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Summary

Although all faces share the same basic configuration o f features, we are capable 

o f  distinguishing between, and recognising hundreds, and even thousands o f 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 o f coherent percepts o f objects in 

the environment benefits from the merging o f  complementary sources o f sensory 

information about that object. Therefore, researchers have been inspired to venture 

beyond vision, and examine how information from other sensoiy modalities can 

facilitate face recognition.

Recently, it has been discovered that the haptic system is capable o f 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 o f 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 o f  face information that can be represented in 

memory across vision and touch.

In this thesis I have used a number o f  simple variations o f the basic crossmodal 

matching and recognition paradigms to investigate crossmodal visual and haptic face 

recognition. The findings o f this body o f research demonstrate that face information 

encoded in one modality can indeed be readily shared with the other modality for the 

purposes o f  face recognition. Furthermore, this sharing o f  face information is affected 

by face familiarity, and configural face information appears to mediate the efficient 

sharing o f  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 o f  shared memory



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 o f exciting challenges lie ahead for 

future researchers of crossmodal face recognition.
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Chapter 1

Introduction

In terms o f  evolution, the ability to process faces is an important skill, not only 

for humans, but for other species as well. Faces manifest a vast array o f informative 

signals; they index emotion, facilitate social communication, and are a m arker o f 

personal identity. For example, direction o f  eye gaze is indicative o f 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 m ight be harmftil, for instance a 

grimace o f  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 o f  categories that correspond to diverse 

properties o f the individual - age, race, sex, etc. M oreover, all faces share the same 

basic configuration o f  features, yet we are capable o f  distinguishing between, and 

recognising, hundreds or even thousands o f  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 o f  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 m echanism s underpinning face 

recognition have been studied extensively, virtually all o f  these experimental 

investigations have, until recently, been conducted within the visual domain. However, 

it is now acknowledged that the formation o f a coherent percept o f an object in the 

environment benefits from the merging o f com plem entary sources o f  sensory 

information about that object (for instance, Ernst and Biilthoff, 2004; James, James, 

Humphrey, & Goodale, 2005; Newell, 2004; Stein and M eredith, 1993). This has 

inspired a num ber o f  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 o f representing and 

recognising faces (Kilgour, de Gelder, & Lederman, 2004; Kilgour and Lederman, 

2002) This thesis is concerned with how faces are processed and recogniscd 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 memory representation underpins recognition in both 

modalities. In this chapter I will set the context for my experimental work by outlining 

the benefits o f crossmodal recognition relative to unimodal recognition, and by 

providing a brief review o f the central findings from visual and haptic face recognition 

research.

1.1 Combining the senses

Traditional approaches to the study o f sensory perception stemmed from a belief 

that sensory processing is highly modular. Thus, a wealth o f literature exists in which 

the processes o f the visual, auditory, and haptic systems have been studied in isolation. 

Although each sense acquires information that differs in terms o f its physical properties 

(i 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 o f objects or events in the environment generally does not comprise a 

collection o f separate sensations (Meredith, 2002). A single event can evoke a number 

o f  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 o f the world reflects the 

combination and integration o f  multiple sources o f  sensory information in the brain, 

resulting in a unified, robust, perception o f 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 o f limbs in space encoded through receptors in the tendons, 

muscles, and joints. The inclusion o f the kinesthetic component reflects the importance 

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

2



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 m odality alone, to yield the best approximation o f the object (Driver and 

Spence, 2000; Ernst and Biilthoff, 2004).

/ .  1 .1 Com bination an d  integration o f  sensory information

Researchers have turned to investigating the convergence o f sensory information 

in the brain with a view to understanding the mechanisms underpinning the integration 

o f  sensory information into coherent percepts. A num ber o f  studies investigating brain 

activity in hum ans in response to different sensory inputs have found areas o f  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 o f 

activation reflect populations o f neurons that respond to multiple types o f sensory input, 

or simply an intermingling o f different types o f sensory cells within the same cortical 

area. Animal studies have revealed that architecturally, convergence can occur in three 

ways (M eredith, 2002; 2004). Areal convergence refers to the convergence o f inputs o f 

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 o f  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, m ultisensory neurons 

are attuned to features o f objects or events encoded through any modality. The final 

type o f  convergence is a combination o f the first two, and most neural areas related to 

m ultisensory perception tend to incorporate both unimodal and multisensory neurons 

(M eredith, 2002). Feedforward and feedback connections serve to relay information

3



between unimodal and multimodal areas o f  cortex (e.g. Clavagnier, Falchier, & 

Kennedy, 2004; Foxe and Schroeder, 2005).

One can extrapolate from animal models o f 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 o f  neuronal responses. For instance, does activation in a multisensory neuron 

underpin a veridical or an illusory percept? Insights into the nature o f  multisensory 

perception have come from behavioural studies examining the perception o f illusions 

that rely on input from at least two modalities, for example, the M cGurk effect, the 

ventriloquism illusion, or illusiory flashing, as they can be systematically induced and 

studied in a controlled environment (Bertelson, 1999; McGurk and M acDonald, 1976; 

M orein-Zamir, Soto-Faraco, & Kingstone, 2003; M unhall, 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 o f  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 o f a sound shifts towards a visual stimulus at 

a slightly different position. This illusion is comm only perceived at the cinema; the 

sound o f  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 o f audio and 

visual stimuli is crucial to the success o f  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

o f  sensory capture. Sensory capture refers to the tendency for one sense to dominate

over another so as to shape the perception o f a multimodally defined event and has

largely been studied in terms o f the visual capture o f  other sensory information (e.g.

Hay, Pick, & Ikeda, 1965; Rock and Harris, 1967). Capture is thought to occur in the

direction o f  the modality that provides the most accurate information about the event.

So, with reference to the ventriloquism effect, vision can bias ('capture') the perceived

location o f  sounds because vision provides more accurate spatial location information

(e.g. W elch and Warren, 1980; 1986). In his 'fuzzy logic' model o f perception, Massaro
4



(1999) proposed that sensory information is combined in an optimally efficient manner, 

that is, one m odality can be weighted more heavily in the combination if  it produces a 

greater reduction in uncertainty. In other words, the more informative m odality guides 

perception, which may result in a capture effect. Using psychophysics, Ernst and Banks 

(2002) expanded on this idea o f  weighted sensory input. Their data indicated that 

integration is a bottom -up process and that the direction o f sensory capture can be 

predicted according to the informativeness o f 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 judgem ent must be made about the height o f  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 o f  height. This statistical account o f integration has becom e known as 

the maximum likelihood estimation (MLE) model, and has been used to account for 

other multisensory phenomena (e.g. Bresciani, Ernst, Drewing et al., 2005).

Although it is possible to combine sensory information from a num ber o f  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 o f encoding information 

about geometrical shape. Therefore, each modality can provide information about the 

shape o f  an object, as well as contributing unique sensory information, to provide a rich 

description o f 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, 

Ernst and B iilthoff (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 o f  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 o f  the object) to provide the best approximation o f object shape. This bimodal 

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

1.1.2 The perception o f  objects using vision and haptics

5



It has been known for some time now that the haptic system is capable o f 

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 o f  differences 

between the visual and haptic modalities in terms o f  how they respectively process 

object related sensory input, and this may come to bear on how bimodal visual-haptic 

percepts are generated. O f 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 information is obtained by rapidly scanning across

the object's surface in a series o f foveal saccades (e.g. Yarbus, 1967), the visual system

is capable o f simultaneously carrying out a coarser analysis using peripheral receptors in

the retina, thus vision is capable o f encoding the global stnicture o f  an object quickly

and easily. In contrast, unless an object falls within the scope o f  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
1 2on working memory (Loomis and Lederman, 1986) . Furthermore, the haptic system 

appears to employ a series o f 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 o f minimal use for recognition (e.g. 

Lederman, Klatzky, & Reed, 1993). EPs differ in terms o f 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 o f  shape and size, and is executed by moulding the hands to the 

surface o f the object. A more detailed description o f  shape can be obtained through 

contour following, that is, tracing the contour o f  the object with the fmger(s), and

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 o f  the fingers (akin to a brief enclosure EP). However, the notion o f  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 o f  highly similar objects differing in terms o f  sub­

ordinate level information (i.e. faces).
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although more precise, this EP requires the integration o f  local feature information over 

time.

W hile the geometrical properties o f  objects are important for recognition in both 

vision and haptics, the processing o f  the material properties o f  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 o f  exploring objects through heavy gloves, was significantly 

enhanced when the tips o f the gloves were cut o ff to expose the fingers to the object's 

surface texture, divined through 'lateral motion' o f the fingers across the surface.

The differences in the spatial bandwidth o f 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 o f  haptic perception are 

contrived in vision by restricting the visual field o f  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 ftinctionally 

equivalent in terms o f  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 arc viewpoint-independent (e.g. 

Biederman and Gerhardstein, 1993; Marr, 1982), such that they are stored as structural 

descriptions o f  objects similar to 3D computer models. Recognition o f an object is a 

reconstructive process: it begins by extracting local features and progressively 

com bining them into more complex structural descriptions. However, it is difficult to 

generate a 3D representation o f some (e.g. unfamiliar) objects given their 2D images on 

the retina. Indeed, even familiar objects are not recognised equally well across all 

view points (e.g. Bruce, Valentine, & Baddeley, 1987). Therefore, a second account has 

been proposed which suggests that objects are represented as a collection o f view- 

dependent images (for a review see Tarr and Btilthoff, 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 o f 

different retinal images, such as the 3/4 view o f a face (Bruce et al., 1987).

This thesis is not concerned with the exact nature o f 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 o f 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 o f 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 o f  studies are investigating the way in which information 

from the haptic and visual modalities is integrated to form coherent percepts o f objects 

in the environment. Behavioural evidence has found that crossmodal transfer o f shape 

information can occur between the visual and haptic systems, but that this sharing o f 

information is viewpoint dependent (Newell et al., 2001). Physical limitations on 

manual exploration predispose the haptic system to encoding the back o f 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 o f  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 o f a richer object 

representation (c f  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

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 o f  objects and faces, 

which can be represented regardless o f  whether the underlying representation is 3-dimensional or image- 

based.

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

position It is o f  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 o f object shape. A number o f studies have investigated 

the existence o f  common geometrical object representations using a crossmodal priming 

paradigm (Easton, Greene, & Srinivas, 1997; Reales and Ballesteros, 1999). Priming 

refers to the facilitation o f a response (in terms o f 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 o f  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 m agnitude 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 o f functional magnetic resonance imaging (fMRI) studies have identified the 

lateral occipital complex (LOC) as a possible substrate o f 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 o f  the LOC has been found to respond 

when participants recognise objects through touch (Amcdi, Malach, Pendler, et al., 

2001; Grill-Spector, Kushnir, Hendler, et al., 1998; Grill-Spector, Kourtzi, & 

Kanwisher, 2001; Lem er, Hendler, Harel, & Malach, 2001). Also, haptics-to-visual 

priming o f novel objects has been found to elicit activation in the LOC that is equivalent 

to that o f  vision-to-visual priming o f  the same objects (James, Humphrey, Gati, et al., 

2002). Furthermore, evidence suggests that haptically induced activation o f 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 o f  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 o f  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 o f  the visual domain. It seems likely that voice information can serve as a 

m arker o f personal identity in the absence o f  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 o f  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 o f  face information. On the other hand, the visual and haptic 

systems are both capable o f  processing shape information, therefore the haptic system 

may well be capable o f  recognising faces and representing face information in a format 

conducive to crossmodal face recognition.

