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Summary

Although all faces share the same basic configuration of features, we are capable
of distinguishing between, and recognising hundreds, and even thousands of faces with
remarkable skill and precision. The perceptual processes, cognitive mechanisms, and
neural substrates underpinning visual face recognition have been studied extensively.
However, it is now acknowledged that the formation of coherent percepts of objects in
the environment benefits from the merging of complementary sources of sensory
information about that object. Therefore, researchers have been inspired to venture
beyond vision, and examine how information from other sensory modalities can
facilitate face recognition.

Recently, it has been discovered that the haptic system is capable of representing
and recognising faces. Moreover, one study has provided evidence that information
about human faces can be shared between the visual and haptic systems. This thesis has
sought to explore further the extent to which face information is shared across the visual
and haptic modalities. The primary aims of this thesis were to gain a better insight into
visual and haptic processing similarities that can facilitate crossmodal face recognition,
as well as to gain insight into the nature of face information that can be represented in
memory across vision and touch.

In this thesis I have used a number of simple variations of the basic crossmodal
matching and recognition paradigms to investigate crossmodal visual and haptic face
recognition. The findings of this body of research demonstrate that face information
encoded in one modality can indeed be readily shared with the other modality for the
purposes of face recognition. Furthermore, this sharing of face information is affected
by face familiarity, and configural face information appears to mediate the efficient
sharing of face information across the modalities. The experiments reported in this
thesis also provide behavioural evidence to suggest that face recognition is not a
completely multisensory phenomenon. It appears that encoded modality-specific face
information may play an important role in optimal within modal face recognition.
However, the results clearly indicate that enough face information is multisensory to

allow successful crossmodal recognition. Although direct evidence of shared memory
i




representations of face shape was not obtained, the experiments herein do provide

indirect evidence to suggest that crossmodal face recognition may be mediated by
multisensory representations of face shape. The theoretical implications of these
research findings are discussed in Chapter 5.

Crossmodal face recognition is an emerging area of research with huge potential
and scope for future work. It is clear that a number of exciting challenges lie ahead for

future researchers of crossmodal face recognition.
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Chapter 1

Introduction

In terms of evolution, the ability to process faces 1s an important skill, not only
for humans, but for other species as well. Faces manifest a vast array of informative
signals; they index emotion, facilitate social communication, and are a marker of
personal identity. For example, direction of eye gaze is indicative of social attention,
facilitating interaction and communication between individuals (Perrett, Rolls, & Caan,
1982). Emotive facial expressions can tell us if a person is agreeable or poses a threat.
They also warn if something in the environment might be harmful, for instance a
grimace of disgust might indicate that available food has spoiled  Perhaps most
importantly, each face also conveys personal identity, allowing us to discern friends
from foes. A face can be classified into a variety of categories that correspond to diverse
properties of the individual - age, race, sex, etc. Moreover, all faces share the same
basic configuration of features, yet we are capable of distinguishing between, and
recognising, hundreds or even thousands of faces with remarkable skill and precision.
The ability to detect the minute and subtle differences that allow us to identify one face
from another is a testament to the formidable capacity of the human brain. This ability
appears to be acquired very early during development and does not seem to require
formal training or cultivation through special techniques (Sergent and Signoret, 1992).

Although the perceptual processes and cognitive mechanisms underpinning face
recognition have been studied extensively, virtually all of these experimental
investigations have, until recently, been conducted within the visual domain. However,
it is now acknowledged that the formation of a coherent percept of an object in the
environment benefits from the merging of complementary sources of sensory
information about that object (for instance, Emst and Biilthoff, 2004; James, James,
Humphrey, & Goodale, 2005; Newell, 2004; Stein and Meredith, 1993). This has
inspired a number of researchers to venture beyond vision, and examine how

information from other sensory modalities can facilitate face recognition. Recently, it




has been demonstrated that the haptic system'' is capable of representing and
recognising faces (Kilgour, de Gelder, & Lederman, 2004; Kilgour and Lederman,
2002). This thesis is concerned with how faces are processed and recognised across the
visual and haptic modalities.  Specifically, I am interested in whether the same
information is processed for recognition by both the visual and haptic systems, and if so,
whether a single common memoi’y representation underpins recognition in both
modalities. In this chapter I will set the context for my experimental work by outlining
the benefits of crossmodél recégnition relative to unimodal recognition, and by
providing a brief review of the central findings from visual and haptic face recegnition

research.

1.1 Combining the senses

Traditional approaches to the study of sensory perception stemmed from a belief
that sensory processing is highly modular. Thus, a wealth of literature exists in which
the processes of the visual, auditory, and haptic systems have been studied in isolation.
Although each sense acquires information that differs in terms of its physical properties
(1.e. light waves in vision, sound waves in audition, and mechanical vibrations and
kinesthetic input in haptics are each detected as modality-specific sensory stimuli), our
experience of objects or events in the environment generally does not comprise a
collection of separate sensations (Meredith, 2002). A single event can evoke a number
of spatially and temporally congruent sensory stimuli (e.g. a bouncing ball) and these
sensory stimuli are processed simultaneously by different sensory receptors, yet we
perceive a coherent event. This implies that our experience of the world reflects the
combination and integration of multiple sources of sensory information in the brain,
resulting in a unified, robust, perception of objects or events (Calvert, Bramner, &

Iversen, 1998; Driver and Spence, 2000; Ernst and Biilthoff, 2004; Stein and Meredith,

" The haptic modality (system) is the information processing system that uses both
tactile and kinesthetic inputs (Loomis and Lederman, 1986). Tactile, or cutaneous, input
is encoded through receptors in the skin and kinesthetic input refers to information about
the position and movement of limbs in space encoded through receptors in the tendons,
muscles, and joints. The inclusion of the kinesthetic component reflects the importance

of active exploration in the haptic perception of objects (Gibson, 1966).




1993). The ability to integrate information across the senses is advantageous as it allows
us to be more certain about objects or events in the environment, thus influencing our
subsequent responses. For instance, identifying an object in a dimly lit room is difficult
and error prone if using vision alone, however, combining the impoverished visual
information with information obtained by actively exploring the object using haptics
increases the likelihood of accurately identifying the object. In other words, information
from both modalities helps to minimise the uncertainty in the information associated
with either modality alone, to yield the best approximation of the object (Driver and

Spence, 2000; Ernst and Biilthoff, 2004).

1.1.1 Combination and integration of sensory information

Researchers have turned to investigating the convergence of sensory information
in the brain with a view to understanding the mechanisms underpinning the integration
of sensory information into coherent percepts. A number of studies investigating brain
activity in humans in response to different sensory inputs have found areas of common
brain activation when information from different sensory sources relates to the same
object or event, such as perceiving speech, or recognising objects using vision and
haptics (e.g. Amedi, Malach, Hendler, et al., 2001; Calvert, Campbell, & Brammer,
2000; Sathian, Zangaladze, Hoffman, & Grafton, 1997; James, Humphrey, Gati, et al.,
2002; Prather, Votaw, & Sathian, 2004). However, it is not clear whether these areas of
activation reflect populations of neurons that respond to multiple types of sensory input,
or simply an intermingling of different types of sensory cells within the same cortical
arca. Animal studies have revealed that architecturally, convergence can occur in three
ways (Meredith, 2002; 2004). Areal convergence refers to the convergence of inputs of
two or more different modalities in the same brain region, but without information from
these modalities terminating on a single neuron. Neuronal convergence on the other
hand, refers to the convergence of input from multiple modalities on a single neuron.
The resultant multisensory neuron can respond to each modality in turn, and also
integrate simultaneous input across the modalities. In this way, multisensory neurons
are attuned to features of objects or events encoded through any modality. The final
type of convergence is a combination of the first two, and most neural areas related to

multisensory perception tend to incorporate both unimodal and multisensory neurons

(Meredith, 2002). Feedforward and feedback connections serve to relay information
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between unimodal and multimodal areas of cortex (e.g. Clavagnier, Falchier, &
Kennedy, 2004; Foxe and Schroeder, 2005).

