kourtzi, 2002).
This may relate to the nature of the static presentation in the current study. Specifically, previous
studies which have reported a dynamic enhancement in matching performance (e.g. Pilz et al.,
2006; Thornton & Kourtzi, 2002) typically contrasted performance in that condition with matching
performance when a single static image, presented for the same duration, was learned. However,
this study attempted to present the same amount of form information about the face in both the

dynamic and static conditions.

Furthermore, other studies which presented multiple static views of the target face, or
have presented the face rotating in the direction of facial views to be identified, have also
reported no relative benefit for rigid motion on subsequent face recognition or matching
performance in younger adults (Lander & Bruce, 2003; Lee, Habak, & Wilson, 2010). Moreover,
when static images were presented in the current study, the natural sequence for view change
was preserved, and this preserved spatiotemporal alignment has previously been demonstrated
to be an important factor in both the learning and recognition of faces (Lander & Bruce, 2000,
2003; Schultz et al.,, 2013). In contrast, a cost in face recognition was reported when the
spatiotemporal alignment was disrupted (Wallis & Biilthoff, 2001). Indeed, it was also observed
that the time to match novel relative to learned views of the face was significantly slower in
younger adults, when the spatial alignment of the static images was disrupted (i.e. jumbled).
Preserved spatiotemporal alignment may have been sufficient for younger adults to integrate the

multiple views into a robust percept of the face. Furthermore, Schultz et al. (2013) noted that
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motion processing areas of the face network were more responsive to a ‘natural’ motion
sequence (i.e. when the spatiotemporal alignment of image frames is preserved) in non-rigidly
moving faces, even when the motion was at a rate of 12.5 Hz rather than a more familiar rate of
25 Hz. However, other studies on the role of ageing on basic motion perception per se suggest
that older age may be associated with a decline in motion perception (Roudaia et al., 2010;
Snowden & Kavanagh, 2006). Thus it is possible that in the static condition older adults may have
perceived each face image as a discrete event and may have had difficulty combining all images
into a single robust representation of the face. This suggests that as we age face recognition may
benefit from cue combination, specifically the combination of spatial and temporal cues when

representing faces in memory.

The result that face perception in older adults can benefit from dynamic cues, yet older
adults also show a decline in other non-facial motion perception tasks, e.g. in discriminating the
direction or speed of motion in random-dot patterns or moving gratings (often requiring greater
differences in speeds to reliably distinguish between them) (Bennett, Sekuler, & Sekuler, 2007;
Snowden & Kavanagh, 2006) has important implications for our understanding of the role of
motion in the face processing network. Recent fMRI evidence has demonstrated that facial form
areas, largely the occipital face area (OFA), may modulate the transmission of dynamic facial cues
from motion sensitive area V5 to the superior temporal sulcus (STS) (Furl, Henson, Friston, &
Calder, 2014). Importantly, Furl et al. (2014) suggest that motion sensitivity in STS does not arise
due to a single motion based pathway but rather through interactions between form and motion
pathways. Furthermore, they noted that activation in the STS region did not appear to be
sensitive to motion in random-dot patterns, or dynamic objects. These ageing results compliment
these findings and demonstrate that the dynamic enhancement observed in this group likely
reflects some level of face specificity. Furthermore, when face images were inverted (i.e. rotated
180° in the picture plane) motion had no facilitative effect on face matching performance relative
to static presentations for either the older or younger adults. Thus the benefit of motion on
matching faces across changes in visual appearance, which was evident in the older adults’
performance when the face was upright, is likely to relate to a motion encoding system which is
tuned to upright faces and is sensitive to configural processing. For example, Thornton et al.
(2011) noted that the time taken to detect the sex of a moving (compared to static) face
increased by an average of 100 milliseconds when the face was inverted relative to upright. This
effect appeared to be specific to the processing of faces, as the cost in performance was not
evident when processing other classes of moving stimuli, including bodies or animals, and thus

cannot be explained as a general difficulty in decoding motion information under inverted
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conditions. Thornton et al. (2011) suggested that as inversion interferes with configural face
processing, recognition becomes more dependent on feature recognition. The addition of motion
may thus make it more difficult to encode and identify such features when the face is upside
down.

In summary the findings from this chapter provide further insight into how motion may
facilitate face processing and provide evidence in support of the idea that both rigid and non-rigid
motion can enhance the representation of faces in memory. Furthermore, the results suggest
that this dynamic enhancement is related to processing which is particular to faces, rather than a
general benefit for additional information or a change in attentional state created by the

presence of motion during face learning.
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4 The Effect of Motion on Face Perception in Developmental
Prosopagnosia

4.1. Abstract

There is growing evidence to suggest that facial motion is an important cue for face
recognition. However, it is poorly understood whether motion is integrated with facial form
information, or whether it provides an independent cue to identity. Here this question was
specifically addressed by comparing the effect of motion on face perception in two
developmental prosopagnosics and age-matched controls. Participants learned faces presented
dynamically (video), or in a sequence of static images, in which rigid (viewpoint) or non-rigid
(expression) changes occurred. immediately following learning, participants matched a static test
image to the learned face. Test images varied by viewpoint (Experiment 4) or expression
(Experiment 5) and were learned or novel. Similar performance was found for prosopagnosics and
controls in matching faces across changes in viewpoint when the learned face was shown moving
in a rigid manner. However, non-rigid motion interfered with face matching across changes in
expression in both individuals with prosopagnosia compared to performance of the control
participants. In contrast, non-rigid motion did not differentially affect the matching of facial
expressions across changes in identity for either prosopagnosics (Experiment 6). These results
suggest that whilst the processing of rigid motion information may be preserved in developmental
prosopagnosia, non-rigid motion can specifically interfere with the representation of structural
face information. Taken together, these results suggest that both form and motion cues are
important in face perception and that these cues are integrated in the representation of facial

identity.



4.2. Introduction

As highlighted in Chapter 2 and 3, studies investigating the processing of both familiar and
unfamiliar faces have overwhelmingly relied on the use of static images as stimuli, likely driven by
models of face recognition which have argued that facial motion cues were more relevant to
social signal processing, rather than identity (Bruce & Young, 1986). Yet, recent evidence suggests
that dynamic cues can enhance the processing of facial identity in neurotypical younger adults
(Lander & Bruce, 2000, 2003; Lander, Christie, & Bruce, 1999; Lander & Chuang, 2005; Pilz,
Thornton, & Bilthoff, 2006; Pilz, Bulthoff, & Vuong, 2009; Thornton & Kourtzi, 2002; for a recent
review see Xiao et al., 2014). However, how exactly motion may contribute to the processing of
facial identity remains unclear (O’Toole, Roark, & Abdi, 2002; O’Toole & Roark, 2011; Roark,
Barrett, Spence, Abdi, & O’Toole, 2003).

On the one hand, as mentioned in Chapter 3, it is argued that motion may afford a salient
cue for recognition which is processed independently from facial form information; this is referred
to as the supplemental information hypothesis (SIH). Specifically, O'Toole et al. (2002) suggested
that motion may provide unigque ‘dynamic identity signatures’ to a person’s facial identity which
can act as stand-alone, i.e. supplemental, cues for recognition. O’Toole et al. (2002) proposed that
these dynamic signatures are likely processed in posterior superior temporal sulcus (pSTS), an
area of the face processing network (see Haxby, Hoffman, & Gobbini, 2000) which is primarily
concerned with processing the changeable aspects of the face (Haxby, Hoffman, & Gobbini, 2000;
Pitcher, Dilks, Saxe, Triantafyllou, & Kanwisher, 2011; Schultz & Pilz, 2009). The dynamic
signatures are learned through repeated exposure to the face and thus facial motion may be
more relevant for the recognition of familiar faces rather than the learning of new facial identities
(O’'Toole et al., 2002; Roark et al., 2003). Indeed, studies with neurotypical younger adults have
consistently demonstrated that motion benefits familiar face recognition when available form
cues are degraded (Knight & Johnston, 1997; Lander et al., 1999; Lander & Chuang, 2005). This
dynamic enhancement appears to be modulated by the type of facial motion, being more
pronounced for non-rigid than rigid motion and also by the degree of idiosyncrasy of the motion
displayed (Knappmeyer et al., 2003; Lander & Chuang, 2005). Thus motion (non-rigid) which was
once assumed to convey purely social information can provide a supplemental cue to support

facial identity processing.

Hill & Johnston (2001) also provided evidence in support of the SIH using a novel
paradigm to assess the role of facial motion in discriminating between facial identities. In that

study, the authors used motion capture to animate an ‘average face’ with different dynamic facial



identities. They observed that although the face stimuli provided no reliable visual form cues,
observers performed above chance in categorizing and discriminating between facial identities
based on the motion cues alone. It is important to note that the observers were unfamiliar with
the identities displayed. Thus, although Hill & Johnston (2001) provide evidence for the SIH,
demonstrating that facial motion can provide a salient independent cue for recognition, their
results also suggest that these dynamic cues are rapidly acquired and are relevant for

distinguishing and also learning new facial identities (see also Steede, Tree, & Hole, 2007a).

One additional avenue of research which has also provided support for the SIH comes
from a small number of studies which have examined dynamic face processing in prosopagnosia.
As highlighted in Chapter 1, prosopagnosia is a disorder characterised by the inability to recognise
the identity of an individual from their face alone. Although the disorder can result from damage
to an already established face processing system (Bodamer, 1947; Farah, 1990), more recent
evidence has highlighted that atypical face recognition can emerge in development in the absence
of brain insult i.e. developmental prosopagnosia (DP) (Duchaine, Germine, & Nakayama, 2007;
Bradley Duchaine, 2008; Susilo & Duchaine, 2013). To date, prosopagnosia has been extensively
studied through the use of static face images. These studies have demonstrated that the
processing of static form cues in the face is significantly impaired in such individuals (e.g. Bowles
et al.,, 2009; Duchaine et al., 2007; Duchaine & Nakayama, 2005; Németh, Zimmer,
Schweinberger, Vakli, & Kovacs, 2014; Towler, Gosling, Duchaine, & Eimer, 2012). However, a
small number of studies have demonstrated that the ability to extract idiosyncratic motion cues
to support identity processing may remain, to some extent, preserved in prosopagnosia (Lander,

Humphreys, & Bruce, 2004; Longmore & Tree, 2013; Steede et al., 2007b).

For example, Lander, Humphreys, & Bruce (2004) observed that HJA (a patient who
acquired prosopagnosia and visual agnosia following occipito-temporal damage) was unable to
use dynamic cues to support familiar face recognition or the learning of new facial identities.
Nevertheless, the authors reported that HJA could match the identity of sequentially presented
dynamic faces in comparison to static faces. In other words, HJA could use dynamic information
for the purpose of face perception but not face recognition. This performance in matching
dynamic faces is consistent with studies which reported that HJA was not impaired at matching
face parts, relative to whole faces (Boutsen & Humphreys, 2002). Previous studies have suggested
that motion perception was unimpaired in HJA (Humphreys, Donnelly, & Riddoch, 1993),
therefore HIA may have been able to exploit motion information, independently from facial form,
for the purpose of face matching. Other evidence from studies involving developmental

prosopagnosics has largely supported Lander and colleagues original findings. Specifically,
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although evidence for a benefit for motion on face memory has been inconsistent (Esins, Bulthoff,
& Schultz, 2014; Longmore & Tree, 2013; but see Steede et al., 2007a), the ability to match
moving faces has been reliably observed. For example, Longmore & Tree (2013) reported better
face matching performance across changes in viewpoint in individuals with DP, when the same
idiosyncratic non-rigid motion was available in the face stimuli during the learning and test
conditions, compared to when all images were static in nature. In addition, Steede et al. (2007a)
observed that CS, a developmental prosopagnosic, could reliably discriminate between facial
identities when only motion cues in the face were available (see also Steede, Tree, & Hole,
2007b), irrespective of whether the motion was rigid or non-rigid. Taken together these results
suggest that the ability to extract motion information for the purpose of perceiving unfamiliar
faces (i.e. to match and discriminate newly learned facial identities) may remain relatively intact
in cases of DP. On the other hand, the evidence suggests that facial motion may not facilitate
memory for faces in DP, suggesting that facial motion may be difficult to represent in this cohort

(Lander et al., 2004).

In terms of neurotypical face processing, the findings from Chapter 3 suggest better
perception of unfamiliar faces in older adults when the face was initially learned in motion
relative to a sequence of static images. Ageing is often associated with a decline in the ability to
perceive and recognise unfamiliar faces from static cues alone (Habak, Wilkinson, & Wilson, 2008;
Lee, Grady, Habak, Wilson, & Moscovitch, 2011). However, the results from Chapter 3
demonstrated that when an unfamiliar face was presented in motion during learning, this motion
subsequently benefited the matching of novel (static) images of that face. Thus, the performance
enhancement observed for learning faces in motion suggests that facial motion may combine with
available form information to create a more robust structural representation of the face, i.e.
preserving identity matching across image transformations of the face (representation
enhancement hypothesis or REH), at least over short term intervals. This demonstrates that
motion does not only act as a source of information which is extracted independent of facial form

information (SIH).

The processing of motion for the purpose of face perception may be underpinned by
unique neural substrates such as the pSTS. The pSTS is considered an area within the face
processing network (see Haxby, Hoffman, & Gobbini, 2000) which is primarily concerned with
processing the changeable aspects of the face (Haxby et al., 2000; Pitcher et al., 2011; Pitcher,
Duchaine, & Walsh, 2014; Schultz & Pilz, 2009). However, as highlighted in Chapter 3, recent
neuroimaging evidence also suggests that interactions between form and motion areas in the face

processing network may be more pronounced than previously assumed (Furl, Henson, Friston, &
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Calder, 2014; Schultz & Pilz, 2009; Schultz, Brockhaus, Bilthoff, & Pilz, 2013). For example, using
functional magnetic resonance imaging Schultz & Pilz (2009) confirmed prior observations that
STS plays a pivotal role in processing dynamic aspects of the face, with enhanced cortical
activation to faces moving in a non-rigid manner, compared to static face images (see also Fox,
laria, & Barton, 2009; Pitcher et al., 2011) and similar findings have also been suggested for rigid
motion (Lee et al., 2010). Interestingly they also observed that classically defined static form
processing areas (e.g. fusiform gyrus) also exhibited this enhanced functional activation profile
(albeit to a lesser extent than STS) for dynamic compared to static faces, leading the authors to
conclude that the integration of facial form and motion likely occurs in both ventral and dorsal
areas of the face processing network. However, very recently it has been argued by Pitcher,
Duchaine, & Walsh (2014) that the dissociation between static and dynamic face processing may
be strict. Specifically, they observed that disrupting the processing of occipital face area (OFA) in
neurotypical individuals, through the delivery of thetabusrt transcranial magnetic stimulation
(TBS), did not affect the functional response profile in pSTS to moving face images, yet it did
reduce the pSTS response profile to static face images. However, as there were no task demands
in that study it is difficult to conclude what aspects of face processing may have been sub-served
through the functional activity in pSTS. Moreover, Furl et al. (2014) argued that facial motion
sensitivity in STS does not arise due to a single motion-based pathway but rather through
interactions between form (OFA) and motion (V5) pathways (Furl et al.,, 2014). Indeed, these
network interactions have been proposed as a possible explanation for the functional selectivity
of different areas in STS to a range of stimuli (Furl et al., 2014; Hein & Knight, 2008); including
moving bodies (Blake & Shiffrar, 2007; Grossman & Blake, 2002), voice information (Belin et al.,
2011, 2004) and face and voice integration (Beauchamp, Argall, Bodurka, Duyn, & Martin, 2004).
Therefore, interactions between form and motion areas of the face processing network may
provide an important insight into our understanding of how face recognition arises in the

neurotypical brain.

In summary, there is some evidence to suggest that facial motion is an important source
of information for face processing, with studies suggesting that facial motion can improve the
perception of both familiar and unfamiliar faces. In the case of prosopagnosia, there is some
suggestion that access to facial motion processing may be preserved, suggesting that motion may
support identity processing in DP (Longmore & Tree, 2013; Steede et al., 2007a). Thus, in the
same way that dynamic cues can support face recognition in neurotypical younger adults when
available form cues are degraded (e.g. Lander et al., 1999) this processing of independent sources

of information may benefit face perception in prosopagnosia. Taken together, these results



support a possible dissociation between the mechanisms involved in static and dynamic face
processing (i.e. SIH). However, the results from Chapter 3 and a number of previous studies (e.g.
Pilz et al., 2006; Thornton & Kourtzi, 2002) also demonstrate that learning a face in motion can
enhance the structural (i.e. form) representation of the face, suggesting that static and dynamic
cues are likely to interact when encoding facial identity, in line with the representation
enhancement hypothesis (REH). It is therefore, unclear whether motion information will enhance
or interfere with the processing of facial information in individuals with DP since, to the best of
our knowledge, no study has explicitly tested how facial motion may affect the representation of

facial form in this population.
4.2.1. Outline of the Experiments

The series of face matching experiments reported below examined how learning a face in
motion, relative to static presentation, may affect the subsequent ability to match an image of
that face across changes in viewpoint and expression. Performance on these tasks was tested in
two apperceptive developmental prosopagnosics, UM and PL (see Chapter 2 for full
characterisation of each prosopagnosic), and compared to the performance from a group of age-
matched neurotypical individuals (control group). A matching paradigm was used as this has been
previously shown to be sensitive to the effects of motion on face learning in neurotypical younger
(Pilz et al., 2006; Thornton & Kourtzi, 2002) and older (Chapter 3) adults, as well as being sensitive
to detecting idiosyncratic motion processing in prosopagnosia (Lander et al., 2004; Longmore &
Tree, 2013). Separate experiments investigated how rigid motion (Experiment 4) and non-rigid
motion (Experiment 5) may affect face perception using an identical immediate matching
paradigm for both types of motion. It was also examined if (non-rigid) motion cues in the face can
be used to support the perception of social information from a face, rather than identity, in DP

(Experiment 6).

4.3. EXPERIMENT 4

Experiment 4 tested participants’ ability to match unfamiliar faces depending on whether
the face was initially viewed moving or not. Specifically, both UM and PL and an age-matched
group of participants first learned an unfamiliar face shown either moving (rigid motion of the
head) or through a sequence of static images extracted from the same moving sequence. In each
trial, following the learned face, participants were then immediately provided with two static
images of faces and were asked to identify the face image which matched the previously learned

face. The target face image was shown from a iearned or a novel viewpoint. In order to assess
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how motion affects the structural representation of the face, matching accuracy was compared
for novel relative to learned face images, across static and dynamic learning conditions, for both
prosopagnosics and controls. Face recognition can be said to occur when identity can still be
matched despite changes in viewpoint or expression, as this type of matching relies on the ability
to represent the essential structure of the face, rather than image characteristics of the learned

face (Bruce, 1982).

It was predicted that if form and motion information are related cues for perceiving faces,
then matching static face images may benefit from the presence of motion in the learned face. In
neurotypical individuals at least, learning a face in motion may enhance, or at least not detract
from, encoding the structural representation of the face (Chapter 3). On the other hand, in the
case of prosopagnosia it is not clear whether motion may enhance or further impair face
perception. For example, face motion may provide an intact source of information for learning
faces, and can improve matching performance across moving faces (i.e. motion to motion
matching), as previous studies have shown. However, given that the current task involves
matching faces based on their form information only (i.e. the test images are static), then it is
possible that the presence of motion during face learning may detract from, rather than enhance,
the structural representation of facial identity in DP. Moreover, these effects might be modulated
by the type of facial motion i.e. rigid or non-rigid (Hill & Johnston, 2001; Lee, Habak, & Wilson,
2010).

4.3.1. Method

Participants

The data reported here for control participants are those reported in Chapter 3,
Experiment 1A for the older adult group. As such, the same older adult data was used as a
contrast for both UM and PL’s performance on this task. Note that the older adult group are aged-

matched (mean age = 72.9 years) to both UM (76 years) and PL (73 years).

Stimuli and Apparatus

The face stimuli are as described in Chapter 3, Experiment 1A. Briefly, the stimuli
consisted of video clips of 20 different actors, moving their head in a rigid manner. Each video
consisted of a motion sequence in which the actor’s head faced the front (0°) and rotated to their
right (45°) referred to as a ‘turn to right’ sequence or one in which the actor faced the left (45°)

and rotated their head towards a frontal view (0°), referred to as a ‘turn from left’ sequence. A



static image sequence (3 images) was extracted from each sequence. Static test images contained

a learned 0° or a novel 45° image.

Design

The design is as described in Chapter 3, Experiment 1A. Specifically, the experiment
consisted of 80 trials in total. In half of the trials the target face was presented dynamically (i.e. a
video), while in the other half of the trials 3 sequential static images of the target face were
shown. As mentioned in Chapter 3, during the presentation of the target face, half of the age-
matched control participants were shown the turn to right sequence in the learning phase and
then presented with the 45° left view of the actor’s face as the novel viewpoint in the test, while
the other half were shown the reverse i.e. the turn from left sequence as the target face and then
the 45° right view of the actor’s face as the novel viewpoint, as results from Chapter 3 indicated
that both sequences produced similar performance. However, for consistency both the
prosopagnosic participants were exposed to the turn to right sequence in the learning phase and
then presented with the 45° left view of the actor’s face as the novel viewpoint in the test. The
two test face images were always presented from the same view, and one always matched the
target face. In half of the trials the test images were presented from a frontal, or 0° view, which
was a view always shown during the presentation of the learned face (i.e. learned). In the other
half of trials, test images were of a 45° view of the face which was a view not previously
presented in the target image (i.e. novel). An illustration of a trial including example stimuli is

shown in Chapter 3, Figure 3.1.

Procedure

The procedure is as described in Chapter 3, Experiment 1A. In brief, all participants were
instructed to learn the face presented in the centre of the screen and, following a short interval
(500ms), to indicate which of two face images matched the identity of the face they had learned
i.e. a two alternative forced choice task. One of the images presented always matched the learned
facial identity. Test images were always static and displayed either a learned (40 trials) or novel

(40 trials) viewpoint of the target face.



Analysis

Viewpoint Change Cost

Due to the variability in performance between the age-matched older adults and
developmental prosopagnosics, similar to Chapter 3, performance was calculated on this task as
the relative difference in matching accuracy (percent correct) for the learned and novel
viewpoints, normalised to each individual’s own ‘baseline’ accuracy performance for matching the
learned viewpoints [(learned-novel)]/learned*100]. This score (viewpoint change cost, see
Chapter 3, Experiment 1A) was calculated for both prosopagnosics, as well as each individual in
the age-matched group. The absolute accuracy scores for matching learned and novel viewpoints
of the face, across static and dynamic learning conditions for each prosopagnosic and the age-

matched control group can be viewed in Table 3.1.

A paired t test was used to compare the viewpoint change cost for both static and
dynamic target face learning conditions, for the age-matched older adult group. The Revised
Standardized Difference Test (RSDT) (revised see Crawford et al., 2010; original see Crawford &
Garthwaite, 2005) was used to compare the viewpoint change cost in prosopagnosics relative to
controls, for both the static and dynamic learning conditions. The RSDT assesses whether the
observed difference between a case’s score on two tasks X and Y, in this case static or dynamic
learning conditions, differs from the observed difference between task scores in X and Y in a
control or normative population. It is an appropriate test even with a modest control sample size
and has been used in the prosopagnosic literature to compare performance across different
experimental conditions, as applied in the current context (e.g. Longmore & Tree, 2013). The test
provides a t score and a point estimate of the effect size for the difference between the case and

controls (Z-DCC) and an accompanying 95% confidence interval.

4.3.2. Viewpoint Change Cost Results

The cost in face matching performance with a change in viewpoint is shown for each of
the prosopagnosic individuals and their age-matched controls in Figure 4.1. In terms of age-
matched controls performance analysis revealed that the cost associated with matching a face
across novel viewpoints was similar across both learning conditions [t(13)=1.48, p=0.16] although
it was more pronounced for the static (M cost=8.9%) than dynamic (M cost=2.8 %) learning
conditions. The results demonstrated that both UM [t(13)=0.35, p=0.37] and PL [t(13)=0.96,
p=0.18] showed a similar pattern of performance to that of the control group, such that the cost

associated with matching the face across a novel viewpoint was similar for both learning



conditions (see Figure 4.1, 4.2). Note that Figure 4.1 plots UM and PL’s viewpoint change cost and
the mean performance of the age-matched controls. However, in Figure 4.2 both UM and PL’s

viewpoint change cost is plotted in relation to each individuals’ score in the age-matched control

group.
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Figure 4.1. Plot showing the mean cost in accuracy for matching a novel relative to a learned viewpoint of
the target face, across each of the prosopagnosics and their age-matched controls tested in Experiment 4.
The results are shown for each of the static or dynamic (rigid motion) target face learning conditions. Error
bars show * 1 standard error of the mean (SEM).
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Figure 4.2. Plot showing the cost in accuracy for matching a novel relative to a learned viewpoint of the
target face, for each of the age-matched controls (n=14) and both prosopagnosics tested in Experiment 4
(rigid motion). The Y axis represents each participant tested. The results are shown separately for a) the
static (upper plot) or b) dynamic (lower plot) target face learning conditions.



4.3 .3. Discussion

The results suggest similar face matching performance across both age-matched controls
and the prosopagnosic individuals. Specifically, performance for matching faces across novel
viewpoints was similar when the face had been learned moving in a rigid manner or from a series
of static images. Furthermore, performance was relatively good across these matching conditions
in all individuals (> 80% in any condition). This suggests that rigid motion did not detract from the
encoding of facial form cues in DP. However, it is possible that this may relate to the type of
motion used. Specifically, rigid motion may still facilitate image matching strategies as the internal
features of the face remained constant. Indeed, other studies have demonstrated that
prosopagnosics can face match, although they may engage unusual, or non-face specific

strategies to do so, such as direct feature matching (e.g. McKone et al., 2011).

Table 3.1. Individual accuracy scores for UM and PL and mean percent accuracy scores for age-matched
controls (with standard deviations) for matching facial identity across learned and novel views (Experiment
4) and expressions (Experiment 5) of the face.

UM PL Age-Matched Controls
Static Dynamic Static Dynamic Static Dynamic

Experiment 1: Rigid Motion

Learned View 90 95 95 85 89.6 (10.5) 87.5(10.0)
Novel View 85 90 80 90 81.4 (12.0) 85.0 (11.9)
Experiment 2: Non-Rigid Motion

Learned Expression 95 95 95 90 91.1(8.4) 91.1(6.8)
Novel Expression 85 65 75 55 76.1(16.4) 83.9(8.1)

4.4. EXPERIMENT 5

The purpose of Experiment 5 was to examine how learning a face in non-rigid motion,
compared to a static image sequence, may affect the subsequent matching of the facial identity
across changes in expression in UM and PL, relative to age-matched controls. It is likely that,
compared to rigid motion, non-rigid motion may present a particular challenge for DPs in the
current matching task. In contrast to the rigid motion, non-rigid motion is characterised by the

change in the internal features of the face over time. As such it may be difficult to produce normal



matching performance when the face has been learned in non-rigid motion, compared to rigid
motion, by employing an image or feature matching strategy (Thornton, Mullins, & Banahan,
2011). Indeed, while Steede et al. (2007b) noted that developmental prosopagnosic CS could use
facial motion for discriminating and learning identities, they suggested that CS may have been
using a learning strategy which differed from controls; one which was particularly centred on rigid
(e.g. head shaking), compared to non-rigid motion (e.g. idiosyncrasy of a smile). As such, in
comparison to the results from Experiment 4 the presence of non-rigid motion during face
learning, may render face identity matching across novel expressions, based on form cues only

(i.e. the test images are static), error prone in this population.

4.4.1. Method

Participants

In addition to UM and PL, 14 age-matched older adults participated in this experiment (9
female, all right handed, mean age= 70.2 years; SD= 6.1 years). Seven of these participants are
reported in Chapter 3, Experiment 2. As such, these same 7 datasets were used as a comparison
for UM and PL’s performance. These participants had learned the ‘happy’ expression as the target
face in the 2AFC face matching task. Ten additional older adults were also recruited for this task,
however 3 datasets were subsequently removed as it was revealed that the individuals had
cataracts at the time of testing. New participants were recruited in order to maintain consistency
for the target learning condition (i.e. ‘happy’ expression as the target face). None of these
participants had participated in any of the experiments reported in Chapter 3. All participants
scored above the cut off of 224 of 30 on the MoCA (mean score=27, SD=0.6). Older participants
had normal visual acuity for their age, as measured at 4 meters (mean binocular LogMar score=
0.05, SD=0.04) and 40cm (mean binocular LogMar score= 0.02, SD= 0.06). Contrast sensitivity was
also normal for age and was assessed using the Pelli-Robson Contrast Sensitivity Test (mean
score= 1.9, SD= 0.08). All participants wore appropriate corrective lenses, if needed, at the time of

testing.
Stimuli and Apparatus

The stimulus set consisted of 20 facial identities described in detail in Chapter 3,
Experiment 2. Briefly, each video, or 3 static image sequence, displayed the actor transitioning
from a neutral to a happy or angry expression. Test images were static images of the apex of the

expression (happy or angry).