The first thorough investigation o f 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 o f three exemplars. M atching

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 o f  the live faces indicating that, as for non-face objects, the encoding o f

material properties o f 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 o f learning modality, crossmodal matching performance was better

than chance. This study thus demonstrated that the haptic system is indeed capable o f

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 o f 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 centies on the notion that faces constitute a 'special' class o f 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 o f all other objects (e.g. 

Bentin and Deoueli, 2000, Kanwisher, 2000; Kanwisher, M cDermott, & Chun, 1997; 

M oscovitch, Winocur, & Behrmann, 1997). On the other hand, face recognition may be 

considered a function o f expertise, so that processes that appear to be specific to faces 

are actually employed in the processing o f  any object class with which an individual is 

expert (Diamond and Carey, 1986; Gauthier and Tarr, 1997; Gauthier, W illiams, & Tarr, 

1998; Gauthier, Tarr, M oylan, et al., 2000a). Evidence from behavioural, 

neuropsychological, and imaging studies has been gathered in support o f  each 

perspective. A detailed account o f this debate is beyond the scope o f  this thesis. It is 

sufficient to note that regardless o f 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 prim arily by cortical structures in the right 

hemisphere.

Although the haptic system is much practised in terms o f processing and 

recognising common objects, for instance when moving through a darkened room or 

searching for an item at the bottom o f  a bag, it is generally not used for recognising 

faces. Therefore investigations o f haptic face recognition prove interesting m light o f 

the specificity debate. Given that face recognition is non-expert in the haptic modality, 

if  haptic face recognition involves sim ilar 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-spccific face mechanism. An overview 

o f 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 

o f their constituent parts (termed "geons"), and that the spatial arrangement o f 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 o f  configural information'^. For 

instance, in a study by Young, Hellawell, and Hay (1987), the top and bottom halves o f 

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 o f 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 o f the 

faces, this effectively created a 'new' face with different configural relationships which 

interfered with the ability to identify the top halves o f the original faces.

For adults, the recognition o f individual faces is more affected by inversion than 

the recognition o f any other type o f 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 o f 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

Three different types o f  configural processing have been distinguished (Maurer, Le Grand, & 

Mondloch, 2002). Faces are typically distinguished from other objects on the basis o f  first-order 

configural relations, that is all faces comprise two eyes above a nose, above a mouth. Differentiation o f  

individuals therefore requires the processing o f  second-order configural relations or the spatial distances 

among facial features (Diamond and Carey, 1986). The final type o f  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 o f  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 arc largely insensitive to changes in 

configural information. For instance, the Thatcher Illusion (Thompson, 1980) is often 

used to discern the occurrence o f  configural processing. In this illusion, configural face 

information is m anipulated 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 o f  configural processing. This illusion has also been 

used to demonstrate that configural information is gradually degraded during the rotation 

o f 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. M urray, 2004), the 

processing o f featural information does not appear to be particularly affected by 

inversion (Valentine, 1988). As inversion does not usually affect the recognition o f non­

face objects (presumably because the processing o f objects is thought to be feature- 

based, e.g. Biederman, 1987), configural processing and the inversion effect are largely 

accepted as indicators o f a face-specific mechanism (M oscovitch, W inoeur, & 

Behrmann, 1997). However, as a small num ber o f studies have also found an effect o f 

inversion for m ono-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 o f  face-speeificity, 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 (M aurer 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 o f  configural cues for 

recognition (Diamond and Carey, 1986; Gauthier and Tarr, 1997; Gauthier et al., 1998, 

2000a). For instance, a novel set o f 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 o f novices who had no experience with the greeble stimuli. It was 

demonstrated that extensive practice with greebles could lead to some o f  the recognition 

effects, especially that o f  inversion (Gauthier and Tarr, 1997; Gauthier et al., 1998).
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It seems from the evidence described that the processing o f configural 

information is important for face processing in vision, regardless o f whether it arises due 

to dom ain-specificity or expertise. The question for haptic researchers was whether the 

haptic system processes faces in terms o f featural or configural information. There are a 

num ber o f 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 marmer 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 o f 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. M oreover, haptic matching performance for inverted non-face objects (clay 

teapots differing only in terms o f second-order relational information) did not exhibit an 

inversion effect relative to upright objects. Given a lack o f expertise in haptic face 

processing, these results lend credence to the domain-specificity account o f 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. O f course, as in vision, the demonstration o f a haptic face inversion effect is 

not in itself sufficient evidence o f  configural processing and face-specificity in the 

haptic modality ( c f  M aurer et al., 2002). Thus researchers extended their investigations 

o f  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 o f function after focal brain 

damage offers the strongest evidence that face and object recognition are mediated by 

separate mechanisms and distinct neural pathways. Prosopagnosia is a 

neuropsychological disorder and refers to the inability to recognise familiar faces 

following cerebral injury, usually to the right tem poral 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; Bniyer, L.aterre, Seron, et al., 

1983) Although a number o f prosopagnosics have demonstrated a loss o f  face 

processing capabilities, they have been found to have intact object processmg abilities 

(Farah, Levinson, & Klein, 1995; M cNeil and W arrington, 1993). In contrast, other 

studies have reported incidents o f object agnosia, where patients who are perfectly able 

to identify faces have great difficulty recognising com m on objects (M oscovitch 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 o f  first-order relational information (that is, a face comprises eyes 

above a nose, above a mouth) (e.g. M oscovitch et al., 1997). Therefore it might be 

assumed that prosopagnosics perform to the same degree o f  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, W ilson, 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 m atching two upright faces explored
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haptically, and his performance was significantly worse than that o f  neurologically intact 

controls. However, LH's matching o f 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 o f this study 

are important for a number o f reasons. Firstly, it appears to be the first documented case 

o f  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. M oreover, LH's haptic deficit mirrored 

his visual deficit in terms o f inversion superiority effects being present in both 

modalities. These findings suggest that visual and haptic face processing may be 

underpinned by the same area o f 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 num ber o f  imaging techniques have been 

used in an attempt to pinpoint a more circumscribed region o f 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 o f 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 o f  other non-face stimuli. The N170 was distributed over a relatively

bounded region o f 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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o f  milliseconds, the spatial resolution is poor, so PET and fMRI studies have been 

designed and executed in order to identify specific regions o f  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 o f  the inferior temporal lobe (Haxby, Horowitz, 

Ungerleider, et al., 1994; Kanwisher, M cDermott, & Chun, 1997; Puce, Allison, Gore, & 

McCarthy, 1995; M cCarthy, Puce, Gore, & Allison, 1997; Sergent, Ohta, & McDonald, 

1992), coinciding with the location o f greater N170 activity. One o f  the seminal works 

in this area is an fMRI study conducted by Kanwisher, M cDermott and Chun (1997), 

demonstrating strong evidence o f cortical specialisation in the fusiform gyrus obtained 

by testing the responsiveness o f the same region o f cortex with many different stimulus 

com parisons’^. The right fusiform gyrus region does not simply respond to any animal 

or human images o f  body parts, but instead, generalises to respond to images o f faces 

taken from different viewpoints. Kanwisher and her colleagues have dubbed this area 

the "fusiform face area (FFA)". A num ber o f subsequent studies have implicated the 

FFA in the recognition o f facial identity (e.g. Hoffman and Haxby, 2000; Sergent et al., 

1992).

A recent fMRI experiment demonstrated that when participants arc experts with 

"greebles", identity matching o f upright minus inverted greebles, as well as passive 

viewing o f 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 

o f  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 elicit more activation simply because o f 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 tem poral lobe, among 

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

The area o f  the right fusiform gyrus maximally responding to faces in this study is represented by the 

Talairach coordinates (Talairach and Toum oux, 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 o f 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 o f 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 o f  cortical activity elicited by bottles and shoes 

clearly differed from patterns o f  activation evoked by face stimuli (images or

facemasks), but were difficult to distinguish from each other. Also, in sighted

participants, tactile recognition o f objects evoked patterns o f response in the ventral 

visual pathway that were closely related to the responses evoked during visual 

recognition o f the same objects, indicating that representations o f 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 o f facemasks did not 

evoke responses in the same area o f 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 

o f  LOC may serve to encode the structure o f  faces, whereas more anterior parts o f 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 o f facemasks and a set o f control objects that were 

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

each stimulus and completed a silent identification task designed to encourage the haptic



processing o f the facemasks explicitly as faces (i.e. it required processing o f  face 

information at the subordinate level, which would presum ably 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 fiisiform gyrus, right hippocam pal/ 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 

o f  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 o f 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). M oreover, this integration process 

seems to be m odulated by stored knowledge about objects. For the highly familiar 

facemasks it might be assumed that a representation o f  global shape is stored in memory 

(c f  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.

L3 M odels 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

'■’ It is noteworthy that, although visual imaging studies emphasise the right fusiform gyrus for face 

processing due to significantly greater cortical activation (som e specifically selecting the right fiisiform as 

a region o f  interest), many studies do report smaller levels o f  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 o f visual face 

recognition.

1.3.1 Cognitive models o f  face recognition

It is assumed that people process familiar and unfamiliar faces differently due to 

the finding o f  double dissociations for the two types o f processes after brain damage to 

the

visual system (Malone, Morris, Kay, & Levin, 1982). Successfiil recognition requires 

complete identification and consequently a range o f  information is required, for 

example, a visual representation o f  the person as well as some biographical information 

about them (i.e. a name or occupational information). Therefore, functional models o f 

face recognition serve primarily to outline the recognition o f 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 o f different processing modules, or stores, 

each o f  which have distinct functions. TTiese 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 is that devised by Bruce and 

Young (1986). In this model, person recognition is thought to occur independently o f 

the processes involved in the lecognition o f  facial expressions and the analysis o f  facial 

speech information (e.g. Campbell, Brookes, de Haan, & Roberts, 1996; Etcoff, 1984; 

Young, McW eeny, Hay, & Ellis, 1986; but see also Calder and Young, 2005) Figure

1.1 illustrates the sequence o f  stages involved in face recognition under this model. The 

further one has to progress through the sequence o f  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 o f  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 o f  faces across 

muhiple 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 o f  the 

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

' As m entioned earlier, the exact nature o f  the representation is not the focus o f  this thesis. Although 

originally  the hRUs were considered to com prise structural representations (B ruce and Young, 1986), they 

could also conceivably comprise collections o f  canonical face views for individuals (i.e. front, profile and 

3/4 views). Therefore, these cognitive models serve as a guide as to how the actual process o f  recognition 

occurs, rather than being largely concerned with how faces are represented in memory. Thus, the FRUs 

rem ain the first point in the recognition process, regardless o f  w hether they com prise abstract 3- 

d im ensional representations or are image-based.
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Face Recognition 
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F ig u re  1.1, A g raphical d ep ic tio n  o f  the B ruce and Y o ung  (1 9 8 6 ) functional m odel o f  face recognition . 