One can extrapolate from animal models of convergence and integration to
explain how humans generate multimodally derived percepts at a very low level through
excitatory and inhibitory activation in neuronal circuits (Meredith 2002). However, in
many ways it is difficult to understand multisensory qualia simply by investigating
patterns of neuronal responses. For instance, does activation in a multisensory neuron
underpin a veridical or an illusory percept? Insights into the nature of multisensory
perception have come from behavioural studies examining the perception of illusions
that rely on input from at least two modalities, for example, the McGurk effect, the
ventriloquism illusion, or illusiory flashing, as they can be systematically induced and
studied in a controlled environment (Bertelson, 1999; McGurk and MacDonald, 1976;
Morein-Zamir, Soto-Faraco, & Kingstone, 2003; Munhall, Gribble, Sacco, & Ward,
1996; Shams, Kamitani, & Shimojo, 2002; Shimojo and Shams, 2001). From these
studies it is clear that two factors in particular influence multimodal perception, namely
the spatial co-location and close temporal proximity of two or more sensory events. If
these criteria are met then sensory stimuli are generally perceived as emanating from a
common source (e.g. Bertelson and Radeau, 1981). For instance, the ventriloquism
illusion arises when the perceived location of a sound shifts towards a visual stimulus at
a slightly different position. This illusion is commonly perceived at the cinema; the
sound of a voice is perceived as coming from an actor on the screen, when it is actually
coming from a speaker mounted on the wall. The temporal proximity of audio and
visual stimuli is crucial to the success of this effect, as the effect disappears when the
audio-visual asynchrony exceeds approximately 300 ms (Slutsky and Recanzone, 2001).

The ventriloquist and flashing illusions also provide a very good demonstration
of sensory capture. Sensory capture refers to the tendency for one sense to dominate
over another so as to shape the perception of a multimodally defined event and has
largely been studied in terms of the visual capture of other sensory information (e.g.
Hay, Pick, & Ikeda, 1965; Rock and Harris, 1967). Capture is thought to occur in the
direction of the modality that provides the most accurate information about the cvent.
So, with reference to the ventriloquism effect, vision can bias (‘capture') the perceived
location of sounds because vision provides more accurate spatial location information

(e.g. Welch and Warren, 1980; 1986). In his 'fuzzy logic' model of perception, Massaro
4




(1999) proposed that sensory information is combined in an optimally efficient manner,
that is, one modality can be weighted more heavily in the combination if it produces a
greater reduction in uncertainty. In other words, the more informative modality guides
perception, which may result in a capture effect. Using psychophysics, Emnst and Banks
(2002) expanded on this idea of weighted sensory input. Their data indicated that
integration is a bottom-up process and that the direction of sensory capture can be
predicted according to the informativeness of the encoded information. They proposed
that the nervous system combines information (in this instance visual and haptic
information) in a statistically optimal manner similar to a maximum likelihood
integrator. Thus, in a task wherein a judgement must be made about the height of an
object, vision dominates perception when the variance associated with the noise in the
visual signal associated with height is less than that associated with the noise in the
haptic estimation of height. This statistical account of integration has become known as
the maximum likelihood estimation (MLE) model, and has been used to account for
other multisensory phenomena (e.g. Bresciani, Emst, Drewing et al., 2005).

Although it is possible to combine sensory information from a number of senses
when perceiving objects and environmental events, the visual and haptic modalities are
particularly compatible for 2- and 3-dimensional object recognition. This compatibility
stems from the fact that they are the only modalities capable of encoding information
about geometrical shape. Therefore, each modality can provide information about the
shape of an object, as well as contributing unique sensory information, to provide a rich
description of the object for recognition or subsequent action (e.g. taking more care
when handling the blue glass bauble than when handling the red wooden one). Indeed,
Emst and Biilthoff (2004) distinguished between 'sensory combination' and 'sensory
integration' processes during multisensory perception. Sensory combination refers to the
interactions between sensory information that are modality specific (e.g. colour in
vision, or texture in haptics) to provide a richer description of an object than could be
gained through either modality alone. Sensory integration, on the other hand, refers to
the interactions between redundant signals from both modalities (e.g. the geometrical
structure of the object) to provide the best approximation of object shape. This bimodal

redundant information is that which may be integrated according to the MLE model.

1.1.2 The perception of objects using vision and haptics




It has been known for some time now that the haptic system is capable of
recognising 3-dimensional objects with ease and speed (Klatzky, Lederman, & Metzger,
1985). As in vision, shape information is a diagnostic property for object recognition
(Lederman and Klatzky, 1990). However, there are also a number of differences
between the visual and haptic modalities in terms of how they respectively process
object related sensory input, and this may come to bear on how bimodal visual-haptic
percepts are generated. Of course such disparities need not necessarily have a negative
impact on object perception and recognition, indeed they often result in a richer, more
robust object percept.

Although fine-grained object'inforrhation 1s obtained by rapidly scanning across
the object's surface in a series of foveal saccades (e.g. Yarbus, 1967), the visual system
is capable of simultaneously carrying out a coarser analysis using peripheral receptors in
the retina, thus vision is capable of encoding the global structure of an object quickly
and casily. In contrast, unless an object falls within the scope of the fingertip, the haptic
system must encode an object in a serial fashion over time, and integrate this serially
acquired information to form a coherent object percept, placing a considerable demand
on working memory (Loomis and Lederman, 1986)' . Furthermore, the haptic system
appears to employ a series of specialised exploratory procedures (EPs) to encode object
information (for a more complete description refer to Lederman and Klatzky, 1987).
Each EP is associated with a particular object property, and if the appropriate EP is not
performed, then the associated property is of minimal use for recognition (e.g.
Lederman, Klatzky, & Reed, 1993). EPs differ in terms of measurement precision and
the speed in which data is acquired, for instance, there are two EPs used for encoding
shape information: enclosure, and contour following. Enclosure is used to gain a quick
but rough estimate of shape and size, and is executed by moulding the hands to the
surface of the object. A more detailed description of shape can be obtained through

contour following, that is, tracing the contour of the object with the finger(s), and

'2 One study does suggest that objects can be identified from a "haptic glance" (Klatzky and Lederman,
1999). A haptic glance is defined as a brief, spatially constrained haptic exposure involving little or no
movement of the fingers (akin to a brief enclosure EP). However, the notion of a haptic glance was tested
only for objects differing at the basic-level (e.g. paperclip vs. button, bowl vs. plate). It is not clear how

informative a haptic glance might be for the recognition of highly similar objects differing in terms of sub-

ordinate level information (i.e. faces).




although more precise, this EP requires the integration of local feature information over
time.