Design

All other details of the design are as reported in Experiment 4, with the exception that
target and test images varied by expression and not viewpoint. The two test faces were always
static images and were taken from the last frame of the video sequence. In half of the trials the
test images were of the apex of the expression shown during the target face presentation. In the
other half of trials the images were of a novel unseen expression which was not seen during the
target face presentation. All age-matched control and prosopagnosic participants, were shown
the ‘happy’ expression as the target face and the angry expression as the novel expression (with
identity unchanged in matching target and test face image). An illustration of a trial including

example stimuli can been seen in Chapter 3, Figure 3.4.
Procedure

The procedure was mainly as described in Experiment 4 with the exception that
participants were required to match the identity of a previously learned face (moving or static) in

face images in which the facial expression was the same or novel.
Analysis
Expression Change Cost

The analysis of the accuracy data is as described in Experiment 4 with the exception that a
relative expression change cost was calculated for each age-matched control and prosopagnosic
participant. This score consisted of the relative difference in accuracy for matching faces across
learned and novel expressions, normalised to each individual’s own ‘baseline’ accuracy
performance for learned expressions of the face i.e. [(learned-novel)]/learned*100]. This was

calculated separately for both static and dynamic trials.

4.4.2. Expression Change Cost Results

The expression change cost was compared for static and dynamic learning conditions in
age-matched controls using a paired t-test. This analysis revealed that the cost associated with
matching the face across novel expressions was significantly reduced when the face had been
learned in motion relative to static presentation [t(13)=2.43, p=0.03]. In line with Experiment 4
the expression change cost was also compared for each prosopagnosic individual across each of

the learning conditions (i.e. in motion or through static images), to the expression change cost for



the age-matched controls performance using the Revised Standardised Difference Test (Crawford
et al., 2010). Performance across each prosopagnosic individual and the mean performance for
the control group is shown in Figure 4.3. UM and PL’s performance is also plotted with each
individual’s (n=14) expression change score in the control group, for static and dynamic learning
conditions in Figure 4.4. These analyses revealed that for both UM [t(13)=3.37, p=0.005, ZD¢c=-
3.80, 95% CI=-5.60, -2.28] and PL [t(13)=3.45, p=0.004, ZD=-3.88, 95% CI=-5.86, -2.21], the cost
associated with matching the face across a novel expression was significantly increased when the
face had been learned in motion rather than static images. In other words, the performance of
both prosopagnosic individuals was the reverse pattern of performance to that of the control

group whose performance benefitted from the provision of motion during face iearning.
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Figure 4.3. Plot showing the mean cost in accuracy for matching a novel relative to a learned expression of
the target face, for age-matched controis and prosopagnosics tested in Experiment 5. The results are shown
for each of the static or dynamic (non-rigid motion) target face learning conditions. Error bars show + 1
standard error of the mean (SEM).
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Figure 4.4. Plot showing the cost in accuracy for matching a novel relative to a learned expression of the
target face, for each of the individual age-matched controls (n=14) and both prosopagnosics tested in
Experiment 5 (Non-Rigid Motion). The Y axis represents each participant tested. The results are shown
separately for the a) static (upper plot) or b) dynamic (lower plot) target face learning conditions.



4.4 3. Discussion

The results from Experiment 5 demonstrate that in neurotypical older adults the cost in
accuracy performance when matching facial identity across changes in expression can be reduced
when the face was previously learned in motion rather than through static snapshots. Indeed, the
cost in performance decreased by almost 10% (i.e. from 16.4 % in the static learning condition, to
7.8 % in the dynamic learning condition). Thus, it appears that motion may promote face
constancy across incidental changes in image characteristics of the face, particularly in an older
age group. Indeed, this result is in line with the older adult results from Chapter 3, Experiment 2,
where a similar reduction in error associated with matching facial identity across novel
expressions was observed i.e. approximately 10 %. Furthermore, this dynamic enhancement
appears greatest when the learned face is presented moving in a non-rigid manner, in comparison
to rigid motion of the face (which incurred a non-significant enhancement of approximately 6%,
as shown in Experiment 4). However, in contrast to the performance of the control participants,
non-rigid motion significantly interfered with matching identity across changes in expression in
both UM and PL. For both of these individuals, the number of face-matching errors increased
when the learned face was moving rather to when it was presented through multiple static
images. This finding suggests that non-rigid facial motion detracted from the encoding of facial

form information in this population.

4.5. EXPERIMENT 6

The results from Experiment 5 suggested that non-rigid motion interfered with
prosopagnosics’ ability to match facial identity across changes in expression. It is possible that this
may relate to a general deficit in the processing of non-rigid motion, or to a specific deficit in the
processing of non-rigid motion for facial identity only. In an attempt to tease apart these
possibilities a similar matching paradigm to that reported in Experiment 5 was used, with an
essential change to the task instructions: in the following task both PL and UM were required to
match the learned expression of the face, across static and dynamic learning conditions, from two
test face images which displayed either the same facial expression or not (irrespective of facial

identity).



Chapter 4

4.5.1. Method

Design

In line with the design of Experiment 5, both UM and PL were presented with the ‘happy’
expression as the target expression. Similarly, in half of the trials, faces were presented in motion
during learning, while in the remainder of the trials, the target face was displayed as a static
image sequence. As before, a factorial design was used during the test phase between facial
identity and facial expression. As such, half of the test faces (40 trials) were matched on facial
identity and facial expression, while the other half of the test faces (40 trials) were matched on
facial expression but not on identity. When the face matched on identity and expression (i.e.
matched to the target face), half the trials contained a distractor test image of a same (20 trials,
see A of Figure 4.5) or different identity (20 trials, see C of Figure 4.5) to the target that did not
match the facial expression of the target face. When the face did not match on identity, but only
on expression, half the trials contained a distractor test image of a same identity (20 trials, see B
of Figure 4.5) or different identity (20 trials, see D of Figure 4.5). During the test phase, faces were
presented in pairs based on a 2AFC protocol as before, and only one face in each pair matched
the expression of the learned face, irrespective of identity. There were 80 trials in total. See Figure

4.5 for an illustration of the four possible test image combinations.
Procedure

The procedure is as described in Experiment 5, with the exception that the participant
matched the expression (as opposed to the identity) of the learned face by choosing from two

available static images onscreen.

4.5.2. Results and Discussion

Both UM and PL scored an average approaching 100 percent correct in identifying the
target expression across all possible test image combinations. Furthermore, performance across
static (M=97.5 %, 100% for UM and PL, respectively) and dynamic (M=100%, 100% for UM and PL,
respectively) conditions was equivalent. This finding suggests that facial motion did not interfere
with the processing of social signals, such as facial expression. Moreover, the participants’
performance suggests that motion does not detract from encoding a representation of the face

which is used to support expression analysis, as both prosopagnosics could reliably match



expressions across identities even when the face had been learned as moving rather than static

sequence.
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Figure 4.5. An example of a trial which illustrates the face images shown in the static (upper panel) and non-
rigid motion (lower panel) training conditions used in Experiment 6. The pairs of images (A-D) shown on the
right depict the different test phases and include an image of the target and the distractor expressions, with
different identity combinations. In A both test images depict the same identity as the learning condition,
while in B both images depict a different identity to the learning condition. In C and D both test images
depict the same and different identities to the learning condition. Note that expression and identity overlap
in Cand not D.

4.6. General Discussion

A small number of studies have investigated facial motion processing in DP, with the
purpose of examining whether motion may provide a cue for identity which is accessed
independently from facial form information (Longmore & Tree, 2013; Steede et al., 2007b). In
contrast, the aim of the present study was to examine how facial motion and form may interact in
face processing in DP by explicitly examining how learning a face in motion affected the structural
representation of the face in this population. Here, two developmental prosopagnosics, UM and
PL, and a group of age-matched controls learned a face displaying rigid (Experiment 5) or non-
rigid facial changes (Experiment 6). Crucially, the learning condition was manipulated such that
the face was either learned in motion or through a sequence of static snapshots extracted from

the moving sequence. Participants were then tasked with matching the face identity from two



available static images, which displayed either a learned or a novel image of the face. The results
from Experiment 5 demonstrated that matching the face across novel viewpoints was similar
when the face had been learned in rigid motion or from a static presentation, for both
prosopagnosics and age-matched controls. In marked contrast, the presence of non-rigid motion
during learning significantly impaired both UM and PL’s ability to match the face identity across
novel expressions. Importantly, this performance profile was reversed for age-matched controls,
such that learning the face in non-rigid motion significantly enhanced subsequent matching
performance for novel expressions of the face relative to when the face was learned as static
images. The results from Experiment 6 demonstrated that both UM and PL could reliably match
facial expressions, both within and across identities, when the face displayed the same non-rigid

expression changes which were present during the identity matching task in Experiment 5.

The finding that developmental prosopagnosics can reliably use rigid motion, to the same
degree as controls, when encoding structural facial form information is consistent with previous
reports of preserved idiosyncratic rigid motion matching in DP (Steede et al., 2007b). This similar
matching performance across prosopagnosics and controls may relate to the nature of the face
processing which is elicited by this type of motion sequence. For example, it has been argued that
rigid motion may bias the processing of feature based, rather than holistic, face information (Xiao,
Quinn, Ge, & Lee, 2012). Thus, it is possible that when learning faces shown moving in a rigid
manner, prosopagnosics may have been able to recover feature based information about a face,
since the internal features of the face remained constant as the face moved from side to side.
Importantly, for the control group the benefit on matching the face across changes in visual
appearance was relatively small for faces learned in rigid, in comparison to non-rigid motion.
Matching the face across novel expressions appears to be a harder task (see Table 3.1). Indeed, it
is difficult to produce good performance on this task by adopting a feature matching strategy, as
internal deformations of the face render this strategy less reliable. Rather it is possible that non-
rigid motion may confer an advantage in face perception which is largely restricted to the main
mechanisms underlying face processing i.e. holistic processing (Yin, 1969). For example, as
mentioned in Chapter 3, Thornton et al. (2011) demonstrated that non-rigid motion interfered
with matching the sex of a face, by increasing reaction times, when face stimuli were inverted
relative to upright. However, when the face was presented as a static image there was no such
interference. They argued that when face images are inverted the perceptual system is biased
towards feature based processing, rather than holistic processing, which occurs when the face is

upright. However, internal deformations of the face that occur as a consequence of non-rigid
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motion make it more difficult to encode such features, likely resulting in the further response

delay to categorise the sex of the face.

In the current study non-rigid motion significantly enhanced the representation of the
face in age-matched controls, resulting in more accurate performance for matching the face
across novel expressions, compared to when the face had been learned through a sequence of
static images. However, the presence of non-rigid motion during face learning made it difficult for
both prosopagnosics to recover facial form information, rendering matching across novel
expressions relatively more error prone in this condition. Taken together, these seemingly
conflicting results give rise to the same conclusion, that these form and motion cues likely
influence each other at the encoding stage at least. However, in the case of DP, motion detracts
from encoding facial form, while it enhances the representation of the face in neurotypical
controls. This suggests behaviourally relevant correspondence between static form and dynamic

facial cues in neurotypical face processing.

This result is consistent with recent evidence supporting the idea that there is a significant
degree of overlap between dynamic and static representations of identity in the neurotypical face
processing system (Jeffery, Petrovski, & Rhodes, 2014; O'Toole et al., 2014). For example, O’Toole
et al. (2014) observed similar patterns of neural activity in ventral and dorsal areas of the face
network, in response to faces either presented as moving or as static images. Furthermore, this
pattern was bidirectional, such that the neural patterns for representations created from static
face images transferred to those elicited by dynamic faces and vice versa. While the pattern of
activation was transferable it is important to note that the response magnitude of the activation
varies across face areas depending on the dynamic nature of the stimulus (e.g. stronger activation
in STS to moving relative to static face images). Nevertheless, O’'Toole et al. (2014) argue that
there is some degree of redundancy and transfer across representations created from static or
dynamic faces. It is possible that these effects may arise due to interactions between form and
motion processing areas (e.g. Furl et al., 2014) or due to the sensitivity of both ventral and dorsal
areas to dynamic face information, as highlighted in Chapter 3 (Fox et al., 2009; Schultz & Pilz,
2009; Schultz et al., 2013). This suggests that it may be the interactions between form and motion
areas which may be compromised in DP, as both UM and PL were unable to recover structural
information to support identity processing when the face had been learned in motion. In contrast,
when the face had been learned through static presentation, their performance for matching the

face across novel expressions was comparable to controls (see Table 3.1).



Indeed, this conclusion parallels a case of acquired prosopagnosia reported by Cowey &
Vaina (2000). While most cases of acquired prosopagnosia have documented the individual’s
inability to recognise a face from static face images, with a self-reported deficit in recognising
even the most familiar faces, Cowey & Vaina (2000) report a rather unique case of AL, a 65 year
old lady who suffered extensive damage to the ventral extrastriate cortex as the result of a stroke.
After the stroke AL presented with severe object agnosia and prosopagnosia. However, her ability
to recognise facial identity gradually returned but with a rather profound limitation: while, AL
could recognise the identity of a person’s face when it was static, she found it impossible to
recognise a face when it was in motion, although she could see and describe the movement
patterns (intact idiosyncratic motion processing). As such, AL’s deficit in the ability to recognise
the face in motion was not related to an inability to process its static structural form, or from an
inability to decode facial movement, rather it was the interactions between these two sources of
visual information which gave rise to her significant behavioural impairment. Indeed, Cowey &
Vaina (2000) concluded that AL’s deficit in visual perception likely arose from a dysfunctional
connectivity in the brain between motion processing areas and areas in the temporal iobe which
decode form from motion. As such, while idiosyncratic motion processing may remain relatively
intact in DP (Longmore & Tree, 2013; Steede et al., 2007b), it cannot be reliably concluded that
this is evidence for a strict dissociation between static and dynamic processing, as found in the

current study.

Interestingly, the results from the expression matching task reported above
demonstrated a preserved ability for both prosopagnosics’ to use non-rigid dynamic information
for the purpose of matching expressions both within and across facial identities. Indeed,
performance was similar across both static and dynamic iearning conditions. This finding is
consistent with that of Thornton & Kourtzi (2002) who demonstrated that non-rigid motion
conferred an advantage in face matching performance in neurotypical individuals when the task
was to match identity, rather than to match expression. This finding, of intact non-rigid motion
processing for expression analysis, may help reconcile recent evidence of preserved functional
activation in STS to moving face images, following delivery of TBS to visual form area OFA,
reported by Pitcher et al. (2014). Indeed, many have argued that STS is primarily concerned with
the processing of social signals in the face, e.g. expression or gaze direction (Haxby, Hoffman, &
Gobbini, 2002; Hoffman & Haxby, 2000; Pitcher, 2014; Winston, Henson, Fine-Goulden, & Dolan,
2004). The current results suggest that it is possible that STS may be able to represent the
changeable aspects of the face which support social signal processing, possibly independent of

visual form areas. However, it is likely that interactions between STS and OFA may explain the
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ability to represent facial identity information which changes over time, a task at which both
prosopagnosics in the current study were impaired on when the face was learned moving in a
non-rigid manner. This interpretation is also consistent with recent findings reported by Fox,
Hanif, laria, Duchaine, & Barton (2011) for patient RST1, who presented with a lesion to pSTS but
with preserved functioning in visual form areas, OFA and FFA. Behavioural testing indicated that
the patient could match facial identity but not expression, but the former was only true when
facial expression was held constant. In marked contrast, RST1 showed poor identity matching for
images of the same face which varied by expression, leading the authors to conclude that STS

likely contributes in some way to identity processing across changes in expression.

Moreover, STS has also been shown to be sensitive to the fluidity of non-rigid motion. In
contrast, visual form areas are sensitive to the quantity of static information in a moving display,
rather than the spatiotemporal dynamics of the motion sequence (Schultz et al., 2013). The
results from the younger adults reported in Chapter 3 (Experiment 1B) showing faster reaction
times to matching novel viewpoints of the face when the face had been learned through a fluid,
rather than a jumbled, sequence of images argue that face information reflecting changes over
time is relevant for identity processing. Thus it is likely that STS serves some functional role in
representing the changeable aspects of the face within the same identity. Thus it remains to be
seen whether the preserved functional activation in STS reported by Pitcher et al. (2014) may
relate to the changeable aspects of the face per se, or whether the area may still be sensitive to

changes both within and across different facial identities, following TBS to visual form areas.

However, it is also important to note that the current expression matching task was
arguably easier than the facial identity matching task. Although, both UM and PL could match the
expression across identities, it is possible that they may have engaged a feature matching strategy
to support this performance as the distractor images were arguably perceptually distinct from the
matching expression (happy versus angry). Indeed, Calder & Young (2005) argued that the
apparent dissociation between identity and expression processing in prosopagnosia may arise due
to the fact that both tasks are not equated for task difficulty. It may be possible to overcome this
by using expressions which are more perceptually matched as distractor images e.g. by
parametrically varying the similarity between the target and distractor expression along a critical
dimension (e.g. morphing the distractor expression with the target in degrees of e.g. 10-100%).
However, other findings have demonstrated that developmental prosopagnosics can reliably
discriminate between morphed expressions (Duchaine, Parker, & Nakayama, 2003). Moreover, in
terms of the current study, it is important to consider that even if a feature matching strategy had

been engaged, non-rigid motion did not detract from encoding these features.



Taken together, the results from the series of experiments reported here demonstrate
that dynamic cues, particularly non-rigid motion cues, support the representation of the facial
identity in normal face processing. Furthermore, they point towards the suggestion that poor
encoding of facial form information in DP may be related to the relative inability to integrate both
form and motion cues. Further studies examining whether these deficits extend to individuals
with associative, rather than apperceptive, prosopagnosia may help unravel the heterogeneous
nature of this disorder (e.g. Fox, laria, & Barton, 2008; Griter, Griiter, & Carbon, 2008; Le Grand
et al., 2006).



Chapter 5

Interactions between the Face and Voice in Person

Perception
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5 Interactions between the Face and Voice in Person Perception

5.1. Abstract

In parallel to face recognition, information from the voice can be used to support identity
processing. For example, results from younger neurotypical adults’ demonstrate that familiar
speaker recognition is enhanced when the voice is accompanied by its corresponding facial
identity and that these interactions occur at the early stages of information processing in the
brain. However, to date, ageing research has largely focused on how dynamic visual information
can enhance auditory speech, rather than speaker perception per se. To address this issue, the
first part of Chapter 5 reports a series of experiments which examined how the face and voice
may interact to support identity processing in older age. Here, younger and older participants
learned a voice from either an auditory only (Experiment 7) or bimodal stimulus comprising of a
voice accompanied by either a static image or a synchronised video of the corresponding facial
identity (Experiment 8). Following a short delay, participants were presented with a two-interval
forced choice (2IFC) in which they had to match the test voice to the learned identity. Matching
vocal stimuli contained either same or different speech content. Overall the results from both
experiments demonstrated that speaker matching performance was poorer in older than in
younger adults. However, the cost associated with matching speaker identities across changes in
speech content was similar for both age groups (Experiment 7). When the voice was learned as a
bimodal stimulus older adults were faster at matching the voice across different speech content
when the voice was presented with a dynamic, rather than a static, face during learning. No effect
of the face (static or dynamic) was evident on younger adults’ speaker matching performance,
even when the task was made more difficult by extending the interval between the learned and
test stimulus (Experiment 8). However, when task demands were increased by intermixing trials in
which the face or the voice had to be matched across different speech content or a different facial
pose (Experiment 9) there was evidence for better speaker matching performance when the voice
had been learned in the presence of its dynamic, rather than static, face counterpart. These
findings suggest that dynamic facial cues can affect speaker matching performance, but that these
effects may be more readily observed when voice representations are weaker, such as occurs

with older age, or when the task demands for younger adults are increased.

Although these findings suggest that identity information is shared across the senses, very
little is known about how developmental prosopagnosia, a disorder characterised by poor face

processing, may affect the processing of identity from the voice. As such the second part of



Chapter 5 turned to address speaker matching performance in both UM and PL in comparison to a
group of age-matched controls (Experiment 10). Here, as in Experiment 7, participants listened to
a voice uttering a sentence and following a short delay matched the learned identity to a test
voice in a 2IFC design, in which matching vocal stimuli again contained either same or different
speech content. In comparison to controls UM demonstrated very poor speaker matching
accuracy, for both same and different speech content trials. However, PL’s overall matching
performance was similar to controls. It is argued that these results support the idea that the face
and voice interact to support identity processing and that poor processing in one modality, i.e. the
face, may affect processing in another, i.e. the voice. However, follow up tests would be needed
to fully characterise how this deficit may emerge. Taken together, the results from Chapter 5
suggest that normal identity processing is likely achieved through a sharing of information across
the senses and that, in turn, atypical face processing may affect how speaker identity is

represented.



5.2. Introduction

Like the face, the voice conveys information which can support person recognition (Belin
et al., 2004). Indeed, the perceptual system is tasked with a similar problem in decoding identity
in either the voice or the face. Like faces, voices share the same invariant perceptual features
across individuals (acoustic parameters such as pitch and timbre), and thus the perceptual system
must represent a unique ‘vocal signature’ for each human voice in memory, by perceiving subtle
differences in these features across individuals (Belin, Bestelmeyer, Latinus, & Watson, 2011;
Belin et al., 2004). Furthermore, as identity must be recognised across changes in the visual
appearance of the face, so too must the voice be recognised across changes in speech utterances.
However, although both the face and the voice appear to be represented in memory in a similar
manner (Belin et al., 2004; Campanella & Belin, 2007), a number of studies have demonstrated
that our ability to recognise voices is not as efficient as our ability to recognise faces (Hanley,
Smith, & Had, 1998; Hanley & Turner, 2000; Joassin et al.,, 2011;, Stevenage et al.,, 2012;
Stevenage, Hale, Morgan, & Neil, 2014; Stevenage, Howland, & Tippelt, 2011). In particular,
unfamiliar voice recognition (i.e. voices heard once or twice) appears to be particularly error

prone (e.g. Papcun, Kreiman, & Davis, 1989; Read & Craik, 1995).

However, in the real world it is important to consider that voices are rarely heard in
isolation. Rather when we consider a typical communication scenario we are exposed to both the
voice and its corresponding facial identity. Moreover, there is a close spatial and temporal
relationship between these identity cues, as the dynamic articulating face changes over time in
direct correspondence with the speech signal (Schweinberger, Kloth, & Robertson, 2011;
Schweinberger, Robertson, & Kaufmann, 2007; Schweinberger, Kawahara, Simpson, Skuk, &
Zaske, 2014). As such, voices are likely to become familiar within the context of their
corresponding facial identity. Indeed, in a study investigating familiar (i.e. personally familiar)
voice recognition, von Kriegstein, Kleinschmidt, Sterzer, & Giraud (2005) reported that while both
familiar and unfamiliar voices induced activation in temporal voice areas (TVA) in the superior
temporal sulcus (STS), familiar voices also activated visual form areas typically associated with
representing facial identity (i.e. fusiform face area or FFA), suggesting the existence of established
multisensory representations for each familiar identity. In a follow up study, von Kriegstein and
Giraud (2006) extended these findings to demonstrate that these multisensory associations can
be rapidly acquired (see also von Kriegstein et al., 2008). In that study, participants learned an
unfamiliar speaker with either its corresponding facial identity or a name. They observed
increased accuracy for recognizing voices that had been originally paired in the learning phase

with their associative faces. Moreover, these multisensory associations were also evident at a
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neural level, with increased functional connectivity between voice and face areas for this learning
condition. Other studies have replicated and extended von Kriegstein & Giraud’s findings (Joassin,
Pesenti, et al., 2011; O’Mahony & Newell, 2012; Sheffert & Olson, 2004). For example, O’Mahony
and Newell (2012) observed that participants who were trained on face and voice pairings were
faster in detecting the familiarity of a person when they were presented with congruent, rather
than incongruent, face and voice information at testing stage. Intriguingly, in line with von
Kriegstein and colleagues findings, they did not observe the same recognition enhancement for
congruent face and name pairings, suggesting that it is the naturalistic coupling of face and voice
information which enhances person recognition and not the pairing of the face with additional
arbitrary information i.e. the name of the person. Indeed, further studies revealed direct
structural connections between FFA and TVA (Blank et al., 2011), suggesting that it is the sharing
of identity information across sensory cortices (Ghazanfar & Schroeder, 2006), rather than top-
down modulation (e.g. face ‘imagery’ being elicited in response to the voice) which likely

mediates these behavioural effects.

Importantly, many of these behavioural effects have resulted from learning paradigms in
which the voice was learned with its dynamic face counterpart. Indeed, the spatiotemporal
relationship between these two cues appears to affect how both the face and voice are integrated
to support recognition. This is highlighted by findings from Schweinberger, Robertson, and
Kaufmann (2007) who presented individuals with dynamic face and voice pairings, i.e. preserving
the cross-modal spatial and temporal alignment of the faces and voices, while manipulating the
congruency of identity in these face and voice pairings (such that a voice could be presented with
a non-corresponding facial identity but the face would appear to be articulating with the voice in
synchrony). They noted behavioural benefits and costs for identifying familiar voices, when they
were respectively accompanied with either a congruent or incongruent facial identity. Yet
importantly, this was particularly true for voices accompanied with time synchronised dynamic
facial information, static facial information either reduced or removed the effects of cross-modal
modulation. This suggests that the face was not simply acting as an additional ‘cue’ to identity
rather it is likely that the spatial and temporal alignment of the face and voice is crucial for audio-

visual integration in person recognition (see also Robertson & Schweinberger, 2010).

These results have important implications for traditional models of person recognition
which have argued that face and voice information is processed independently and combined
only at a post-perceptual stage in person-identity nodes (PIN), upon which access to semantic
information pertaining to the identity becomes available (Bruce & Young, 1986; Burton, Bruce, &

Johnston, 1990). However, the evidence supporting audio-visual interactions between dynamic



face and voice pairings, reported by Schweinberger and colleagues, argue that these interactions
likely arise at a perceptual stage during the encoding of identity (Robertson & Schweinberger,
2010; Schweinberger et al.,, 2011). This argument is supported by evidence suggesting that
observers cannot suppress accompanying incongruent visual information in favour of available
voice information (mandatory interactions) and that congruent face and voice pairing enhance
perception. While Schweinberger et al. (2007) argued that these effects were likely modulated by
previously established, i.e. familiar face and voice representations, it is important to note that
they also observed a slightly similar, albeit weaker, trend for a dynamic face benefit on unfamiliar
voice detection. They noted faster reaction times when judging whether a voice was unfamiliar or
not when the voice was presented with a dynamic rather than static unfamiliar face. Although
these effects were weaker than that observed for familiar voice recognition they do suggest that
there may be some benefit on voice recognition from dynamic face information even for

representations which are yet to be established.

Indeed, Kamachi, Hill, Lander, & Vatikiotis-Bateson (2003) demonstrated that observers
showed above chance performance in matching silent moving unfamiliar faces to their
corresponding speaker identities and vice versa. While this matching ability held across changes in
speech content, matching performance was impaired for dynamic faces in which the fluidity of
the motion was disrupted. Kamachi and colleagues also noted that these cross-modal matching
effects were reduced (performance fell below chance) when the face was presented as a static
image (see also Lachs & Pisoni, 2004). However, recently Mavica & Barenholtz (2013) reported
identity matching performance which was greater than chance, between unfamiliar face images
(i.e. static photographs) and recorded voices. These results suggest that the perceptual system is
sensitive to cross-modal identity information, but that these effects may be more consistently
observed when the spatiotemporal cues in the face and voice remain intact. Moreover, it appears
possible to match the face and voice for identity when motion cues are presented in the relative
absence of form information i.e. as point light displays (Rosenblum, Smith, Nichols, Hale, & Lee,
2006), rather than when both form and motion cues are available (e.g. Kamachi et al., 2003;
Lander, Hill, Kamachi, & Vatikiotis-Bateson, 2007). This sensitivity likely arises due to the physical
constraints linking faces to voices (Kamachi et al., 2003). For example, Lander et al. (2007)
demonstrated that changing the manner in which a sentence was said, by altering either the
expressiveness or rhythmic structure of the speech signal, significantly disrupted matching
performance. Altering the manner between target and test presentation likely makes matching
more difficult as it consequently alters the spatiotemporal relationship between the movement of

the face and the corresponding voice.
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5.2.1. Interactions between the face and voice in ageing

There is some evidence that speaker recognition (i.e. long term memory recall of voice
identity) is poorer in older than in younger adults (Clifford, 1980; Yonan & Sommers, 2000). For
example, Yonan & Sommers (2000) observed that compared to younger adults, older adults were
worse at identifying previously familiarised voices, across changes in speech content, after 1 or 2
day intervals between training and test. In that study, participants were trained on voice-name
associations and asked to link the voice to the name during testing. Indeed, as discussed earlier,
learning the face with its corresponding name is likely to be a difficult task, as it does not exploit
cross-modal redundancies between the face and voice signals (von Kriegstein & Giraud, 2006).
However, our understanding of how the face and voice may interact to support person perception
in older adults is poor. As mentioned in the opening chapter, much of the literature on ageing has
focussed on how dynamic face cues can support speech, rather than speaker, perception (Gordon
& Allen, 2009; Maguinness et al., 2011; Setti, Burke, Kenny, & Newell, 2013; Sommers et al., 2005;
Tye-Murray, Spehar, Myerson, Sommers, & Hale, 2011).