The m o du les in bo ld  a re  in vo lved  in the face  reco g n itio n  p rocess.

The person identity nodes (PINs) contain identity-specific inform ation such as 

sem antic inform ation about the person (e.g. occupation, nationahty), and can be 

considered the gatew ay to person recognition. The PINs can be activated by any person- 

related information; by faces, voices, or nam es. W hen faces or voices are encoded, 

nam es are only accessible through the PINs. It is argued that a nam e cannot be put to a 

face w ithout having som e other inform ation available about the person. For instance, in 

one diary study. Young, Hay, and Ellis (1985) found evidence o f  a dissociation between 

nam e and sem antic inform ation; participants rem em bered an individual's name only 

when cued with o ther autobiographical inform ation, but could rem em ber 

autobiographical inform ation w ithout the name. A ssociative (sem antic) prim ing is also
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intluential on fam iliar face recognition (Bruce, 1983; Bruce and V alentine, 1986) and is 

thought to operate via the PINs. The basic effect is that recognition o f  a famous face 

(e.g. H illary C linton) is faster if  it is preceded by an im age o f  a related person (e.g. Bill 

C linton), than if  it is preceded by an unrelated or unknown face. W hereas repetition 

prim ing occurs only in response to perceptually m atched person inform ation, that is, 

face im ages prim e other im ages but not written nam es and vice versa (Bruce and 

Valentine, 1985; A. Ellis et al., 1987; A. Ellis, Elude, Y oung, & Burton, 1996), 

associative prim ing can occur across any dom ain (Burton, Bruce and Hancock, 1999).

This m odel has since been developed into the interactive activation com petition 

(TAC) m odel, 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 o f  sem antic inform ation units 

(SIUs). The SlU s code inform ation about known individuals, such as nam e, 

occupation, and nationality, and often m any o f  these SIUs will be shared among fam iliar 

individuals. This is different from  the Bruce and Young m odel in that both name and 

biographical inform ation are stored in the SIUs.

A ctivation passes along the links betw een the m odules and these links are bi­

directional. As before, person identity occurs at the PINs, w herein all informational 

dom ains o f  person-related inform ation converge. Unlike in the Bruce and Young model 

w herein fam iliarity decisions were made at the level o f  the FRU s, here familiarity 

decisions occur at the PINs and can be signalled by a nam e, face, or sem antic 

inform ation, as well as other inform ation such as voice inform ation (Burton et al., 1999).

23



NR Us

John Brown
FRUsSarali Casey

Tracy Grceiie

TGSC

PINs
sc TG

Name: >
Sarah Casey

Irish

SIUs

F igure  1.2. An illustra tion  o f  the lA C  m odel o f  face reco g n itio n , a fte r B urton  and B ruce (1993). All 

d o m ain s o f  perso n -re la ted  in fo m ia lio n  can be seen  to  co n v erg e  at the  PINs.

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

Repetition prim ing is characterised by a strengthening o f  a link between a module o f 

inform ation and the PINs. For instance, when a fam iliar face is encoded its respective 

FRU and PIN becom e active, thus the link betw een the FRU and the PIN becomes 

strengthened. W hen that face is subsequently encountered, it takes a shorter time for its 

PIN to becom e active. Repetition prim ing is dom ain specific (e.g. nam e prim ing arises 

due to the strengthening o f  links between the N R U s and the PINs). For associative 

prim ing, the first face evokes activation through the m odel to the SIUs, which feed back 

activation to the PIN o f  that face and related faces so that they are activated to a level 

ju s t below threshold. This activation speeds up the fam iliarity decision for the second 

face. As PINs are activated by nam es also, the same prim ing effect should be found
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when a name is followed by a related face. Associative prim ing 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 prim ing facilitated face-voice 

priming o f familiar individuals (H. Ellis, Jones, & M osdell, 1997).

1.3.2 A cortical model o f  face perception

A great deal o f emphasis has been placed on the fusiform face area (FFA) as the 

possible neural substrate o f visual face recognition. However, the FFA is not the only 

cortical region found to respond to visual face information. For instance, regions o f 

face-responsive cortex have been located in the lateral inferior occipital gyri (lOG) 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 o f facial 

movement and static images o f  changeable aspects o f the face, such as expression, and 

the direction o f eye gaze (e.g. Calvert, and Campbell, 2003; Hoffman and Haxby, 2000; 

PeiTctt and M istlin, 1990). The lOG abut the lateral fusiform region ventrally and the 

STS region dorsaily, and it is argued that they may input information into both o f  these 

cortical areas (Hoffman and Haxby, 2000). These regions may be involved in the early 

processing o f face shape, as the lOG have been found to respond preferentially to 

images o f  whole faces, and less so to scrambled face images (see Grill-Spector, Kourtzi, 

& Kanwisher, 2001). Bearing in mind the cognitive model o f  Bruce and Young (1986), 

Haxby and his colleagues have developed a model o f 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 o f faces, and an extended system for the further processing o f  the meaning o f 

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 o f a 

number o f different regions that perform different components o f that function (i.e. the 

inferior occipital areas, the fusiform gyri, and anterior temporal regions). In this manner, 

representations o f faces are reflected by a distinct pattern o f  response across a wide area 

o f 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 o f face information whilst the extended system is involved in the 

further processing o f 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 M uhisensoty 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 o f  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 o f  neutral content was spoken by a 

famous or unfamiliar speaker (Schweinberg, Pflitze, & Sommer, 1995). Moreover, 

priming was found even when the primes and targets were different speech samples o f 

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 differendy in 

both modalities (geometric structure versus phonological information), however 

associative priming o f  faces and voices does occur (H. Ellis et al., 1997). These results 

have implications about how voice information might be represented in terms o f the 

functional models outlined above. For instance, H. Ellis and colleagues have proposed a
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separate module o f  voice recognition units (VRUs), linked to the PINs, which in turn 

permit crossmodal associative priming o f  faces. Separate VRUs and FRUs would 

explain why disorders o f 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 fM Rl study investigated crossmodal effects for faces and voices, 

examining whether cortical activity would reflect modality specific modules (i.e. 

activation o f the FRUs and VRUs) and if  crossmodal effects would be mediated by 

separate neural substrates that might reflect the ftinction o f the PINs (von Kriegstein, 

Kleinschmidt, Sterzer, & Giraud, 2005). Voice recognition elicited the expected 

responses in the superior temporal sulcus (STS), an area o f the cortex previously shown 

to be involved in voice recognition (e.g. Belin, Zatorre, & Ahad, 2000). However, 

crossmodal responses to voices o f people familiar to the participants was also found in 

the fusiform face area when the task emphasised speaker recognition over recognition o f 

the verbal content. The area o f the fiisiform 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 o f  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 o f the functional 

models o f  face recognition outlined above. If  it is assumed that the fusiform face area is 

the neural analogue o f the FRUs and the superior temporal sulcus is the locus o f 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 o f 

familiarity can be shared crossmodally at the sensory level, which is more in keeping 

with the original Bruce and Young (1986) model o f face recognition.

These studies investigating face and voice recognition can inform us about how 

haptic face information might possibly be represented in models o f  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 o f 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 o f 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 o f 

participants to successfully match faces across modalities (Kilgour and Lederman, 

2002). M oreover, 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 o f 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 o f 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 M illar's (2002) model 

o f  convergence, discussed fiirther in section 1.4.2.

The distributed neural system for face recognition may also accommodate both 

the behavioural and imaging results o f haptic face recognition studies to date (Figure 

1.4b). Haxby and his colleagues (2000) identified the lateral inferior occipital gyri 

(lOG) as the locus o f early visual processing in their face recognition model. Pietrini et 

al. (2004) found that haptic recognition o f  all stimulus categories activated the ventral 

occipital cortex, an early visual processing area that includes the lOG. This implies that 

these structures may also mediate early haptic processing o f face shape. These areas fall 

within the region o f 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 o f  haptic prosopagnosia and vice versa, depending on the focus o f 

sustained brain damage. For instance, if  the lOG mediate multisensory representations 

o f  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 lOG necessarily precludes face recognition in either modality. 

Clearly further prosopagnosic case studies are required to investigate possible 

dissociations o f visual and haptic processing deficits.
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B ehavioural evidence suggests that, ahhough shape alone is sufficient for face 

recognition in either m odality (e.g. B nice et al., 1991; Hill et al., 1997; K ilgour and 

Lederm an, 2002), w ithin m odal recognition im proves significantly with the inclusion o f 

m odality-specific face inform ation. Presum ably visual and haptic m odality-specific 

inform ation is subject to differing com putational dem ands, necessitating the inclusion o f  

a separate area o f  cortex for higher-order haptic face processing. The m odality-specific 

areas could receive sensory-specific inform ation via direct pathw ays from prim ary 

sensory cortices, which is then bound with shape inform ation processed in lO G , 

resulting in optim al within m odal face recognition.

a) V^isual encoding

FRUs

NRUs

PINs

SIUs

Haptic encoding

V = modality-specific ’/isual infoimauon 
S = shared infbimation about fece shape 
H modality-specific haptic mfonnation

Visual eiicodin
FFA

ATC <=>lOG

hFA Haptic encodin

'/isual modality-specific infonnation pathway 
liapQc modality-specific infonnation pathway 

<;=« shared shape mfonnation pathway

Figure  1.4. M odels o f  c rossm odal face reco g n itio n . T h is figure illu stra tes tw o possib le  w ay s fo r 

in co rp o ra lin g  h ap lic  in fo rm alio n  into ex lan t lace  reco g n itio n  m odels. In m odel a) the FR U s co m p rise  

o v erlap p in g  rep re sen ta tio n s o f  visual and haptic  face in form ation . In m odel b) v isual and haptic  sh ap e  

in fo m ia lio n  is in d ep en d en tly  p rocessed  in the lateral in ferio r occip ita l reg io n s (lO G ). Separate  co rtica l 

a reas m ay p rocess m odality -sp ec ific  face in fo rm ation  (v isua lly  in the  FFA  and  h ap tically  in a haptic  face 

a rea). In th is m odel, d ifferen tia l activation  th ro u g h o u t the d istrib u ted  system  can  resu lt in e ith e r 

c rossm odal face reco g n itio n , o r w ith in  m odal visual o r  haptic  face recogn ition .
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1.4 C rossm odal face recognition

This thesis endeavours to contribute to both the crossmoda! and face recognition 

literatures. The aim  o f  the experim ents in the follow ing chapters is to study further the 

processes underpinning visual and haptic face recognition, and exam ine how visual and 

haptic face representations may be stored in m em ory. The use o f  crossm odal 

experim ental designs (see Figure 1.5), w hereby faces are encoded in one sensory 

m odality and recognised in another, should clarify what processes and types o f  face 

inform ation can be utilised by both m odalities for the purposes o f  face recognition. 