While the geometrical properties of objects are important for recognition in both
vision and haptics, the processing of the material properties of objects (e.g. surface
texture, compliance, and temperature) has also been shown to be important for haptic
object recognition (e.g. Klatzky et al., 1985; 1993; Klatzky, Lederman, & Reed, 1987).
Indeed, each material property has its own specific EP (Lederman and Klatzky, 1987).
For instance, Klatzky, Loomis, Lederman, et al. (1993) found that recognition
performance, as a result of exploring objects through heavy gloves, was significantly
enhanced when the tips of the gloves were cut off to expose the fingers to the object's
surface texture, divined through 'lateral motion' of the fingers across the surface.

The differences in the spatial bandwidth of sensory receptors in vision and
haptics suggest that a modality encoding bias exists, with vision preferring to encode
more global shape properties, and haptics preferring local shape information. However,
although a greater importance for local features is evident early in haptic object
processing, global features become more important as processing time increases
(Lakatos and Marks, 1999). Also, when the cognitive demands of haptic perception are
contrived in vision by restricting the visual field of view so that object properties must
be encoded in a serial manner, recognition performance in vision has been found to be
similar to haptic performance (Loomis, Klatzky, & Lederman, 1991). Thus, despite
different receptor capacities, the visual and haptic modalities appear to be functionally
equivalent in terms of representing and recognising objects.

There is some debate as to how objects, including faces, are actually represented
in the brain. One account posits that representations are viewpoint-independent (e.g.
Biederman and Gerhardstein, 1993; Marr, 1982), such that they are stored as structural
descriptions of objects similar to 3D computer models. Recognition of an object is a
reconstructive process: it begins by extracting local features and progressively
combining them into more complex structural descriptions. However, it is difficult to
generate a 3D representation of some (e.g. unfamiliar) objects given their 2D images on
the retina. Indeed, even familiar objects are not recognised equally well across all
viewpoints (e.g. Bruce, Valentine, & Baddeley, 1987). Therefore, a second account has
been proposed which suggests that objects are represented as a collection of view-

dependent images (for a review see Tarr and Biilthoff, 1999). In this instance
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recognition is based on matching the retinal image to the corresponding stored view of
the object. It is not necessary to store every conceivable view, in many cases a single
'canonical' view can contain sufficient information to allow matching to a number of
different retinal images, such as the 3/4 view of a face (Bruce et al., 1987).

This thesis i1s not concerned with the exact nature of the representations
underpinning crossmodal face recognition, rather, whether or not information can be
shared between the two modalities for recognition'?.  As both vision and haptics can
encode the geometrical properties of faces and this information is stored regardless of
whether the representation is viewpoint-independent or viewpoint-dependent, it is likely
that both modalities share the same representational format. For instance, efficient
recognition of objects in both modalities appears to be viewpoint-dependent (e.g.
Edelman and Biilthoff, 1992; Harmann and Humphrey, 1999; Newell, Ernst, Tjan, &
Biilthoff, 2001; Newell and Findlay, 1997)"*.

An increasing number of studies are investigating the way in which information
from the haptic and visual modalities is integrated to form coherent percepts of objects
in the environment. Behavioural evidence has found that crossmodal transfer of shape
information can occur between the visual and haptic systems, but that this sharing of
information is viewpoint dependent (Newell et al., 2001). Physical limitations on
manual exploration predispose the haptic system to encoding the back of objects, whilst
the visual system encodes the front. Thus to maximise recognition across modalities, it
is necessary to rotate the object so that the test modality encodes the object from its
preferred view. However, in terms of representing a whole object in memory, both
modalities provide complementary information that, when combined, serves to increase
the information content regarding that object, allowing the formation of a richer object
representation (cf. Ernst and Biilthoff, 2004).

Given that information regarding object shape is necessary for object recognition

in both vision and haptics, and that geometric information encoded in one modality can

'3 Although the term 'structural' is typically associated with the viewpoint-independent model, in this
thesis the words structural and structure are used to connote the geometrical shape of objects and faces,
which can be represented regardless of whether the underlying representation is 3-dimensional or image-
based.

"4 Viewpoint-dependence for haptically explored objects occurs for those objects that are fixed into

position It is of course possible that for palpable objects, haptic representations are omnidirectional




be utilised for recognition in the other, it is possible that the two modalities share the
same underlying representation of object shape. A number of studies have investigated
the existence of common geometrical object representations using a crossmodal priming
paradigm (Easton, Greene, & Srinivas, 1997; Reales and Ballesteros, 1999). Priming
refers to the facilitation of a response (in terms of accuracy or speed) to a stimulus to
which an individual has recently been exposed (Tulving and Schacter, 1990). In a
crossmodal priming task objects are primed in one modality and then identified in
another modality. Evidence from the visual literature suggests that object priming is
mediated by structural descriptions of objects (e.g. Cave, Bost, & Cobb, 1996; Cooper,
Schacter, Ballesteros, & Moore, 1992). Therefore, if visual and haptic object
recognition is underpinned by shared structural object representations, crossmodal
priming effects should be similar in magnitude to within modal priming effects. Data
supporting this prediction has been provided by both Easton et al. (1997) and Reales and
Ballesteros (1999). It could be argued that such shared representations comprise
redundant shape information encoded by vision and haptics.

In a natural progression, research has turned to identifying the neural substrates
that might underpin visual and haptic object recognition. The question arises as to
whether a single brain area might subserve object recognition in both modalities. A
number of functional magnetic resonance imaging (fMRI) studies have identified the
lateral occipital complex (LOC) as a possible substrate of not only visual, but also
crossmodal object recognition. Previously implicated in visual object recognition (Grill-
Spector, Kourtzi, & Kanwisher, 2001; Kanwisher, Chun, McDermott, & Ledden, 1996;
Malach, Reppas, Benson, et al., 1995), a region of the LOC has been found to respond
when participants recognise objects through touch (Amedi, Malach, Pendler, et al.,
2001; Grill-Spector, Kushnir, Hendler, et al.,, 1998; Grill-Spector, Kourtzi, &
Kanwisher, 2001; Lerner, Hendler, Harel, & Malach, 2001). Also, haptics-to-visual
priming of novel objects has been found to elicit activation in the LOC that is equivalent
to that of vision-to-visual priming of the same objects (James, Humphrey, Gati, et al.,
2002). Furthermore, evidence suggests that haptically induced activation of the LOC is
not due to verbal mediation or visual imagery (see James et al., 2005). These studies
suggest that visual and haptic object representations share the same neural substrate.

In summary, it is clear from the evidence outlined above that the visual and

haptic systems are both capable of representing 3-dimensional information about general
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objects, and, what's more, this information can be shared efficiently between the two
modalities. This sharing is possibly mediated by a common object representation

subserved by shared neural substrates.

1.2 Visual and haptic face recognition

It is argued that one advantage of generating multisensory object percepts is that
it allows us to use sensory information interchangeably so that object recognition can be
maintained should one sense be lost (Calvert, 2001). Given that a face constitutes an
ecologically important stimulus, the question arises as to whether person recognition can
occur outside of the visual domain. It seems likely that voice information can serve as a
marker of personal identity in the absence of vision. Visual and auditory information for
person identification generally occur in close temporal proximity, that is, auditory
speech and face movements occur as temporally synchronous information inputs.
Therefore, this information is likely to be integrated and generate a robust multisensory
representation of the speaker. In contrast, visual and haptic face information do not
automatically co-occur in the real world, therefore it may take substantial learning to
associate these two types of face information. On the other hand, the visual and haptic
systems are both capable of processing shape information, therefore the haptic system
may well be capable of recognising faces and representing face information in a format
conducive to crossmodal face recognition.