The findings from these studies with older adults have largely supported the classic
finding reported by Sumby & Pollack (1954) that dynamic facial cues can enhance speech
perception particularly when the auditory speech signal is degraded (Gordon & Allen, 2009;
Sommers et al., 2005; Tye-Murray et al., 2011). However, unlike younger adults the benefit for
older adults is largely limited to non-degraded, i.e. super threshold, visual cues from the face (e.g.
Gordon & Allen, 2009). Nevertheless, in parallel to the findings of Kamachi et al. (2003) these
findings suggest that the perceptual system is sensitive to, and can exploit, redundant cross-
modal spatiotemporal cues, at least to support speech perception, in older age. Moreover, others
have argued that these face and voice interactions may become more pronounced with increasing
age (Maguinness et al., 2011; Setti et al.,, 2013). For example, Maguinness et al. (2011)
demonstrated that compared to younger adults, older adults’ immediate speech recall for
semantically unpredictable, relative to predictable, sentences was enhanced when both the voice
and the moving face of the actor was available during the encoding of the speech signal.
Furthermore, Setti et al., (2013) reported that older adults were more susceptible to the cross-
modal illusion known as the “Mc-Gurk” or “Mc-Gurk-Mac Donald” effect (McGurk & MacDonald,
1976), in that they tended to integrate incongruent auditory and visual signals and report
significantly more illusory percepts, than their younger adult counterparts. Taken together, these
results suggest that older adults may rely more on the availability of the visual dynamic face when

encoding the auditory signal.



Johnsrude et al. (2013) also demonstrated that the familiarity of a speaker can enhance
speech perception in older adults (Pilotti, Beyer, & Yasunami, 2001; Yonan & Sommers, 2000).
Specifically, they observed that older adults were better at tracking a target voice, in the presence
of a secondary talker, when the target was that of a familiar (voice of a spouse) relative to
unfamiliar speaker (see Schall & von Kriegstein, 2014 for neurological underpinnings of such
effects). However, others have observed that this benefit of voice familiarity on speech
recognition may be reduced in older, compared to younger adults. Pilotti et al., (2003) suggested
that “poorer sensory uptake”, i.e. poorer processing of the auditory signal, may mean that
perceptual features pertaining to the identity of the voice may be discarded in favour of the

linguistic content when the task is to focus on encoding the content of the speech.

Taken together, the results from the voice recognition and speech perception literatures
demonstrate that older adults are sensitive to identity cues within the speech signal, however
these effects may be modulated by the familiarity of the speaker (e.g. Johnsrude et al., 2013),
such that recognition is poorer for relatively unfamiliar voices (such as those learned in a training
stage, rather than representations of personally familiar individuals which were previously
established in memory), particularly when matching across changes in speech content (Yonan &
Sommers, 2000). This cost in unfamiliar voice recognition is consistent with findings from the face
perception literature of poorer matching and recognition of identity of unfamiliar faces,
particularly across changes in visual appearance of the face (see Chapter 2 and 3). However, given
that the perceptual system can utilise redundant spatiotemporal cues across the face and the
voice to enhance the perception of the speech signal, it is possible that these cues may also
support the perception of the speaker in older adults. Indeed, the findings from Chapter 3 suggest
that older adults can exploit dynamic facial cues to enhance the representation of facial identity
when form cues are not sufficient. Furthermore, as the representations of voices may be
relatively weaker in this cohort than in younger adults it is possible that the role of dynamic visual
cues on unfamiliar voice perception may be more readily observed in older, relative to younger

adults performance (Schweinberger et al., 2007).
5.3. Outline of the Experiments

As such, the first part of this Chapter examined the role of the face during the learning of
speaker identities in younger and older adults. Specifically, it investigated if speaker matching (i.e.
matching voices on the basis of their identity), in the absence of long term memory demands, was
affected by the ageing process (Experiment 7) and if the presence of a dynamic, rather than a

static, face identity may enhance the representation of the voice in older and younger adults



(Experiment 8). It was also investigated if learning the voice with its corresponding synchronised
facial identity would assist in matching both the voice and the face across changes in either

speech content or the face image in the younger adult group only (Experiment 9).

5.4. EXPERIMENT 7

In Experiment 7 both younger and older adults were required to match a series of
unfamiliar voices (auditory only) on the basis of their identity. In each trial, participants first
learned the target voice and were then required to match the learned identity by choosing from
two sequentially presented test voices. The test voices contained either the same or different
sentence content to what had been learned. In accordance with Chapter 3 and 4, an immediate
matching paradigm was employed and as such this task likely assesses speaker perception rather
than recognition. However, the interval was longer in duration between the learning and test
phase (i.e. 1,500ms) than that reported in Chapter 3 (500ms). This interval was chosen as it has
been previously used in voice discrimination studies (e.g. Kreiman & Papcun, 1991). Furthermore,
the suitability of this interval was confirmed through older adult participant feedback, as it was
expressed that shorter durations made it difficult to differentiate between the learning and the
test phase of the experiment. It was expected that, consistent with previous findings reported in
the voice recognition literature, voice matching would be poorer in the older than the younger
adult group. Furthermore, this age effect may be more evident when the task is to match the

voice across changes in speech content.

5.4.1. Method

Participants

Sixteen young adults, recruited from the student population at Trinity College Dublin (10
female, 15 right handed, mean age= 22.5 years, SD= 4.3 years) participated in this experiment and
were given course credits in return for their time. All younger adults reported normal or corrected

to normal vision. Eighteen, community-dwelling, older adults were also recruited for this task.

All participants were naive to the purpose of the experiment. All younger and older adults
were asked to subjectively rate their hearing by answering the question: “Is your hearing (with or
without a hearing aid) Excellent/Very Good/Good/Fair/Poor?” This question was taken from the
Irish Longitudinal Study on Ageing Questionnaire (Kenny et al., 2010) and has been shown to be a

valid indicator of objective hearing measures in older age, demonstrating a 94.67% specificity rate
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(Kenny Gibson, Cronin, Kenny, & Setti, 2014). Kenny Gibson et al. (2014) reported the 94.67%
specificity rate based on the observation of n=150 older adults. The specificity rate refers to those
who identified that they did not have a hearing impairment, rating their hearing as either
‘Excellent’, ‘Very Good’, ‘Good’, and then passed an objective hearing test (n=142/150). All
younger adults rated their hearing as either ‘Excellent’ or ‘Very Good’ and all older adults

reported ‘Excellent’ or ‘Very Good’ hearing.

Data collected from two of the older adults was subsequently removed from analysis as
they did not understand the task instructions and as such did not complete the task correctly.
Data from the other 16 older adult participants were included in subsequent analyses (11 female,
all right handed, mean age= 70.7 years; SD= 4.9 years). All older adults scored within the normal
range (i.e. 224 of 30) on the MoCA (Nasreddine et al., 2005), a reliable measure of global
cognitive function. All older participants had normal visual acuity (mean binocular LogMar score=
0.06, SD= 0.1 and LogMar score= 0.02, SD= 0.1 at 4m and 40 cm respectively) and contrast
sensitivity (mean score= 1.99, SD= 0.1, assessed using the Pelli-Robson Contrast Sensitivity Test)

for their age. All participants wore appropriate corrective lenses, if needed, at the time of testing.
Stimuli and Apparatus

The stimuli consisted of audio recordings of 10 male and 10 female native English
speakers articulating a set of three sentences: “People read books”, “This is my house”, and “The
window is closed”. All were variations of sentences previously rated as semantically neutral in
content i.e. they had no unique emotion ascribed to their wording (see Adolphs, Damasio, &
Tranel, 2002; Russ, Gur, & Bilker, 2008), thus controlling for arousal induced by the semantics in
the speech signal. The recordings were made in a quiet room using a Sony ICDSX68 digital voice
recorder. During the recording session speakers were asked to memorize each sentence and then
to utter the sentence aloud in a neutral tone and at a natural speech rate. Sentences were
subsequently edited using Adobe Audition® and were roughly equated for volume and sentence
length. The sentence “People read books” was approximately 1.5 seconds in duration, while
sentences “This is my house” and “The window is closed” were both approximately 1.8 seconds in
duration. The experiment was programmed in and run using Presentation® software and was
presented on a Dell OptiPlex 755 PC and displayed on a HP L1710 17” LCD colour monitor.
Auditory stimuli were presented over Sennheiser HD 202 closed back on-ear stereo headphones

at a super-threshold decibel level.



Design

The experiment was based on a 2-way, mixed, factorial design with Age (younger or older
adults) as a between-subjects factor and Sentence content (same or different) as a within-subject
factor. The experimental protocol was based on a delayed matched to sample, two-interval forced
choice paradigm, where a target voice was presented, followed by two sequentially presented
test voices. As such, this study adopted the same sequential matching protocol as previously
described by Lander et al. (2007). The participant was required to learn the identity of the speaker
in the first voice clip and to choose which of the two test voices matched the identity of the
previous speaker. The dependent variables were response accuracy and response time taken to

match the identity of the target speaker.

The experiment consisted of 40 trials in total. In half of the trials the speech content i.e.
the sentence wording, was the same across the target and the test voices (“People read books”).
In the other half of the trials the speech content was different across the target and test voices
(“This is my house” or “The window is closed”). Each speaker appeared once as a target and
distractor voice in the same sentence content trials and once as a target and distractor in the
different sentence content trials. For different sentence content trials, half of the participants
learned “This is my house” as the target sentence, while the test sentences consisted of “The
window is closed”; while the other half of participants learned “The window is closed” as the
target sentence and “This is my house” as test sentences. All 40 trials were presented in a single
test block and the order of trials was randomized across participants. On each trial one of the two
test voices always matched the identity of the target speaker and one was a distractor voice. The
distractor voice always matched the sex of the target speaker. The order of the correct match test
item was counterbalanced across trials, appearing directly after the target voice in only half the

trials.

Procedure

Participants wore headphones for the duration of the experiment. In any one trial, they
were first presented with a voice recording (target voice) and were instructed to learn the identity
of this initial voice presentation. The target voice was followed by a 1,500ms inter stimulus
interval (ISI) which displayed a blue fixation cross in the centre of the screen. The blue cross then
disappeared and participants then heard two voice clips presented sequentially, i.e. one directly
after the other. Participants were instructed to listen to each voice clip and decide whether the

first or the second voice matched the identity of the target speaker previously heard. Participants



were alerted to the fact that the speech content may change, but that their task was to focus on
the speaker identity. A response screen appeared immediately after the test voices were
presented which instructed participants to press button ‘z’ on the keyboard if they thought Voice
1 matched the target identity or ‘m’ if Voice 2 matched the target speaker identity. Participants
were instructed to always listen to both test options and to respond as quickly as possible when
they saw the response screen. A response triggered the offset of the current trial and the onset of
the next trial. Each trial was preceded by an inter-trial interval of 500ms. See Figure 5.1 for an

illustration of a sample trial.

Four practice trials proceeded the main experiment (2 same content and 2 different
speech content trials). The voice identities used in the practice trials did not appear within the
main experiment. Participants were given verbal feedback as to their accuracy in performance
during the practice period and were allowed to repeat these 4 trials as many times as needed

until they were comfortable with the testing procedure.

a)
Learn Test Option 1 Test Option 2
W Fixation W —v% Respond
! 1,500ms ; lor2?
TargetIDA TargetIDA Distractor ID B
“people read books” “people read books” “people read books”
b)
Learn Test Option 1 Test Option 2
W Fixation W —% Respond
1,500ms ! 1 or2?
TargetIDA TargetID A Distractor ID B
“the window is closed” “this is my house” “this is my house”

Figure 5.1. lllustration of different trials in Experiment 7. a) Depiction of a same sentence content trial
(upper panel) and b) different sentence content trial (lower panel). Note that both the target learning and
test conditions are auditory (voice) only.



Analysis

Similar to the face matching tasks reported in Chapter 3 and 4 there was a large range in
speaker matching performance evident in the older adult group. However, it was noted that
performance for same-sentence content trials was largely predictive of equivalent speaker
matching performance for novel speech content trials (r=0.75, p<0.001). As such, the normalizing
procedure described in Chapter 3 and 4 for matching novel relative to learned face images was
not applied in this instance. Accuracy was therefore calculated as the percentage of voices
correctly matched for speaker identity for each participant and for each sentence content
condition (i.e. same or different sentence content trials). For the purpose of our analysis, reaction
times (RTs in milliseconds) to correct matches only were included, for learned and novel content

trials.

5.4.2. Results

Accuracy

Accuracy was calculated as the percentage of voices correctly matched for speaker
identity for each participant and for each sentence content condition. The mean percentage of
correct responses across participants was subjected to a 2x2 mixed design analysis of variance
(ANOVA), with Age (younger or older) as a between-subject factor and Sentence content (same or
different) as a within-subject factor. A main effect of Age was observed [F(1,30)=21.29, p<0.001,
nw’=0.42], with poorer speaker matching accuracy in the older (M=79.9%) than younger
(M=96.2%) adults. A main effect of Sentence content was also found [F(1,30)=4.1, p=0.05,
nw>=0.11], with better accuracy for matching speaker identity across learned than novel sentence
content, (see Figure 5.2). There was no evidence of an interaction between Age and Speech

content [F(1,30)<1].
Reaction Times

RTs for correct responses only were included in analysis. Furthermore, for each of the
participants RTs which were 2.5 standard deviations away from the mean, in either direction, in
each sentence content condition were removed before analysis (approximately 10% of the data
were removed). The mean RTs were then analysed using a 2 x 2 mixed design ANOVA, with Age
(younger or older adults) and Sentence content (learned or novel) as a within subject factor. A
main effect of Age was found [F(1,30)=23.25, p<0.001, n,°=0.44], with slower time taken to match

speaker identity in the older (M=666 ms) relative to younger (M=421 ms) adult group. No main



effect of Sentence content [F(1,30)<1], or interaction between Speech content and Age

[F(1,30)<1] was observed.
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Figure 5.2. Plot showing the mean accuracy scores for matching speaker identity across the same or
different speech content, for both younger and older adult groups tested in Experiment 7. Error bars show *
1 SEM.

5.4.3. Discussion

Overall, older adults were poorer at matching speaker identities than younger adults.
However, the cost in accuracy performance associated with matching the speaker identity across
changes in sentence content was similar across both age groups, and there was no cost in
response times for a change in sentence content. Thus, in line with previous research, the findings
from Experiment 7 suggest that unfamiliar speaker matching, even within the same modality, was
more error-prone when the content of the speech signal was changed. Matching across speech
utterances requires that listeners extrapolate from the iearned speech content the invariant,
paralinguistic cues that are used to support identity matching, e.g. pitch, rhythm, independent of
the speech content (Pilotti et al., 2003). However, it is possible that learning the voice within the
context of its corresponding facial identity may improve speaker matching performance,

particularly in the older adult group.



5.5. EXPERIMENT 8

The purpose of Experiment 8 was to examine if learning an unfamiliar voice in the
presence of its corresponding static or dynamic facial identity may affect unfamiliar speaker
matching performance in the older and younger adult group. Previous studies have demonstrated
that younger adults can reliably match video clips of silent moving, and to a lesser extent static
face images, to their corresponding vocal identities, even when the spoken sentence is different
across the face and voice clips (Kamachi et al., 2003; Lander et al., 2007; Mavica & Barenholtz,
2013). This suggests that the perceptual system is sensitive to commonalities between facial
patterns and vocal signatures. Furthermore, these spatictemporal patterns appear to be reliably
associated with the speaker, rather than the speech content. The cross-modal redundancies
across the facial movement and vocal content may support matching performance even for

identities which are unfamiliar.

As such, in the following experiment it was expected that the presence of a dynamic,
rather than a static, face during learning may assist in speaker matching performance and that
this effect may be more evident in the older adult group, owing to their poor auditory (voice) only
matching performance in Experiment 7. Indeed, based on the findings from Experiment 7, it was
predicted that younger adults would likely be able to represent the voice independently of the
face under the current matching paradigm. As such, in an attempt to modulate task difficultly, the
interval between learning and test was modulated in this group (see Design and Procedure

section that follows).

5.5.1 Method

Participants

Sixteen younger adults, recruited from the student population at Trinity College Dublin
(12 female, 15 right handed, mean age= 21.9 years, SD= 4.7 years) participated in this experiment
and were given course credits in return for their time. All younger adults reported normal or
corrected to normal vision. Eighteen, community-dwelling, older adults also participated in this
task. Data collected from two of the older adults was subsequently removed from analysis for the
following reasons: one was removed as the participant did not understand the task instructions
and as such did not complete the task correctly, while the other was removed as it was

subsequently reported that the participants had mild cataracts at the time of testing. Data from



)
s’
D
U

the other 16 older adult participants were included in subsequent analyses (11 female, all right

handed, mean age= 69.8 years; SD= 6.4 years).

All younger and older adults subjectively rated their hearing by answering the question:
“Is your hearing (with or without a hearing aid) Excellent/Very Good/Good/Fair/Poor?” All
younger and older adults rated their hearing as either ‘Excellent’ or ‘Very Good’. All older adults
scored within the normal range (i.e. 224 of 30) on the MoCA (Nasreddine et al., 2005), a reliable
measure of global cognitive function. All older participants had normal visual acuity (mean
binocular LogMar score= 0.1, SD= 0.1 and LogMar score= 0.00, SD= 0.1 at 4m and 40 cm
respectively) and contrast sensitivity (mean score= 1.95, SD= 0.0, assessed using the Pelli-Robson
Contrast Sensitivity Test) for their age. All participants wore appropriate corrective lenses, if
needed, at the time of testing. None of the younger adults, but four of the older adult participants
had participated in Experiment 7. However, note there is no overlap in the experimental stimuli,

as all actors used in Experiment 8 are novel compared to those reported in Experiment 7.
Stimuli and Apparatus

The stimuli consisted of audio-visual recordings of 10 male and 10 female native English
speakers articulating a set of three sentences: “People read books”, “This is my house”, and “The
window is closed”. All actors differed from Experiment 7, however all details of sentences used
are as previously described. The videc recordings were made in a quiet room using Canon 550d
camera, recording at a rate of 29.97 frames per second, and a Rode directional microphone. The
recording volume was adjusted using Audition software for each actor to maintain consistency of
loudness across all recordings samples. During the recording session actors were asked to
memorize each sentence and to then look directly at the camera, which was positioned at eye-
level in front of them. They were instructed to keep their head facing forwards at all times and to
try and avoid any rigid head movements (i.e. nodding or head rotations). When they felt
comfortable, each actor uttered each sentence aloud four times in a neutral tone and at a natural
speech rate. Two samples of each sentence “People read books” and one sample of each
sentence “This is my house” and “The window is closed” were recorded from each actor and were
subsequently edited for use in the main experiment. The audio and visual samples were chosen as

they were devoid of artefacts and the speech rate was relatively consistent across all sentence

types.

The final set of videos were edited using Adobe Premiere® to include a black mask which

occluded any non-facial features which were visible during the recording session, such as hair. The



frame length of each masked video was edited using VirtualDub software (www.virtualdub.org).
The sentence clip “People read books” was edited to be on average 54 frames in length, while
sentence clips “This is my house” and “The window is closed” were approximately 57 frames in
length. Using the same software, the audio stream for each video file was saved separately as a
‘wav’ file and a version of each video, where the audio signal was removed, was also created.
Thus, an audio-visual, audio-only and visual-only version (this visual-only version was used in
Experiment 9) of each sentence clip was created. In addition, static images were also extracted
from each video sequence. For the sentence clip “People read books” one static image which
displayed the viseme /p/ was extracted (on average frame 5). For sentences “This is my house”
and “The window is closed” frames which displayed the viseme /h/ of ‘house’ (on average frame
28) and /w/ of ‘window’ (on average frame 12) were extracted. These frames were chosen on the
basis of previous studies which suggested that the point of articulation for visemes /h/ and /w/
renders both images visually dissimilar, but aiso reievant to the content (see Cappelletta & Harte,
2011, 2012; Potamianos et al., 2003). The experiment was programmed in and run using
Presentation® software and was presented on a Dell OptiPlex 755 PC and displayed on a HP L1710
17” LCD colour monitor. Auditory stimuli were presented over Sennheiser HD 202 closed back on-

ear stereo headphones at a super-threshold decibel level.
Design

The experiment was based on a factorial design with Sentence content (same or different)
and Face (dynamic or static) as repeated factors for the older adult group. For the younger adult
group the experiment was based on a mixed factorial design, with both Sentence content (same
or different) and Face (dynamic or static) as within subject factors and Interval duration (short or
long) as a between subjects factor (see Procedure section for further details). The experimental
protocol was based on a delayed matched to sample, two interval forced choice paradigm, where
a target voice was presented with its corresponding facial identity (static or dynamic) during the
learning stage of the trial and this was followed by two sequentially presented test voices (i.e.
without faces). The participant was required to learn the identity of the speaker, but to also look
at the facial identity and to then choose which of the two test voices matched the identity of the
previous speaker. The dependent variables were response accuracy and response time taken to

match the identity of the target speaker.

The experiment consisted of 80 trials in total. In half of the trials the voice was presented
during the learning stage with its corresponding dynamic facial identity which moved in synchrony

with the speech i.e. as a video. While in the other half of the trials the voice was presented with a



static image of its corresponding facial identity. The static image was always extracted from the
same sentence clip and was displayed for the same duration as the voice clip. Furthermore, in half
of the dynamic and half of the static face-voice pairings the sentence was the same across the
target presentation and the test voice (e.g. “People read books”). However, although the content
was the same the test voice was a different recording of the same sentence clip. This helped to
ensure that speaker identity matching was being performed based on the perceptual properties
of the speech clip, and not based on direct auditory feature matching to the original recording
(similar to image matching in face perception). In turn, in the other half of the trials the content of
the sentence was different between the target and test voices (“This is my house” or “The
window is closed”). Each voice was used twice as a target voice and twice as a distractor voice in
the dynamic face condition and twice as a target voice and twice as a distractor voice in the static
face condition. For different sentence content trials, half of the participants learned “This is my
house” as the target sentence, while the test sentences consisted of “The window is closed”;
while the other half of participants always learned “The window is closed” as the target sentence
and “This is my house” as test sentences. All 80 trials were presented in a single test block and the
order of trials was randomized across participants. On each trial one of the two test voices always
matched the identity of the target speaker and one was a distractor voice. The distractor voice
was always matched to the sex of the target speaker. See Figure 5.3 for an illustration of a sample
trial. The order of the correct match test item was counterbalanced across trials, which meant it

appeared directly after the presentation of the target voice in only half the trials.

Procedure

Participants were presented with a bimodal face-voice identity and were instructed that
they should learn the target voice but also look at the face during learning. Following presentation
of the face-voice pairing, a blue fixation cross appeared in the centre of the screen. For the older
adult group the fixation cross was always displayed for 1,500 milliseconds (similar to Experiment
7). However, for the younger adult group the fixation cross was displayed for 1,500 milliseconds
(short interval) for half of participants, while the other half of participants were shown the
fixation for 5,000 milliseconds (long interval). This was done in an attempt to manipulate task
difficulty in this group, by extending the interval between learning and test items. All participants
were instructed that after the blue cross disappeared they would hear two voice clips presented
sequentially, in the absence of a face, and that they should listen to each voice clip and decide
whether the first or the second voice matched the identity of the voice previously learned. A

response screen appeared immediately after the two test voices were presented which instructed



participants to press button ‘Z’ on the keyboard if they thought Voice 1 matched the target
identity or ‘m’ if Voice 2 matched the target speaker identity. Participants were instructed to
always listen to both test options and to respond as quickly as possible when they saw the
response screen. A response triggered the offset of the current trial and the onset of the next
trial. Each trial was preceded by an inter-trial interval of 500ms. See Figure 5.3 for an example of
trial. As Experiment 7, four practice trials proceeded the main experiment: 2 same content (static
or dynamic face) and 2 different (static or dynamic face) speech content trials. The face and voice
identities used in the practice trials were unfamiliar to participants and were not part of the
stimulus set used in the main experiment. In line with Experiment 7, participants were given
verbal feedback as to their accuracy in performance during the practice trials. Furthermore, all
participants were given the opportunity to repeat these 4 trials as many times often as was
required for them to become comfortable with the testing procedure.

a)

Learn

Static or Dynamic Face

Test Option 1 Test Option 2
—% Fixation % .% Respon?d
1,500ms ‘ lor2:
TargetIDA TargetIDA Distractor ID B
“people read books” “people read books” “people read books”

b)

Learn

Static or Dynamic Face

Test Option 1 Test Option 2
% Fixation _,‘.*m W Respon?d
1,500ms Lor 2:
TargetID A TargetIDA Distractor ID B
“the window is closed” “this is my house” “this is my house”

Figure 5.3. An illustration of a sample audio-visual speaker learning trial, where the voice is paired with
either its static or dynamic face counterpart during learning. Note that both test options are auditory only.
The upper panel (a) represents a same sentence content trial, while the lower panel (b) represents a
different sentence content trial.



5.5.2. Results

Due to the manipulation of the timing interval between the learning and test, results

were analysed separately for the older and younger adult group.
Accuracy Older Adults

Accuracy was calculated as the percentage of voices correctly matched for speaker identity
for each participant for each condition. The mean percentage of correct responses across
participants was subjected to a 2x2 repeated measures analysis of variance (ANOVA), with Face
(static or dynamic) and Sentence content (same or different) as repeated factors. No main effect
of Face [F(1,15)<1] or Sentence content [F(1,15)<1] was observed. There was no evidence of an
interaction between Face and Sentence content [F(1,15)<1]. Mean accuracy performance for
matching speaker identity in the presence of a static or dynamic face for same (different) content

trials was 83.4% (81.9%) and 84.1% (80.6%), respectively.
Reaction Times Older Adults

For the purpose of this analysis, RTs to correct matches only were included. Moreover,
RTs which were greater or less than 2.5 deviations from the mean RT for each condition were not
included in the analyses. This resulted in an exclusion of approximately 8 % of the data. RTs were
analysed using a 2 x 2 repeated measures ANOVA, with Face (static or dynamic) and Sentence
content (same or different) as repeated factors. A main effect of Face was found [F(1,15)=4.33
p=0.05, n,’=0.49], with faster response times to matching speaker identity when the voice was
learned with its dynamic (M=639 ms) rather than static (M=698) facial counterpart. A main effect
of Sentence content was also observed [F(1,15)=5.69, p=0.03, n,°=0.22], with slower response
times to match speaker identity across different (M=692 ms) relative to the same Sentence
content (M= 644 ms). There was also a significant interaction between Face and Sentence content
[F(1,15)=11.95, p=0.004, n,?=0.44]. A post hoc Tukey analysis revealed that when the same
Sentence content was presented at test there was no difference in reaction time performance for
matching speaker identity when the voice was presented with a static (M= 637 ms) or dynamic
(M= 652 ms) face during learning. However, when the task was to match the voice identity across
changes in sentence content, then performance was slowest when the voice was learned with a
static face pairing (M= 759ms) than when the same sentence content was spoken. This cost in
reaction time performance for matching speaker identity across novel or same sentence content

was not evident for dynamic face and voice pairings (M= 626 ms), see Figure 5.4.
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Figure 5.4. Plot showing the mean reaction times for older adults to match speaker identity across the
same, relative to different, sentence content trials for static (left of figure) or dynamic (right of figure) face-
voice pairings in Experiment 8. Error bars show + 1 SEM.

Accuracy Younger Adults

Accuracy was calculated as the percentage of voices correctly matched for speaker identity
for each participant for each condition. The mean percentage of correct responses across
participants was subjected to a 3x2 mixed design analysis of variance (ANOVA), with Face (static
or dynamic) Sentence content (same or different) as a within-subject factors and Interval duration
(short or long) as a between-subject factor. There was no main effects of Interval duration
[F(1,14)<1] or Sentence content [F(1,14)=1.13, p=0.31]. However, an interaction between Interval
duration and Sentence content [F(1,14)=10.16, p=0.007, n,’=0.42] was found, with lower accuracy
for matching the speaker across changes in Sentence content (M= 94.7%) for the shorter, rather
than the longer (M= 97.8%) interval between learning and test conditions (see Figure 5.5). No
main effect of Face [F(1,14)<1] or an interaction between Face and Interval duration [F(1,14)<1]
were found. Furthermore, there was no interaction between Face and Sentence content

[F(1,14)<1] or between Face, Sentence content and Interval [F(1,14) <1].
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Figure 5.5. Plot showing the interaction between the sentence content and interval on the mean accuracy
scores for younger adults in Experiment 8. Error bars show + 1 SEM.

Reaction Times Younger Adults

The RTs to correct matches only were included in analysis. Furthermore, RTs which were
2.5 standard deviations away from the mean RT (in either direction) for each condition, for each
group (short or long interval), were excluded (approximately 7 % of the data). Participants mean
RTs were subjected to a 2x2 mixed design analysis of variance (ANOVA), with Face (static or
dynamic) and Sentence content (same or different) as a within-subject factors and Interval
duration (short or long) as a between-subject factor. The analyses revealed that there was no
main effects of Interval duration [F(1,14)=2.65, p=0.133] or Sentence content [F(1,14)<1], or
interaction between Interval duration and Sentence content [F(1,14)=3.33, p=0.09] found. No
main effect of Face [F(1,14)<1] or interaction between Face and Interval duration [F(1,14)<1] was
found. Furthermore, there was no interaction between Face and Sentence content [F(1,14)= 1.26,

p=0.28] or between Face, Sentence content and Interval duration [F(1,14)= 1.40, p=0.26].