Thus, these experim ents extend the w ork o f  previous researchers who have studied face 

recognition in one sensory m odality only (i.e. vision or haptics), as the m ultisensory 

nature o f  face recognition can be observed explicitly, rather than being inferred.

1 Trial

I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1
SI ISI S2

1 minute 1.000 nis I .OOD ms

Encoding M atching

Figure 1.5. An illiis lra lion  o f  the general m atch -lo -sam p le  c rossm odal parad igm  adopted  in th is thesis. In 

this illustra tion , the c rossm odal task is in the d irec tion  o f  hap tics-to -v ision . T he haptic facc stim ulus (SI )  

is en coded  for a specified  am ount o f  tim e. A fte r a short in te rstim ulus in terval (IS I), the visual face 

stim u lus (S2) is p resented . P artic ipan ts m ust then  m ake a response . F or instance, in a m atch ing  task, the 

partic ipan t m ust decide  i f  the v isual stim u lus rep resen ts the sam e person  as the hap tic  stim u lus by 

respond ing  'sam e' or 'd ifferent'.

1.4 .1 Familiarity’ and crossmodal face recognition

The Bruce and Young and the lAC models o f  face recognition provide a coherent 

account o f  the various kinds o f  inform ation about fam iliar faces. How ever the account
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given o f the processing o f  unfam iliar faces is much less detailed. A recent review by 

Hancock, Bruce, and Burton (2000) discussed how unfam iliar face recognition is akin to 

general pattern recognition: the recognition o f  unfamiliar faces can be easily disrupted 

by variations such as lighting, viewpoint, external features, facial expression, and image 

quality. However recognition o f 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 fam iliar and unfam iliar faces (Bruce, Henderson, Greenwood, et al., 

1999). W hen faces in a face matching task are unfam iliar to the participants, 

performance is surprisingly poor even with no time pressure or memory load in the task. 

Such impoverished performance for unfam iliar faces may rely on the fact that the FRU 

for an unfamiliar face relies on just one encoded view, or experience of, that face. Thus, 

the representation may not be robust enough to facilitate very accurate recognition 

across multiple viewpoints and varying conditions. Although it has been demonstrated 

that unfamiliar faces can be matched across modalities (Kilgour and Lederman, 2002), 

changing modality can be considered like a change in view condition, thus it would be 

expected that familiar faces would be recognised across modalities with significantly 

greater accuracy than that observed for unfam iliar faces. In Chapter 2, the modulatory 

effects o f familiarity are examined with respect to two different kinds o f  familiar stimuli; 

highly familiar face stimuli (participant's own faces; Experiment 1), and recently 

familiarised stimuli (Experiment 2).

1.4.2 The representation o f  faces by vision and haptics

In addition to vision and haptics both having the capacity to encode information 

about face shape, each modality also encodes sensory specific information, so that 

through the processes o f  sensory combination and integration (Ernst and Biilthoff, 2004) 

a robust description o f  an individual face can be built and maintained in memory. The 

question arises as to how visual and haptic face information might be represented in the 

brain so as to facilitate such m ultisensory representations. A num ber o f candidate 

models o f  crossmodal representation have been proposed and can generally be described 

as follows: a) all information is sensory specific without any crossmodal sharing, b) all 

representations are visual and information encoded haptically is recoded into vision, c) 

all information is m ultisensory and information contributes to the percept according to 

its reliability, d) information is partly shared and information contributes to the percept
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according to its reliability. In terms o f the models o f crossmodal face recognition 

proposed in the previous section, these candidate models would described how 

information would be represented at the level o f the FRUs (Figure 1.4a) or processed by 

the lOG (Figure 1.4b).

Scenario a) is unlikely because, as outlined above, there is evidence to suggest 

that face information is shared across the modalities (Kilgour and Lederman, 2002). The 

second model, b), proposes that haptic information is mediated by the visual system (e.g. 

Zhang, W eisser, Stilla, et al., 2004). According to the image mediation model, haptic 

information is translated into a visual image which is subsequently processed and 

represented visually (Klatzky and Lederman, 1987; Lederman and Klatzky, 1990; 

Lederman, Klatzky, Chataway, et al., 1990). Although appealmg, there is however no 

ready analogue for some haptic information, such as texture, temperature, and 

compliance, which contribute to haptic face recognition (Kilgour and Lederman, 2002). 

Furthermore, Kilgour and Lederman proposed that visual mediation o f  crossmodal face 

matching would be evident if  a negative correlation was found between scores on the 

Vividness o f  Visual Imagery Questionnaire (VVIQ, a low score indicates high ability to 

use visual imagery) and both recognition speed and accuracy in a haptic face recognition 

task. Such negative correlations were not obtained.

Model c) is possible, but it is unlikely that the visual and haptic modalities share 

one overarching amodal face representation to which they both have equal access, as 

each modality encodes sensory specific information that contributes towards 

recognition. For example, face recognition performance is affected by attributes specific 

to vision such as pigmentation (Yip and Sinha, 2002), and contrast polarity (e.g. Kemp, 

Pike, W hite, & Musselman, 1996), as well as properties specific to the haptic modality 

such as skin texture and compliance (Kilgour and Lederman, 2002).
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Figure 1.6. .Model o f  co n v erg en ce  (M illa r. 2000). In fo rm atio n  com m on  to both m od alitie s  is represen ted  

in the in tersection  o f  the d iag ram , w hereas m o d ality -sp ec itlc  in form ation  is rep resen ted  on  c ith e r side

Lastly, option d) is a model o f  muitisensory representation wherein information 

from different sensory sources (such as vision and haptics) partially overlaps. Instead o f  

cither wholly separate modules, or a single amodal system, the senses converge to share 

infomiation that is represented in the same manner in both modalities (see Figure 1.6 for 

an illustration o f  this model) (Millar, 2000). For instance, vision and haptics can both 

encode geometrical properties o f  objects such as size and shape, and in both instances, 

geometric properties are the most diagnostic attributes for recognition (e.g. Lederman 

and Klatzky. 1990). Therefore, crossmodal face recognition may be mediated by a 

representation o f  facial shape common to both vision and haptics. The overlap o f  

information comprises redundant information about facial shape that is encoded by both 

modalities, and this information is integrated (possibly according to the M LE model) to 

provide the best estimate o f  facial structure. Further to this, modality-specific face 

information can be combined to provide a rich description o f  the face for recognition 

through either or both modalities. This model o f  convergence would correspond well to 

the representation o f  face information in the FRUs o f  the model o f  crossmodal face 

recognition proposed in section 1.3.3.

The nature o f  the memory representations underpinning crossmodal visual and 

haptic face recognition is examined in explicif recognition tasks in Chapter 3 

(Experiments 3 and 4). These experiments should provide insight into the relative
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im portance o f  encoded m odality-specific inform ation for subsequent face recognition 

across m odalilies.

1.4.3 Configiiral processing across modalities

Structural face descriptions stored in the FRUs are thought to com prise 

inform ation about facial features and the configuration in which those features are 

arranged (Bruce and Y oung, 1986). Evidence suggests that each m odality can process 

faces configurally, how ever, it is not clear w hether this inform ation is directly 

com patible. As faces fall outside the receptor bandw idth o f  the haptic m odality, the 

haptic encoding o f  faces is lim ited to the serial encoding o f  face parts over time. 

A lthough there may be a shift towards a m ore global representation o f  a face as 

exploration tim e increases ( c f  Lakatos and M arks, 1999), thus facilitating configural 

processing, the integration o f  serially acquired inform ation can be error prone (c f  

Loom is, K latzky, & Lederm an, 1991). M oreover, the representation o f  haptic space has 

been found to be distorted com pared to visual representations, such that haptic spatial 

inform ation is represented in a non-Euclidean m anner (K appers and K oenderink, 1999). 

This im plies that the configurai representations underpim iing visual and haptic 

recognition o f  the same face m ight actually differ in a num ber o f  ways that m ay pose 

problem s for inform ation-sharing across the modalities. In C hapter 3 1 investigate 

w hether contlgural inform ation can be shared directly between the visual and haptic 

m odalities, and whether configural or featural inform ation m ore readily facilitates 

crossm odal face m atching (Experim ent 5). Again, this experim ent will provide an idea 

o f  how face inform ation m ight be coded in m em ory, providing further insight into the 

m echanism s underlying crossm odal face recognition.

1.4.4 Miiltiserisory structural face representations

Recognition accuracy has been found to decline significantly for objects

recognised explicitly when the sensory m odality changes betw een study and test,

presum ably reflecting the role o f  m odality-specific inform ation in within modal

recognition (Easton et al., 1997; Reales and B allesteros, 1999). However, crossm odal

object prim ing experim ents have dem onstrated that prim ing effects are o f  sim ilar

m agnitude w ithin and across m odalities, suggesting that visual and haptic object

recognition is m ediated by shared structural representations (Easton et al., 1997; Reales
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and Ballesteros, 1999). Therefore, objects at least tend to follow the model o f 

convergence proposed by M illar (2000). W hereas the experiments in Chapter 3 examine 

the importance o f modality-specific information for face recognition, the aim o f Chapter 

4 is to investigate whether crossmodal face matching and recognition is mediated by 

structural representations o f faces common to vision and haptics on an implicit level. A 

crossmodal priming task is used to test whether visual and haptic prim ing can elicit 

equivalent performance in a visual familiarity-decision task.

In the General Discussion (Chapter 5) the findings o f  these experiments are 

discussed collectively in terms o f  the m ultisensory and face recognition literatures. Both 

crossmodal recognition models and current models o f  face recognition are considered in 

light o f  the results. The implications o f  these behavioural data for the face specificity 

debate arc briefly mentioned. Other issues related to the integration o f sensory face 

information are raised and fijture avenues for crossmodal face recognition research are 

contemplated.
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Chapter 2

Familiarity and crossmodal face recognition 

Abstract

Recent studies have suggested that the famiharity o f  a face leads to more robust 

recognition at least within the visual domain. The aim o f this chapter was to investigate 

whether face familiarity resulted in a representation o f  faces that was easily shared 

across the sensory modalities. In Experiment 1 I tested whether haptic recognition o f a 

highly familiar face (i.e. one's own face) was as efficient as visual recognition. The 

observers were unable to recognise their own face models from tactile memory alone but 

were able to recognise their faces visually. However, haptic recognition improved when 

participants were primed by their own live face. In Experiment 2 I found that short-term 

familiarisation with a set o f previously unfamiliar face stimuli improved crossmodal 

recognition relative to the recognition o f  unfamiliar faces. The findings suggest that 

familiarisation provides a strong representation o f  faces but that the nature o f the 

information encoded during learning is critical for efficient crossmodal recognition.

2.1 Introduction

The various facets o f  visual face processing and recognition are well documented 

(e.g. Bruce and Young, 1998; Kanwisher and M oscovitch, 2000; Peterson and Rhodes, 

2003; Rakoner and Cahlon, 2003; Tarr and Cheng, 2003). However, very little is known 

about our capability for processing and recognising faces outside the visual domain. 