The first thorough investigation of haptic face recognition was conducted by
Kilgour and Lederman (2002). In a matching-to-sample task, blindfolded participants
were required to match a haptically explored face to one of three exemplars. Matching
accuracy was surprisingly accurate, and performance in the haptic alone condition was
as good as when the target stimulus was initially explored using vision and haptics
together. In addition, performance accuracy declined when participants were tested on
clay models of the live faces indicating that, as for non-face objects, the encoding of
material properties of faces (e.g. skin texture and compliance) is necessary in addition to
shape for optimal haptic face recognition. Crossmodal face matching was also assayed
and, irrespective of learning modality, crossmodal matching performance was better
than chance. This study thus demonstrated that the haptic system is indeed capable of

representing and recognising faces, and moreover, that face information can be shared

between the visual and haptic modalities for matching purposes. This study raised a
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number of new, interesting questions, specifically, how are faces processed by the haptic
system, and are these processes similar to those underpinning visual face recognition?
Subsequent studies have drawn on the visual face recognition literature to inform both

their conceptual and methodological approach to investigating haptic face recognition.

1.2.1 Is face recognition special?

One debate that recurs time and again throughout visual face recognition
literature centres on the notion that faces constitute a 'special' class of objects. On the
one hand, face processing can be considered domain-specific, that is, faces are processed
by mechanisms separate from those mediating the recognition of all other objects (e.g.
Bentin and Deoueli, 2000; Kanwisher, 2000; Kanwisher, McDermott, & Chun, 1997;
Moscovitch, Winocur, & Behrmann, 1997). On the other hand, face recognition may be
considered a function of expertise, so that processes that appear to be specitic to faces
are actually employed in the processing of any object class with which an individual is
expert (Diamond and Carey, 1986; Gauthier and Tarr, 1997; Gauthier, Williams, & Tarr,
1998; Gauthier, Tarr, Moylan, et al., 2000a). Evidence from behavioural,
neuropsychological, and imaging studies has been gathered in support of each
perspective. A detailed account of this debate is beyond the scope of this thesis. It is
sufficient to note that regardless of whether face recognition is innately specified or due
to expertise, it is clear that face processing is facilitated by configural face information,
is orientation sensitive, and mediated primarily by cortical structures in the right
hemisphere.

Although the haptic system is much practised in terms of processing and
recognising common objects, for instance when moving through a darkened room or
searching for an item at the bottom of a bag, it is generally not used for recognising
faces. Therefore investigations of haptic face recognition prove interesting in light of
the specificity debate. Given that face recognition is non-expert in the haptic modality,
if haptic face recognition involves similar processes and utilises the same neural
substrate as visual face recognition, then it could be argued that face recognition
processes are indeed underpinned by a domain-specific face mechanism. An overview
of the general findings concerning visual face processing is provided in the following
sections, and these findings are discussed in relation to recent evidence from haptic face

recognition studies.
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1.2.2 Configural processing in object and face recognition

Biederman (1987) proposed that objects are represented and recognised in terms
of their constituent parts (termed "geons"), and that the spatial arrangement of those
parts is unimportant. Although featural information is important for face recognition
(e.g. Collishaw and Hole, 2000; Schwaninger, Lobmaier, & Collishaw, 2002), we appear
to have a preference for processing faces in terms of configural information'”. For
instance, in a study by Young, Hellawell, and Hay (1987), the top and bottom halves of
different famous faces were combined and participants were presented with the new
combinations in a face recognition task. They found that when the two halves were
closely aligned participants had great difficulty in naming the famous individuals to
whom the top halves of the composites belonged. However, identity performance for
each face half was much better when the halves were not closely aligned. This finding
supports a configural processing strategy, since by closely aligning the two halves of the
faces, this effectively created a 'new' face with different configural relationships which
interfered with the ability to identify the top halves of the original faces.

For adults, the recognition of individual faces is more affected by inversion than
the recognition of any other type of object (Yin, 1969, 1970; Diamond and Carey, 1986).
The ‘face inversion effect’ refers to the impaired ability to recognise inverted faces
relative to other inverted non-face objects or upright faces, and the effect manifests as
reduced accuracy scores and increased response latencies. A plethora of experiments
using varied methodologies have demonstrated that inversion disrupts configural face
processing (e.g. Bartlett and Searcy, 1993; Diamond and Carey, 1986; Freire, Lee, &
Symmons, 2000; Leder and Bruce, 2000; Lewis and Glenister, 2003), as when

'3 Three different types of configural processing have been distinguished (Maurer, Le Grand, &
Mondloch, 2002).  Faces are typically distinguished from other objects on the basis of first-order
configural relations, that is all faces comprise two eyes above a nose, above a mouth.  Differentiation of
individuals therefore requires the processing of second-order configural relations or the spatial distances
among facial features (Diamond and Carey, 1986). The final type of configural processing is termed
holistic processing. Generally, facial features and the spatial relations among them are processed
interactively (i.e. faces are processed as a gestalt) (Hole, 1994; Tanaka and Farah, 1993; Tanaka and
Sengco, 1997; Young et al.,, 1987). In this thesis 'configural' refers to the spatial arrangement of and

relations between discrete facial features.
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individuals are presented with inverted faces they can readily detect manipulations
affecting recognition at the featural level, but they are largely insensitive to changes in
configural information. For instance, the Thatcher Illusion (Thompson, 1980) is often
used to discern the occurrence of configural processing. In this illusion, configural face
information is manipulated such that the eyes and the mouth are inverted giving the face
a grotesque appearance. However, when inverted, the face no longer looks abnormal,
presumably due to the disruption of configural processing. This illusion has also been
used to demonstrate that configural information is gradually degraded during the rotation
of a face from upright to inverted (Lewis, 2001; Lewis and Glenister, 2003). Although it
is not clear to what extent configural information is disrupted (e.g. Murray, 2004), the
processing of featural information does not appear to be particularly affected by
inversion (Valentine, 1988). As inversion does not usually affect the recognition of non-
face objects (presumably because the processing of objects is thought to be feature-
based, e.g. Biederman, 1987), configural processing and the inversion effect are largely
accepted as indicators of a face-specific mechanism (Moscovitch, Winocur, &
Behrmann, 1997). However, as a small number of studies have also found an effect of
inversion for mono-oriented non-face stimuli such as cars, even for non-experts (e.g.
Gauthier, Skudlarski, Gore, & Anderson, 2000b), it is important to note that the
inversion effect by itself cannot be taken as conclusive evidence of face-specificity, but
rather must be interpreted in unison with evidence from neuropsychological and imaging
studies, and behavioural studies using alternative paradigms, such as blurring, for
investigating configural face processing (Maurer et al., 2002).

Expertise with visual objects leads to well established behavioural effects that are
similar to those obtained with faces, especially in the use of configural cues for
recognition (Diamond and Carey, 1986; Gauthier and Tarr, 1997; Gauthier et al., 1998;
2000a). For instance, a novel set of stimuli were created by Gauthier and her colleagues,
named 'greebles', which were constrained to be similar to faces along several dimensions
(e.g. canonical orientation, bilateral symmetry, etc.). Participants were trained to become
expert at recognising individual greebles, and their performance in recognition tasks was
compared to that of novices who had no experience with the greeble stimuli. It was
demonstrated that extensive practice with greebles could lead to some of the recognition

effects, especially that of inversion (Gauthier and Tarr, 1997; Gauthier et al., 1998).
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It seems from the evidence described that the processing of configural
information is important for face processing in vision, regardless of whether it arises due
to domain-specificity or expertise. The question for haptic researchers was whether the
haptic system processes faces in terms of featural or configural information. There are a
number of reasons why the haptic system might be expected to use featural rather than
configural information for face processing. Firstly, face stimuli fall outside the area
confined to the fingertip, thus haptic face encoding must proceed in a serial fashion over
time, and this may influence the manner in which faces are represented in memory. For
instance, visual face stimuli that were encoded in a piecemeal manner were found to be
less prone to the inversion effect than faces encoded holistically, implying a shift
towards more featural processing for these stimuli (Farah, Drain, & Tanaka, 1995).
This suggests that haptic face processing may rely more on individual face features for
identification due to encoding differences across the modalities. Secondly, the haptic
modality is non-expert at processing faces therefore a demonstration of the behavioural
effects (i.e. configural processing and the inversion effect) associated with expert object
recognition should not be obtained.