5.5.3. Discussion

The accuracy results for the older adult group in Experiment 8 revealed that the addition
of a visual face did not enhance accuracy performance for matching speaker identity, relative to
when the voice was presented in isolation (see accuracy results Experiment 7). Indeed, accuracy

scores were roughly equated to Experiment 7, such that performance was at approximately 84%



for same content trials and 80% for different speech content trials, regardless of whether the face
was learned within the context of its static or dynamic face counterpart. However, interestingly in
this group reaction time scores revealed a different pattern of performance compared to when
the voice had been learned in isolation. Specifically, when the voice was presented with a static
face, the time taken to match speaker identity across novel speech utterances was significantly
slower, than when the voice had been paired with its dynamic counterpart. Therefore, it is likely
that when the voice was presented with its corresponding, synchronized facial identity, older
adults could more readily encode the face and the voice into a single percept. This effect was
more pronounced when the task demands were difficult i.e. matching the voice across sentences
which were not presented during learning. This is arguably a harder task than matching identity
across the same sentence content, as it requires the participant to extract the invariant,

paralinguistic identity cues which support voice perception independent of what was being said.

Although the presence of a matching face appeared to modulate the encoding of speaker
identity in the older group, both the accuracy and reaction time performance of the younger
adults revealed no effect for the presence of the face during voice learning, even when the
interval between learning and test was extended. Extending the interval is likely to increase
memory demands, making this arguably a more difficult task. This finding is different from
previous studies which have indicated that learning the voice with a face can enhance longer-term
voice recognition (e.g. von Kriegstein & Giraud, 2006). Nevertheless, accuracy results did reveal
that matching the speaker across changes in sentence content was poorer than matching based
on the learned sentence content, particularly when the interval was relatively short between
learning and test (1.5 seconds versus 5 seconds). It is likely that at shorter intervals it was easier
to represent the voice for ‘same’ rather than ‘different’ sentence content trials. However, this
benefit for trials with the same sentence content may have been reduced at the more extended
interval owing to a possible overall decay in memory for the voice (approx. 94 % for both same
and different sentence content). As such, it is possible that matching the speaker across changes
in sentence content, under more challenging conditions, may reveal how the face may support

voice processing in younger adults.

5.6. EXPERIMENT 9

Experiment 9 was designed to examine how the presence of a dynamic, relative to static
face, during learning would affect identity matching in younger adults under more challenging
task conditions. Specifically, the current experiment contained test trials which required the

participant to match either the face or the voice to the learned identity. Furthermore, due to the
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results of relatively poorer performance in matching the voice across different sentence content
trials, test items always contained a change in sentence content or a change in facial motion or
pose, relative to what was learned. As such, unlike Experiment 8, this task cannot be completed
by attending to one sensory modality alone. Rather, performance must be achieved by attending
to both signals. Under such circumstances it is possible that dynamic, relative to static, facial cues
may facilitate the representation of the face and the voice as a single identity percept
(Schweinberger et al., 2011, 2007). Indeed, Schweinberger et al. (2011) noted that the N170
response, an event-related potential (ERP) component which is associated with and consistently
evoked by the visual presentation of a face (review see Eimer, 2011), was larger when a dynamic
face was presented with its corresponding vocal identity, relative to when the face was presented
in isolation. One possible explanation offered by Schweinberger et al. (2011) for such an effect,
was that the presence of a time-synchronised voice may drive attention to the articulating face
which, in turn, may generate an increase in the face selective response in the ERP signal. As such,
it was predicted that the performance for matching the face and the voice would be more
efficient when the spatiotemporal relationship between the face and the voice is maintained,

rather than removed (i.e. static face) during learning.

5.6.1. Method

Participants

Sixteen younger adults, recruited from the student population at Trinity College Dublin
(12 female, 12 right handed, mean age= 23.6 years, SD= 4.6 years) participated in this experiment
and were compensated with a 5 Euro book voucher for their time. All younger adults reported
normal or corrected to normal vision and all rated their hearing as either ‘Very Good’ or

‘Excellent’ based on the questions outlined in the Participants section of Experiment 7.
Stimuli and Apparatus

The stimulus set is as described in Experiment 8.
Design

The experiment was based on a within-subject factorial design with Face (dynamic or
static) and Test item (face or voice) as repeated factors. As Experiment 8, the experimental
protocol was based on a delayed matched to sample, two interval forced choice paradigm, where

a target voice and face pairing (static or dynamic) was displayed, followed by two sequentially
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presented test items. However, unlike Experiment 8, test items could consist of either the voice or
the face. In each trial the participant was required to learn the audio-visual identity and to then
match the learned identity to a test voice or face. The dependent variables were response
accuracy and response time taken to match the identity of the target. In terms of analysis, and in
line with the hypothesis outlined above, an a priori decision was made to contrast face and voice
matching performance separately for static face-voice pairings and dynamic face-voice pairings
using planned comparisons. However, for completeness the overall ANOVA results are also

reported.

As Experiment 8, the experiment consisted of 80 trials in total. In half of the trials both
the face and its corresponding voice identity were presented in spatial and temporal alignment
during learning (i.e. as a video of a speaking actor). However, in the other half of the trials a static
face was presented with its corresponding voice during learning. The static image was always
extracted from the same sentence clip (see Experiment 8) and was displayed for the same
duration as the voice clip. Furthermore, in half of the trials the test items consisted of voice
recordings of a sentence which was always different to the target voice (“This is my house” or
“The window is closed”) (40 trials). In the other half of the trials, test items consisted of face
images. These images were either of a dynamic face clip which varied from the target face clip
(silent video from “This is my house” or “The window is closed”) (20 trials) or a static face image
which differed between the target and test presentation (/h/ “This is my house” or /w/ “The
window is closed”) (20 trials). Test faces were either static or dynamic in order to equate the test
items for face and voice test trials. Specifically, for face matching trials the face at test always
reflected the type of presentation (static or dynamic), just as the auditory only voice matching
trials always reflected the method of presentation of the auditory signal. Thus any face matching
effects cannot be attributed to a change in sensory cue at test. Each face or voice was displayed
for the same duration as it was presented during the learning stage. Furthermore, each face
(voice) was used once as a target face (voice) and once as a distractor face (voice) in the audio-
visual dynamic learning condition and once as a target face and once as a distractor face in the
audio-visual static learning condition. Half of the participants learned the face-voice pairing of
“This is my house” as the target stimulus, while the test face images (static or dynamic) or voice
clips were taken from the sentence “The window is closed”. In turn, the other half of participants
always learned the face-voice pairing of “The window is closed” as the target stimulus and test

face images (static or dynamic) or voices were taken from “This is my house” sentence clips.

All 80 trials were presented in a single test block and the order of trials was randomized

across participants. On each trial one of the two test faces or voices always matched the identity
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of the learned target face or voice and one was a distractor stimulus. Participants always matched
face identity to a static (or dynamic) test face, if a static (or dynamic) face image was displayed
during audio-visual learning. Distractor faces and voices were always matched to the sex of the
target identity. The order of the correct match test item was counterbalanced across trials, such
that it appeared directly after the target face in only half the trials. Participants were not alerted

as to whether a trial would contain a face or voice item at test.

Procedure

In each trial, participants were first presented with a bimodal face and voice from the
same actor identity. They were instructed to learn both the target face and voice during
presentation. After the bimodal stimulus was presented a blue fixation cross appeared in the
centre of the screen. The fixation was displayed for 1,500 milliseconds. Participants were
instructed that after the blue cross disappeared they would see two faces or hear two voices
presented sequentially, (i.e. they would view one face directly after the other, or hear one voice
directly after the other). They were informed that the face and voice test trials would be
intermixed during the testing session and that they would not be alerted as to whether a trial
would contain face or voice items at test. However, they were told that the test stimulus would
differ to what had been learned, such that the sentence content would change or the test face
would contain a novel pose or movement. They were instructed that their task was to decide
whether the first or the second face (or voice) matched the previously learned identity. A
response screen appeared immediately after the two test faces or voices were presented which
instructed participants to press button ‘zZ’ on the keyboard if they thought the first test option
matched the target identity or ‘m’ if they thought the second option matched the target identity.
Participants were told to always view both test options and to respond as quickly as possible
when they saw the response screen. A response triggered the offset of the current trial and the

onset of the next trial. Each trial was preceded by an inter-trial interval of 500ms.

Before beginning the main experiment participants completed a practice block of four
trials which consisted of 2 face (static or dynamic learning) and 2 voice (static or dynamic learning)
matching trials. All face and voice identities used in the practice block were unfamiliar and were
not part of the main experiment stimulus set. In parallel, to Experiment 7 and 8 participants were
given verbal feedback as to their accuracy in performance during the practice trials. All
participants were given the opportunity, if needed, to repeat these 4 trials until they became

comfortable with the testing procedure. See Figure 5.6 for an example of trial.
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Figure 5.6. An illustration of a sample audio-visual speaker learning trial, where the voice is paired with
either its static or dynamic face counterpart during learning. The upper panel a) represents a face matching
trial in which the test face images (match or distractor) were always static or dynamic, while the lower
panel b) represents a voice matching trial.

5.6.2. Results

Accuracy

Accuracy was calculated as the percentage of correctly matched faces or voices in each
condition (i.e. static or dynamic face-voice pairings at learning) for each participant. The mean
percentage of correct responses across participants was subjected to a 2x2 repeated measures
ANOVA, with Face (static or dynamic) and Test item (face or voice) as repeated factors. Analysis
revealed that there was no main effect of Face [F(1,15)<1]. A main effect of Test item was

observed [F(1,15)=7.65, p=0.01, n,°=0.38], with better matching performance for the face



(M=97.7 %) than voice (M=94.5 %) at test. There was no interaction observed between Face and

Test item [F(1,15)=1.42, p=0.25].

Planned comparisons revealed that there was a difference between face and voice
matching performance for static face-voice pairings [F(1,15)=10.97, p=0.004]. Here, voice
matching (M=93.7%) was less accurate than face matching (M=97.8%). However, there was no
difference observed between face and voice matching performance for dynamic face-voice
pairings [F(1,15)=2.09, p=0.17]. In this condition voice matching (M=95.3%) was comparable to

face matching (M=97.5%) performance (see Figure 5.7).
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Figure 5.7. Plot showing the mean accuracy scores for matching the face or the voice, when the target
identity was presented as a static face-voice pairing (left of figure) or a dynamic face-voice pairing (right of
figure) during learning. Error bars show = 1 SEM.

Reaction Times

The RTs taken to correct matches only were included in analysis. Furthermore, RTs which
were 2.5 standard deviations greater or less than the mean for each condition, for test item (face
or voice), were excluded from analysis (approximately 4 % of the data). The RTs were analysed
using a 2x2 repeated measures ANOVA, with Face (static or dynamic) and Test item (face or voice)
as repeated factors. This analysis revealed no main effect of Face [F(1,15)<1]. A main effect of
Test item was found [F(1,15)=10.37, p=0.006 n,’=0.41], with slower reaction times to match the
face (M=460 ms) than the voice (M=399 ms) at test. An interaction between Face and Test item

was also observed [F(1,15)=7.7, p=0.02, n,?=0.34].



Planned comparisons revealed that there was no difference between the reaction times
taken to match the face (M=412 ms) and voice (M=443 ms) for static face-voice pairings
[F(1,15)=2.92, p=0.12]. However, there was a difference observed between reaction time
performance for face and voice matching for dynamic face-voice pairings [F(1,15)=13.56,
p=0.002]. In this condition, the time taken to match the voice (M=387 ms) was faster than the

time taken to match the face (M=477 ms) (see Figure 5.8).
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Figure 5.8. Plot showing the mean reaction times for matching the face or the voice, when the target
identity was presented with a static face-voice pairing (left of figure) or a dynamic face-voice pairing (right
of figure) during learning. Error bars show + 1 SEM.

5.6.3. Discussion

The results from Experiment 9 revealed that younger adults’ performance was less
accurate for matching the voice across changes in speech utterances, than for matching the face
across a novel pose or motion profile. However, planned comparisons revealed that this poorer
speaker matching performance was mediated by the learning condition. Specifically, speaker
matching performance was poorer than face matching when the voice had been learned in the
presence of a static, rather than a dynamic face. The finding that the voice may act as a weaker
cue to identity than the face, is in line with previous findings (e.g. Stevenage et al., 2014;
Stevenage, Hugill, & Lewis, 2012). However, the current results extend previous reports and
highlight that the voice is more likely to emerge as a weaker identity cue when the natural spatio-

temporal relationship between the face and voice is disrupted. Indeed, voices were also



responded to faster than faces in this dynamic face-voice condition. Taken together, these results
suggest that the face and the voice are encoded more efficiently as a single identity percept when

the spatiotemporal relationship between the face and voice information is preserved.

5.7. EXPERIMENT 10

5.7.1. Face and voice interactions in developmental prosopagnosia

As mentioned previously, the voice appears to be a weaker cue to identity than the face,
possibly as it is a less reliable signal owing to the variations which can occur through both speech
manner (e.g. pitch, timbre, and rhythm) and speech content. For example, Stevenage et al. (2014)
demonstrated that although cross-modal priming effects where evident in the processing of
familiar faces and voices (see also Stevenage, Hugill, & Lewis, 2012), these effects were more
robust when the face was used to prime the voice, rather than when the voice was used to prime
the face. This finding, along with findings of enhanced speaker identification following audio-
visual learning (e.g. von Kriegstein & Giraud, 2006), argue that the coupling of face and voice
information may enhance the representation of speaker identity in the neurotypical brain. In turn,
this raises an interesting point pertaining to how speaker identity might be represented when
face recognition is compromised, such as in the case of developmental prosopagnosia. While a
number of studies on DP have documented that such individuals report that they rely on the voice
as a cue for person identity (Grueter et al., 2007; Kennerknecht et al., 2006; Kennerknecht,
Kischka, Stemper, Elze, & Stollhoff, 2011; Le Grand et al., 2006; McConachie, 1976), only a small
number of studies have explicitly tested familiar voice recognition in this population (Jones &

Tranel, 2001; Schall & von Kriegstein, 2014; von Kriegstein, Kleinschmidt, & Giraud, 2006).

One such study which did investigate voice recognition in a single case of DP (referred to
as participant ‘SO’) demonstrated that their familiar and unfamiliar voice recognition accuracy
was worse than that of age-matched controls (von Kriegstein et al., 2006). Interestingly, in that
study von Kriegstein et al. (2006) noted that the functional response profile in areas TVA to voice
stimuli and the functional connectivity between FFA and TVA to familiar voices was preserved in
SO. However, they argue that this was not sufficient to support the representation of familiar
speakers. Rather, they suggested that the unusual response activations in area FFA to individual
face identities in DP, rather than to faces at a categorical level per se, likely underpinned SO’s
poor ability to represent speaker identity at an individual level. As such, von Kriegstein et al.

(2006) suggested that SO’s deficit in familiar voice recognition likely arose in the context of her



poor face processing abilities, as she was unable to use her experience based multisensory

representations of identity, which are employed in neurotypical processing.

If prior multisensory experience is important in shaping voice recognition ability, then it is
possible that both voice recognition and voice matching may be impaired in DP. Specifically, it is
conceivable that voice processing may be weaker in a DP cohort due to an inability to use the
dynamic face as a way of refining or shaping voice processing abilities (von Kriegstein et al., 2006).
Based on the findings from neurotypical studies on cross-modal matching performance for silent
dynamic face and voice recordings (Kamachi et al., 2003; Lander et al., 2007; Rosenblum et al.,
2006), it is possible that dynamic face information may modulate auditory processing, possibly by
biasing the observer to attend to specific features in the speech signal, (e.g. rhythmic structure),
which is carried in both the voice and its dynamic face counterpart. Indeed, the results from
Chapter 4 argue that apperceptive developmental prosopagnosics may have difficulty in
representing, or at least tracking, the changeable aspects of the face during face motion. Indeed,
other studies have also reported poor lip reading in this cohort (De Gelder & Vroomen, 1998;
Lange et al., 2009). It is therefore possible that UM and PL may present with a general deficit in
voice matching ability, owing to the fact that they may find it more difficult than neurotypical

individuals to encode the relevant perceptual cues which can be used to represent voice identity.

To that end, Experiment 10 examined speaker matching ability in UM and PL using the
same paradigm and the same older adult participant data for comparative performance, to that
reported in Experiment 7. Unfortunately, neither UM or PL could partake in the follow up audio-
visual version of the experiment® (i.e. Experiment 8) and as such results are based on both
prosopagnosics matching performance when the voice was learned in the context of an auditory-

only stimulus only. Note that both UM and PL reported that they had ‘Very Good’ hearing.

5.7.2. Method

Procedure

The procedure was as described in Experiment 7.
Stimuli and Apparatus

The stimuli and apparatus are as described in Experiment 7.

> Both UM and PL indicated that they may possibly return at a later stage in the year for follow up testing.
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5.7.3. Analysis and Results

See Figure 5.9 for a plot illustrating UM and PL’s individual scores and the age-matched
controls’ mean accuracy performance (note control data is the same data as that plotted in Figure
5.2). Accuracy performance for both prosopagnosics on the same and different sentence content
trials was compared to performance by their age-matched control group using a series of
modified t-tests described by Crawford, Garthwaite, & Porter (2010). The test is designed to
compare whether a single case score is significantly different from a control or normative sample
and has been used in the literature for assessing deficits in prosopagnosia (as highlighted in
Chapter 1 and 4) and recently for phonagnosia (Garrido et al., 2009). These analyses revealed that
UM showed significantly poorer speaker-identity matching performance for same [t(15)=-
1.77, p=0.04, Zc=-1.82, 95% CI=-2.62, -1.0]° and for different [t(15)=-1.74, p=0.05, Zc=-1.80, 95%
Cl=-2.58, -0.98] sentence content trials (performance approached chance for different content
trials, see Figure 5.9). Further analysis using the Revised Standardised Difference Test (Crawford
et al., 2010) revealed that although UM’s performance was poorer than that of the control group,
her performance pattern for matching speaker identity across same, relative to different,
sentence content trials was similar to controls [t(15)=0.10, p=0.49]. In terms of PL’s performance,
the t-test analysis revealed that speaker matching accuracy was similar to controls for both same
[t(15)=0.57, p=0.29] and different sentence content trials [t(15)=0.11, p=0.46]. The accuracy
performance of PL was of a similar pattern to controls for matching the identity of the speaker

across same relative to different sentence content [t(15)=0.60, p=0.56].

However, reaction time analysis revealed that PL was significantly slower at matching
identity for both same (M=1096 ms) [t(15)=1.82, p=0.04, Z=1.88, 95% Cl=1.04, 2.70] and
different (M=1293 ms) [t(15)=2.61, p=0.01, Zc=2.69, 95% CI=1.61, 3.75] sentence content trials
than controls. Furthermore, UM showed this same slower response profile for same (M=1108 ms)
[t(15)=1.88, p=0.04, Zc=1.93, 95% Cl=1.08, 2.77] but not for different (M=943 ms)
[t(15)=1.17, p=0.10, Zc=1.20, 95% CI=0.54, 1.84] sentence content trials.

6 Zcc or Zoce= Effect Size for difference between case and controls; Cl= Confidence Interval
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Figure 5.9. Plot showing the mean accuracy for matching speaker identity across same and different
sentence content trials, for age-matched controls and prosopagnosics tested in Experiment 10. Error bars
show + 1 SEM.

5.7.4. Discussion

The results indicated that PL displayed similar accuracy in matching speaker identities to
age-matched controls. Moreover, PL’s performance for matching speaker identity across same,
relative to different, sentence content was similar to the performance of the age-matched control
group. As such, it appears that PL has a preserved ability to match vocal identity in spite of poor
face perception and reccgnition abilities. However, in general both UM and PL’s reaction time
performance appeared to be slower than that of the mean control performance. In terms of UM’s
accuracy performance, matching speaker identity across same, relative to different, sentence
content was similar to controls. However, in marked contrast to the performance of either PL or
the control group, UM’s speaker identity matching performance was significantly more error
prone. Indeed, UM’s accuracy levels for both same and different sentence content trials
approached chance performance in this task (see Figure 5.9). As such it appears that UM may
have an overlapping impairment for matching facial identity and speaker identity. Indeed, UM
stated that she does not rely heavily on the voice as a cue to identity. Importantly, UM was
impaired in a task involving voice perception rather than voice recognition. Thus she
demonstrated a perceptual deficit in pattern recognition and featurai analysis of the voice signal

(similar to her perceptual deficit in matching faces), rather than a deficit in explicit recognition,



which may on some occasions indicate a multimodal semantic deficit occurring at later stages of

processing (Liu, Pancaroglu, Hills, Duchaine, & Barton, 2014).

5.8. General Discussion

The aim of the study reported in this Chapter was to examine the role of facial motion on
the perception of unfamiliar voices in older, younger and developmental prosopagnosic
individuals. Previous ageing studies have largely investigated how dynamic facial cues can support
speech, rather than speaker, perception. Furthermore, how disorders of face processing,
particularly DP, may impact on voice processing abilities remains largely unexplored. Here
participants learned a speaker identity from an auditory clip (Experiment 7, Experiment 10) or
from a bimodal stimulus comprising of a static face-voice or dynamic face-voice pairing
(Experiment 8). Following a delay, participants matched the target speaker by choosing from two
available voices clips, which contained either the same or different sentence content. The results
from Experiment 7 revealed that speaker matching was poorer in older than younger adults, but
that the change in sentence content had a similar effect on performance in both groups. For UM,
a developmental prosopagnosic, there was a similar decrease in performance for matching
different relative to same sentence content, however compared to the older adult control group
her overall speaker matching performance was extremely error prone (Experiment 10). The
results from Experiment 8 (where the speaker was presented as a bimodal stimulus)
demonstrated that older adults’ accuracy in matching speaker identity was not enhanced when
the face was learned with its dynamic, relative to static corresponding facial identity.
Nevertheless, matching the voice across changes in speech content was significantly slower when
the voice was learned in the presence of a static snapshot of the face identity, rather than a time
synchronised audio-visual display. However, in contrast to the older adult group, learning the
speaker with a dynamic, relative to static face, had no effect on either accuracy or reaction time
performance for the younger adult group, even when the interval between the learning and test
stage was extended (Experiment 8). However, when the task was made more difficult such that
younger participants had to match either the face or the voice at test (Experiment 9), a benefit for
the dynamic face-voice learning emerged. Here, speaker matching was equitable to face matching
performance only when the voice had been learned in the presence of its dynamic, rather than

static, face counterpart.

The finding that older adults are poorer at matching speaker identities than younger
adults, is consistent with the reported ageing effects in the face processing literature (Lee et al.,

2011, 2014). Indeed, it has been argued that both the face and the voice are represented in a
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similar manner in the neurotypical brain (Belin et al., 2004; Campanella & Belin, 2007). It is
therefore possible that, in line with the face processing literature, older age may be associated
with more broadly tuned face (Lee et al., 2014) and voice representations. As such, older adults
may be less able to represent the subtle variation in perceptual features which can be used to
support a unique vocal signature for each identity that is represented in memory. Importantly,
these age-related effects were observed when memory demands were low, suggesting changes in
voice processing at the level of perceptual encoding, rather than later stages of memory recall.
Prior research has suggested that older adults may be less sensitive to paralinguistic speech cues
when the task is to represent the linguistic content of the speech signal (Pilotti et al., 2003).
However, the current findings demonstrate that these effects can still emerge when older adults
are advised not to attend to the content of the speech signal only (as it can change between
learning and test) but rather to focus on the paralinguistic cues which can support identity

processing across changes in the linguistic content.

A significant role for the face was observed when the task was to match the voice across
novel, rather than learned sentence content. In Experiment 8, older adults were slower to match
speaker identities when the voice had been learned with a static snapshot of the face, rather than
a time synchronised dynamic face (i.e. video). Thus it is likely that shared cross-modal,
spatiotemporal cues may allow for the face and the voice to be represented as a single identity
percept in this condition (Kamachi et al., 2003; Schweinberger et al., 2007). The availability of the
dynamic face may help to better represent the paralinguistic cues which support speaker
perception in memory, allowing for better speaker matching across changes in speech utterances.
Indeed, older adults reported that the presence of a static face was a ‘distraction” when trying to
attend to the speech signal, suggesting that the static face-voice pairings were likely perceived as
discrete or unrelated events. However, owing to the relatively robust encoding of the unisensory
signal, it is likely that younger adults could reliably represent the voice even in the presence of a
static, relative to dynamic face. Schweinberger et al., (2007) reported that familiar voice
recognition was compromised when the voice was presented with a time synchronised but non-
corresponding facial identity. Specifically, participants were slower to respond to the familiarity of
the voice in this condition. However, this response profile was eliminated when the voice was
presented with a static, non-corresponding face identity. Schweinberger and colleagues suggested
that when the face was static observers could reliably separate the two sensory cues allowing for
accurate recognition of the auditory signal in the incongruent condition. In contrast, when the
face was perceived to be articulating in synchrony with the voice the two sensory cues were likely

integrated, making it difficult to independently monitor the auditory speech signal for identity.



The current study extends these findings to demonstrate that learning new speaker identities is
facilitated when the voice is learned with its corresponding dynamic, relative to static face
identity. In this condition the two signals can be reliably represented as a single percept.
Furthermore, these effects may be more apparent as the ability to represent speaker identity
declines and they appear to be evident during the encoding of the identity, indicating face and
voice interactions at the early (Schweinberger et al., 2007), rather than later (Bruce & Young,

1986), stage of sensory processing.

While the presence of the face appeared to modulate speaker matching performance, it is
important to note that it did not enhance older adults overall matching performance relative to
when the voice was learned as an auditory-only stimulus. Moreover, younger adults matching
performance was not affected by bimodal learning, even when the interval between learning and
test was extended. Therefore, it is possible that audio-visual enhancement, that is better
matching performance when a multisensory stimulus is learned relative to a unisensory stimulus,
in speaker matching may be more readily observed for established face and voice
representations. Although these representations can be rapidly acquired (von Kriegstein et al.,
2008; von Kriegstein & Giraud, 2006), individuals may need to be exposed to the face and voice
pairing for a longer duration during learning. Furthermore, previous studies on younger adults,
which have observed these behavioural benefits have instructed the participant to learn to
associate both sensory cues for later recall (see e.g. O’'Mahony & Newell, 2012; von Kriegstein &

Giraud, 2006).

It is important to note that younger adults performance, both in terms of accuracy and
reaction time, was very good across all tasks which involved matching only the identity of the
speaker (mean accuracy approximately >95%, mean reaction times approximately <450ms).
Indeed, it is possible that the static condition was not ‘challenging’ enough for the younger adults,
as they could reliably represent the voice independent of the face information. Had the task been
harder, for example if a dynamic incongruent condition had been introduced, it is possible that
younger adults’ performance may have been affected owing to the disruption in change over time
information between the face and the voice signal. For example, Calvert, Campbell, & Brammer
(2000) observed sub-additive responses in STS when an actors’ lip movements (for a continuous
stream of speech) was dubbed with an incongruent speech signal. In the current context,
reversing the frame order of the video, whilst leaving the audio unaltered, would likely produce
the same effect. Indeed, the results from Chapter 3 demonstrated that altering the
spatiotemporal alignment of visual face images interfered with facial identity matching in the

younger adult group. However, younger adults’ identity matching performance was affected



when the task was made more difficult, requiring the observer to match the face or the voice in
interleaving trials. Specifically, in line with previous findings (e.g. Stevenage et al., 2014, 2012) it
emerged that the voice was a weaker identity cue, as indicated by greater errors when matching
the voice relative to the face, when the voice had been learned with its static face counterpart
This suggests that when the spatiotemporal relationship between the face and the voice is
altered, the face may dominate as the most salient identity cue (Stevenage et al., 2014, 2012),
giving rise to relatively poorer speaker matching in this condition. In contrast, when the face and
voice were learned in synchrony (i.e. preserved spatiotemporal alignment), both speaker and face
matching performance was equivalent. This suggests that although the dynamic face may assist in
refining or enhancing voice processing, this effect may be most readily observed in younger
adults’ performance under situations of task uncertainty. Indeed, it could be argued that these
situations of uncertainty, i.e. when either a face or a voice is to be matched for identity, are more
ecologicaliy valid than when participants are directly told which identity cue to attend to. Indeed,
in everyday encounters we may have to recognise an individual from the face or the voice at any

one time.
5.8.1. Voice processing in developmental prosopagnosia

The results from this study suggest that voice matching may be, to some extent,
compromised in DP. Specifically, both UM and PL were slower at matching speaker identity than
their age-matched controls. Moreover, UM’s performance was at chance when matching the
voice identity across novel speech content and only slightly better when the same sentence was
presented at test (55 %). These findings offer some indication that both voice recognition (von
Kriegstein & Giraud, 2006) and voice matching may be compromised in this cohort. Indeed, even
if age-matched ‘normal’ levels of performance are observed it cannot be assumed that this has
been achieved through the same means as in neurotypical processing. For example, von
Kriegstein et al. (2008) demonstrated that developmental prosopagnosics did not show the same
behavioural enhancement as controls for auditory-only speaker recognition when the voice had
been learned with its corresponding dynamic facial identity. In contrast, this enhancement was
evident when the task was to recognise the content of the speech signal (von Kriegstein et al.,
2008; Schall & von Kriegstein, 2014). Thus it is possible that atypical processing in one modality,
e.g. failure to represent facial identity at an individual level, may modulate voice processing
abilities. Moreover, although speculative, it is possible that due to a poor ability to use additional
face information in this population that individuals with DP may require repeated exposure to a

voice (in the presence or absence of a face) before it reaches the same level of familiarity as
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occurs in neurotypical (audio-visual) processing. Although the current findings may point towards
this interpretation, there are important caveats to consider. For example, follow up tests
examining both speaker matching for bimodal learning (face and voice) and identity matching
across visual and auditory modalities (Kamachi et al., 2003; Lander et al., 2007; Lawrence D
Rosenblum et al., 2006) would offer valuable insight into the possibility of a co-occurring voice
processing deficit in DP. Moreover, owing to the heterogeneous nature of DP (Le Grand et al.,

2006) it is likely that voice processing may also vary across individuals.