Recently, Kilgour, Lederman and colleagues have embarked on a series o f studies aimed 

at furthering our understanding o f face recognition in the tactile domain (Kilgour, de 

Gelder, & Lederman, 2004; Kilgour and Lederman, 2002). In their initial study, Kilgour 

and Lederman (2002) demonstrated that haptic input allowed for the successful tactile 

matching o f unfam iliar faces. Furthermore, they found that participants were able to 

match unfamiliar faces across sensory modalities suggesting that face information can be 

represented and shared across vision and haptics.

The studies reported by Kilgour et al. suggest that the haptic and visual systems 

both have the capacity to process faces and that face information can be shared across
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sensory modalities, possibly involving the same neural substrate (Kilgour, de Gelder, & 

Lederman, 2004). Given this evidence, it m ight be reasonable to assume that other 

factors affecting visual face recognition will similarly influence face recognition through 

touch. In this chapter I investigated whether or not familiarity with a face leads to a 

better recognition o f  that face across modalities. In particular, I was interested in 

whether long-term familiarity, such as familiarity with one's own face, results in robust 

recognition in both vision and haptics. Furthermore, I tested whether short-term 

familiarity, such as recent exposure to a face, results in better crossmodal recognition.

The degree to which a face is familiar to an observer has been found to influence 

the way in which that face is processed and recognised through vision. Familiarity with 

a face can confer recognition advantages, in terms o f accuracy and response latencies. 

For instance, when deciding whether a face is intact or scrambled, familiarity facilitates 

quicker responses to intact stimuli (Bnice, 1986). A large discrepancy has also been 

found between recognition rates for unfam iliar and fam iliar face images captured from 

video. Face matching performance was poor when face images were unfamiliar, despite 

unlimited time and reduced memory load (Bruce, Henderson, Greenwood, et al., 1999). 

However, even in poor quality C’CTV images, participants were surprisingly good at 

recognising highly familiar targets from video footage. Performance however dropped 

to chance levels if  participants were unfam iliar with the targets (Burton, Wilson, Cowan, 

& Bruce, 1999). Hancock, Bruce, and Burton (2000) argued that the recognition o f 

unfamiliar faces is not robust to changes in image-based factors such as changes in 

lighting (Johnston, Hill, & Carman, 1992) viewpoint (Hill, Schyns, Akamatsu, 1997; 

Newell, Chiroro & Valentine, 1999; O'Toole, Edelman, & Biilthoff, 1998), or facial 

expression (Bruce, Henderson, Newman, & Burton, 2001) Recognition o f familiar 

faces, however, can be effortlessly carried out despite such variations (Hancock et al., 

2000).

Although both long and short term familiarity have been shown to lead to more 

robust visual recognition it is not clear whether the effect of familiarity is sensory- 

modality specific or independent o f sensory modality. On the one hand, familiarity with 

a face may promote a more multisensory representation to allow for better crossmodal 

recognition o f the face. Indeed it has been shown that the recognition o f  highly familiar 

objects generalises across modalities (e.g. Reales and Ballesteros, 1999) and if  faces are 

considered as a type o f object class (e.g. Tarr and Gauthier, 2000) then we might expect
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that the recognition o f familiar faces also generalises across modalities. On the other 

hand, faces represent a set o f  highly similar stimuli. Studies o f  crossmodal object 

recognition using highly similar stimuli found that crossmodal recognition was impaired 

relative to unimodal recognition (Newell, Ernst, Tjan & Biilthoff, 2001). The 

participants were familiarised with these novel objects in one modality only during the 

course o f  the experiment. Therefore, it is possible that crossmodal object recognition 

benefits from more long-term familiarity with objects. The aim o f  this study, therefore, 

was to investigate the role o f familiarity in the recognition o f faces across vision and 

haptics.

Vision researchers have studied the effects o f familiarity on face recognition 

performance by comparing responses to unfam iliar faces with responses to either newly 

learned faces (short-term familiarity e.g. Katanoda, Yoshikawa, & Sugishita, 2000), or 

highly fam.iliar or famous faces (long-term -familiarity e.g. Bruce, 1986; Bruce and 

Valentine, 1985). Furthermore, faces varymg in familiarity may undergo differential 

processing in terms o f the facial information used, or the neural substrate involved (e.g. 

Clutterbuck and Johnston, 2002; Leube, Erb, Grodd, et al., 2003). In this study I was 

concerned with the role o f  both long-term and short-term familiarity in multisensory 

face recognition. I investigated these effects first by testing self-face recognition across 

modalities (Experiment 1), and then by testing crossmodal face recognition to a recently 

familiarised set o f faces (Experiment 2).

In Experiment 1 I examined haptic recognition o f one’s own face relative to 

visual recognition. Given the long-term familiarity o f our own faces, we should expect 

to have a robust representation o f our facc in visual memory, as was reported in previous 

studies using famous faces. However, we also have a lifetime's experience with our 

own face through touch (e.g. from grooming, etc.) and it may be possible that we use 

this haptic information along with visual information to construct a multisensory 

representation o f our faces in memory. Currently there is no direct evidence that such a 

representation exists, however the results o f  a recent study on reach and grasp 

movements suggest that a haptic representation o f  our own face is available in memory, 

at least at the featural level (Edwards, W ing, Stevens, & Humphreys, 2004). If  

familiarity with a face facilitates multisensory recognition, it was hypothesised that self- 

face recognition performance would be similar across the visual and haptic modalities.
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In Experiment 2 I investigated whether familiarity obtained due to brief exposure 

to previously unknown faces promotes more efficient crossm odal face matching or if  the 

benefits o f  short-term familiarity are modality specific. It was hypothesised that if  

familiarity confers more multisensory representations o f  faces, better crossmodal 

matching performance should be found for familiar than unfam iliar faces, regardless o f 

whether they were familiar in vision or haptics.

2.2 Experiment 1

Experiment 1 examined whether or not individuals are able to recognise their 

own face through touch. Our own face is highly fam iliar to us visually and possibly 

through touch, suggesting that both a visual and a tactile representation o f  our own faces 

may preside in memory. Kilgour and Lederman (2002) have shown that practice with 

even unfamiliar faces allows for sufficient haptic recognition o f  faces. It was predicted 

therefore, that long-term familiarity would facilitate self-face recognition, with 

participants easily able to recognise models o f their own faces through touch, at least as 

well as through vision.

2.2.1 Method

2.2.1.1 Participants

Thirty-two undergraduate and graduate students (16 male, mean age 22.88 years, 

SD = 4.78) from the School o f Psychology, Trinity College Dublin participated in this 

study for research credits. Testing procedures o f  this and the following experiment met 

with the standards delineated by the Ethics Committee o f  the School o f  Psychology, 

Trinity College Dublin, and all participants gave written consent prior to performing this 

experiment. All participants reported normal or corrected-to-norm al vision and none 

reported any tactile impairment.

2.2.1.2 Apparatus and Stimuli

Stimuli comprised 32 plaster models, one o f  each participant's face. To create 

these face models each participant’s hair was first covered with a swimming-cap and 

then a thin layer o f  petroleum jelly  applied to their eyebrows and eyelashes. A thick 

layer o f Accu-cast 880^*^, an alginate casting substance, was applied to the face leaving 

an opening for the nostrils and was allowed to set for 8 minutes. A layer o f  gypsona (i.e.
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plaster-of-paris) bandages was then applied over the alginate and allowed to harden for 

10 minutes before it was removed from the participant's face. A thin layer o f casting 

plaster was poured into each face mould and allowed to stand for 20 minutes. A wooden 

mount was inserted into the base o f  the mould consisting o f  a square pole attached to a 

base. Each face model was positioned approximately 11 cm above the base o f the 

mount so that participants could rest their elbows comfortably on the table whilst 

palpating the facemodels. The face models were left to dry in the mould for 24 hours 

and when rem oved were allowed to dry for a further 24-48 hours. Small imperfections 

were corrected using very fme-grain sandpaper. An example o f a male and female face 

model along with their live counterparts is illustrated in Figure 2 1. A trial consisted o f 

a ‘line-up’ o f  face models including the target face and 7 non-target face models, all of 

which were positioned side-by-side on a workbench.

Figure 2.1. A  sample o f  the haptic face stimuli used in all o f  the experiments in this thesis. On the top 

row a female face is compared with its plaster model in both profile and portrait views. The bottom row 

show s the same detail for a male face. The haptic models provide faithful representations o f  the structure 

o f  the live faces.
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2.2.1.3 Design

The experiment was based on a one-way repeated measures design with 

recognition modality as the factor. This factor comprised three levels; two haptic and 

one visual. The two haptic conditions were haptic recognition from m em ory (haptic 

memory) and haptic recognition after prim ing (haptic prime). The visual condition was 

recognition from memory (visual memory). There were two trials to the haptic memory 

condition (namely forward-facing and backward-facing, based on the direction o f the 

face model with respect to the participant)^ ’ and one trial each in the haptic prim e and 

visual memory conditions. In each trial the target face had to be recognised from among 

seven distractors in a ‘line-up’ scenario. For each participant the same distractoi faces 

were used in all four line-ups. D istractor faces were randomised across participants. 

For all participants, the forward-facing and backward-facing face stimuli were 

counterbalanced across trials in the haptic memory condition and the position o f the 

target face stimulus in the line-up was randomised across trials. The trials always 

followed the same sequential order, haptic memory, haptic prime and visual memory. 

This was necessary in order to avoid learning effects or effects o f visual imagery on 

performance in the haptic memory task There were 2 trials in the haptic memory 

condition, and 1 trial each in the haptic prime and visual memory conditions. 

Performance was measured in terms o f  recognition accuracy.

2.2.1.4 Procedure

Approximately one week after the casting process, participants were recalled to 

complete the face recognition task. The task for each participant was to select his or her 

own face from a line-up comprising eight faces which always included the target face 

and seven distractor faces. In the haptic trials participants could feel each stimulus for an 

unrestricted period o f time but were not perm itted to return to any previously explored 

face once they had moved on in order to promote a recognition-from-memory strategy 

rather than a strategy involving feature comparisons Participants were blindfolded for 

the first two haptic memory trials. In the haptic prime trial the blindfold was removed 

but the face model was positioned such that it faced away from the participant and was

^' Both the forward and away facing orientations o f  the face models relative to the observer were included 

in order to avoid any advantages or disadvantages o f  orientation presentation (see e.g. N ew ell, Ernst, Tjan 

& Biilthoff, 2001).
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thus obscured  from  view . In this trial partic ipants w ere instructed to first feel their own 

face for 10 seconds before feeling each face m odel.

Ten seconds were necessary so that the partic ipant had enough tim e to feel all o f  

their face and not ju s t one or tw o features (cf. Lakatos and M arks, 1999). In the visual 

m em ory trial, partic ipants w ere presented w ith the line-up o f  face m odels and required 

to v isually  identify  their ow n face from  am ong the d istractor face m odels by indicating 

its position  in  the line-up.