The inversion paradigm has been used to assay the capacity for configural face
processing in haptic face recognition studies (Kilgour, 2003; Kilgour, de Gelder, &
Lederman, 2004). In haptic face matching tasks configural face information was
manipulated by presenting haptic face stimuli upside-down. Unexpectedly it was found
that matching performance for inverted facemasks was significantly poorer than that for
upright facemasks, indicating a haptic face inversion effect similar to that obtained in
vision. Moreover, haptic matching performance for inverted non-face objects (clay
teapots differing only in terms of second-order relational information) did not exhibit an
inversion effect relative to upright objects. Given a lack of expertise in haptic face
processing, these results lend credence to the domain-specificity account of face
recognition. The findings imply that the haptic system also appears to dissociate face
and object recognition in using configural processing more for faces than for non-face
objects. Of course, as in vision, the demonstration of a haptic face inversion effect is
not in itself sufficient evidence of configural processing and face-specificity in the
haptic modality (cf. Maurer et al., 2002). Thus researchers extended their investigations
of haptic face recognition, incorporating neuropsychological case studies and brain

imaging techniques to substantiate their findings using the inversion paradigm.
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1.2.3 Neuropsychological case studies

In neuropsychological research, double dissociations of function after focal brain
damage offers the strongest evidence that face and object recognition are mediated by
separate mechanisms and distinct neural pathways. Prosopagnosia 1s a
neuropsychological disorder and refers to the inability to recognise familiar faces
following cerebral injury, usually to the right temporal lobe (Young, 1998).
Prosopagnosics can distinguish faces as a category quite easily from other visual objects
but are unable to identify specific faces (Bodamer, 1947; Bruyer, Laterre, Seron, et al.,
1983). Although a number of prosopagnosics have demonstrated a loss of face
processing capabilities, they have been found to have intact object processing abilities
(Farah, Levinson, & Klein, 1995; McNeil and Warrington, 1993). In contrast, other
studies have reported incidents of object agnosia, where patients who are perfectly able
to identify faces have great difficulty recognising common objects (Moscovitch et al.,
1997). This indicates that the two processing systems are functionally distinct and
anatomically segregated; focal brain damage can selectively damage either one whilst
leaving processing intact in the other system (Farah, Rabinowitz, Quinn and Liu, 2000).

As prosopagnosics can distinguish faces correctly without being able to identify
them, it is argued that prosopagnosia reflects an inability to process faces configurally
beyond the level of first-order relational information (that is, a face comprises eyes
above a nose, above a mouth) (e.g. Moscovitch et al., 1997). Therefore it might be
assumed that prosopagnosics perform to the same degree of accuracy with upright and
inverted face stimuli. However, studies involving prosopagnosic LH have found that he
actually tends to show a face inversion superiority effect, that is, he processes inverted
faces better than upright faces (de Gelder, Bachoud- Levi, & Degos, 1998; de Gelder
and Rouw, 2000, Farah, Wilson, Drain, & Tanaka, 1995). This suggests that configural
processing, though disrupted, is still present to a lesser degree and interferes with
identification-by-features in upright faces. Thus when configural processing is removed
through inversion, a feature-based analysis can be conducted more easily (de Gelder and
Rouw, 2000).

A recent study assessed whether LH might retain the ability to discriminate faces

through touch (Kilgour, de Gelder, & Lederman, 2004). Despite intact sensorimotor

hand function, LH performed at chance when matching two upright faces explored
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haptically, and his performance was significantly worse than that of neurologically intact
controls. However, LH's matching of upright non-face objects (clay teapots) was
significantly greater than chance, and neither he nor the controls demonstrated an
inversion effect with the non-face objects. Interestingly, as in vision, LH was found to
demonstrate a paradoxical inversion effect in the haptic domain. His matching
performance for inverted faces was significantly above chance. The results of this study
are important for a number of reasons. Firstly, it appears to be the first documented case
of haptic prosopagnosia. Secondly, the results have implications as to the neural
substrate underpinning visual and haptic face recognition. It appears that damage to the
cortex that precluded face processing in the visual modality may also have resulted in a
deficit in face processing in the haptic modality. Moreover, LH's haptic deficit mirrored
- his visual deficit in terms of inversion superiority effects being present in both
modalities. These findings suggest that visual and haptic face processing may be
underpinned by the same area of cortex. Finally, LH's intact ability to haptically
discriminate between both inverted and upright non-face objects suggests that a
dissociation might exist between face and object processing in the haptic modality as has

been evidenced in vision.

1.2.4 Face-specific neural substrates

Prosopagnosic case studies have indicated that face processing deficits typically
occur after damage to the right hemisphere. A number of imaging techniques have been
used in an attempt to pinpoint a more circumscribed region of cortex in the right
temporal lobe that might act as neural substrate for face recognition in neurologically
intact individuals. These include positron emission tomography (PET), functional
magnetic resonance imaging (fMRI), and the recording of event-related potentials
(ERPs) from the scalp.

A study investigating event-related potentials (ERPs) to face stimuli in normally
sighted individuals recorded a negative potential peaking at 170 ms from the stimulus
onset (N170) (Bentin, Allison, Perez, et al., 1996). The N170 responded preferentially to
human faces and isolated human eyes, but not to human hands, animal faces, furniture,
cars, and a range of other non-face stimuli. The N170 was distributed over a relatively

bounded region of the temporal lobes, and was greater at right than at left hemisphere

sites. Although electrophysiological techniques have a temporal resolution in the order
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of milliseconds, the spatial resolution is poor, so PET and fMRI studies have been
designed and executed in order to identify specific regions of activation in response to
face stimuli. Several studies have shown that the cortical region in which most
participants show a significantly greater activation for visually presented faces than
objects is the right fusiform gyrus of the inferior temporal lobe (Haxby, Horowitz,
Ungerleider, et al., 1994; Kanwisher, McDermott, & Chun, 1997; Puce, Allison, Gore, &
McCarthy, 1995; McCarthy, Puce, Gore, & Allison, 1997; Sergent, Ohta, & McDonald,
1992), coinciding with the location of greater N170 activity. One of the seminal works
in this area is an fMRI study conducted by Kanwisher, McDermott and Chun (1997),
demonstrating strong evidence of cortical specialisation in the fusiform gyrus obtained
by testing the responsiveness of the same region of cortex with many different stimulus
comparisons'®. The right fusiform gyrus region does not simply respond to any animal
or human images of body parts, but instead, generalises to respond to images of faces
taken from different viewpoints. Kanwisher and her colleagues have dubbed this area
the "fusiform face area (FFA)". A number of subsequent studies have implicated the
FFA in the recognition of facial identity (e.g. Hoffman and Haxby, 2000; Sergent et al.,
1992).