Indeed, it is also important to consider that voice processing can reliably emerge in the
absence of visual input e.g. in congenitally blind individuals. However, these cases have been
associated with increased functional recruitment in voice sensitive areas of STS, known as intra-
modal cortical recruitment (Gougoux et al., 2009). Specifically, Gougoux et al. (2009) noted that
the level of activation in this area was reliably associated with a behavioural index of voice
discrimination ability in this group. What is perhaps astounding is that Gougoux et al. (2009) also
noted that fusiform areas, typically associated with face processing (Haxby et al., 2000; Kanwisher
et al.,, 1997) also exhibited functional activation in congenitally blind individuals, leading the
authors to conclude that this area may be functionally involved in the computations which

support both face and voice representations, even in the absence of prior visual experience.

For the most part, the results from this series of experiments in this Chapter suggest that
dynamic facial cues may play a role in both typical and atypical voice processing and that these
interactions may occur at earlier stages of processing than previously assumed (Bruce & Young,
1986; Burton et al.,, 1990). Further studies, for example, examining how face processing is
affected by the presence of the voice in individuals with developmental phonagnosia (Garrido et
al., 2009) rather than prosopagnosia, may help elucidate how the face and voice are combined in

normal identity processing.
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6. Vocal Cues Can Modulate the Perception of Gender in Point-Light

Walker Displays

6.1. Abstract

Previous findings from younger adult studies have demonstrated that observers can
discriminate the sex of an individual from biological motion cues alone. In addition, information
from the voice can support sex judgements, suggesting that sexually dimorphic cues are shared
across the senses. While there is some evidence to suggest that non-vocal, but sex specific,
auditory cues can modulate perceived gender in biological motion displays, little is known as to
whether sex cues from the voice may also support sex classification in these dynamic displays.
Moreover, whether the ageing process affects the ability to discriminate and combine these
sexually dimorphic cross-modal cues remains unexplored. To that end, Experiment 11 assessed
younger and older adults’ ability to judge the sex of point-light walkers which varied in terms of
the saliency of the sex cues displayed. Results indicated that older adults were poorer than
younger adults in detecting sex differences between the walking profiles. However, both groups
showed a similar level of performance when classifying ‘gender-ambiguous’ walkers. Younger
(Experiment 12A, 12B) and older adults (Experiment 14) then judged the sex of gender-ambiguous
walkers with or without accompanying male or female voices. The results demonstrated that
younger, but not older, adults’ performance was modulated by the presence of the voice.
Moreover, this result could not be attributed to attending to the auditory cue alone, as there was
no effect of the voice when incongruent audio-visual sex pairings were presented for
‘exaggerated’ male and female walkers (Experiment 12B). Furthermore, this effect was also
observed when the speech content and the task were changed, such that the participant rated

the perceived gender rather than the sex of the walker (Experiment 13).

The second part of this Chapter turned to assess whether developmental prosopagnosics
UM and PL could classify the sex of a walker based on the dynamic visual displays described
above. It was noted that UM and PL showed similar performance to age-matched controls on this
task (Experiment 15A). Moreover, UM could reliably extract sex cues in the voice, such that she
judged gender-ambiguous walkers to be male or female when they were paired with male or
female voices respectively (Experiment 15B). Thus in line with the literature suggesting preserved
sex judgements from face images in cases of DP, UM’s performance profile suggests that this

ability may be preserved across different sensory cues in DP. Taken together, the results extend



Chapter 6

the findings from Chapter 5 and suggest that audio-visual interactions are not limited to the face

and voice but may extend to other aspects of person perception.
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6.2. Introduction

As highlighted in the preceding chapters, the perceptual system is sensitive to dynamic
information in the face, which can be used to support the processing of identity (Knappmeyer,
Thornton, & Biilthoff, 2003; Lander, Hill, Kamachi, & Vatikiotis-Bateson, 2007; Lander & Chuang,
2005; Longmore & Tree, 2013; Roark, Barrett, Spence, Abdi, & O’Toole, 2003; Thornton & Kourtzi,
2002). Indeed, Rosenblum et al. (2002) noted that this ability is so robust that the identity of an
individual can be discriminated when the facial motion profile is presented as only a few points of
moving lights onscreen. In addition, a number of studies have highlighted that we can also detect
other socially relevant information from these facial motion displays, including the sex of a face
(Hill & Johnston, 2001; Morrison, Gralewski, Campbell, & Penton-Voak, 2007). Moreover, this
remarkable ability is not only limited to dynamic facial cues, as observers can detect these socially
relevant signals from the biological motion cues displayed by the body in motion (Cutting &

Kozlowski, 1977; Johansson, 1973; Kozlowski & Cutting, 1977).

The perception of biological motion from the body has been studied extensively through
the use of point-light displays. As highlighted in Chapter 1, these displays are often created
through positioning markers (or points of light) on an actor’s joints. These markers can be tracked
by cameras and edited at later stages of processing such that the markers are rendered white on
a black background. Or when points of light are attached the luminance of the background is
reduced, such that only these points of light are visible. Very little information can be extracted
from these displays when shown in their static form. However, when the actor begins to move
these visible points of light give rise to the perception of a human figure in motion (Johansson,
1973). Indeed, when presented with these sparse visual displays younger adult observers can
often discriminate the identity (Cutting & Kozlowski, 1977; Stevenage, Nixon, & Vince, 1999;
Troje, Westhoff, & Lavrov, 2005) and gender’ (Barclay, Cutting, & Kozlowski, 1978; Kozlowski &
Cutting, 1977; Mather & Murdoch, 1994; Pollick, Kay, Heim, & Stringer, 2005; Troje, 2002) of the

individual in motion (among other attributes).

However, a number of studies have demonstrated that the processing of biological
motion declines in older age (Billino, Bremmer, & Gegenfurtner, 2008; Konar & Troje, 2013;
Legault, Troje, & Faubert, 2012; Norman, Payton, Long, & Hawkes, 2004; Pilz, Bennett, & Sekuler,

2010). For example, compared to their younger counterparts, older adults are worse at detecting

7 The term ‘gender’ is often used throughout the biological motion literature to refer to categorisation of an
individual as male or female. However, in general this term usually refers to the classification of femininity
or masculinity. For example, a female/male may have a masculine/feminine appearance but still be reliably
categorised as female or male, respectively.
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(Billino et al., 2008) and discriminating the direction (Pilz et al., 2010) of point-light walkers,
particularly when there is noise in the visual display. However, in line with the results from
Chapter 3 which indicated a relatively preserved ability to process facial motion in older age, it
appears that the age-related decline in biological processing is modest in comparison to the
decline which is evident in other lower-level motion tasks (Billino et al., 2008; Norman et al.,
2004). For example, Billino and colleagues reported that older and younger adults’ thresholds for
discriminating the direction of motion in noisy visual displays were more similar for biological
motion, than for random-dot motion patterns, a class of stimuli commonly used to address the
mechanisms underpinning lower-level motion perception (Bennett, Sekuler, & Sekuler, 2007;
Snowden & Kavanagh, 2006; Roudaia, Bennett, Sekuler, & Pilz, 2010; Hutchinson, Arena, Allen, &
Ledgeway, 2012). This led the authors to conclude that older age is not associated with a general
global decline in motion perception. Rather they argued that the specialised neural substrates
which underpin biological motion processing (see e.g. Grossman & Blake, 2002; Grossman et al.,
2000) may be less vulnerable to the ageing process. Indeed, others have shown that specific types
of biological motion processing may remain relatively well preserved with advancing age. For
example, Konar & Troje (2013) reported similar performance for younger and older adult groups
in discriminating the sex of an individual from point-light walker displays, while confirming

previous findings of poorer lower-level motion processing in this cohort.

Indeed, the perceptual system appears to be sensitive to a range of cues in biological
motion displays which can be exploited to categorise the sex of an individual in motion. These
dynamic cues involve sometimes subtle differences in the ‘lateral body sway’ of a person in
motion (Halevina & Troje, 2007; Mather & Murdoch, 1994). Specifically, lateral body sway varies
across the sexes as, on average, men tend to move their shoulders from side to side more than
their hips, while the reverse is true for their female counterparts (Mather & Murdoch, 1994). In
addition, structural cues pertaining to the shape of the body are also recoverable from these
moving visual displays. For example, the shoulder-to-hip ratio is, on average, larger for males than
for females. Therefore, the relative motion of the shoulders and the hip joints can capture
differences in the physical form or ‘torso structure’ of male and female bodies (see Cutting,
Proffitt, & Kozlowski, 1978). However, it appears that lateral body sway, i.e. the dynamic patterns,
offer the most salient cues for classifying or discriminating the sex of the walker (Halevina & Troje,

2007; Mather & Murdoch, 1994).

Although the ability to detect the sex of an individual from biological motion cues alone
appears robust, there is also evidence that other sensory cues can modulate the perception of

these dynamic displays. For example, studies have suggested that the presence of additional form



cues pertaining to the sex of an individual, i.e. body shape, can affect how these motion cues are
perceived (McDonnell, Jérg, Hodgins, Newell, & O’Sullivan, 2009; Thornton, 2006). For example,
McDonnell, J6rg, Hodgins, Newell, & O’Sullivan (2009) demonstrated that when a female (male)
body form was animated with a male (female) walking profile, participants tended to rate the
character as appearing ambiguous in terms of sex. In contrast, when a gender-ambiguous body
form (i.e. androgynous body shape) was animated with a female or male walking profile, the
character appeared more female or male, respectively. These results parallel the findings from
the face literature which have shown that both form and motion cues likely interact when
perceiving others (Knappmeyer et al., 2003). Taken together, these results suggest that the
perceptual system is likely to integrate information across different sensory cues when

representing the sex of an individual in motion.

In addition, there is also evidence that information from other sensory modalities may
affect the perception of biological motion cues, particularly when the visual information is difficult
to resolve. These studies have largely focused on interactions between vision and audition for the
purpose of either detecting biological motion in noisy displays (Thomas & Shiffrar, 2013; Thomas
& Shiffrar, 2010) or discriminating the direction or perceived synchrony of walking (Brooks et al.,
2007; Saygin, Driver, & de Sa, 2008; Schouten, Troje, Vroomen, & Verfaillie, 2011; Wuerger,
Crocker-Buque, & Meyer, 2012) or more complex action sequences (Arrighi, Burr, Nazionale, &
Inoa, 2009; Petrini & Pollick, 2010). However, a small number of studies have addressed audio-
visual interactions pertaining to the extraction of higher-order visual representations, such as sex
or gender (McDonnell & O’Sullivan, 2010; van der Zwan et al., 2009). For example, van der Zwan
et al. (2009) examined the effect of auditory sex cues on the perception of point-light walkers
which were ambiguous in terms of their perceived sex. Specifically, these visual walkers
transitioned from an exaggerated female to an exaggerated male walker through a series of
gradual increments which alter the reliability of the information about the sex of the point-light
walker (PLW) displays. Importantly, within this transition the PLW will at a certain point appear
‘gender-ambiguous’ as there are no reliable dimorphic cues to the sex of the character in the
walks. Interestingly, van der Zwan and colleagues observed that when these ‘gender-ambiguous’
walkers were paired with unambiguous female auditory walking sequences (i.e. female footsteps),
that the walkers were judged more often to be female, than when they were presented without

any additional auditory cues (i.e. vision only).

However, sex information is also available in the auditory modality in other natural
stimuli, such as the voice. Indeed, as outlined in Chapter 5, the voice offers a wealth of

paralinguistic information, including, but not limited to, the sex of the speaker (Belin et al., 2004;
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Pernet & Belin, 2012). Our ability to determine the sex of a voice appears to be largely
determined by the perceptual system’s sensitivity to variations in the fundamental frequency (fO,
the perceived pitch) of the vocal signal (Latinus & Taylor, 2012; Schweinberger, Kawahara,
Simpson, Skuk, & Zaske, 2014). Specifically, the pitch (or f0) of the voice is, on average, higher in
females than in males (Feinberg et al., 2005; Lattner, Meyer, & Friederici, 2005; Schweinberger et
al., 2014). A number of studies have demonstrated that systematically manipulating voice pitch to
be higher or lower, consequently increases the perceived femininity or masculinity of the voice
(e.g. Feinberg, Jones, Little, Burt, & Perrett, 2005; Feinberg, DeBruine, Jones, & Perrett, 2008).
Furthermore, it has been shown that these changes in auditory pitch can affect the perceived sex
of face images in younger adults (Little, Feinberg, Debruine, & Jones, 2013; Smith, Grabowecky, &
Suzuki, 2007), particularly when these images are gender-ambiguous in appearance (Smith et al.,
2007). However, to date it remains unexplored as to whether these sexually dimorphic vocal cues
can moduiate the perceived gender in point-light walker displays, in both younger and older

adults.
6.3. Outline of the Experiments

The first part of this chapter reports a series of experiments which investigated whether
sex information from the voice could modulate the visual perception of ‘gender-ambiguous’
point-light walkers, following a similar procedure to that reported by van der Zwan et al. (2009).
Here, younger and older participants judged the sex of a series of point-light walkers in which the
structural and dynamic cues pertaining to the sex of the walker were either gender-ambiguous,
perceptually salient, or exaggerated (Troje, 2002, 2008) (Experiment 11). Younger (Experiment
12A, Experiment 12B) and older (Experiment 14) adults then judged the sex, i.e. male or female,
of these gender-ambiguous walkers, with or without the presence of a male or female voice. In
addition, younger adults rated the perceived gender, i.e. the perceived masculinity or femininity

of these walkers, with or without accompanying male and female voices (Experiment 13).

6.4. EXPERIMENT 11

Experiment 11 was designed as a ‘baseline’ experiment for the audio-visual studies which
follow. Specifically, it was designed to investigate whether the ability to detect the sex of a walker
from biological motion displays, which were systematically manipulated to alter the sexually
dimorphic structural and dynamic cues pertaining to the sex of the walker (Troje, 2002), was
affected by the ageing process. Moreover, this experiment was designed to investigate if the

point of subjective ambiguity concerning the perceived sex of the walker, referred to as a ‘gender-
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ambiguous’ walker, (Troje, Sadr, Geyer, & Nakayama, 2006; van der Zwan et al., 2009) was the
same in younger and older adults. Specifically, the gender continuum described by Troje (2002)
has a range of walks which can be readily perceived as ‘exaggerated’ versions of males or females,
to walkers which offer salient but less exaggerated sex cues, and also walkers which contain no
reliable sexually dimorphic information. These latter walker types have been labelled as gender-
ambiguous and have previously been shown to give rise to an equal proportion of male and
female responses when they are classified for sex (i.e. chance performance) (Troje, 2002; van der

Zwan et al., 2009).

6.4.1. Method

Participants

Fourteen young adults, recruited from the student population at Trinity College Dublin (8
female, all right handed, mean age= 23.0 years, SD= 4.1 years) participated in this experiment and
were given course credits in return for their time. All younger adults reported normal or corrected
to normal vision. Fourteen, community-dwelling, older adults also participated in this task (9
female, all right handed, mean age= 70.3 years, SD= 4.5 years). All had normal cognitive function,
as assessed by the MoCA (Nasreddine et al., 2005) (i.e. all scored > 24 of 30). All older participants
had normal visual acuity (mean binocular LogMar score= 0.10, SD= 0.1 and LogMar score= 0.01,
SD= 0.13 at 4m and 40 cm respectively) and contrast sensitivity (mean score= 1.97, SD= 0.08,
assessed using the Pelli-Robson Contrast Sensitivity Test) for their age. All participants wore

appropriate corrective lenses, if needed, at the time of testing.
Stimuli and Apparatus

Visual stimuli consisted of a set of point light walkers (PLW) made available by the author
Troje (2002, 2008). Each PLW contained 15 individual point-lights positioned as if attached to the
major joints of a human figure. The PLW stimuli were shown in constant motion and were
perceived to be walking in a frontal direction, as if positioned on a treadmill. All lights were white
and displayed on a black background. All of the PLW were the same height and shown from a
frontal position. This frontal view was chosen as sex discrimination has been observed to be best
for PLW shown from this frontal viewpoint (Halevina & Troje, 2007; Mather & Murdoch, 1994;
Troje, 2002).
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The PLW stimuli varied in the strength of the gender information displayed. In line with
the stimuli used by van der Zwan et al. (2009), this resulted from the manipulation of both
structural and dynamic cues. PLWs were extracted from different points of a gender continuum
developed by Troje (2002) which ranged from -6 to 6: increasingly negative scores on this
continuum correspond to PLW which are more female in appearance, while increasingly positive
scores correspond to PLW which are more male in appearance. For example, point 6 on the
continuum represents a walker which is 6 standard deviations from the mean in the male range.
Each standard deviation manipulates both the structural (in this case the dimensions between the
2 points which represent the shoulders and the 2 points which represent the hips), as well as the
dynamic cues which are associated with the sex of the walker (e.g. shoulder or hip sway). PLWs
were chosen at 5 points along the continuum; -6 exaggerated female walk, -3 female walk, -1
gender-ambiguous walk, 3 male walk, 6 exaggerated male walk. See Troje (2002, 2008) for a full
description on the production and creation of the PLW stimuli®. An illustration of the gender

continuum can be seen in Figure 6.1.

As mentioned, the -1 point corresponds to a perceptually ‘gender-ambiguous’ walk. These
walkers carry no reliable structural or motion cues which the perceptual system can exploit to
detect the gender of the walker from the visual information only. This point has been shown to
give rise to an equal number of male and female responses when young, neurotypical observers
are asked to classify the sex of the walker (e.g. see van der Zwan et al., 2009) (see Figure 6.1 for
an illustration of the gender continuum). To increase the number of stimuli, the walks were
further varied by 5 body weights (very heavy, heavy, normal, light and very light) at each point on
the gender continuum, giving rise to a total of 25 stimuli. Point-light walkers at -6, -3, -1, 3, 6 are
hereafter referred to throughout this chapter as exaggerated female, female, gender-ambiguous,
male and exaggerated male, respectively. All walkers completed 2 step cycles (i.e. they were
presented walking for four steps) and were displayed for 2,000ms. This duration was chosen as
Barclay et al. (1978) reported that participants could reliably judge the sex of a walker only when
the stimulus was displayed for 1,600 milliseconds or longer and the walker completed at least 2

step cycles.

The experiment was programmed in and run using Presentation® software and was
presented on a Dell OptiPlex 755 PC and displayed on a HP L1710 17” LCD colour monitor. The

screen resolution was set to 1024 x 768 pixels and the video clips were presented at a resolution

8 Although these stimuli can be artificially manipulated to modulate the visual appearance of the walker, it
is important to note that the algorithms which allow for such manipulations were originally developed
based on motion capture data from real life recordings of male and female walkers.



of 540 x 432 pixels. Participants were positioned in front of the screen at a distance of
approximately 60 cm. As such, the videos subtended a visual angle of approximately 6.5°
horizontally and 20° vertically on the screen. The screen was always black during the presentation

of a video. The experiment was conducted on-site, in a testing laboratory.

Gender Continuum

Exaggerate Ambiguous Exaggerated
Female Male

Figure 6.1. An illustration of the gender continuum described and developed by Troje (2002). Negative
values (left of centre) represent walkers which are more female in appearance, while positive values (right
of centre) represent walkers which are more male in appearance. For illustration purposes 3 static images,
extracted from the dynamic sequences at point -6 exaggerated female, -1 gender-ambiguous and 6
exaggerated male, are depicted.

Design

The experiment was based on a mixed design with Age (younger or older adults) as a
between-subjects factor and Sex Classification Score (i.e. slope, see Analysis section below) as the
within-subject factor. The experimental protocol was based on a two alternative forced choice
paradigm. On each trial a walker was presented in the centre of the screen and immediately
following presentation the participant was required to indicate if the walker was ‘male’ or
‘female’. Each walker type was viewed 5 times, i.e. 5 repetitions at each peint on the gender
continuum amounting to a total of 25 trials. All trials were presented in a single test block and the

order of trials was randomized across participants.



Procedure

Each participant was positioned in front of the computer screen. They were advised that
they would view a number of short video clips of moving points of light which would look like a
person in motion. They were instructed that they should decide on each occasion if the presented
walker was male or female. A response screen appeared immediately after the walker stimulus
was presented which instructed participants to press button ‘2’ on the keyboard if they perceived
the walker to be female or ‘m’ if they perceived the walker to be male. Participants were
instructed to always view each video in its entirety and respond only when they saw the response
screen. This was to ensure that participants were exposed to the same amount of dynamic
information across all trials (Barclay et al., 1978; van der Zwan et al., 2009). In line with previous
studies, the speed of response was not emphasised and the response screen remained onscreen
until a button press was made. This response triggered the offset of the current trial and the
onset of the next trial. Each trial was preceded by an inter-trial stimulus of 500ms. Four practice
trials preceded the main experiment and the videos were randomly selected from the stimulus set

on each occasion. See Figure 6.1 for an illustration of the stimuli used in the experiment.
Analysis

In line with previous studies (van der Zwan et al., 2009) performance at each point on the
gender continuum was calculated as the proportion of male responses, that is, the number of
times a participant responded ‘male’ divided by the number of repetitions for that stimulus type.
As such, the proportion of male responses was calculated for each participant, for each walker
type on the gender continuum. A logistic function was then fitted to each individual’s data and
the slope® of this function was taken as a measure of sensitivity in classifying the sex of the walker
(Sex Classification Score). Three participants (1 younger, 2 older adults) were excluded from this
analysis as it was not possible to obtain a reliable estimate of the slope from the logistic function
to their data. As a result, the findings reported below are based on the analysis of 13 younger
adults and 12 older adults’ performance. The proportion of male responses for ‘gender-
ambiguous’ walkers was also compared to chance performance (i.e. 0.5) for both groups using a
single sample t-test. Note that in line with previous studies, reaction time data were not used as a

measure of performance in this task (Troje, 2002; van der Zwan et al., 2009). The individual slopes

2 The slope has been taken as an indicator of sensitivity in classifying the sex of the walker in previous
studies using these similar point-light walker stimuli e.g. Konar & Troje (2013).



for younger and older adults were then subjected to a ‘by group’ analysis using an independent t-

test.

6.4.2. Results

Figure 6.2 shows the mean slope of the younger and older adult group as a function of the
gender continuum. As can be seen from the plot, older adults demonstrated poorer performance
on this task. This age difference was confirmed using an independent t-test [t(1,23) -2.32, p=0.02].
Specifically, younger adults were more sensitive in classifying the sex of the walkers (M
slope=0.3), compared to older adults (M slope=1.44). Note that in this task lower values mean
better performance. As expected, a single sample t-test comparing the proportion of male
responses for ‘gender-ambiguous’ walks to chance performance, confirmed that responses did
not significantly differ from chance for both the younger [t(13)= 0.09, p=0.9] and older [t(12)=-
1.17, p=0.27] adult group.

1.0- O
2 O Younger Adults
3 ® Ojder Adul
g 0.8 er ults
4
= 0.6
S
@©
E
o 041
S
e
8 0.2
8 5
Q

0.0-

% 5 4 3 2307 23 456
Exaggerated Exaggerated

Female Gender continuum Male

Figure 6.2. Plot showing the mean slope for younger and older adult groups as a function of PLW stimuli
positioned along the gender continuum. Visual information only was presented in this experiment.

6.4.3. Discussion
Overall, compared to younger adults’ performance, older adults were poorer at

classifying the sex of the visually presented walkers. Specifically, as shown by the slope of the

functions (see Figure 6.2) younger adults could reliably classify the sex of the walker, both when
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exaggerated and less exaggerated, cues to the sex of the walker were available, i.e. they reliably
classified the sex of both exaggerated male (female) and male (female) walkers. In contrast, older
adults were less certain in their responses, suggesting a general decline in the ability to represent
biological motion cues to the sex of an individual. This finding is different from Konar & Troje
(2013) who observed that gender classification was robust in older age. However, what is
interesting is that both groups demonstrated chance performance on classifying the sex of the
walker when the visual information was unreliable, i.e. gender-ambiguous walkers. In this
condition dynamic and structural cues are ambiguous and this suggests that both groups perceive
these walkers in a similar manner. With that in mind, Experiment 12A, 12B and 13 examined
younger adults’ ability to classify the sex of a ‘gender-ambiguous’ walker when accompanied by
unambiguous male or female voices, whereas older adults performance on this audio-visual task

was investigated in Experiment 14.

6.5. EXPERIMENT 12A

The purpose of Experiment 12A was to examine if accompanying male and female vocal
cues may affect sex judgements for visual point-light walkers in younger adults. Previous findings
by van der Zwan et al. (2009) demonstrated that the presence of auditory cues to the sex of an
individual, depicted by female walking sequences, modulated the perceived sex of gender-
ambiguous walkers. These walkers were typically judged more often to be female when paired
with an unambiguous female auditory walking sequence (i.e. female footsteps), compared to
when no auditory cues were presented. As such, it was predicted that the presence of a salient
sex cue available in the voice may modulate the perceived sex of gender-ambiguous walkers in a
similar manner to that observed by van der Zwan and colleagues. Moreover, as both male and
female voices were presented it was predicted that the perceived sex of the gender-ambiguous

point-light displays would be biased towards the sex of the voice.

6.5.1. Method

Participants

An opportune sample of 14 younger adult participants (11 female, mean age= 28.1 years,
SD= 11.5 years) took part in this experiment. All were individuals who attended the ‘Love Lab: The
Science of Desire’ exhibition in the Science Gallery, Trinity College Dublin. Prior approval for this
experiment was obtained from the School of Psychology Research Ethics Committee at Trinity

College Dublin and the approval letter can be viewed in Appendix B. All participants were naive to
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the purpose of the experiment and none had participated in the previous experiments. All
participants gave their informed written consent to participate and were debriefed as to the

nature of the experiment upon completion.

Stimuli and Apparatus

The visual stimuli are as described in Experiment 11. In addition, a set of 10 male and 10
female vocal stimuli described in Experiment 7, Chapter 5 were used as the auditory stimuli in this
study, with the exception that the sentences used in the current experiment were ‘You look good
today’, and ‘Hello there, Hi’. These sentences were social sentences and were chosen based on
the brief of the exhibition which this experiment was part of; the ‘Love Lab: The Science of Desire’
exhibition held in the Science Gallery, Trinity College Dublin. All details of the recording including
the actors used are as described in the Stimuli and Apparatus section of Experiment 7, Chapter 5.
These voice clips were pre-rated for perceived gender strength and the rating procedure and the

criteria for choosing the voice samples to use in the main experiment are described below.

In the pre-rating study the 20 individual voice recordings were rated for perceived gender
strength by a group of 17 participants who were all unfamiliar with the speakers’ identities (10
female, mean age=27.4 years, SD=5.32 years). All voice samples were presented twice in a
randomized order, and one neutral sample sentence “This is my house” was always presented
during the rating study. The voices were presented over speakers, in a quiet room, and 4 to 5
participants were present in the room at one time. After each voice recording was played
participants were asked to indicate, using a scale of 1 to 7, the perceived gender strength of the
voice, i.e. how masculine or feminine they perceived the voice to be. A rating of 1 indicated very
masculine, 4 neutral, 7 very feminine. Thus, higher values corresponded to increased perceived
femininity and lower scores corresponded to increased perceived masculinity in the voice. All
responses were made by pen and paper and the rating scores from each participant were

subsequently collated for analysis.