2.2.2 R esults

T he data w ere first analysed across the trials w ithin the haptic m em ory condition 

only in order to determ ine if  there w as any benefit for one particu lar orientation o f  the 

face m odel over the o ther w ith respect to the observer. A W ilcoxon M atched-pairs test 

w as used and found no effect o f  face orientation [T (32) = 11, n.s.]. For subsequent 

analyses each partic ipant's average perform ance for the haptic m em ory condition was 

used.

The m ean percentages o f  correct recognition responses for the different 

conditions are illustrated in Figure 2.2. A Friedm an's A N O V A  was perform ed on 

recognition accuracy perform ance across the haptic m em ory, haptic prim e, and visual 

m em ory conditions. A  m ain effect o f  condition w as found [ %  =21.92, d f  = 2, p < 0.001]. 

Post hoc analyses w ere conducted using W ilcoxon M atched-Pairs tests and I found that 

recognition perform ance w as significantly  better in the visual m em ory condition than in 

either the haptic m em ory condition [T(32) = 1 1 ,  p<0.001] or the haptic prim e condition 

[T(32)=11.0, p<0.01]. Furtherm ore, perform ance in the haptic prim e condition was 

significantly  better than perform ance in the haptic m em ory condition [T(32)=36.5, 

p<0.03]. Prim ing o f  the partic ipan t’s ow n face facilitated  the subsequent haptic 

recognition o f  his or her own face m odel. Indeed, using a Sign test it was found that 

perform ance in the haptic m em ory condition  was not significantly  greater than 

perform ance due to chance [z=0.5303, n.s.].
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Haptic Memoty Haptic Prime \  ision Memoty

Figure 2.2. M ean percentages o f  correct recognition o f  on e's ow n face across the haptic and visual 

conditions. Error bars represent ±1 standard error o f  the mean.

The haptic prime trial was, however, always preceded by 2 haptic memory trials 

raising the concern that better perfonnance in the haptic prime trial was simply a 

practice effect. To rule out this possibility, trials in the haptic m em ory condition were 

divided into their sequential trial order and analysed using a Wilco.xon Matched-pairs 

test. No difference in performance was found between the first and second trials in the 

experiment [T (32) = 27.5, n.s.] suggesting that the improved performance in the haptic 

prime condition was not simply due to practice.

2.2.3 Discussion

In this experiment it was found that participants were unable to recognise their 

own faces through touch alone. However, haptic recognition o f  their ow'n face improved 

when participants were allowed to feel their own live face prior to feeling a model o f  

their face. Nevertheless, haptic recognition was not as good as visual recognition o f  

one's own face.



Poor haptic self-face recognition relative to visual recognition o f  the sam e face 

model m ight suggest that haptic fam iliarity w ith the face is insufficient for a tactile 

representation in m em ory. However, there may be other reasons why haptic 

perform ance was poor relative to visual perform ance. For exam ple, although we have a 

lifetim e o f  experience w ith touching our ow n faces, the tactile experience may be 

incidental to the task at hand (e.g. washing, m ake-up application etc.) and therefore the 

conditions for encoding the shape o f  the face in tactile m em ory m ay not be optimal. It 

m ay be necessary to attend to the shape characteristics o f  the face during encoding in 

order to form a representation o f  that face. For vision, attending to the shape o f one’s 

face is necessary when we view im ages o f  ourselves in photographs, film and in the 

mirror. Flowever, there are few, if  any, real-w orld tasks that require us to attend to the 

entire shape o f  our face through touch. In the K ilgour and Lederm an (2002) study, good 

haptic recognition perform ance was achieved because participants were fam iliarised 

with faces through touch. Here I have shown that despite tactile fam iliarity, there does 

not appear to be a representation o f  the shape o f  one’s own face in tactile memory.

Edw ards et al. (2004) found that over-estim ations o f  the grasp size necessary to 

grasp an object are significantly sm aller for facial features such as the nose or mouth 

com pared to sim ilar sized neutral objects or other body parts (w rist or thum b). These 

authors discounted the notion that the fam iliarity o f  the action o f  grasping face-parts 

might contribute to this finding, instead proposing that fam iliarity o f  a feature 

underpinned a m ore accurate grasp size. G iven the poor haptic perform ance in this task, 

how ever, it is possible that even a feature recognition strategy is insufficient for 

facilitating haptic face recognition from m em ory, at least w ithout a relevant prime.

Haptic recognition perform ance im proved after a b rief prim ing event. This 

im proved perform ance was not sim ply due to a practice effect with the face stimuli since 

no effect o f  practice was found across the first 2 trials (i.e. in the haptic m em ory 

condition). Thus, when participants could attend to the particular shape o f  their own 

faces through touch, they were then able to haptically identify their own face model. 

This result suggests that it may be possible for the haptic system  to build a 

representation o f  a face shape (even if  it is a short-term  representation) for subsequent 

recognition purposes (see also K ilgour and Lederm an, 2002).

However, it is im portant to consider an alternative explanation for the poor 

recognition perform ance in the haptic m em ory condition. W hilst infonnation about
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shape contributes to recognition in both vision and haptics, the haptic m odahty also 

places considerable importance on the material properties o f  objects (i.e. surface texture, 

compliance, and temperature) for accurate recognition (e.g. Klatzky, Loomis, Lederman, 

et al., 1993; Klatzky, Lederman, & Reed, 1987). Access to material properties o f  faces, 

(e.g. skm texture and muscle tone) has been found to optimise haptic face matching 

performance; haptic matching performance for live faces was significantly better than 

that for clay face models (Kilgour and L.ederman, 2002). In this experiment participants 

felt rigid 3-D, uniformly textured facemasks, thus it is possible that there was a loss o f 

likeness m the recognition process as material information that may form an integral part 

o f their (putative) haptic face representation was missing from their target facemask (as 

was the material information on the distractor models which would facilitate correct 

rejections through comparison). Coupled with the notion that there m.ight not be an 

adequate representation o f one’s own face shape in tactile memory, this may help to 

explain why recognition performance in the haptic memory condition was poor. 

Therefore, given the absence o f  material properties in the haptic stimuli one can not 

necessarily preclude the existence o f  a haptic representation o f one’s own face in 

memory based on performance in this experiment alone.

In the visual memory condition I found that participants' recognition performance 

was not perfect as might be expected; approximately 20% o f  our participants made an 

error in this condition. I speculated that these errors were due to recognising non-normal 

versions o f  their own face. For example, the face models lacked any pigmentation cues 

which might normally contribute to the recognition o f  faces (Yip and Sinha, 2002). 

Indeed, some studies have demonstrated that the addition o f  colour texture to facial 

surfaces greatly improves performance in tasks involving the recognition o f faces from a 

novel viewpoint (Troje and Biilthoff, 1996) and the categorisation o f  faces according to 

their sex (I, B iilthoff and Newell, 2004).

Although visual recognition o f  the participant's own face model was good, the 

representation o f their face in visual memory was clearly discrete and could not be 

shared across modalities: haptic self-face recognition did not seem to benefit from a 

visual representation o f  that face. This finding suggests that although familiarity may 

promote good visual recognition, it does not promote multisensory recognition. In the 

next experiment I explicitly tested whether or not familiarity promotes better recognition
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across the sensory modalities by familiarising participants with previously unfamiliar 

tactile and visual faces.

2,3 Experiment 2

It is argued that familiar faces are processed more efficiently in the visual system 

than unfam iliar faces (e.g. Young, Hay, McW eeny, Flude, & Ellis, 1985) leadmg to 

more robust face perception (e.g. Schwaninger et al., 2002). It is not known, however, 

whether familiar faces are more easily recognised across the sensory modalities or 

whether familiarity benefits a sensory-modality specific representation o f  that face. The 

results o f the previous experiment suggest that long-term familiarity affects modality 

specific representations although it may be that visual face recognition was best because 

o f  a lifetime's experience o f  processing information in that modality. Consequently, facc 

representations may be 'captured' by vision when they are highly familiar in that 

modality because vision may be the more appropriate modality for face recognition 

(W elch and Warren, 1980). Thus, if  familiarity promotes robust recognition across the 

senses then it would be expected that familiar faces would be matched more efficiently 

across modalities than unfam iliar faces, On the other hand, if  familiarity affects the 

representation o f a face in a modality specific manner, then there should be no benefit 

for matching familiar over unfamiliar faces across modalities.

2.3.1 M ethod

2.3.1.1 Participants

Thirty-nine psychology undergraduates (28 female, mean age 20.3 years, SD = 

3.3) participated in this experiment to fiilfil research credit requirements. Written 

consent was obtained from all participants prior to the experiment and none had 

participated in the previous experiment. All participants reported normal or corrected- 

to-normal vision and none reported any tactile impairment.

2.3.J.2 Apparatus and stimuli

Twenty-six plaster models o f faces were randomly chosen from the stimulus set

in Experiment 1 and used as haptic stimuli in this experiment. Digital colour images o f

the live faces o f the individuals from whom the models were cast were used as visual

stimuli. All o f  the individuals used as models in this experiment were unfam iliar to the

participants, who had just commenced their first year o f study in the School o f
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Psychology. This was confirmed verbally after the experiment was conducted. During 

the familiarisation stage o f  the experiment the visual images were presented as a set o f 

laminated photographs and during the experiment they were presented as digital images 

using M icrosoft PowerPoint on a Macintosh PowerBook G3. The images presented on 

the computer screen subtended a visual angle o f approximately 10° vertically and 7° 

horizontally. Participants were required to learn a fictitious name and occupation for 

each face during familiarisation. Familiar, simple names (e.g. Sue, Mike, Jill etc.) and 

familiar occupations (e.g. builder, teacher etc.) were chosen for the participants to learn 

in order to reduce any memory demands on the task. The haptic stimuli were presented 

facing towards the participant whilst the visual stimuli were presented in a 3/4 view to 

maximise the amount o f  structural information available in the image (e.g. Baddeley and 

W oodhead, 1983; Blanz, Tarr, & Bulthoff, 1999).

During the experiment, the participant sat in front o f  a table and the haptic 

stimuli were presented on the table behind an occluder (i.e. a curtain mounted on a 

wooden frame). Participants were required to place their hands underneath the curtain to 

touch each face model. A Macintosh PowerBook was positioned on the table to the 

right o f the participant in order to display the visual images.

2.3.1.3 Design

This experiment was based on a mixed design with sensory modality matching 

conditions (vision-to-haptics or haptics-to-vision) as a between subjects factor and face 

familiarity (familiar or unfamiliar) as a within subjects factor. Participants were 

randomly assigned to either the visual or the tactile learning modality.

The experiment began with a familiarisation session where participants learned 

to identify a set o f faces either through haptics or vision alone. All participants were 

familiarised with 13 faces, one o f  which was used in a subsequent practice trial, and the 

other 12 in the experiment. W ithin each visual or haptic learning group in the 

experiment, ha lf o f  the participants were familiarised with 12 o f  the 24 face stimuli and 

half were familiarised with the other 12 stimuli. The presentation order o f  the face 

stimuli was randomised across participants.