A recent fMRI experiment demonstrated that when participants are experts with
"greebles", identity matching of upright minus inverted greebles, as well as passive
viewing of greebles minus objects, both produce focal activation in the FFA, comparable
in spatial extent to that obtained with faces (Gauthier et al., 2000a). So, the combination
of categorisation level and expertise appears to provide a plausible explanation for the
strong focal activation obtained when faces are compared to non-face objects. Therefore
it is possible that there is nothing unique about faces activating the fusiform gyrus as
many other tasks also do so, indeed this suggests that the FFA subserves identification at
the subordinate level rather than at the category level (Gauthier et al., 2000a, 2000b).
Faces may clicit more activation simply because of greater processing experience.

The prosopagnosic patient LH, whose face processing deficit has been found to
extend into the haptic modality, sustained damage to the right temporal lobe, among

other areas (Etcoff, Freeman, & Cave, 1991; Kilgour et al., 2004). It may be possible

"6 The area of the right fusiform gyrus maximally responding to faces in this study is represented by the

Talairach coordinates (Talairach and Tournoux, 1988) x40, y-55, z-10.
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that the cortex in the right temporal lobe subserving visual face recognition, specifically
the FFA, also facilitates haptic face processing. To date, only two fMRI studies have
examined cortical activation for haptically explored face stimuli (Kilgour, Kitada,
Sevros et al., 2005; Pietrini, Furey, Riccardi et al., 2004).

Although Pietrini and colleagues did not investigate haptic face processing per
se, they were interested in whether patterns of category-related cortical activation for
objects in visual extrastriate cortex were specific to the visual modality or represented
multisensory object form, and whether visual experience was necessary for such
category-related activations to occur. Their fMRI results indicated that visual
experience was not necessary for the development of category-related responses in the
ventral visual stream as category related activation was also found for haptically
explored objects and facemasks in blind individuals. For both sighted and blind
participants, visual and haptic patterns of cortical activity elicited by bottles and shoes
clearly differed from patterns of activation evoked by face stimuli (images or
facemasks), but were difficult to distinguish from each other. Also, in sighted
participants, tactile recognition of objects evoked patterns of response in the ventral
visual pathway that were closely related to the responses evoked during visual
recognition of the same objects, indicating that representations of manmade objects in
visual extrastriate cortex may indeed be multisensory (see also e.g. Amedi et al., 2001;
James et al., 2002). Contrary to expectations, haptic recognition of facemasks did not
evoke responses in the same area of inferior temporal cortex as visual recognition. On
the other hand, collapsing across all conditions, earlier visual areas in the occipital
cortex were activated during haptic recognition, indicating that perhaps only higher-
order processing occurs in different areas during haptic and visual face recognition. For
instance, it has been suggested that the posterior face regions that fall within the region
of LOC may serve to encode the structure of faces, whereas more anterior parts of the
FFA subserve face recognition (e.g. Courtney, Ungerleider, Keil, & Haxby, 1997;
Sergent et al., 1992).

A subsequent study by Kilgour et al. specifically investigated haptic face
recognition in normally sighted participants. Prior to imaging, participants were trained
for up to 12 hours to recognise a set of facemasks and a set of control objects that were

of similar size and complexity, with 100% accuracy. During scanning, participants felt

each stimulus and completed a silent identification task designed to encourage the haptic
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processing of the facemasks explicitly as faces (i.e. it required processing of face
information at the subordinate level, which would presumably encourage configural
rather than just featural processing). Typically imaging studies report face-specific
activation in the right fusiform gyrus. In contrast, this study found that haptic face
recognition activated the left fusiform gyrus, right hippocampal/ parahippocampal
regions, left cingulate, left inferior parietal lobe and clusters in the right cerebellum.

As acknowledged by the authors, it is not possible to completely dissociate
activation due to memory retrieval and face processing; the activation pattern rather
reflects the neural network underpinning haptic face recognition. However, the right
hippocampal and parahippocampal regions, the cingulate gyrus, and the cerebellum have
previously been implicated in visual face memory (Kim, Andreasen, O'Leary et al.,
1999; Leveroni, Seidenberg, Mayer, et al., 2002).

Kilgour et al. proposed that left fusiform activation may indicate the processing
of sequentially explored facial features due to serial haptic exploration. It is argued that
ventral visual areas mediate integration within objects (Humpherys, 1999a; 1999b).
Indeed, it appears that activation of the left fusiform gyrus is associated with integrative
processes in visual object recognition, that is, integrating object parts into perceptual
wholes (Gerlach, Aaside, Humphreys, et al., 2002). Moreover, this integration process
seems to be modulated by stored knowledge about objects. For the highly familiar
facemasks it might be assumed that a representation of global shape is stored in memory
(cf. Lakatos and Marks, 1999). However, encoding differences between vision and
haptics may lead to haptically encoded faces being processed by the left rather than the
right fusiform gyrus, in a manner more similar to visual object recognition'’. In any
case, haptic face recognition appears to recruit cortical structures that subserve visual

face and object recognition.

1.3 Models of face recognition
The literature outlined thus far indicates that the visual and haptic modalities

process faces in a similar manner (i.e. they both appear to utilise configural face

"7 1t is noteworthy that, although visual imaging studies emphasise the right fusiform gyrus for face

processing due to significantly greater cortical activation (some specifically selecting the right fusiform as

a region of interest), many studies do report smaller levels of cortical activity in the left fusiform gyrus.
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information, and both are subject to inversion effects), albeit initial imaging studies
suggest that these processes are subserved by slightly different cortical areas in each
modality. It is now pertinent to ask how faces are recognised, and if possible, at what
level haptic face information might be incorporated into extant models of visual face

recognition.

1.3.1 Cognitive models of face recognition

It is assumed that people process familiar and unfamiliar faces differently due to
the finding of double dissociations for the two types of processes after brain damage to
the
visual system (Malone, Morris, Kay, & Levin, 1982). Successful recognition requires
complete identification and consequently a range of information is required, for
example, a visual representation of the person as well as some biographical information
about them (i.e. a name or occupational information). Therefore, functional models of
face recognition serve primarily to outline the recognition of familiar faces (e.g. Bruce
and Young, 1986; H. Ellis, 1987; Hay and Young, 1982). As the name suggests, such
models can be broken down into a number of different processing modules, or stores,
each of which have distinct functions. These modules can be eliminated, isolated, or
independently manipulated during experiments, and face recognition deficits with
varying symptoms can arise due to brain damage to different modules (Bruce and
Young, 1986).

The most widely cited model in the visual literature 1s that devised by Bruce and
Young (1986). In this model, person recognition is thought to occur independently of
the processes involved in the recognition of facial expressions and the analysis of facial
speech information (e.g. Campbell, Brookes, de Haan, & Roberts, 1996; Etcoff, 1984;
Young, McWeeny, Hay, & Ellis, 1986; but see also Calder and Young, 2005). Figure
1.1 illustrates the sequence of stages involved in face recognition under this model. The
further one has to progress through the sequence of stages, the longer it takes to access
the desired information about the individual.

When a face is perceived, a perceptual description is formed which characterises
that face's appearance. This is known as structural encoding. In order for recognition to

occur, a face must activate a visual representation of that face held in memory. These

representations are stored in face recognition units (FRUs), with each FRU
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corresponding to a particular familiar face. The FRUs comprise structural face
information that is sufficiently abstract so as to allow recognition of faces across

i . ‘ ¢ s o 1.8
multiple viewpoints and viewing conditions .