For both male and female voices, four voice samples were chosen from each sex (8
recordings in total). Based on a median split of the ratings for both sexes, four unique vocal
identities were chosen for the female stimuli (referred to as f-1, f-2, f-3 and f-4), these stimuli
were reliably rated as female (mean rating female 5.6, SD=0.69). In turn, 4 voices were chosen for
the male stimuli (referred to as m-1, m-2, m-3 and m-4), (mean rating male 2.4, SD=0.68). Paired
t-tests confirmed that gender ratings were significantly different across both sexes [t(16)= -10.39,

p<0.001]. Two sample sentences used in the current experiment were ‘Hello there, Hi’ and ‘You
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look good today’. Both clips were approximately 1.5 to 1.7 seconds in duration. The experiment
was presented on a colour LCD monitor (1,024 x 768px) using Presentation® software running on
a 3Ghz PC with 8GB RAM. Auditory stimuli were presented over Sennheiser 405 stereo

Headphones at a super-threshold but comfortable decibel level.
Design

The experimental protocol was based on a two alternative forced choice paradigm. On
each trial a walker was presented in the centre of the screen and immediately following
presentation the participant was required to indicate if the walker was ‘male’ or ‘female’. The
experiment consisted of 85 trials, 25 of which were vision only and 60 which were audio-visual.
For vision only trials each walker type was viewed 5 times as described in Experiment 11. In audio-
visual trials both exaggerated male (exaggerated female) and male (female) walkers were paired
with vocal information which was congruent with the sex of the walker and each walker type was
presented 10 times. For audio-visual pairings for exaggerated female and female walkers; the
voice of f-1 and f-2 (or f-3 and f-4) was presented 6 times, while f-3 and f-4 (or f-1 and f-2) was
presented 4 times with each walker type. This was counterbalanced across participants. The same
audio-visual pairing was applied to the exaggerated male and male walkers, but with the male
vocal stimuli. Again this was counterbalanced across participants. Furthermore, the sentences
‘Hello there, Hi’ and ‘You look good today” were presented an equal number of times throughout
the audio-visual trials. As this study was interested in how vocal information may modulate the
perceived sex of gender-ambiguous walkers, walkers at -1 on the gender continuum were paired
with either male or female voices. Gender-ambiguous walkers were presented 10 times with a
female voice and 10 times with a male voice (20 trials), details for these pairings remain as stated

above.

Procedure

The procedure was as described in Experiment 11, with the exception that participants
were informed that on some occasions they would hear a voice accompanying the presentation of
the visual walk. In line with van der Zwan et al. (2009) participants were instructed to respond to
the sex of the visual walker on all trials. Participants wore headphones for the duration of the

experiment.
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Analysis

Performance at each point on the gender continuum was calculated as the proportion of
male responses reported, that is, the number of times a participant responded ‘male’ divided by
the number of repetitions for that stimulus type. Scores were calculated separately for the vision-
only and audio-visual conditions. In line with the current study, van der Zwan et al. (2009)
presented observers with visual and audio-visual pairings for a number of points on the gender
continuum seen in Figure 6.1. However, they based their statistical analysis on observed
differences between vision and audio-visual conditions for gender-ambiguous walkers only, using
a series of t-tests. This was based on the assumption that auditory interactions would be more
readily observed when the visual stimulus was ambiguous. Here, it was decided to address the
analysis in a similar way by using t-tests to compare sex classification for vision and audio-visual
conditions at different points of the gender continuum. The proportion of male judgements for
gender-ambiguous walkers was compared to chance performance, for vision only, audio-visual
‘female’ pairings and audio-visual ‘male’ pairing trials. Note that previous studies have
demonstrated that sex classification does not exhibit above chance performance when these
walkers are displayed in the visual only conditions (e.g. Brooks, Schouten, Troje, & Verfaillie, 2008;
van der Zwan et al., 2009). For completeness, the proportion of male judgements for exaggerated
male (exaggerated female) and male (female) walkers were also directly compared for the vision

only and audio-visual trials for each walker type.
6.5.2 Results

The proportion of male responses for gender-ambiguous walkers was compared to
chance performance (i.e. 0.5) for vision only, audio-visual (AV) female, and audio-visual male
pairings using a series of one sample t-tests. As expected, and consistent with the results of the
previous experiment, judgements of the sex of the walker in the vision only conditions was similar
to chance performance, i.e. responses did not differ from 0.5 [t(13)=-0.21, p=0.83] (mean
proportion ‘male’ responses=0.49). However, judgements of AV female-voice pairings were
different from chance [t(13)=-2.44, p=0.03] (mean proportion ‘male’ responses=0.34). In this
condition, the number of ‘male’ responses was relatively low such that walkers were judged to be
more female in appearance, when they were paired with a female voice. The results for the
audio-visual male-voice pairings demonstrated a similar trend in favour of an increase in the
number of ‘male’ responses when gender-ambiguous walkers were paired with a male voice

(mean proportion ‘male’ responses= 0.62). However, this trend was weak and scores in this



condition failed to differ statistically from chance performance [t(13)=-1.78, p=0.09]%, see Figure

6.3.

Importantly, there were no differences between the number of ‘male’ responses to the
visual only stimuli and the responses to the AV presentation for the exaggerated male [t(13)=1.0,
p=0.33], exaggerated female [t(13)=1.7, p=0.1], male [t(13)=0.0, p=0.99] or female [t(13)=-0.29,
p=0.77] walkers. The proportion of ‘male’ responses to the exaggerated male (exaggerated
female) walkers for vision and AV presentations were 0.92 and 0.90 (0.08 and 0.12), respectively.
In addition, the proportion of ‘male’ responses for male (female) walkers for the vision-only and
AV presentations were 0.9 and 0.9 (0.12 and 0.13), respectively. These results suggest that the

responses of younger adults to the male or exaggerated male visual PLW were not biased by the

presence of the voice.
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Figure 6.3. The proportion of male responses reported for gender-ambiguous walkers, when presented with
no voice, a female voice and male voice in Experiment 12A. The dashed line indicates chance performance.
Note that sex judgements only differ from chance performance for AV female voice pairings. Error bars
represent +1 SEM.

6.5.3. Discussion

The results from Experiment 12A suggest that the presence of a voice affected the

perception of sex in gender-ambiguous biological motion displays. This effect was most

10 A paired t-test did however confirm that there was a significant difference between the number of ‘male’
responses for AV male-voice and AV female-voice pairings for gender ambiguous PLW ([t(13)=-3.19,
p=0.007]. This suggests some level of disambiguation of the visual walker in favour of the sex of the voice
presented.



pronounced when the walker was presented with a female voice, where the proportion of ‘male’
responses was significantly lower than what would be expected by chance (i.e. a decrease in
favour of female judgements). However, there was a trend for the male voice to affect visual sex
judgements. As such, these results parallel and expand the effects observed by van der Zwan et al.
(2009) who noted that gender-ambiguous walkers were judged more often to be female in
‘appearance’ when they were paired with a female auditory walking sequence. While these
results are compelling in suggesting that auditory voice cues can disambiguate, or at least
modulate, the perceived gender of visual point light displays, it is important to consider there may
be a number of reasons as to why this result was observed. The most obvious suggestion may be
that the results reflect a response bias, rather than a perceptual effect. Specifically, it is possible
that participants may have adopted a strategy of responding to the auditory modality only, rather
than the results reflecting interactions between both the visual and auditory cues. This was

explicitly tested in the following experiment.

6.6. EXPERIMENT 12B

The current experiment attempted to disentangle the effects observed in Experiment 12A
which may have reflected a participant response bias to attend to the auditory stimulus only.
Here Experiment 12A was repeated with one key alteration; exaggerated male and exaggerated
female walkers were paired with both congruent and incongruent auditory sex cues, while all
other features of the design remain as described in Experiment 12A. It was expected that if
participants were responding to the auditory cue alone then the responses should be affected by
the incongruent AV sex pairing. For example, participants should respond more often that an
exaggerated male walker is female when it is presented with a female voice, than when it is
presented with a male voice. However, no difference between the congruent and incongruent AV

pairings would suggest that participants were more likely responding to the visual stimulus.

6.6.1. Method

Participants

An opportune sample of 15 younger adult participants (9 female, mean age= 29.6 years,
SD= 15.2 years) took part in this experiment. Again all were individuals who attended the ‘Love
Lab: The Science of Desire’ exhibition in the Science Gallery, Trinity College Dublin. All participants

were naive to the purpose of the experiment and none had participated in the previous



experiments. As before, all participants gave their informed written consent to participate and

were debriefed as to the nature of the experiment upon completion.

Stimuli and Apparatus

The stimuli and apparatus are as described in Experiment 12A.

Procedure

The procedure is as described in Experiment 12A.
Design

The design is as described in Experiment 12A, with the exception that exaggerated male
and exaggerated female walks were paired with either congruent or incongruent auditory sex
cues. Specifically, on half of the AV trials exaggerated male (exaggerated female) walkers were
paired with female (male) voices, while on the other half of the trials they were paired with the

congruent sex, i.e. exaggerated male with male voice or exaggerated female with female voice.
Analysis

The analysis is as described for Experiment 12A with the exception that proportion of
‘male’ responses were also analysed for congruent and incongruent AV sex pairings for

exaggerated male and exaggerated female walkers using paired t-tests.
6.6.2. Results

The proportion of ‘male’ responses for gender-ambiguous walkers was compared to
chance performance (i.e. 0.5) for vision only, audio-visual female, and audio-visual male pairings
using a series of one sample t-tests. The results revealed that for the visicn only conditions
participants’ judgements of the sex of the walker did not differ from chance performance
[t(14)=0.71, p=0.48] (mean proportion ‘male’ responses=0.53). However, the number of ‘male’
responses made to the AV male pairings did differ from chance [t(14)=2.30, p=0.03]. There was an
increase in the number of ‘male’ judgements, such that observers tended to judge the gender-
ambiguous walkers more often to be male when they were paired with a male voice (mean
proportion ‘male’ responses=0.65). However, the results for AV female pairings suggested that
the presence of the female voice did not disambiguate the visual perception of the walker, as

performance did not differ from chance [t(14)=-1.17, p=0.27] in this condition (mean proportion



‘male’ responses=0.43). Nevertheless, when viewing Figure 6.4 it can be noted that there was a

trend toward a lower proportion of male responses in this condition®?.

Results indicated that perceived sex judgements for male [t(14)=-0.56, p=0.58] and
female [t(14)=-0.53, p=0.61] walkers did not differ between the vision only and AV conditions.
Here the mean proportion of ‘male’ responses for female vision only and female AV conditions
were 0.10 and 0.12, respectively. The mean proportion of ‘male’ responses for the male vision
only and AV conditions were 0.93 and 0.95, respectively. Moreover, the results also revealed that
there was no difference between sex judgements for exaggerated female walkers when the sex of
the voice was congruent (mean proportion ‘male’ responses=0.07) or incongruent (mean
proportion ‘male’ responses=0.09) with the walker [t(14)=-0.65, p=0.52]. In parallel, there was no
difference between sex judgements for exaggerated male walkers when they were paired with
male (mean proportion ‘male’ responses=0.95) or female (mean proportion ‘male’
responses=0.89) voices [t(14)=1.58, p=0.14]. These results suggest that the sex cues from the

voice did not dominate in the responses made to the PLW stimuli.
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Figure 6.4. The proportion of male responses reported for gender-ambiguous walkers, when presented with
no voice, a female voice and male voice in Experiment 12B. The dashed line indicates chance performance.
Note that sex judgements only differ from chance performance for AV male voice pairings. Error bars
represent +1 SEM.

11 A paired t-test did however confirm that there was a significant difference between the number of ‘male’
responses for AV female-voice and AV male-voice pairings for gender ambiguous PLW [t(14)=-3.31,

p=0.005]. Suggesting some level of disambiguation of the visual walker in favour of the sex of the voice
presented.
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6.6.3. Discussion

The results from Experiment 12B extend the findings from Experiment 12A. Specifically,
they suggest that the modulatory effects of the auditory signal on visual sex judgements for
gender-ambiguous walkers are unlikely to reflect a general response bias to attend solely to the
auditory cue. If this was the case, it would be expected that performance for the exaggerated
male and female AV pairings would have been affected by the presence of incongruent auditory
sex cues; this was not observed. Indeed, these results parallel van der Zwan et al. (2009) findings.
In that study, van der Zwan et al. (2009) noted that these audio-visual interactions were not
evident when walkers were paired with walking sequences containing ambiguous gender
information. Therefore, the modulatory effects cannot be explained by the presence of any
auditory signal, rather, they may be explained by the ‘gender loading’ of the auditory cue, such

that it can help disambiguate the perceived sex of the walker.

However, the results from Experiment 12B still do not preclude the possibility that these
effects may have arisen at a later stage in the processing of information about the sex of a visual
walker, such as at the response stage. An examination of whether these modulatory effects still
hold across a change in task may help determine if these effects are more related to perceptual
processing than changes in the response strategy of the participant. Moreover, it is possible the
effects may be tied to the sentences which are used in the current study, rather than the gender
cues present in the speech signal. For example, it could be argued that these ‘social sentences’
may have induced a state of arousal which may have affected participants’ performance. This was

examined in the following experiment.

6.7. EXPERIMENT 13

In the final experiment conducted with young adults reported in this Chapter, participants
were asked to rate the perceived gender of the visual walker, rather than to classify the walker as
male or female. It is likely that this rating may be more sensitive to differences in the perceived
sex of the walker arising at a perceptual level, rather than differences at the response output.
Specifically, more subtle differences may be observed where the observer is given a range of
responses to choose from rather than a forced binary choice of ‘male’ versus ‘female’. Moreover,
this experiment also used sentences which vary in content, (i.e. sentence wording), to that
reported in Experiment 12A and 12B. It was expected that if the cross-modal modulatory effects
observed in Experiment 12A and 12B are related to the sex cues present in the speech signal, then

a change in speech content should preserve these effects. Specifically, a change in speech content



should alter the linguistic, rather than the paralinguistic cues, pertaining to the sex of the speaker

(i.e. changes in perceived pitch).
6.7.1. Method

Participants

As with the previous experiments, participants in this study comprised of an opportune
sample of younger adults, who were attendees of ‘Love Lab: The Science of Desire’ exhibition in
the Science Gallery, Trinity College Dublin. 48 younger adults (29 female, mean age=30.8 years,
SD=10.2 years) took part in this experiment. None of the participants had participated in the
previous experiments and all were naive as to the purpose of the study. All participants gave their
informed written consent to participate and were debriefed as to the nature of the experiment

upon completion.

Stimuli and Apparatus

The visual and auditory stimuli are as described in Experiment 12A, with the exception
that the sentence content of the speech samples was changed. The sentences used in this
experiment were ‘This is my house’ and ‘The window is closed’. Both sentences were
approximately 1.8 seconds in duration. As mentioned in Chapter 5, these sentences have been
previously rated as semantically neutral in content, i.e. they had no unique emotion ascribed to

their wording (see Adolphs, Damasio, & Tranel, 2002; Russ, Gur, & Bilker, 2008).
Design

The design is as described in Experiment 12A, with the exception that the 2AFC paradigm
was replaced with a gender rating scale where participants indicated the perceived masculinity or

femininity of the walker.
Procedure

The procedure is as described for Experiment 12A with the exception that participants
were instructed to indicate the perceived gender (i.e. level of masculinity or femininity) of the
walker, rather than the perceived sex (i.e. a binary response of ‘male’ or ‘female’). The gender

scale for responses ranged from 1 to 7, where 1 represented very masculine, 4 neutral (i.e.



ambiguous) and 7 very feminine. Again, responses were indicated by button press on the

keyboard and the scale remained onscreen until a response was made.
Analysis

The analysis is as described for Experiment 12A, with the exception that gender ratings
rather than the proportion of ‘male’ responses were analysed. For consistency, the ratings for
gender-ambiguous walkers for vision only and AV male and female conditions were compared to
the value of 4 (i.e. the midpoint of the scale), rather than to chance performance (i.e. 0.5 as
previously reported for binary judgements). Ratings for exaggerated male (exaggerated female)
and male (female) walkers were also directly compared for vision only and audio-visual trials for

each walker type.
6.7.2. Results

The ratings for gender-ambiguous walkers were compared to the scale midpoint (4) for
vision only, audio-visual female and audio-visual male pairings using a series of one sample t-
tests. This analysis demonstrated that participants’ gender ratings for gender-ambiguous walkers
did not differ from the scale midpoint of 4 for the vision only condition [t(47)=1.92, p=0.07] (mean
rating response=4.2). In addition, judgements for AV male voice pairings did not reliably differ
from the scale midpoint of 4 [t(47)=-1.43, p=0.15] (mean rating response=3.9). However, further
analyses revealed that for AV female voice pairings observers tended to rate the gender-
ambiguous walkers as more feminine in appearance. In this condition ratings significantly differed
from a rating of 4, i.e. ambiguous [t(47)=4.52, p<0.001] (mean rating response=4.5)*?. See Figure
6.5.

As with the results from the previous experiments, there was no difference between the
gender ratings for vision only compared to AV presentation for exaggerated male [t(47)=0.33,
p=0.74] and exaggerated female [t(47)=-1.03, p=0.30], male [t(47)=0.96, p=0.34] or female
walkers [t(47)=-1.64, p=0.11] walkers. The gender ratings for exaggerated male (exaggerated
female) walkers for vision and AV presentations were 2.0 and 1.99 (6.0 and 6.03) respectively. In
addition, the gender ratings for male (female) walkers for vision and AV presentations were 2.45

and 2.40 (5.40 and 5.54) respectively.

12 However, a paired t-test did reveal that there was a significant difference between the gender ratings for
AV male-voice and AV female-voice pairings for gender-ambiguous PLW [t(47)=5.68, p<0.001]. This suggests
some level of disambiguation of the visual walker in favour of the sex of the voice presented.
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Figure 6.5. The mean gender ratings for gender-ambiguous walkers, when presented with no voice, a
female voice and male voice in Experiment 13. The dashed line indicates a ‘neutral’, i.e. ambiguous rating.
Note that gender ratings only differ from this neutral rating for AV female voice pairings. Error bars
represent +1 SEM.

6.7.3. Discussion

The results from Experiment 13 demonstrate that the addition of auditory cues
modulated the perceived gender of gender-ambiguous walkers. This result was most reliably
observed for walkers presented with a female voice, replicating the findings for Experiment 12A.
This finding suggests that observers may have perceived the visual walkers as being more
feminine in appearance when paired with a female voice. However, note that looking at the
Figure 6.5, there was also a weak trend for walkers to be rated more often as male when
presented with a male voice, rather than through vision alone. Moreover, the modulatory effect
of auditory sex cues on visual gender judgements was observed when different sentences were
used. Thus, the cross-modal modulation observed for the sex judgements of perceptually
ambiguous walkers in Experiment 12A and 12B are unlikely to have arisen due to a level of arousal
induced by the ‘social nature’ of the sentences used in the two studies. Rather, these results
suggest that it is the paralinguistic cues pertaining to the sex of the speaker which may likely

modulate the perceived sex of the gender-ambiguous walkers.

6.8. EXPERIMENT 14

The results from Experiments 12A, 12B and 13 demonstrated that vocal information

containing unambigucus auditory gender cues modulated the perceived sex and gender of visual
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point-light walkers in a young adult group, but only when the gender of the walk was perceptually
ambiguous. Importantly, the results from Experiment 11 revealed that while older adults were
overall poorer at classifying the sex of the walker, both groups exhibited chance performance for
classifying ‘gender ambiguous’ walkers. Thus it is possible that older adults’ performance may also
benefit from the presence of an auditory cue, such that this additional cue may modulate the
perceived sex of gender-ambiguous walkers. This was tested in Experiment 14. Here, older adults
judged the sex of visual walkers, with or without the addition of male and female voices in the
same paradigm as reported in Experiment 12A. It was expected that sex judgements for gender-
ambiguous walkers would be modulated in favour of the male or female voice pairing. Moreover,
it was alsc predicted that these audio-visual effects might also be observed for perceptually
salient walkers, owing to older adult’s relatively poorer performance in classifying the sex of the

walker at multiple points on the gender continuum (see Figure 6.2).

6.8.1. Method

Participants

Sixteen community-dwelling, older adults also participated in this task (9 female, all right
handed, mean age=72.4 years, SD=6.9 years). All had normal cognitive function, as assessed by
the MoCA (Nasreddine et al., 2005) (i.e. all scored >24 of 30). All older participants had normal
visual acuity (mean binocular LogMar score=0.09, SD= 0.13 and LogMar score= 0.08, SD=0.09 at
4m and 40 cm respectively) and contrast sensitivity (mean score=1.97, SD=0.08, assessed using
the Pelli-Robson Contrast Sensitivity Test) for their age. All participants wore appropriate
corrective lenses, if needed, at the time of testing. In addition, participants were asked to
subjectively rate their hearing by answering the question: “Is your hearing (with or without a
hearing aid) Excellent/Very Good/Good/Fair/Poor?” All older adults rated their hearing as either
‘Good’, ‘Very Good’ or ‘Excellent’ (see the Participants section of Experiment 7, Chapter 5, for a
full description of this self-report hearing measure). With the exception of 4 older adults who had
participated in Experiment 11 2 months previously, no individual had participated in any of the

previous experiments.

Stimuli and Apparatus

The visual and the auditory stimuli are as described in Experiment 12A and 13,
respectively. As the auditory effects were shown to be irrespective of the sentence content, and

for consistency with the stimuli used in Chapter 5 for the older adult group, the semantically



neutral sentences ‘This is my house’ and ‘The window is closed’ were used as auditory stimuli in
this experiment. Furthermore, the experiment was presented on a Dell OptiPlex 755 PC and
displayed on a HP L1710 17” LCD colour monitor. All other details remain as described in

Experiment 12A.
Design

The design is as described in Experiment 12A.
Procedure

The procedure is as described in Experiment 12A.
Analysis

The analysis is as described in Experiment 12A.
6.8.2. Results

The proportion of ‘male’ responses for gender-ambiguous walkers were compared to
chance performance (i.e. 0.5) for vision only, audio-visual female, and audio-visual male pairings
using a series of one sample t-tests. It was observed that judgements of the sex of the walker did
not differ from chance performance in the vision only condition [t(15)=0.82, p=0.42] (mean
proportion male responses=0.52). In addition judgements for AV male pairings [t(15)=1.07,
p=0.30] or AV female pairings [t(15)=-0.11, p=0.91] did not differ from chance performance (mean
proportion ‘male’ responses=0.55 for male voice pairing; 0.49 for female voice pairing).’®> On a
side note, it was however observed that five of the older adult participants did show a similar
pattern of performance to the younger adult group when judging the sex of gender-ambiguous
walkers, with or without, a male or female voice. Specifically, while vision only performance
remained at chance (mean proportion ‘male’ responses=0.57), the presence of a female voice
modulated the sex judgements in favour of the walker appearing mere female {(mean proportion
male responses=0.34). There was no effect of the male voice (mean proportion ‘male’

responses=0.5).

2 A paired t-test confirmed that there was no significant difference between the gender ratings for AV
male-voice and AV female-voice pairings for gender-ambiguous PLW [t(15)=-0.97, p=0.35]. This suggests
that the sex of the voice cannot be used to disambiguate the sex of walker in the older adult group.
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Results also indicated that sex judgements for male [t(15)=-0.77, p=0.44] and female
[t(15)=-0.12, p=0.90] walkers did not differ between vision only and AV conditions. The mean
proportion of ‘male’ responses in the female vision only and female AV conditions were 0.19 and
0.20, respectively. The mean proportion of ‘male’ responses for male vision only and AV
conditions were 0.90 and 0.90, respectively. In addition, there was no difference between sex
judgements for exaggerated female walkers in the vision only and AV condition [t(15)=-0.20,
p=0.84]. Nor was there any difference between the proportion of ‘male’ responses for
exaggerated male walkers in the vision only or AV condition male [t(15)=-0.07, p=0.94]. The mean
proportion of ‘male’ responses for exaggerated female vision only and exaggerated female AV
conditions were 0.11 and 0.11, respectively. The mean proportion of male responses for
exaggerated male vision only and exaggerated male AV conditions were 0.89 and 0.90,
respectively. All in all, the results from this experiment suggest that older adults could
successfully perceive the sex of the walker from the visual dispiays and that when visual

information was reliable, there was little effect of the voice information on the responses.

6.8.3. Discussion

In marked contrast to the results observed for the younger adult groups described in
Experiment 12A, 12B and 13, older adults’ judgements of the sex of gender-ambiguous walkers
appeared to be unaffected by the presence of either a male or a female voice. Specifically, while
older adults’ performance was at chance when classifying these walker types, indicating a similar
point of perceptual ambiguity to the younger adult group, auditory sex cues did not modulate the
perceived sex of the walker in the older adult group. This is an unexpected result, as it was
predicted that older adults would benefit from the addition of auditory cues in a similar way to
younger adults, particularly when the visual walker could not be reliably classified as male or
female. This result seems to contradict previous findings of enhanced multisensory integration in
older adults (e.g. Laurienti, Burdette, Maldjian, & Wallace, 2006; Maguinness, Setti, Burke, Kenny,
& Newell, 2011; Setti, Burke, Kenny, & Newell, 2013). However, it is possible that this result may
reflect older adults” poorer ability to represent multiple sensory cues, when the spatiotemporal
relationship between the sensory signals is altered. Indeed, it is plausible that older adults did not
associate these two cues with the same event (see also results from Chapter 5, Experiment 8), this

explanation will be returned to in more detail in the General Discussion.
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6.9. EXPERIMENT 15A

6.9.1. Sex classification in developmental prosopagnosia

As mentioned previously, developmental prosopagnosia (DP) is characterised by an
inability to identify an individual from the face alone. However, other aspects of face processing
have been shown to be largely intact in this cohort. For example, a number of studies have
demonstrated that DPs can reliably detect the sex of a face, in spite of their poor ability to
represent facial identity (DeGutis, Chatterjee, Mercado, & Nakayama, 2012; Le Grand et al., 2006;
Nunn et al., 2001). This suggests that perceptual abilities in this cohort remain sensitive to the
shape cues in the face which are associated with male and female faces. Moreover, DeGutis,
Chatterjee, Mercado and Nakayama (2012) demonstrated that individuals with DP may use
configural processing for sex classification, in a similar way to neurotypicals. In that study, DeGutis
and colleagues (2012) observed a similar decrease in accuracy for categorising the sex of a face
when it was inverted, relative to upright, for both DPs and controls. However, it remains unclear
whether the ability to classify the sex of an individual from other sensory cues such as the voice,

or from biological motion displays, remains intact in this cohort.

As highlighted, in Chapter 5 a number of studies have reported that individuals with DP
rely on the voice as a cue to identity. However, only a small number of studies have tested this
assertion (e.g. Schall & von Kriegstein, 2014; von Kriegstein et al., 2006). The results from these
studies, along with the results from Chapter 5, suggest that speaker recognition and speaker
matching for identity may be, to some extent, impaired in this population. However, whether the
processing of other paralinguistic cues, for example detecting the sex of a speaker, is also
impaired remains unexplored. It has been suggested that the voice contains ‘static’ properties i.e.
where there is a change along one dimension such as pitch, as well as ‘dynamic’ properties, for
example, changes in the temporal pattern of the speech signal (Belin et al., 2004). As such, it is
possible that in line with the preserved ability to use shape cues for sex classification from the
face, that the ability to detect the sex of a voice may also be intact, owing to the fact that this
sexually dimorphic cue largely arises due to changes along one dimension in the speech signal.
This is plausible when we consider that it is the dynamic signature, or the subtle variation across a
range of acoustic parameters, which may be poorly represented in some cases of DP, possibly due

to the poor ability to process faces at the individual level (see results from Chapter 5).

In addition, a number of studies have also reported that developmental prosopagnosics

may rely on differences in body shape or gait to recognise familiar others (e.g. Duchaine, Yovel,
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Butterworth, & Nakayama, 2006; Grueter et al., 2007; Kennerknecht, Ho, & Wong, 2008; Nunn et
al., 2001). This would imply that body perception, and possibly biological motion processing, is
intact in this cohort. However, again very few studies have explicitly tested this assumption
(Duchaine et al., 2006; Lange et al., 2009; Righart & de Gelder, 2007). Moreover, the studies
which have tested this have given rise to conflicting findings. For example, Righart and de Gelder
(2007) reported that DP may be associated with poor configural processing of both face and
bodies. Specifically, they observed that compared to controls, DP participants exhibited an
abnormal N170 ERP response component when viewing static images of faces and bodies.
However, Duchaine et al. (2006) reported normal matching of bodies, even across changes in
viewpoint in cases of DP. One study which explicitly examined biclogical motion processing in DP,
noted that prosopagnosics were poorer at discriminating the direction and orientation of point-
light walkers than controls (Lange et al., 2009). This led the authors to conclude that DP may
result from a deficit in a ‘general mechanism’ which governs the processing of both faces and
bodies. Indeed, Righart & de Gelder (2007) suggested a similar argument and surmised that a
general deficit in configural processing may underpin the face processing deficits observed in DP.
Importantly, neither study investigated the ability of individuals with DP to extract higher-order
features, such as the identity or the sex of a person, from biological motion cues. As highlighted
by DeGutis et al. (2012), DPs appear to process the sex, rather than the identity, of a face in a
similar configural manner to neurotypical controls. Thus it remains plausible that the ability to
classify sex from biological motion displays may also remain intact in DP. Experiment 15A
examined whether UM and PL could classify the sex of an individual in a series of point-light
displays using the same paradigm and the same older adult participant data for comparative
analysis, to that reported in Experiment 11. In Experiment 15B, UM also participated in the audio-
visual version of the experiment completed by the older adult group, i.e. Experiment 14. Again the

same older adult participant data was used for comparative performance.

6.9.2. Method

Procedure

The procedure is as described in Experiment 12A.
Stimuli and Apparatus

The stimuli and apparatus are as described in Experiment 13.