The experiment was based on a delayed match-to-sample paradigm where 

participants had to match faces across sensory modalities. At encoding and test, a haptic 

stimulus was always presented for 60 seconds whereas a visual stimulus was presented 

for 1 second, in an attempt to compensate for differences in processing expertise
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between vision and haptics. Stimulus presentation times vary within the face 

recognition literature depending on such things as the type o f memory being studied 

(implicit or explicit), the familiarity o f  the face, perceptual manipulations o f  the image 

(e.g., lighting, viewpoint, image quality), and whether behavioural or neuroimaging data 

are collected. Although some studies have found that familiar faces can be recognised 

after as little as 700ms (e.g. Paller, Gonslaves, Grabowecky, et al., 2000), unfamiliar 

faces typically take longer to discriminate (~1 sec; e.g. Hole, 1994). Therefore, it was 

decided to present visual stimuli for 1 second, to ensure that unfam iliar faces were 

sufficiently encoded to facilitate recognition across the modalities. Whereas vision is 

capable o f  encoding the global structure o f  a face quickly and easily, haptic face 

recognition is much slower due to the processing capacities o f haptic receptors, requiring 

the integration o f  serially acquired information into a coherent whole over time (Loomis 

and Lederman, 1986). In a previous crossmodal face matching task where no haptic 

exploration time limit was enforced, participants tended to respond after an average o f 

35 seconds (Kilgour and Lederman, 2002). However, in that study haptic stimuli 

comprised live faces from which both material (texture, temperature, and compliance) 

and geometric haptic information could be obtained to facilitate crossmodal matching 

performance. Indeed, within modal matching accuracy dropped significantly when 

facemasks, rather than live faces, were used, suggesting that available material 

properties optimise haptic performance. As the facemasks used in this experiment 

provided geometric information only, it was decided to extend the duration o f haptic 

stimulus presentation to 60 seconds to promote, as much as possible, the configural 

processing o f  the facemasks (c f  Kilgour, 2003; Lakatos and Marks, 1999), and to 

facilitate optimal matching performance across the modalities.

Each face stimulus appeared twice during the matching task, once in a ‘same’ or 

matching trial and once in a ‘different’ or non-matching trial. H alf o f  the total number 

o f 24 trials included unfam iliar stimuli and half included fam iliar stimuli. The 

presentation order o f the trials was random ised across participants. In order to avoid a 

response bias, there were equal numbers o f  same and different trials although the 

dependent variable was the mean percentage o f  hits only (i.e. accuracy to the same trials.

48



o f w hich there were 6)“ ". Fam iharity was counterbalanced across the same and different 

trials.

2.3.1.4 Procedure

Participants were required to perfom i a fam iliarisation task prior to the 

experim ent. Fam iliarisation consisted o f  learning the nam e and occupation (e.g. "Sue the 

accountant") o f  each face stimulus and subsequently identifying each face by both its 

nam e and occupation. A learning criterion o f  90%  accuracy was set in both the visual 

and haptic fam iliarisation tests before the participant could proceed to the experim ent. 

The fam iliarisation process was repeated until this criterion was achieved. O n average, 

the fam iliarisation o f  the haptic stim uli took about 75 m inutes to com plete whereas 

fam iliarisation with the visual task took about 5 m inutes to complete.

D uring the experim ent, a haptic stim ulus was always presented for 60 seconds 

whereas a visual stimulus was presented for 1 second. The participant pressed the space 

bar on the com puter to begin each trial. In the vision-to-haptic (i.e. V -H ) m atching 

condition, a 1 second fixation cross preceded the visual stimulus. In the haptics-to-vision 

(i.e. H-V) m atching condition, the experim ental procedure was identical to the V-H 

condition except that the haptic stim ulus was presented before the visual stimulus. In 

any trial, the presentation o f  the second stim ulus im m ediately follow ed the first 

stimulus. At the end o f  each trial, participants were required to make a same different 

response by circling the appropriate answ er on a response sheet.

2.3.2 Results

Figure 2.3 depicts the mean percentages o f  hit responses for fam iliar and 

unfam iliar faces in the crossm odal m atching task.

The data were analysed using a 2 x 2 m ixed design ANOVA with m atching 

condition as a betw een subjects factor (V-H or H-V) and face fam iliarity (fam iliar or 

unfam iliar) as a within subjects factor. A main effect o f learning m odality was found, 

[F (I,37) = 13.80, p <0.001], with better perform ance in the V-H condition than in the H- 

V condition. A main effect o f  fam iliarity was also found, [F (l,37 ) = 4.65, p < 0.04],

■■ The second stim ulus in a ‘different' trial w as alw ays presented in the non-ram iliarised m odality. For 

this reason, performance in the sam e trials on ly  w as used as the perform ance measure.
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with better crossm odal m atching perform ance for fam iliar faces than unfam iliar faces. 

There w’as no significant interaction between the factors, [F{ I, 37) = 0.016, n.s.].
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Kigure 2.3. Mean percentages o f  correct 'h it ' responses in the cros.s-inodal matching task, t'rro r bars 

represent ±1 standard error o f  the mean.

2.3.3 Discussion

In this e.xperiment it was found that crossm odal m atching for new ly fam iliar 

faces was better than for unfam iliar faces, regardless o f  w hether face stim uli were 

m atched from vision-to-haptics or haptics-to-vision. These results suggest that short­

term fam iliarity prom otes better recognition across sensory modalities.

A lthough [ tried to ensure that the encoding o f  the face stimuli was equivalent 

across m odalities by allow ing 1 m inute for haptic encoding and 1 second for visual 

encoding, better V-H perform ance than H-V perform ance was found. This d ifference in 

perform ance may have been due to the qualitative differences in inform ation processing 

across the m odalities which, in a m atching task, may benefit V-H perform ance over H-V 

perform ance. For exam ple, faces are encoded hoiistically in vision, how ever the haptic 

encoding o f  a face is not holistic but involves a feature-by-feature analysis. Previous 

studies have found that it is difficult to identify a feature o f  a face when the feature is 

presented in isolation or outside the context o f  the whole face (see Tanaka and Farah,
50



1993; Tanaka and Sengco, 1997). I f  haptics encodes faces on the basis o f features then 

the visual recognition o f a face from its feature-based haptic representation may have 

been less efficient than the haptic recognition o f  a face from its holistic, visual 

representation.

2.4 General Discussion

In summary, the findings support previous studies on haptic face recognition in 

that the results o f both experiments suggest that faces can be represented and recognised 

through touch (Kilgour and Lederman, 2002; Kilgour et al., 2004). In this chapter I was 

particularly interested in the role o f  long-term and short-term familiarity in crossmodal 

face recognition. Despite a lifetime o f  experience with touching one’s own face, in 

Experim ent 1 there was no evidence that a representation o f  that face was built in tactile 

memory. Instead, the recognition o f  one’s own face model through haptics seemed to 

rely on a brief exposure to the shape o f  the actual face prior to recognising the face 

model. Furthermore, the results o f Experiment 1 suggest that the representations of 

faces are discrete and are not easily shared across the sensory modalities. Visual 

familiarity with one's own face did not appear to facilitate crossmodal recognition, since 

information from the visual representation could not be used by the haptic system. In 

Experim ent 2, however, I found that faces can be matched across the modalities and 

despite only a relatively b rief familiarisation period, this m atching process is better for 

fam iliar faces than unfam iliar faces.

These results raise two related questions, first, why a representation o f one’s own 

face is not built in tactile memory and second, why a visual representation o f one’s own 

face is not shared across modalities whereas the representations o f  other recently 

fam iliar faces do seem to be shared across modalities. The results o f Experiment 1 

suggest that, although highly familiar, the representation o f  one’s own face is modality 

specific and therefore cannot be shared across the modalities. Yet, the results of 

Experim ent 2 clearly suggest that even short-term fam iliarity can affect a more 

multisensory representation o f  the face, at least one that can be shared across modalities. 

If  familiarity promotes a more m ultisensory representation, then long-term familiarity 

should result in efficient sharing o f  the face representation across modalities. Thus, 

there seems to be a large discrepancy between these findings.
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There may be several reasons for this discrepancy. First, it might be that the 

encoding o f over-familiarised faces, such as our own face, is based on task-specific 

requirements. For example, visual encoding may result in a holistic representation of 

our face for the purpose o f  self-recognition when we view photographs, film images or 

mirror reflections o f ourselves. Haptic encoding, on the other hand, may be less 

concerned with the overall shape o f  one’s own face and tasks involving touching one’s 

own face may rely more feature specific information (such as, judging the length o f a 

beard before shaving or the texture o f the skin before applying moisturiser). It is 

conceivable, therefore, that the haptic encoding o f  our own face is optimised for specific 

tasks but that the visual encoding and representation is more optimal for recognition 

purposes. Shape information can, however, be used by the haptic system, as shown in 

the haptic prime condition o f  Experiment 1 and the results o f  Experiment 2, but this 

information may require attention during encoding.

Another reason why the haptic recognition o f one’s own face model was less 

efficient than visual recognition may be because the face models lack information 

necessary for tactile recognition. For example, the plaster face models lack material 

properties present in a live face such as information about skin texture, tightness and 

muscle tone, which may have led to poor haptic recognition. Indeed, the lack o f colour 

infonnation, or pigmentation, may have resulted in poor visual recognition o f one’s own 

face. Therefore, it may be important that information available in a real face is made 

available in the face stimuli. In Experiment 2, on the other hand, the material properties 

o f the haptic stimuli were the same at both study and test, so matching accuracy was not 

influenced by differences in these properties.

Finally, the representation o f  one’s own face may be qualitatively different from 

the representation o f the faces o f other familiar persons (e.g. Keenan, Nelson, O'Connor, 

& Pascual-Leone, 2001; Kircher, Senior, Phillips, et al., 2001; Platek, Keenan, Gallup, 

& M ohamed, 2004; Turk, Heatherton, Kelly, et al., 2002). Brady, Campbell, & Flaherty 

(2004) found a significant preference for m irror-symmetric right-right own-face 

chimeras compared to a bias for composite faces o f  close, familiar friends comprising 

m irror-symmetric images o f the left face. Brady et al. argued that the preference for the 

right side o f  one’s own face is because o f experience with m irror images o f our faces. 

The unique way in which one’s own face may be represented in visual memory may 

promote a more modality specific representation o f  one’s own face, or at least one that is
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not easily shared across modalities (e.g. due to m irror reversal). (It is therefore 

conceivable that self-face recognition is subject to a visual capture effect (Rock and 

Harris, 1967) which hinders successful haptic identification. This effect would not be 

apparent with the short-term representations o f the familiar stimuli in Experiment 2, as 

in this instance the information provided by the visual and haptic modalities is not 

conflicted.)

In this study, therefore, differences in performance between the haptic 

recognition o f one’s own face relative to the recognition o f  other familiar faces may 

reflect qualitative differences between the underlying visual representations. Perhaps an 

examination o f the crossmodal capacity for recognising the other highly familiar faces 

such as famous faces might produce effects reflecting those obtained with the briefly 

learned faces o f Experiment 2.