Indeed, studies using recognition
priming have demonstrated that priming effects for familiar faces are strongest when the
prime and test views are the same, but are still present even when different views of the

faces are used in the priming and test phases (A. Ellis, Young, Flude, & Hay, 1987).

"% As mentioned carlicr, the exact nature of the representation is not the focus of this thesis. Although
originally the FRUs were considered to comprise structural representations (Bruce and Young, 1986), they
could also conceivably comprise collections of canonical face views for individuals (i.c. front, profile and
3/4 views). Therefore, these cognitive models serve as a guide as to how the actual process of recognition
occurs, rather than being largely concerned with how faces are represented in memory. Thus, the FRUs
remain the first point in the recognition process, regardless of whether they comprise abstract 3-
dimensional representations or are image-based.
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Figure 1.1. A graphical depiction of the Bruce and Young (1986) functional model of face recognition.

The modules in bold are involved in the face recognition process.

The person identity nodes (PINs) contain identity-specific information such as
semantic information about the person (e.g. occupation, nationality), and can be
considered the gateway to person recognition. The PINs can be activated by any person-
related information: by faces, voices, or names. When faces or voices are encoded,
names are only accessible through the PINs. It is argued that a name cannot be put to a
face without having some other information available about the person. For instance, in
one diary study, Young, Hay, and Ellis (1985) found evidence of a dissociation between
name and semantic information; participants remembered an individual's name only

when cued with other autobiographical information, but could remember

autobiographical information without the name. Associative (semantic) priming is also




influential on familiar face recognition (Bruce, 1983; Bruce and Valentine, 1986) and is
thought to operate via the PINs. The basic effect is that recognition of a famous face
(e.g. Hillary Clinton) is faster if it is preceded by an image of a related person (e.g. Bill
Clinton), than if it is preceded by an unrelated or unknown face. Whereas repetition
priming occurs only in response to perceptually matched person information, that is,
face images prime other images but not written names and vice versa (Bruce and
Valentine, 1985; A. Ellis et al., 1987; A. Ellis, Flude, Young, & Burton, 1996),
associative priming can occur across any domain (Burton, Bruce and Hancock, 1999).

This model has since been developed into the interactive activation competition
(TAC) model, adopting a connectionist approach (e.g. Burton and Bruce, 1993; Burton et
al., 1999; Burton, Bruce and Johnston, 1990) (see Figure 1.2). The basic modules for
face recognition have been retained, with the addition of semantic information units
(SIUs). The SIUs code information about known individuals, such as name,
occupation, and nationality, and often many of these SIUs will be shared among familiar
individuals. This is different from the Bruce and Young model in that both name and
biographical information are stored in the SIUs.

Activation passes along the links between the modules and these links are bi-
directional. As before, person identity occurs at the PINs, wherein all informational
domains of person-related information converge. Unlike in the Bruce and Young model
wherein familiarity decisions were made at the level of the FRUs, here familarity
decisions occur at the PINs and can be signalled by a name, face, or semantic

information, as well as other information such as voice information (Burton et al., 1999).
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Figure 1.2. An illustration of the IAC model of face recognition, after Burton and Bruce (1993). All

domains of person-related information can be seen to converge at the PINs.

The model has been applied to priming effects that have been found with faces.

Repetition priming is characterised by a strengthening of a link between a module of

information and the PINs. For instance, when a familiar face is encoded its respective
FRU and PIN become active, thus the link between the FRU and the PIN becomes
strengthened. When that face is subsequently encountered, it takes a shorter time for its
PIN to become active. Repetition priming is domain specific (e.g. name priming arises
due to the strengthening of links between the NRUs and the PINs). For associative
priming, the first face evokes activation through the model to the SIUs, which feed back
activation to the PIN of that face and related faces so that they are activated to a level
just below threshold. This activation speeds up the familiarity decision for the second

face. As PINs are activated by names also, the same priming effect should be found
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when a name is followed by a related face. Associative priming thus allows priming to
cross domains (faces can prime names and vice versa) and even modalities. For
instance, H. Ellis and colleagues found that associative priming facilitated face-voice

priming of familiar individuals (H. Ellis, Jones, & Mosdell, 1997).

1.3.2 A cortical model of face perception

A great deal of emphasis has been placed on the fusiform face area (FFA) as the
possible neural substrate of visual face recognition. However, the FFA is not the only
cortical region found to respond to visual face information. For instance, regions of
face-responsive cortex have been located in the lateral inferior occipital gyr1 (I0G) and
in the posterior superior temporal sulcus (STS) (e.g. Hoffman and Haxby, 2000;
Kanwisher et al., 1997). The STS is thought to be involved in the perception of facial
movement and static images of changeable aspects of the face, such as expression, and
the direction of eye gaze (e.g. Calvert, and Campbell, 2003; Hoffman and Haxby, 2000;
Perrett and Mistlin, 1990). The IOG abut the lateral fusiform region ventrally and the
STS region dorsally, and it is argued that they may input information into both of these
cortical areas (Hoffman and Haxby, 2000). These regions may be involved in the early
processing of face shape, as the IOG have been found to respond preferentially to
images of whole faces, and less so to scrambled face images (see Grill-Spector, Kourtzi,
& Kanwisher, 2001). Bearing in mind the cognitive model of Bruce and Young (1986),
Haxby and his colleagues have developed a model of the distributed neural system that
mediates face perception (Figure 1.3) (Haxby, Hoffman, & Gobbini, 2000). This model,
like the cognitive models, is hierarchical in nature, with a core system providing a visual
analysis of faces, and an extended system for the further processing of the meaning of
the facial information (e.g semantic information about a person) in collaboration with
other neural systems (e.g. memory). Face recognition requires the concerted effort of a
number of different regions that perform different components of that function (i.e. the
inferior occipital areas, the fusiform gyri, and anterior temporal regions). In this manner,
representations of faces are reflected by a distinct pattern of response across a wide area

of ventral temporal cortex (Haxby, Gobbini, Furey, et al., 2001).
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Figure 1.3. The distributed neural system for face perception after Haxby et al. (2000). The core system
is concerned with the visual analysis of face information whilst the extended system is involved in the
further processing of face information in unison with other neural systems for other cognitive processes.

The regions involved in face recognition are represented in heavy bold font.

1.3.3 Multisensory person recognition

There has been little research investigating how the models just described can
account for person-related information encoded through other sensory modalities than
vision. A number of studies have looked at how voice information contributes to person
recognition. Repetition priming has been demonstrated in voice recognition tasks in
which participants decided whether a speech sample of neutral content was spoken by a
famous or unfamiliar speaker (Schweinberg, Pfiitze, & Sommer, 1995). Moreover,
priming was found even when the primes and targets were different speech samples of
the same person. The priming effects in voice recognition have been attributed to a
mechanism similar to that in vision (H. Ellis et al., 1997; Schweinberger, Herholz, &
Sommer, 1997). There has been a failure to demonstrate crossmodal repetition priming
for faces and voices, presumably because the information is represented differently in
both modalities (geometric structure versus phonological information), however
associative priming of faces and voices does occur (H. Ellis et al., 1997). These results
have implications about how voice information might be represented in terms of the

functional models outlined above. For instance, H. Ellis and colleagues have proposed a
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separate module of voice recognition units (VRUs), linked to the PINs, which in turn
permit crossmodal associative priming of faces. Separate VRUs and FRUs would
explain why disorders of visual and auditory person recognition are often dissociated
(e.g. Van Lanker, Kreiman, & Cummings, 1982). Indeed, prosopagnosics often use
voice information as a compensatory route to person recognition (Pallis, 1955).