6.9.3. Analysis and Results

See Figure 6.6 for a plot illustrating UM and PL’s individual slopes, in comparison to the
age-matched control mean slope, for judging the sex of the walker as a function of the position of
each PLW on the gender continuum (note the control data is the same data as that is plotted in
Figure 6.2). Individual slopes were calculated for UM and PLs performance (see Experiment 11 for
procedure). This slope was used as a measure of sensitivity in detecting the sex of the walker and
was compared to performance from the age-matched control group using a modified t-test
described by Crawford, Garthwaite and Porter (2010). As highlighted previously, the test is
designed to compare whether a single case score is significantly different from a control or
normative sample. The analysis revealed that both UM [t(12)=1.38, p=0.10] and PL
[t(12)=0.28, p=0.39] showed the same sensitivity in classifying the sex of the walkers, as their age-

matched control group.
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Figure 6.6. Plot showing the individual slopes for UM and PL and the mean slope for age-matched controls
as a function of the gender continuum.
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6.10. EXPERIMENT 158B

6.10.1. Method

Procedure

The procedure is as described in Experiment 14.

Stimuli and Apparatus
The stimuli and apparatus are as described in Experiment 14.
6.10.2. Analysis and Results

The proportion of ‘male’ responses reported by UM for gender-ambiguous walkers for
vision only, AV female-voice and AV male-voice trials were 0.6, 0.1, 1.0 respectively. As such from
looking at these data it can be seen that UM’s sex classification for the visual walker performance
was strongly influenced by the presence of either a female or a male voice. This pattern was not
evident for her older adult counterparts. UM’s performance is plotted in Figure 6.7(a) in relation
to the data from older adult age-matched controls (n=16), taken from Experiment 14. UM'’s
performance on these three conditions was compared to age-matched controls using the
modified t-tests described by Crawford, Garthwaite, & Porter (2010). These analyses revealed the
proportion of ‘male’ responses reported by age-matched controls and UM did not differ for the
vision only condition [t(15)=0.54, p=0.30]. However, there was a difference between UM and age-
matched controls proportion of ‘male’ responses to the AV female [t(15)=-1.82, p=0.04, Zc=-1.87,
95% Cl=-2.69, -1.04] and AV male [t(15)=2.35, p=0.02, Zcc= 2.42, 95% Cl=1.42, 3.40] conditions. As
shown in Figure 6.7(a), the proportion of ‘male’ responses given by UM reduced when the walker
was paired with a female voice and increased when the walker was paired with a male voice. This
suggests a strong bias in the response to the visual PLW from the presence of the voice

information.

As noted in the results section of Experiment 14, five older adults did show an effect of
the voice on their sex classification performance, in a similar vein to young adults’ performance.
Therefore UM’s performance was also compared to the five individuals using the Crawford
modified t test. The analysis revealed that the proportion of ‘male’ responses reported for UM to
the vision only [t(4)=0.20, p=0.42] and AV female [t(4)=-1.45, p=0.11] conditions was similar to

these five older adult controls. However, there was a trend for a difference in UM and the five
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age-matched controls for the proportion of ‘male’ responses reported when the walker was

paired with a male voice [t(4)=1.63, p=0.08, Zc=1.78, 95% CI=0.28, 3.2]. See Figure 6.7(b), over

page.

UM’s sex classification performance was not affected by the presence of a female or male
voice when the visual displays were of either exaggerated male and exaggerated female walkers.
Here she demonstrated perfect performance when classifying the sex of these walkers for vision
only and AV conditions (i.e. the proportion of male responses for exaggerated male walkers was 1
and for exaggerated females was O for both conditions). The same pattern of performance was
also observed for male walkers for the vision-only and AV male voice conditions (proportion male
responses=1). However, the voice pairings did affect UM’s performance when classifying the sex
of female walkers. Here her responses were more accurate when the walker was presented with a
female voice (proportion ‘male’ responses 0), than when it was presented in the vision only

condition (proportion ‘male’ responses= 0.06).

6.10.3. Discussion

The results indicated that both UM and PL showed a preserved ability to detect the sex of
a walker from moving point-light displays. This finding is in line with the face processing literature
which has demonstrated that individuals with DP can reliably detect the sex of a face, in spite of
their poor ability to represent facial identity (Le Grand et al., 2006; Nunn et al., 2001). Moreover,
it also argues against a general deficit in biological motion processing in this cohort which has
been argued by Lange et al. (2009). Rather the results suggest that the extraction of higher-order
features from biological motion, such as the sex or gender of an individual, may remain preserved
in DP. Moreover, UM’s performance profile for the classification of the sex of the walker,
appeared to be modulated by the presence of auditory sex cues in the voice. Thus in marked
contrast to the results from Chapter 5, UM appears to be able to represent and detect changes in
the pitch of the voice to support sex classification when visual information is unreliable. As such, it
appears that UM may have a deficit in representing a unique pattern in the voice to support

recognition, rather than changes along one dimension, in this case pitch (f0).
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Figure 6.7. Plot showing the proportion of male responses reported for gender-ambiguous walkers, when
presented with no voice, a female voice and male voice for UM and the age-matched controls. The results
are shown separately for a) UM’s performance in relation to all older adult controls (n=16) and b) UM’s
performance in relation to the 5 age-matched older adults who showed an effect of AV presentation. The
dashed line indicates chance performance. Error bars represent +1 SEM.



6.11. General Discussion

The aim of the study reported in this Chapter was to investigate whether sex cues present
in the voice could modulate the perceived sex of biological motion displays. Such interactions
would suggest that information from the voice and the body may interact in the processing of
higher-order features such as sex or gender. It was predicted that these interactions may be more
pronounced when there was some level of ambiguity in the visual signal (i.e. ‘gender-ambiguous’
walkers), which could be modulated by the presence of an additional sensory cue. This was
examined across three cohorts; younger adults, older adults and developmental prosopagnosics.
Here participants were presented with gender-ambiguous walkers with male and female voice
pairings and participants were required to categorise the sex, or to judge the gender, of the visual
walker. It was observed that older adults were overall poorer at classifying the sex of a walker,
than their younger adult counterparts (Experiment 11). However, performance for both groups
was at chance when classifying the sex of gender-ambiguous walkers. In addition, both UM and PL
demonstrated a relatively preserved ability to discriminate the sex of walker, depicted in point-
light displays (Experiment 15A). The results for Experiment 12A and 12B suggested that the
presence of a voice could modulate the perceived sex of these perceptually ambiguous walkers in
the younger adult group and that this effect could not be readily explained due to observers
responding to the auditory cue alone (Experiment 12B). Moreover, the results from Experiment
13 suggested that it was likely the paralinguistic cues pertaining to the sex of the voice, which may
have modulated the perceived gender of the walker, rather than linguistic aspects of the speech
signal. These cross-modal effects were most reliably observed when gender-ambiguous walkers
were paired with female voices. However, in marked contrast to the younger adults’
performance, the older adults’ classification of gender-ambiguous walkers did not appear to be
modulated by the presence of a male or female voice (i.e. performance did not differ from
chance, Experiment 14). Interestingly, UM’s sex classification for gender-ambiguous walkers
appeared to be strongly influenced by the presence of both male and female voices, suggesting

that she could reliably process sex cues in the voice (Experiment 15B).

The finding that auditory sex cues can modulate younger adults’ visual perception of
gender-ambiguous walkers is consistent with the findings observed by van der Zwan et al. (2009).
In their study, observers judged gender-ambiguous walkers to be more female in appearance
when they were paired with a female sounding walking sequence (i.e. female footsteps),
compared to when there was no auditory cue present. Interestingly, they observed that this effect

did not occur when the auditory sequence was gender-ambiguous, leading the authors to
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conclude that the observed effects were likely to relate to interactions between meaningful
gender related auditory cues, rather than to the mere presence of an additional auditory signal.
The current study demonstrates that these meaningful auditory cues can also be carried by the
voice. Moreover, the audio-visual conditions in van der Zwan and colleagues study always
contained the pairing of gender-ambiguous with the same female walking sequence. Here, it was
observed that voices, particularly female voices, could reliably modulate the perceived sex and
gender of the gender-ambiguous walkers across different speakers and across different speech
utterances. Moreover, the effects in the current study could not be readily explained by the
observer attending to the auditory cue alone. Specifically, incongruent audio-visual pairings for
perceptually salient walkers (exaggerated versions of male and female walks) did not affect
observed sex judgements in this condition. This suggests that younger adults were not solely
attending to the auditory cue when arriving at the decision as to whether the walker was more

male or female in visual appearance.

van der Zwan et al. (2009) noted that adaptation to these gender-ambiguous walkers with
female footsteps gave rise to significant male after-effects, for subsequently viewed walkers. This
provided compelling evidence that this auditory modulation likely reflected perceptual, rather
than cognitive effects. However, it is important to note that the audio-visual pairings in that study
were always temporally synchronous, such that the sound of the footstep occurred at the same
time as the footfall. This temporal synchrony is likely to have played a role in these adaptation
effects. In terms of the current findings, it would be speculative to suggest that these effects were
purely perceptual and occurring at early stages of processing, an idea which will be returned to

later in the discussion.

Previous studies which have examined how the voice may modulate gender processing,
have largely focused on cross-modal interactions between the face and the voice (Joassin,
Maurage, & Campanella, 2011; Little et al., 2013; Smith et al., 2007). For example, Smith et al.
(2007) observed that pure tones in the fundamental frequency range of male or female voices,
modulated the perceived gender of androgynous, i.e. gender-ambiguous, face images. Joassin,
Maurage, & Campanella (2011) extended these findings using natural speech sounds and face
images. In that study, they observed that participants were faster to categorise the sex of a face
when both the face and voice were presented, rather than when each gender cue was presented
in isolation. The current study extends these findings to demonstrate that these cross-modal
effects are not limited to face and voice pairings. Rather the findings from this Chapter suggest
that in situations of perceptual uncertainty younger observers may draw on multiple sensory cues

to disambiguate the visual percept, which in this case was a gender-ambiguous walker.



In contrast to the performance of the young adult, the presence of the voice did not
appear to modulate the perception of gender-ambiguous point-light walkers in the older adult
group. There are a number of reasons why this may have been observed. For example, it is
possible that categorising the sex of a voice may decline with older age, which may weaken the
effect of the auditory sex cues in this task (but see Schvartz & Chatterjee, 2012). For example, it is
conceivable that older adults may have less discrete representations for male and female voices,
in a similar vein to the broadly tuned or overlapping representations of identity which have been
observed in the face perception literature for this cohort (Lee et al., 2011, 2014). Indeed, recent
evidence suggests that higher-level auditory features such as the sex or identity of a voice are
represented in a similar manner to the face in the brain (Schweinberger et al., 2008; Zaske,
Schweinberger, & Kawahara, 2010; Zaske & Schweinberger, 2011). For example, Schweinberger et
al. (2008) observed that when participants were adapted to male voices, subsequent voices were
perceived to be more feminine, paralleling the well documented after-effects in the face
processing literature (Leopold et al., 2005; Leopold, Toole, Vetter, & Blanz, 2001; Rhodes &
Jaquet, 2011). These more broadly tuned representations may mean that older adults’ perception

is less modulated by these additional sensory inputs.

An additional explanation may relate to the change over time information present in the
visual and the auditory sensory cues in this study. For example, the results from Chapter 5
demonstrated that older adults may rely more on redundant cross-modal spatio-temporal cues
when representing speaker identity. Importantly, in the current study voice information bore no
direct temporal correspondence to the dynamic visual display, which may have affected
performance. Indeed, other studies which have investigated speech comprehension or speech
detection, have demonstrated that temporai information provided by hand movements is tightiy
bound to the temporal information in the voice, referred to as ‘beat gesture’ (Hubbard, Wilson,
Callan, & Dapretto, 2009; review see Goldin-Meadow & Alibali, 2013). The redundancy of the
visual information provided by the ‘beat gesture’ has been shown to enhance the representation
of the speech signal. For example, Hubbard et al. (2009) demonstrated enhanced functional
activation in the superior temporal sulcus (STS) when speech was presented with beat gestures
displayed by the upper body limb movements, compared to when the speech signal was
presented on its own. This finding mirrors results reported by Calvert, Campbell, & Brammer
(2000) for facial speech information. It is therefore possible that older adults may have more
readily associated the two sensory cues when there was some level of cross-modal redundancy

between the signals.
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6.11.1. Sex classification in developmental prosopagnosia

The results from this study suggest that biological motion processing may remain, to
some extent, intact in DP. Specifically, it was observed that both UM and PL could reliably detect
the sex of a walker when it was presented without additional vocal cues, demonstrating a
preserved ability to discriminate sex cues in moving biological motion displays. While studies
investigating deficits in body or biological motion in DP are sparse (Duchaine et al., 2006; Lange et
al., 2009; Moro et al., 2012; Righart & de Gelder, 2007), there has been an argument put forward
that DP may reflect a general deficit in the ability to represent both faces and bodies. This deficit
has been argued to be mediated by a common cause, such as atypical configural processing
(Lange et al., 2009; Righart & de Gelder, 2007). However, the results from this study argue that
biological motion processing, at least for the classification of sex, may remain intact in this cohort.
It is possible that this preserved processing of shape (Duchaine et al., 2006) and motion cues from
the body may offer an insight into biological motion processing in the neurotypical brain.
Recently, Furl et al. (2014) demonstrated that network interactions between facial form areas,
specifically OFA, and motion sensitive area V5, may explain how sensitivity to facial motion may
arise in STS (discussed in detail in Chapter 3). The authors also speculated that sensitivity to
biological motion in STS might arise due to similar interactions between fusiform and extrastriate
body areas and V5, such that form areas may gate the transmission of motion information to STS.
With that in mind, it is conceivable that dissociations may arise within DP, such that if the
processing of body form is typical, that normal processing of biological motion will also follow (but
see e.g. Gilaie-Dotan, Bentin, Harel, Rees, & Saygin, 2011; Vangeneugden, Peelen, Tadin, &
Battelli, 2014, for dissociations between body form and body motion processing). However,
whether DP is also characterised by a sparing of the ability to detect the identity, rather than the
sex, of an individual from point-light walker displays would be an important factor to consider

before surmising that biological motion processing may remain unaffected in this cohort.

Interestingly, UM’s judgements of the sex of gender-ambiguous walkers were also
affected by the presence of the voice. Specifically, it was observed that UM tended to more often
judge perceptually ambiguous walkers to be female in appearance, when they were accompanied
by a female voice, and vice versa for male voice pairings. Thus in contrast to the findings from
Chapter 5, UM appears to be able to discriminate changes in the pitch of the voice to support sex
classification. Interestingly, this preserved ability is consistent with many of the findings in the
developmental prosopagnosia literature which have largely observed a preserved ability to detect

the sex of a face in this cohort (Le Grand et al., 2006; Nunn et al., 2001). Moreover, this preserved



ability to detect the sex of an individual has also been documented in developmental phonagnosia
(Garrido et al., 2009). Specifically, Garrido et al., (2009), noted that developmental phonagnosic,
KH, could reliably detect the sex of a voice in spite of her poor ability to both discriminate
between and to recognise individual speaker identities. As highlighted throughout, determining
the sex of a voice is largely achieved by detecting differences in the pitch of the voice. In contrast,
representing speaker identity is likely to be mediated by the ability to detect differences across a
range of acoustic features for example, pitch, timbre in addition to the dynamic temporal pattern
of the voice (Belin et al., 2004; Kamachi, Hill, Lander, & Vatikiotis-Bateson, 2003; Lander et al.,
2007; Schweinberger et al., 2014). As such, it appears that the deficits in speaker processing in
developmental phonagnosia likely mirror deficits in face processing, lending favour to the view
that these cross-modal cues may be represented in a similar manner in the brain (Belin et al,,

2004).

It is possible to speculate the neural underpinnings of the effects observed in this
Chapter, based on previous work which has investigated how the voice and the face may be
integrated for the purpose of detecting gender. For example, Joassin, Maurage, & Campanella
(2011) observed that such judgements engaged supramodal parietal and frontal processing areas,
as well as visual and auditory areas associated with face and voice processing (Joassin, Maurage,
et al., 2011). Importantly, Joassin and colleagues used static images of faces and natural voice
recordings to establish these gender networks in the brain. Thus similar to the current study there
was no direct spatiotemporal relationship between the two cues. They argue that this supramodal
processing reflected the cross-modal attentional processes required to integrate the face and the
voice for the purpose of detecting gender. It is possible that a similar network, but one which may
possibly also engage STS owing to the dynamic nature of the body stimuli (see also Troje et al.,

2006), may explain the cross-modal effects in the current study.

Taken together, the findings from this Chapter suggest that information from the voice
and the body may interact for the processing of sex and gender. While these findings are
promising, further studies, which for example manipulate the temporal synchrony between the
voice and the body, may help to understand whether these cues interact at early or late stages of

processing in the brain.



Chapter 7

General Discussion



7. General Discussion

7.1. Introduction

To date, a large body of research using static images of faces has informed our
understanding of how identity is perceived, processed and represented in the human brain (Bruce
& Young, 1986; Kanwisher, McDermott, & Chun, 1997; Valentine, 1991). However, as highlighted
throughout the thesis, human interactions are rarely based on encounters with static faces, rather
people move and speak and thus our perceptual system is exposed to a range of sensory inputs at
any one time (e.g. facial motion, body motion and the voice). Indeed, these multiple sensory cues
are often tightly bound to one another in terms of space and time. Evidence from younger adult
studies suggests that these sensory cues may interact in person perception (O’Toole, Roark, &
Abdi, 2002; Schweinberger, Robertson, & Kaufmann, 2007; Thornton & Kourtzi, 2002; van der
Zwan et al., 2009; von Kriegstein, Kleinschmidt, Sterzer, & Giraud, 2005). However, a benefit on
perception has not always been consistent for the combination of these sensory cues. This may be
due to the fact that younger adults may be able to reliably represent identity based on input from
one sensory signal alone, or that these interactions may be more readily observed in this cohort
for already established, i.e. familiar, representations. The aim of the thesis was to extend our
understanding of how these sensory cues may interact in person perception through the study of
three cohorts: younger adults, older adults and developmental prosopagnosics (DP). Importantly,
both ageing and DP are characterised (to different extents and with different etiologies) by poor
processing of static facial identity cues. This thesis argued that studying these cohorts may offer a
unique opportunity to examine how and at what stages these sensory cues may interact to

support normal person perception.

This concluding chapter will summarise the key findings from the collection of studies
reported in the previous chapters, which focused on three main themes: 1) the interaction of
form and motion cues in face perception; 2) the interaction of facial motion and the voice in
person perception; and 3) the interaction between dynamic body cues and the voice in person
perception. These findings will be discussed and placed within the framework of existing and
emerging theoretical models of person perception and recognition, which were introduced in the
opening chapter. Throughout this chapter future directions and practical implications arising from
the current findings will also be discussed. Finally some of the limitations of the current study will

be discussed, with the hope that these limitations may assist in informing future research.



Chapter 7

7.1.1. Summary of the main findings

In Chapter 2, static face perception and recognition in ageing and developmental
prosopagnosia was examined, using a series of standardised face processing tests. The results
demonstrated that older age was associated with a decline in both face perception and face
recognition. Moreover, consistent with previous findings in the literature, e.g. Habak, Wilkinson,
& Wilson, (2008) and Lee, Grady, Habak, Wilson, & Moscovitch (2011), the effect of age was most
evident when the task was to match the face across changes in visual appearance. Interestingly,
performance across the range of face processing tests was not associated with measures of
general cognitive ability, suggesting that age-related changes in face processing are unlikely to be
mediated by general changes in cognitive function associated with the ageing process
(Hildebrandt et al., 2011). However, measures of face perception performance were strongly
associated with measures of face recognition performance in the older adult group. This suggests
that poor structural encoding of facial identity at early stages of processing may affect the quality
of the representation of the face in memory, affecting recognition performance at later stages of
recall. Furthermore, the results from Chapter 2 also illustrated that it was possible to accurately
detect and characterise disorders of face processing even into older age, when using age-matched
older adults as control norms. Indeed, the series of tests revealed that UM and PL were poorer
than age-matched controls in both perceiving and recognising facial identity. As such, these
results suggest that both UM and PL may have apperceptive developmental prosopagnosia
(Németh et al.,, 2014; Towler & Eimer, 2012; Towler et al., 2012). Moreover, the tests also
confirmed that both developmental prosopagnosics recognition deficits were largely restricted to

face, compared to object, processing.

Chapter 3 examined the role of motion on unfamiliar facial identity matching
performance in younger and older adults. Specifically, the series of experiments described in
Chapter 3 were designed to address if learning an unfamiliar face in motion, compared to static
presentation, could enhance the representation of facial identity in the older adult group. Indeed,
this was observed and the findings demonstrated that the age-related cost in accuracy for
matching identities across changes in the visual appearance of the face (as described in Chapter
2), could be reduced when the face had been learned moving in both a rigid (i.e. head rotations)
or a non-rigid (i.e. expression) manner. In addition, there was evidence to suggest that younger
adults were also sensitive to the change over time information present in the rigid motion
sequence. Specifically, disrupting the spatiotemporal alignment of the face images during learning
(i.e. jumbling the images so the face did not turn fluidly from the front to the side) negatively

affected younger adults’ matching performance. This was evidenced by an increase in reaction
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times taken to match novel, relative to learned, images of the face in this condition. Interestingly,
the motion (non-rigid) advantage evident for the older adult group did not persist when the face
stimuli were inverted. Moreover, under inverted viewing conditions both younger and older
adults were equally poor at matching novel, relative to learned images of the face. This suggests
that the ability to use motion cues for the purpose of face perception is underpinned by a motion
encoding system which is tuned to upright faces and is sensitive to configural or holistic face
processing. Moreover, the findings suggest that form and motion cues likely interact during the
encoding of facial identity and can, as a consequence, enhance the representation of facial

identity.

Chapter 4 examined how facial motion may interact with facial form processing in
developmental prosopagnosia. To date, studies on face processing in this cohort have been
largely constrained to the use of static face images. In line with Chapter 3, both UM and PL
learned a series of unfamiliar facial identities moving in both a rigid (i.e. head rotations) or a non-
rigid (i.e. expression) manner, or from a sequence of static images extracted from the motion
sequences. The results demonstrated that both UM and PL could match facial identity across
changes in view when the face was learned in rigid motion. Indeed, their performance profile was
similar to age-matched controis in this condition. However, learning a face in non-rigid motion
(i.e. expressive movements) significantly interfered with identity matching across changes in
expression in this cohort. This finding suggests that developmental prosopagnosics may find it
difficult to recover facial form cues, when the face has been learned in motion. It is likely that
motion interferes with the use of suboptimal identity matching strategies engaged by DP, e.g.
direct feature matching. In turn, this suggests that interactions between non-rigid motion and
facial form in normal face processing may be guided by the same underlying face processing
mechanisms, i.e. holistic or configural processing. In contrast, both UM and PL could reliably
match the expression of the face across changes in identities, even when the facial expression was
learned in motion. These findings suggest that it is the integration of form and motion to support
identity, rather than social signal processing, which may be compromised in disorders of face
processing. This lends support to the findings from Chapter 3 and argues that interactions

between form and motion for identity processing may be mandatory.

Chapter 5 investigated the role of dynamic facial cues on the representation of speaker
identity in younger and older adults and DP. Recent evidence suggests that the voice may be
represented in a similar manner to the face (Latinus & Belin, 2011; Zaske et al., 2010) and that
learning a voice with its dynamic face counterpart can enhance subsequent speaker recognition

(von Kriegstein & Giraud, 2006). Using a series of unfamiliar speaker identity matching tasks, the
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findings from this Chapter revealed that older adults were poorer at matching speaker identities
from vocal cues alone. Interestingly, this pattern was exaggerated in one case of DP. As such, it is
possible that atypical face processing may directly impact on how the voice is processed to
support identity, leading support for mandatory interactions between these sensory cues.
Moreover, in line with previous findings for familiar speaker recognition (Schweinberger et al.,
2007), the results also revealed that older adults’, and to some extent younger adults’, ability to
represent an unfamiliar face and the voice as a single identity percept was likely facilitated by the
presence of dynamic rather than static face cues during learning. As such, interactions between
the face and the voice appear to occur at early stages of processing, during the encoding of face

and voice identity.

Chapter 6 turned to examine how other socially relevant cues, specifically gender or sex
classification, may be supported or mediated by cross-modal interactions. Here it was
investigated if sexually dimorphic cues in the voice may influence the perception of a series of
‘gender-ambiguous’ point-light walker displays. The results demonstrated that auditory sex cues
modulated the perceived sex of these gender-ambiguous walkers in the younger adult group.
These effects were most robust for female voice pairings, such that gender ambiguous walkers
were more often judged to be female when presented with an accompanying female voice. These
effects were observed across a change in task and sentence content. Moreover, the effects could
not be simply attributed to the observer attending to the auditory cue alone. As such, these
findings suggest behaviourally relevant interactions between the voice and the body for the
purpose of classifying gender. However, the presence of the voice did not modulate the perceived
sex of these walkers in the older adult group. It is possible that older adults did not reliably
associate the two sensory cues, owing to the fact that the cross-modal spatiotemporal
redundancies between the two signals were altered. Interestingly, both UM and PL showed
similar performance to their age-matched controls when judging the sex of a walker from these
dynamic point-light displays. Moreover, UM’s performance for classifying the sex of a walker
appeared to be modulated in favour of the sex of the concurrently presented voice. This argues
that biological motion processing, at least for the purpose of discriminating the sex of an

individual, may be relatively intact in DP.



7.2. Implications of the findings

7.2.1. Integrating the face, voice and body into models of person perception

As highlighted in Chapter 1, seminal models of face processing such as that proposed by
Bruce and Young (1986) (also see Burton et al., 1990) proposed that facial form (i.e. the
unchangeable aspects of the face) and facial motion provide discrete sources of information.
Specifically, such models argue that facial identity is represented through facial form cues, while
the changeable aspects of the face are processed in parallel to support facial speech and
expression analysis. However, as noted in Chapter 1, 3 and 4, a large body of research has
demonstrated that facial motion may support familiar face processing, particularly when facial
form cues are degraded (e.g. Knight & Johnston, 1997; Lander, Christie, & Bruce, 1999). These
findings have led researchers, e.g. O’Toole et al. (2002), to propose that facial motion may act as a
‘back up system’ for facial identity when visual form cues are unreliable. This view assumes that
the observer has over time learned to associate a unique dynamic signature with a facial identity,

which is processed independent of the visual form of the face (dorsal based processing).

However, O’'Toole et al. (2002) also proposed that these dynamic cues may interact with
the processing of facial form, indicating interactions between ventral (e.g. fusiform face area or
FFA) and dorsal (i.e. superior temporal suicus or STS) streams for the purpose of representing
facial identity. Yet to date, support for this view has been inconsistent. This thesis argued that one
possible reason for this conflicting evidence may be that when perceptual abilities are optimal,
such as in young adults, structural cues alone may be sufficient to create a robust representation
of facial identity. However, this does not preclude the fact that motion may assist in representing
facial form, rather it suggests that these interactions may be more difficult to observe in younger
adults’ behavioural performance (see also Otsuka et al., 2009 for a related arguement). The
findings from Chapter 3 support this view. Specifically, they demonstrated that learning a face in
motion (rigid and non-rigid), relative to a series of static face images, can enhance the
representation of facial identity in older, relative to younger adults. This provides evidence to
suggest that facial motion can interact with the processing of facial form during the encoding of
new facial identities. These interactions likely render the representation of facial identity more

robust.

Moreover, the results from Chapter 4 demonstrated that learning a face in non-rigid
motion made it difficult for both UM and PL to recover facial form information, as evidenced by

the poor subsequent matching of novel static face images to the learned identity. Again in line



with the results from Chapter 3, this suggests that form and motion cues may influence each
other at the encoding stage at least. However, motion likely detracts from encoding facial form in
developmental prosopagnosia, while it can enhance, or at least does not detract from, the
representation of the face in neurotypical processing. These results suggest that traditional
models of face recognition (e.g. Bruce & Young, 1986) must be revised to accommodate a role for
interactions between form and motion at early stages of processing. Moreover, the results lend
favour to proposed interactions between form and motion processing proposed by O’Toole and
colleagues (O’Toole et al., 2014, 2002; O'Toole & Roark, 2011; Roark et al., 2003) and argue
against a strict dissociation between static and dynamic face processing (Longmore & Tree, 2013;
Pitcher et al., 2014). Moreover, these findings demonstrate that motion is not only relevant for
accessing stored face representations, but also in establishing new representations of facial

identity (see Figure 7.1).
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Figure 7.1. A schematic illustration of the Bruce and Young (1986) model, revised in line with the findings
from the current thesis. This model is updated to suggest that dynamic facial cues (red text) may interact
with the encoding of facial form cues (blue text). In addition, the findings from this thesis propose that the
face and voice likely interact at perceptual (green text), rather than exclusively at post-perceptual, stages of
processing as previously assumed (see also Burton et al. 1990).



The Bruce and Young (1986) model also proposed that face and the voice were likely to
interact only at post-perceptual stages of processing. Indeed, Bruce and Young (1986) stated “a
face recognition unit will respond when any view of a person’s face is seen, but will not respond
at all to his or her voice or name” (p.312). Burton et al. (1990) later followed suit to argue that the
face and the voice were likely only to interact at the level of the Person Identity Node (PIN). Here,
they argued that units in the PIN could support familiarity decisions across different modalities,
such as the voice. Again, in line with the Bruce and Young (1986) model this implies that face and
voice undergo extensive unisensory processing and then only interact to support recognition at
supramodal, i.e. post-perceptual, stages of processing. However, as highlighted in Chapter 1 and
5, recent findings by von Kriegstein et al., (2005) have demonstrated that the fusiform face area
(FFA) also responds to familiar voices, in the absence of a facial image. These findings are counter
to that predicted by Bruce and Young (1986) or Burton et al. (1990), in fact they suggest that ‘a
face recognition unit’ may directly respond to the voice of a familiar identity. Furthermore, these
effects have been shown to be mediated by direct structural connections between FFA and
temporal voice areas (TVA) in the brain (Blank et al., 2011). As such, it appears that interactions
between the face and the voice for identity processing may be more pronounced than previously

assumed.

Indeed, Schweinberger et al. (2007) observed that familiar voice recognition was
enhanced when the voice was presented with its corresponding facial identity, and poorer when
the voice was presented with its non-corresponding facial identity. Moreover, these effects were
pronounced when the voice was presented with a dynamic, rather than static, face. As such the
results from Schweinberger et al. (2007) suggest behaviourally relevant interactions between the
dynamic face and the voice. Still, it has been argued that these cross-modal effects are likely to be
more pronounced for familiar identities i.e. previously established multisensory representations.
Nevertheless, Chapter 5 argued that it is possible that these interactions may be important when
establishing representations of previously unfamiliar identities. However, these effects may be
more readily observed when the representation of the voice is weaker, such as occurs with the
ageing process, or under more challenging ‘listening’ conditions. The results from Chapter 5, lend
favour to this argument. Specifically, in the older adult group it was observed that the time taken
to match speaker identities across novel speech utterances was slower when the voice had been
learned with its static, rather than dynamic, face counterpart. This suggests that older adults
could more readily encode the face and the voice as a single identity percept when both identity
cues were presented in synchrony. Moreover, it argues that the spatiotemporal redundancies in

the visual speech movements play an important role in representing speaker identity, i.e. the
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paralinguistic aspects of the speech signal. These findings significantly depart from previous
assumptions pertaining not only to the idea that the face and voice interact at late stages of
processing, but also in terms of what type of information is carried by facial speech movements.
For example, Bruce (1988) argued “it is highly unlikely that the information needed to distinguish
different mouthed phonemes overlaps with that used to recognise individuals by their faces”
(p32). However, other studies have demonstrated that facial identities can be matched from
moving speech displays, when no reliable form cues are available (Rosenblum et al., 2002),
suggesting that these facial speech cues on their own may be sufficient to support identity

processing.

In addition, Chapter 5 reported that younger adults’ face and voice matching performance
were equivalent when the face and voice had been learned as a dynamic, rather than static face-
voice pairing. In contrast, when the voice had been learned with its static face counterpart, voice
matching was poorer than face matching performance. It is thus likely that interactions between
the dynamic face and the voice assist in representing the identity of that person in memory.
Moreover, the observation that UM, a developmental prosopagnosic, was impaired on a task
which required matching identity from the voice alone, suggests that poor face processing may
impact on voice processing abilities. This implies that throughout development face processing
may influence and possibly refine voice processing abilities, suggesting mandatory interactions
between face and voice processing. Of course, as highlighted in Chapter 5, it is of great
importance that UM’s dynamic face and voice matching performance be explicitly tested in the
same manner as for the older adult cohort before such a conclusion could be arrived at. Taken
together, these findings suggest that spatiotemporal redundancies between the face and the
voice may assist in encoding new identities and as such these findings support the idea of early,
rather than post-perceptual, stage interactions between the face and voice. These findings thus
lend favour to emerging models of person perception proposed by von Kriegstein and colleagues
and Schweinberger and colleagues, who argue that the face and voice interact to support identity

processing at earlier stages of processing than previously assumed (see Figure 7.1).

As highlighted in Chapter 6, emerging research suggests that these face and voice
interactions are not only limited to identity processing but that they may also extend to the
perception of other higher-order features such as sex or gender (Joassin, Maurage, et al., 2011;
Little et al., 2013; Smith et al.,, 2007). For example, Little et al. (2013) demonstrated that
adaptation to a masculinised version of a female voice, made subsequently viewed masculinised
images of female faces appear more ‘normal’ and vice versa. The same effects were also observed

within each ‘independent’ modality. This led the authors to conclude that representations of



gender are shared across the senses and that auditory gender cues can modulate the perception
of visual facial form information and vice versa. Chapter 6 explored whether these audio-visual
interactions may also extend to other visual cues which depict the sex of an individual,
specifically, biological motion cues displayed by the body. The results from Chapter 6, support this
view and revealed that sex cues in the voice affect not only perception of gender in face images,
but also gender cues displayed by the body in motion. Here, younger adults judged gender
ambiguous walkers to be more female or feminine in appearance when the walkers were
presented with a female voice. However, an effect for audio-visual male voice pairings was also
observed, although less consistently across the range of tasks reported in Chapter 6.
Nevertheless, these findings suggest that paralinguistic information from the voice can interact
with the perception of motion cues from the body, such that when visual cues are unreliable the
perceptual system may exploit additional sensory cues for the purpose of resolving the visual

percept.

However, an issue raised in Chapter 6 pertained to whether these interactions reflected
interactions between the senses at early, or later, stages of perceptual processing. Indeed, older
adults did not benefit from the accompanying voice in the same way as younger adults, possibly
due to the fact that change over time information in the voice bore no direct relationship to the
movement of the body. However, it might be possible to resolve some of these reservations
through the implementation of adaptation studies. For example, van der Zwan et al. (2009)
observed that adaptation to these gender-ambiguous walkers with female footsteps gave rise to
significant male after-effects, for subsequently viewed ‘gender ambiguous’ walkers. In a similar
vein it might be possible to adapt observers to female or male vocal stimuli and test the
subsequent perception of the gender ambiguous walker stimuli. If it was observed that
adaptation to a female voice gave rise to subsequent male after-effects for visual walkers, then it
may be concluded that these effects may be governed by interactions within an established
‘gender network’ which may be involved in perceiving and representing the sex or gender of an
individual across sensory modalities (Joassin, Maurage, et al., 2011; Little et al., 2013).
Nevertheless, these results lend favour to the idea that sensory cues interact in person
perception, and that these interactions are behaviourally relevant. Interestingly, both UM and PL
could reliably detect the sex of a walker suggesting that biological motion processing may remain
to some extent preserved in DP. One possible explanation put forward in Chapter 6 for this
finding was that both prosopagnosics may have intact processing of body form, and as a
consequence the perception of biological motion cues from the body may remain unaffected.

However, it would be important to examine if other aspects of biological motion perception, such



as the perception of identity also remain intact in these individuals. Moreover, UM could reliably
detect whether a speaker was male or female. This was evidenced by the fact that she judged
gender ambiguous walkers to be male or female in appearance, when they were accompanied by
a male or female voice, respectively. This suggests that her poor processing of voice cues,
reported in Chapter 5, may be mediated by a poor ability to represent the voice at an individual

level, in parallel to her deficit in representing the face.

7.2.2. Representing faces in the brain: Reforming ‘face-space’

As outlined in the Chapter 1, it is argued that each face we encounter is represented
through norm-based coding, or represented in what Valentine (1991) referred to as ‘face-space’.
Specifically, rather than representing each individual face as an absolute point in face-space, the
perceptual system may represent each face we encounter in relation to its deviation from a
prototype or typical face. As such, the more ‘distinctive’ a face is the further it will fall outside of
the boundaries of the typical face representation and as a consequence may be more readily
recognised. By default, in order to represent a face within face-space the perceptual system must
know in what way one face varies in relation to another. However, whether face-space is also
concerned with how the face image varies over time, i.e. through changes occurring with facial
movement, is relatively unclear. Indeed, to date this multidimensional space has largely been
conceptualised in terms of variation in structural form cues, with little consideration for how

motion cues may affect this representation.

However, more recent findings highlighting that the recognisability of the face may be
modulated by the degree of idiosyncrasy of the motion cues displayed (Lander & Chuang, 2005),
suggests that facial motion may be represented in a similar norm-based manner to that of facial
form (Valentine, 1991). While it is possible that dynamic and static cues may be represented in a
similar, yet separate manner, one very recent study by Jeffery, Petrovski, & Rhodes (2014), which
revealed identity adaptation after-effects for both moving and static face images, has suggested
that there is likely some degree of overlap in how these cues are represented in the brain. While
the findings from this thesis do not shed light directly on whether static or dynamic facial cues are
represented together in face-space, they do suggest that the interactions between form and
motion cues may be relevant for representing each identity within Valentine’s originally described
face-space model. Specifically, the results from Chapter 3 argue that dynamic cues, particularly
non-rigid internal deformations of the face, may enhance (older adults), or at least not detract
from (younger adults), the encoding of facial form cues. Thus although the face may still be

represented in terms of its static visual appearance in face-space, this does not preclude the idea
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that the formation of this representation was enhanced, or at least modulated, by the presence of
motion during the learning of that facial identity. See Figure 7.2 for an illustration of a possible
integrated face-space. If motion plays an important role in establishing these representations,
then it is also possible to speculate that some of the deficits in face processing which are evident
in DP, such as impaired norm-based coding, see e.g. Palermo, Rivolta, Wilson, & Jeffery (2011),
may in part arise from the poor processing of facial motion cues, or at least abnormal interactions
between form and motion cues. Indeed, O'Toole et al. (2002) suggested the possibility that
motion may ‘bootstrap’ the encoding of invariant facial form cues in typical face processing.
Furthermore, it appears that this ‘bootstrapping’ may be an important part of how normal face
processing develops (Otsuka et al., 2009). As such, examining if the poor integration of facial form
and facial motion is evident in early infancy in DP may assist in refining our understanding of how
poor facial form processing may arise in this cohort (see Xiao et al., 2014 for a review on how
motion may influence face processing in infancy). This might be possible to observe in families
where there is a history of the DP and as such it might be possible to examine face processing in

infants born within that family.

In terms of neurotypical processing, it is possible that motion cues may be particularly
important when learning faces which are typical in appearance, such that motion may enhance
the representation of that face. This idea could be explicitly tested in future studies. For example,
it could be examined if learning the identity of faces which are average or typical in appearance
could be enhanced when these faces were learned in motion. The learning condition could be
manipulated such that the face could be learned through any type of motion profile, or a
distinctive facial motion profile and both could be compared to performance for a static learning
condition. A benefit for learning the face in motion at later stages of recall (even if the motion is
not distinctive) might suggest that motion enhanced the representation of the face in memory.
However, if the dynamic enhancement is restricted to a distinctive motion profile it may suggest
that face-space may also accommodate other visual dimensions, such as characteristic motion
profiles of the face. In addition, distinctive faces could be learned, moving in an average manner,

or in a distinctive manner and so forth.



Figure 7.2. An illustration of a possible integrated form and motion face-space. Each blue dot represents a
facial identity (form cues), the red outline represents that motion has enhanced the representation of the
face. Although speculative, it is possible that motion cues may be particularly beneficial for representing
typical faces which are represented in the clustered centre, helping differentiate between identities.

Moreover, it is also possible that these interactions may not be limited to the visual
modality. Rather it is possible that, face-space may also accommodate other non-visual
dimensions such as the voice of an individual (Bulthoff & Newell, 2015). Indeed, the findings from
Chapter 5 argue that there are likely mandatory interactions between the face and the voice
when encoding speaker identities. As mentioned in Chapter 1, it has been argued that voice
identity is coded in a similar norm-based manner as the face (Zaske et al., 2010). For example,
Zaske et al. (2010) noted that adaptation to e.g. voice identity A, significantly biased the
perception of a subsequently presented ambiguous speaker identity (a morph between identity A
and identity B), away from the adaptor identity. Moreover, they also observed that these effects
were evident when the adaptor stimulus was that of a silent moving face, suggesting that cross-
modal cues may modulate ‘unisensory’ representations of speaker identity. In a similar vein, to
that highlighted above for form and motion interactions in face-space, it is conceivable that, for
example, the presence of distinctive dynamic facial cues may affect the representation of the
speaker’s identity. In addition, a distinctive voice may affect the representation of facial identity
(Bulthoff & Newell, under review). However, it is unlikely that these cross-modal modulatory
effects would be entirely equitable. This is largely owing to the fact that the voice is often
reported to be a weaker cue to identity than the face (see e.g. Stevenage, Hale, Morgan, & Neil,

2014; Stevenage, Hugill, & Lewis, 2012).

Indeed, it would be of interest to explore these types of interactions between face and
voice processing in both developmental prosopagnosia and developmental phonagnosia. The

results from Chapter 5, argue that poor face processing may impact on the ability to represent



individual speaker identities in DP, but not the sex of the voice (see Chapter 6). This suggests that
interactions between the senses may ‘shape’ unisensory processing. For example, dynamic facial
speech may bias the observer to attend to particular rhythmic or temporal patterns in the speech
signal, which may be relevant for identity processing. While the results from the first documented
case report of developmental phonagnosia by Garrido et al. (2009) suggest that face processing is
not impaired in this cohort, it is important to consider that only static face images were used in
the testing battery. However, it does seem plausible that dynamic face processing may remain
unaffected in this cohort. This may arise due to the fact that the face is a salient cue to identity,
which may not require as much ‘refinement’ as other sensory modalities. However, it is
conceivable that the ability to integrate the face and the voice, even at a perceptual level, may be
impaired in this cohort. For example, it might be the case that the presence of a voice (compared
to when no voice is presented) during dynamic face presentation, may impair subsequent face

matching performance in this cohort.

In addition, these types of interactions could be explored within the normal population.
As highlighted in Chapter 1, face processing abilities show individual differences and there is
recent evidence reported for ‘super-recognisers’, individuals who exhibit extraordinary face
recognition abilities (Russell et al., 2009). Examining speaker perception and recognition in these
individuals may provide an insight into whether face processing can modulate voice processing
abilities. For example, speaker perception or recognition might also be superior in these
individuals, or it may the case that such persons may rely more heavily on the face, than the
voice, for recognition. Moreover, it is possible that future studies may reveal the existence of
‘super-integrators’. Such individuals may show an above average ability to represent the face and

voice in memory.

7.3. Insights into outstanding issues in the field

7.3.1. Dynamic enhancements over extended intervals

The results from Chapter 3 that non-rigid motion detracted from the encoding of facial
form cues in DP may offer an insight into the findings that facial motion may not facilitate
memory for faces in prosopagnosics (Esins et al., 2014; Lander et al., 2004; Longmore & Tree,
2013). For example, while a small number of studies have demonstrated that ‘motion-to-motion’
face matching is relatively intact in this cohort (Longmore & Tree, 2013; Steede, Tree, & Hole,
2007b; see also Lander, Humphreys, & Bruce, 2004 for a similar observation for acquired

prosopagnosia), all studies to date (Esins et al., 2014; Lander et al., 2004; Longmore & Tree, 2013),
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bar one (Steede et al., 2007a, 2007b), have failed to observe this dynamic enhancement at
extended intervals between learning and test. This suggests that individuals with DP may be able
to extract and represent idiosyncratic motion cues in working memory. However, these cues are

difficult to maintain, across extended intervals between learning and test conditions.

Recently O’Toole & Roark (2011) also argued that the superior temporal sulcus (STS) may
possibly represent some ‘rough’ shape based information about the face, alongside motion cues
which can be used to support recognition. Specifically, O'Toole & Roark (2011) proposed that a
‘representation enhancement’ on face processing may not be strictly defined by a subsequent
benefit on visual form processing i.e. a motion advantage may not always feedback into ventral
based (i.e. visual form) processing. Rather they suggested that there may be a general dynamic
advantage which is harboured with STS, such that if a face is learned in motion and subsequently
presented in motion at test, an advantage on recognition may be observed. However, the results
from Chapter 4 would suggest that establishing these ‘rough’ shape cues may be impaired when
prosopagnosics learn a face in motion, as both UM and PL found it difficult to recover form cues

when the face had been learned moving in a non-rigid manner.

Thus it is possible that DPs fail to represent shape cues pertaining to individual facial
identity. Although speculative, it is possible that this deficit may underpin some of the conflicting
results which have been observed for dynamic face processing in developmental prosopagnosia.
Importantly, the studies which have failed to find a benefit on recognition for faces learned in
motion in the DP cohort have typically employed the use of unique facial identities, with unique
facial form cues, while manipulating the learning condition such that the face can be learned in
motion or through static presentation. It is possible that individuals with DP therefore cannot
recover the basic shape cues needed to trigger the dynamic representation and as a consequence
cannot ‘access’ the dynamic representation. Indeed, this is conceivable when we consider that the
exhibited motion profile, at least for non-rigid motion, is constrained by the shape (i.e. form) of
the face itself. If this shape representation is in fact disrupted when the face has been learned in
motion, as suggested by the results from Chapter 4, then it is likely that the recognition of these

motion cues may be subsequently impaired.
7.3.2. Expression and identity processing

To date, there has been substantial debate within the face processing literature as to
whether identity and expression are processed by common or separate visual routes (see e.g.

Bruce & Young, 1986; Calder & Young, 2005; Kaufmann, Schweinberger, 2004). This debate has
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largely centred on the idea that both tasks likely tap into different processes. For example, Bruce
(1988) argued that recognising a facial identity requires that the perceptual system represent as
common the identity of a face across changes in visual appearance, such as expression. In
contrast, the task for the perceptual system when recognising expression is to recognise as
common all instances of the same expression across a range of facial identities. This lead Bruce
(1988) to conclude that it was unlikely that the same information was extracted from the face to
support each kind of processing, rather it was argued that each type of processing was likely to be
unique (see also Bruce & Young, 1986). Indeed, a number of lesion studies have demonstrated
that expression recognition can remain intact despite an impairment in identity processing
(Humphreys, Donnelly, & Riddoch, 1993; Tranel, Damasio, & Damasio, 1988) and this has also
been observed within the developmental prosopagnosia literature (Duchaine, Parker, &
Nakayama, 2003; Humphreys, Avidan, & Behrmann, 2007; Nunn, Postma, & Pearson, 2001).
However, recent studies have demonstrated that expression and identity recognition may
overlap, such that representations of facial identity may be influenced by facial expression and
vice versa (Calder & Young, 2005; de Gelder, Frissen, Barton, & Hadjikhani, 2003; Ellamil, Susskind,
& Anderson, 2008; Kaufmann, Schweinberger, 2004). Moreover, it has been argued that
behavioural measures which have argued for intact expression recognition, in spite of impaired
identity recognition, have rarely been equated for task difficulty (Calder & Young, 2005). For
example, when prosopagnosics are asked to identify a famous face image, the face could be any
one of a possible endless list of identities. However, when they are asked to identify an
expression, the answer is largely restricted to an alternative fixed or forced choice procedure, e.g.
is it happy, sad, angry and so forth. As such, Calder & Young (2005) argued that facial expression

impairments are likely to be under reported in this context.

This thesis did not set out to establish if identity and expression were processed
independently, rather it sought to examine if representations of facial identities were more robust
when the face had been learned through dynamic, rather than static, non-rigid or rigid face
changes. However, the findings from Chapter 4 still offer some insight. Here, it was observed that
both UM and PL could reliably match facial expressions across different facial identities,
regardless of whether the face had been learned in motion or through static presentation.
Therefore, it is possible that both static and dynamic expression processing may be to some
extent intact in UM and PL. However, even if expression processing is impaired at a more subtle
level, the findings at least suggest that UM and PL could recover information to process the
expression rather than the identity of the face, when the face had been learned in motion.

Indeed, very recent findings argue that even when static expression processing is impaired in
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acquired prosopagnosia, this does not rule out the fact that dynamic expression processing may
remain intact (Richoz, Jack, Garrod, Schyns, & Caldara, 2014). However, in the current context it is
particularly important to state that the expression matching task reported in Chapter 4 was not
equated for task difficultly with the identity matching task, a point which has been raised as a
possible explanation for the findings of ‘preserved’ expression, relative to identity processing in
this cohort (Calder & Young, 2005). Future studies, may overcome this challenge by using
expressions tasks which are more perceptually matched in terms of task difficulty to the identity
task. For example, the similarity between the target and the distractor images in the identity and
expression matching tasks could be parametrically varied along a critical dimension (e.g.
morphing the distractor expression or distractor identity with the target expression or target
identity in degrees of e.g. 10-100%). Indeed, the task could also change to one which involved
matching for expression while the ‘task irrelevant’ dimension of identity was altered, and vice
versa. Examining how changes in these task irrelevant dimensions affect face processing in DP,
particularly in the presence of facial motion, would offer insight into how these two processes

may interact in normal face processing.

In addition, it should be noted that all facial identities used in the current thesis were
unfamiliar. While it is likely that motion assists in encoding these new facial identities, it is
possible that as the face becomes increasingly familiar, facial motion may become more relevant
for social signal processing (Bruce & Young, 1986). Although expression and identity may still
interact, and possibly be processed by the similar visual mechanism (Calder & Young, 2005), it is
possible that the weight given to either cue may change as a consequence of the familiarity of the

face.

7.4. Limitations of current studies and future directions

As mentioned in the opening Chapter face perception and recognition is strongly shaped
by the faces in our surrounding environment. Indeed, face processing becomes tuned to the ‘diet’
of faces we are exposed to on a regular basis (McKone et al., 2011; Valentine, 1991). This has a
direct consequence on our ability to, for example, discriminate between faces from other races
versus the faces of the race by which we are surrounded (Chiroro, Tredoux, Radaelli, & Meissner,
2008; Chiroro & Valentine, 1995). With that in mind, it is worth considering that studies with older
adult participants which have used static face images of older adults as stimuli, have reported that
age-related decline in face recognition may be less evident for the recognition of older adult
faces, relative to younger adult faces (Firestone, Turk-Browne & Ryan 2007; Fulton & Bartlett,

1991; Lamont, Stewart-Williams, & Podd, 2005). This effect is reported as the ‘own-age bias’ (for
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review, see Rhodes & Anastasi, 2011) and is similar to the other-race effect in that it is thought to
emerge due to the extensive exposure that an individual has with faces of their own-age group
(Wiese, Komes, & Schweinberger, 2012). Therefore, it would be of great interest to examine how
facial motion may impact on the processing of faces from the participant’s own-age group. The
current findings suggest that motion enhances unfamiliar processing in older adults, even when
the face image is that of a different age group. It would be possible to directly replicate this
paradigm with younger adults, using older adult faces as target identities to establish if this effect
may also be evident in younger adults’ performance. Moreover, examining if an own-age bias
extends to voice and body processing in these cohorts would warrant future research (e.g. see

Moyse, Beaufort, & Brédart, 2014).

In addition, it is important to note that the studies in this thesis were strongly focused
on face, body and voice perception rather than memory, which is typically examined over more
extended intervals. Moreover, both cases of DP explored in this thesis were characterised by
apperceptive, rather than associative, prosopagnosia. As such, research investigating if these
effects extend across different time scales in neurotypicals and associative prosopagnosics may
help reveal whether dynamic and multisensory cues confer an advantage in the maintenance of a
more robust representation of the identity in long-term memory in neurotypical processing (see
e.g. Pilz et al, 2006). Indeed, the results from Chapter 2, which demonstrated that face
perception bore a strong relationship with face memory, offers promise to the idea that these
effects may extend over more long-term intervals. Furthermore, it would be of benefit to explore
the role of motion in the processing of other categories of ‘non-social’ visual stimuli, such as
objects. Although compared to face recognition, the recognition of objects appears to be less
affected by the ageing process (Boutet & Faubert, 2006), a recent study has suggested that age is
associated with greater viewpoint dependency in object recognition (see Pilz, Konar, Vuong,
Bennett, & Sekuler, 2011). It is possible that, in parallel to the findings from Chapter 3, ageing may
offer a unique insight into how dynamic cues affect the perceptual encoding of other objects. A
number of studies have demonstrated that characteristic motion cues also extend to the learning
and subsequent recognition of novel objects (e.g. Bilthoff & Newell, 2006; Chuang, Vuong, &
Bilthoff, 2012; Newell, Wallraven, & Huber, 2004; Setti & Newell, 2010). Indeed, examining if
developmental prosopagnosics can integrate form and motion cues for the purpose of learning
and recognising objects, may offer an insight into how face specific the deficits recorded in

Chapter 4 of this thesis are for this cohort.



7.5. Synopsis

The findings from this collection of studies support emerging theories of person
perception and demonstrate that dynamic, cross-modal cues such as, facial form, facial motion,
body motion and the voice, interact in person perception. For the most part, the findings suggest
that these interactions occur at earlier stages of processing than previously assumed and that
they may be mediated by dynamic network interactions in the brain. It is hoped that the findings
arising from this thesis may inform future research. Indeed, examining some of the behavioural
effects observed in this thesis with neuroimaging techniques and with younger developmental
prosopagnosics would appear warranted. It is likely that the next decade will bring many more
advances in our understanding of how and when these interactions arise in neurotypical
processing, and indeed how they can be disrupted. In time it is possible that this knowledge may

also lead to novel training paradigms for disorders of person recognition.
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‘Sensory Cue Interactions in Person Perception: Insights from Ageing and
Developmental Prosopagnosia’ Corrina Maguinness

A large body of behavioural and neuropsychological research, using static images of faces, has informed our
understanding of the mechanisms underlying identity processing. Indeed, pioneering studies revealed dedicated
modules for the processing of facial form in the human brain. Yet interactions with people in the real world are
accompanied by a greater variety of sensory information beyond visual images, for example, people move and speak
and are thus highly dynamic, multisensory stimuli. While these additional cues (e.g. facial motion, body motion and
the voice) have received attention from researchers in the field, they have largely been studied in isolation, possibly
driven by assumptions that each identity cue was processed independently. However, recent findings that facial form
modules in the brain also respond to facial movement and to voice information (in the absence of a facial image) have
sparked a re-examination of how these sensory cues may interact to support person perception. To date, assertions as
to how these cues may interact have been largely based on observations from neurotypical younger adult studies
(reviewed in detail in Chapter 1).

The aim of this thesis is to extend our understanding of how multiple sensory cues may interact in person perception
through the study of three different cohorts: younger adults, older adults and developmental prosopagnosics (DP).
This thesis argues that the unique approach of examining cohorts where there is a decline (older age) or a disorder
(DP) in static face processing, may give rise to a more concrete understanding of how static and dynamic cues interact
to support normal person perception. For example, it is poorly understood how impaired face processing, as found in
cases of DP, may impact on the processing of other perceptual information e.g. perceiving the voice, or whether
perception in an older person may benefit from multisensory cue combination, as processing in one modality declines.
Such findings would clarify how the interactions between the senses may shape our ability to represent a person in
memory. A number of behavioural studies, described in this thesis, examined this issue by centring on three main
themes: 1) the interaction of form and motion cues in face perception; 2) the interaction of facial motion and the
voice in person perception; and 3) the interaction between dynamic body cues and the voice in person perception.

The first theme involved studies which confirmed and expanded on previous findings of poorer static face processing
in ageing and developmental prosopagnosia, using a battery of standardised face processing tests (Chapter 2). The
tests revealed that older adults showed poor performance for recognising facial identity across changes in the visual
appearance of the face; although this pattern was particularly exaggerated for the two cases of DP. Using a series of
matching experiments reported in Chapter 3, the results demonstrated that learning a face in motion can lead to
more accurate matching of facial identity across changes in the viewpoint and expression of the face, in older, relative
to younger adults. This finding demonstrates that these two sensory cues, form and motion, are readily integrated and
can, as a consequence, enhance the representation of the face in memory. The results of the experiments reported in
Chapter 4 suggest evidence that certain types of facial motion resulted in poor matching of facial identity in the DP
group, suggesting that motion may have distracted from the encoding of static form cues in faces. This finding adds
support to the idea that the interactions between form and motion in face processing may be mandatory, as the
ability to use motion cues may also be compromised in disorders of face recognition.

The second theme focused on interactions between the face and voice for person perception. Using a series of
matching tasks, evidence reported in Chapter 5 revealed that relative to younger adults, older adults were poorer at
matching identity from vocal cues alone. Interestingly, this pattern was exaggerated in one case of DP, suggesting that
atypical face processing may impact on how the voice is processed to support identity. In addition, the results of
Chapter 5 demonstrated that older adults’, and to some extent younger adults’, ability to represent the face and the
voice as a single coherent percept, was likely mediated by the presence of dynamic, relative to static, cross-modal
cues. These results support cross-modal sensory interactions for the purpose of representing identity.

The third theme concentrated on interactions between the voice and the body in person perception. Using a sex
categorisation task reported in Chapter 6, the results demonstrated that sex cues present in the voice could modulate
the perception of ‘gender-ambiguous’ biological motion displays in younger adults and in DP. However, in general
older adults did not appear to benefit from voice information in the same way as younger adults, suggesting that
sensory integration for less bound couplings e.g. the body and the voice, compared to the face and the voice, may be
less likely to be observed in older age.

Taken together the main findings from this collection of studies support and inform emerging models of person
perception and suggest that dynamic, cross-modal cues are integrated for the purpose of person perception at earlier
stages of processing than previously assumed. As a consequence person perception can be enhanced or at least
modulated by these interactions. The theoretical implications of these results are discussed in detail in Chapter 7.