A recent fMRI study investigated crossmodal effects for faces and voices,
examining whether cortical activity would reflect modality specific modules (i.e.
activation of the FRUs and VRUs) and if crossmodal effects would be mediated by
separate neural substrates that might reflect the function of the PINs (von Kriegstein,
Kleinschmidt, Sterzer, & Giraud, 2005). Voice recognition elicited the expected
responses in the superior temporal sulcus (STS), an area of the cortex previously shown
to be involved in voice recognition (e.g. Belin, Zatorre, & Ahad, 2000). However,
crossmodal responses to voices of people familiar to the participants was also found in
the fusiform face area when the task emphasised speaker recognition over recognition of
the verbal content. The area of the fusiform gyrus activated by familiar voices was
found to be very close to, and in some cases overlapping, the area that responded to the
corresponding face images. Furthermore, an investigation of the functional connectivity
between the FFA and the STS showed that the two regions were linked only during
familiar speaker recognition. These results are interesting in terms of the functional
models of face recognition outlined above. If it is assumed that the fusiform face area is
the neural analogue of the FRUs and the superior temporal sulcus is the locus of the
VRUs then this study indicates that information may be shared directly between the
FRUs and the VRUs without being relayed through the PINs. Therefore, a feeling of
familiarity can be shared crossmodally at the sensory level, which is more in keeping
with the original Bruce and Young (1986) model of face recognition.

These studies investigating face and voice recognition can inform us about how
haptic face information might possibly be represented in models of face recognition (see
Figure 1.4 for two different suggestions). Recall that face recognition units based on
visual information are domain-specific, that is, they respond only to faces. The
geometrical properties of a face remain the same, whether encountered visually or
haptically, and in both instances shape properties are the most diagnostic for recognition

(Lederman and Klatzky, 1991). Therefore, it is possible that face recognition units

might be multisensory (Figure 1.4a), facilitating face recognition regardless of whether
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structural encoding occurs through the visual or haptic modalities. Such multisensory
FRUs predict successful crossmodal recognition, and therefore account for the ability of
participants to successfully match faces across modalities (Kilgour and Lederman,
2002). Moreover, prosopagnosia is thought to arise due to damage to the FRUs (see de
Gelder and Rouw, 2000) thus, damage to multisensory FRUs would explain
prosopagnosic LH's haptic face processing deficit. However, it is necessary to account
for differential neural activity for visual and haptic face recognition. It has been
demonstrated that successful within modal visual and haptic face recognition can occur
on the basis of face shape alone (e.g. Bruce, Healey, Burton, et al., 1991; Hill, Schyns, &
Akamatsu, 1997; Kilgour and Lederman, 2002), however, these studies also found that
recognition performance improved with the inclusion of other sensory information (e.g.
pigmentation in vision or surface texture in haptics). Therefore it is possible that the
FRUs code information about face shape that is common to both modalities, but also
information that is more modality-specific and not easily shared across modalities.
Therefore FRUs may represent information in a fashion similar to Millar's (2002) model
of convergence, discussed further in section 1.4.2.

The distributed neural system for face recognition may also accommodate both
the behavioural and imaging results of haptic face recognition studies to date (Figure
1.4b). Haxby and his colleagues (2000) identified the lateral inferior occipital gyri
(IOG) as the locus of early visual processing in their face recognition model. Pietrini et
al. (2004) found that haptic recognition of all stimulus categories activated the ventral
occipital cortex, an early visual processing area that includes the IOG. This implies that
these structures may also mediate early haptic processing of face shape. These areas fall
within the region of damage sustained by LH (Kilgour, de Gelder, & Lederman, 2004),
possibly explaining his inability to recognise faces in either the visual or the haptic
modalities. However, this model also suggests that visual prosopagnosia may occur
independently of haptic prosopagnosia and vice versa, depending on the focus of
sustained brain damage. For instance, if the IOG mediate multisensory representations
of face shape, then damage to the FFA may impair visual face recognition, whilst haptic
face recognition would remain intact through the haptic face recognition pathway.
However, damage to the IOG necessarily precludes face recognition in either modality.
Clearly further prosopagnosic case studies are required to investigate possible

dissociations of visual and haptic processing deficits.
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Behavioural evidence suggests that, although shape alone is sufficient for face
recognition in either modality (e.g. Bruce et al., 1991; Hill et al., 1997; Kilgour and
Lederman, 2002), within modal recognition improves significantly with the inclusion of
modality-specific face information. Presumably visual and haptic modality-specific
information is subject to differing computational demands, necessitating the inclusion of
a separate area of cortex for higher-order haptic face processing. The modality-specific
areas could receive sensory-specific information via direct pathways from primary
sensory cortices, which is then bound with shape information processed in 10G,

resulting in optimal within modal face recognition.
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Figure 1.4. Models of crossmodal face recognition. This figure illustrates two possible ways for
incorporating haptic information into extant face recognition models. In model a) the FRUs comprise
overlapping representations of visual and haptic face information. In model b) visual and haptic shape
information is independently processed in the lateral inferior occipital regions (I10G). Separate cortical
arcas may process modality-specific face information (visually in the FFA and haptically in a haptic face
arca). In this model, differential activation throughout the distributed system can result in either

crossmodal face recognition, or within modal visual or haptic face recognition.
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1.4 Crossmodal face recognition

This thesis endeavours to contribute to both the crossmodal and face recognition
literatures. The aim of the experiments in the following chapters is to study further the
processes underpinning visual and haptic face recognition, and examine how visual and
haptic face representations may be stored in memory. The use of crossmodal
experimental designs (see Figure 1.5), whereby faces are encoded in one sensory
modality and recognised in another, should clarify what processes and types of face
information can be utilised by both modalities for the purposes of face recognition.
Thus, these experiments extend the work of previous researchers who have studied face
recognition in one sensory modality only (i.e. vision or haptics), as the multisensory

nature of face recognition can be observed explicitly, rather than being inferred.
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Figure 1.5. An illustration of the general match-to-sample crossmodal paradigm adopted in this thesis. In
this illustration, the crossmodal task is in the direction of haptics-to-vision. The haptic face stimulus (S1)
is encoded for a specified amount of time. After a short interstimulus interval (ISI). the visual face
stimulus (S2) is presented. Participants must then make a response.  For instance, in a matching task, the
participant must decide if the visual stimulus represents the same person as the haptic stimulus by

responding 'same' or 'different'.

1.4.1 Familiarity and crossmodal face recognition
The Bruce and Young and the IAC models of face recognition provide a coherent

account of the various kinds of information about familiar faces. However the account




given of the processing of unfamiliar faces is much less detailed. A recent review by
Hancock, Bruce, and Burton (2000) discussed how unfamiliar face recognition is akin to
general pattern recognition: the recognition of unfamiliar faces can be easily disrupted
by variations such as lighting, viewpoint, external features, facial expression, and image
quality. However recognition of familiar faces can be effortlessly carried out under such
conditions. Indeed, it has been shown that there is a large discrepancy between
recognition rates for familiar and unfamiliar faces (Bruce, Henderson, Greenwood, et al.,
1999). When faces in a face matching task are unfamiliar to the participants,
performance is surprisingly poor even with no time pressure or memory load in the task.
Such impoverished performance for unfamiliar faces may rely on the fact that the FRU
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