Currently within visual face recognition research it is debated as to whether face 

recognition involves specific mechanisms, distinct from the mechanisms subserving the 

recognition o f all other classes o f  objects. On the one hand, a variety o f  data provide 

evidence that face recognition is a unique process (see Kanwisher, 2000 for an 

overview). However, data also exist to show that face recognition is not 'special' but is 

rather a function o f  processing expertise, and that similar results can be obtained for 

non-face objects with which an individual is expert (e.g. Gauthier, Tarr, M oylan et al., 

2000; Tarr and Gauthier, 2000). W hether or not the current results rcflect an ability to 

generate haptic representations o f  faces that differ from the representation o f other 

objects is beyond the scope o f this thesis. It will be interesting for future research to 

examine whether the benefit o f  familiarity for the crossmodal recognition o f  faces is 

different to that for other objects. Haptic face recognition research may have much to 

contribute towards this specificity debate and to crossmodal research in general, in terms 

o f the mechanisms underpinning the integration o f visual and haptic information.

2.5 Conclusions

The findings reported in this chapter support recent evidence that touch, like 

vision, can encode and represent faces for the purpose o f recognition. M oreover, the 

results o f the experiments suggest that short-term familiarity results in a representation 

o f a face that is more easily shared across the sensory modalities. Familiarity o f a face 

is, however, insufficient for recognition unless those face characteristics specific for
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recognition are encoded and represented by haptics. The representation o f one’s own 

face in memory may be qualitatively different in comparison to other long-term and 

short-term familiar faces, in that it is modality-specific and not easily shared across 

modalities.
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Chapter 3
Are representations of faces independent of encoding modality?

Abstract

It is well documented that both featural and configural information are 

important in visual face recognition. Less is known, however, about the nature o f  the 

information underlying haptic face recognition and whether or not this information is the 

same as in vision. In Experiment 3 I found better within modal than crossmodal face 

recognition performance suggesting that face representations are specific to each 

modality. M oreover, in Experiment 4, this cost in cross-modal performance was found 

to be independent o f  differences in exploratory procedures across the modalities during 

encoding. In Experiment 5 I found that crossmodal face perception was most efficient 

when configural information o f  the facial features was preserved suggesting that 

configural information is shared across modalities. These findings suggest that face 

information is processed in a similar m anner across vision and touch but that qualitative 

differences in the nature o f the information encoded underlies efficient within-modal 

relative to cross-modal recognition.

3.1 Introduction

Although there has been much research into how visual and haptic information is 

integrated into multisensory object representations in memory (e.g. Ernst and Bulthoff, 

2004; James, James, Humphrey, & Goodale, 2005; Newell, 2004) relatively little is 

known about how information about faces is integrated across the modalities. Faces 

represent a socially important, highly homogenous set o f objects which we arc adept at 

identifying. M oreover, face perception is often considered as ‘special’ relative to 

general object perception (e.g. Yin, 1967; Kanwisher, 2000) although others have 

argued that face perception is similar to object perception but that mechanisms for 

identifying faces are optimised due to practice (e.g. Diamond and Carey; 1986; Gauthier 

and Tarr, 1997). This debate, however, does not speak to the issue o f  the contribution o f 

information from other modalities in face recognition, although it could be argued that 

face perception is different from general object recognition in that it relies on processes
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or expertise within a particular modality, i.e. vision. It might therefore be expected that 

the contribution of information from another modality, such as touch, be minimal and 

that processes involved in the visual recognition o f faces are not the same as those 

involved in haptic face perception.

In terms of general object recognition, previous research suggests that 

information from multiple sources of sensory inputs contribute to the representation of 

an object in memory (Easton, Greene, & Srinivas, 1997; Reales & Ballesteros, 1999; 

Newell, Ernst, Tjan, & Bulthoff, 2001). Such multisensory object representations allow 

for more robust recognition performance (Ernst and Bulthoff, 2004). Given that faces 

constitute an ecologically important stimulus, the question arises as to whether 

information from other sensory modalities can contribute to the formation of robust 

multisensory face representations. It seems likely that voice information can serve as a 

marker for personal identity as visual and auditory information generally occur in close 

temporal proximity and are thus likely to be integrated to form a coherent representation 

o f the speaker. However, visual and haptic face information do not automatically co­

occur in the real world, therefore substantial learning may be necessary to associate the 

two types of information.

On the other hand, both the visual and haptic modalities can process shape 

information, and both modalities appear to represent this information in similar formats 

conducive to crossmodal information sharing (e.g. Newell et al., 2001). Therefore it 

could be expected that haptic information may contribute to visual information to 

achieve robust face recognition performance. For this to happen, however, face 

information should be easily shared across modalities. Recent studies have suggested 

that haptic information can contribute to the recognition o f a face. For instance, it has 

been found that unfamiliar faces can be successfiilly matched across modalities (Chapter 

1; Kilgour and Lederman, 2002). Perceptual matching, however, may rely on 

information processing that is not specific to face perception per se but involve more 

generic, image-based processing. The question arises as to whether or not face 

representations in memory are modality-independent or are more reliant on modality- 

specific information.

Functional models o f face recognition (e.g. Bruce and Young, 1986), suggest that 

structural information from a face is encoded and represented in face memory to

uniquely identify that face. Since haptics can also encode structural information (e.g.
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Lcderman and Klatzky, 1990) then, in principle, haptic information could also contribute 

to the recognition of a face. Structural information is generally assumed to be a feature- 

based description together with a representation o f the spatial arrangement or 

configuration of those features. Many studies have provided evidence for the 

importance of both featural (e.g. Collishaw and Hole, 2000; Schwaninger, Lobmaier, & 

Collishaw, 2002) and configural information (e.g. Tanaka and Farah, 1993; Tanaka and 

Sengco, 1997; Young, Hellawell, & Hay, 1987) in visual face recognition. In the haptic 

encoding of faces, the encoding o f facial information may be limited to a mainly feature- 

based description since the global face cannot be encoded directly (e.g. Loomis and 

Lcderman, 1986) However, Kilgour and her colleagues (Kilgour, 2003; Kilgour, de 

Gelder, & Lederman, 2004) found evidence for a cost in haptic face recognition for 

inverted relative to upright face masks. This finding suggests that, like vision, the haptic 

system is also capable of processing and representing faces in terms o f the configuration 

of facial features (c .f Bartlett and Searcy, 1993; Lewis and Glenister, 2003; Freire, Lee, 

& Symmons, 2000). As noted by Maurer, Le Grand, and Mondloch (2002), inversion in 

itself docs not constitute conclusive evidence for face-specific configural processing as 

inversion has been found to affect the recognition o f other mono-oriented objects such as 

cars (e.g. Gauthier, Skuldarski, Gore, & Anderson, 2000b), thus the use of alternative 

paradigms are necessary to substantiate claims o f configural face processing in the 

haptic modality, and to investigate the sharing of configural face information across the 

modalities.

Face recognition may rely more on subtle visual differences between faces. For 

example, visual features such as pigmentation (Yip and Sinha, 2002), and contrast 

polarity (e.g. Kemp, Pike, White, & Musselman, 1996) can affect recognition. 

Furthermore, configural information may be easier to derive from a visually encoded 

face than one encoded through touch. In haptic perception configural information is 

indirectly perceived because o f the serial nature of feature encoding through touch. 

Consequently, visual processing o f a face may be more conducive to efficient face 

recognition than haptic processing of a face. This would suggest that face perception 

may be more modality-dependent than was previously found for the recognition o f other 

types o f objects.

In this chapter, I investigated the extent to which face representations in memory 

are shared across modalities. In Experiment 3 recognition memory performance was
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investigated for a set o f unfamiliar faces within and across modalities. It was 

hypothesised that if  memory representations contain information that is multisensory 

then performance within and across modalities should be equivalent. However, if face 

representations are modality-specific, then a cost in crossmodal relative to within-modal 

recognition was predicted, due to the lack o f transfer o f sensory specific face 

information. In Experiment 4 differences in exploratory procedures between the 

modalities were controlled for during the encoding o f  face information. Experiment 5 

investigated whether featural or configural information was shared across modalities by 

constraining the type o f information available for recognition.

3.2 Experiment 3

In this experiment crossmodal face recognition was examined and it was 

predicted that equivalent crossmodal and within modal performance if  visual and haptic 

face information is shared within a common structural description in memory.

Given the relative lack o f expertise at recognising faces through touch, an 

attempt was made to equate performance in the visual and haptic modalities by reducing 

the number o f  haptic relative to visual face targets and by allowing longer learning times 

for haptic relative to visual learning o f the faces.

3.2.1 Method

3.2.1.1 Participants

Twenty-four undergraduate students from Trinity College Dublin (mean age 20.7 

years, SD= 2.18, 10 female) participated in this experiment for course credits or nominal 

payment. Participants reported normal or corrected-to-normal vision and none reported 

any tactile impairment. This study was approved by the School o f Psychology Ethics 

Committee, Trinity College Dublin. W ritten consent was obtained from all participants 

prior to the experiment.

3.2.1.2 Apparatus and Stimuli

Twenty-four plaster face models were used as haptic stimuli in this experiment 

(see Chapter 1 for details o f the casting o f  these face models). Colour images o f the live 

faces o f the individuals from whom the face models were cast were used as visual 

stimuli. The individuals used as models in this experiment were previously unfamiliar 

to participants. Visual stimuli were presented using M icrosoft PowerPoint on a
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Macintosh G3 PowerBook. The images subtended a visual angle o f  approximately 10° 

vertically and 7.5° horizontally. Haptic stimuli were presented behind an occluder to the 

left o f  the monitor and faced the participant. Visual stimuli were presented in a 3/4 view 

to maximise structural information (e.g. Baddeley and W oodhead, 1983; Blanz et al., 

1999).

3.2.1.3 Design

This experiment was based on a mixed design with learning modality (vision or 

touch) as the between subjects factor and recognition task (within or across modalities) 

as the repeated measure. Participants were randomly assigned to either the visual or the 

haptic learning modality.

Prior to the experiment, the haptic face stimuli were randomly assigned to one o f 

three target face groups and the visual face stimuli were divided into two target groups. 

Each participant was assigned one o f  the haptic face groups or one o f the visual face 

groups as target faces. The remaining faces served as non-target stimuli.

The experiment involved two sessions; a learning block followed by a 

recognition session. The experiment was based on an old/new recognition paradigm. 

Unimodal and crossmodal trials were blocked, and these blocks were counterbalanced 

across participants. Each block comprised 24 trials: 8 target and 16 non-targets in the 

haptic block; 12 targets and 12 non-targets in the visual block. Although the number o f 

targets in the haptic block was reduced to aid memory, the total number o f face stimuli 

was maintained to ensure that each face stimulus was presented the same num ber o f 

times across modalities. The order o f  the trials was randomised across blocks and 

participants. Haptic stimuli were presented for 1 minute whilst visual stimuli were 

presented for 1 second (for rationale behind presentation times see Section 2.3.1.3, pg. 

xx). Performance was measured in terms o f  accuracy rates (hits plus correct rejections) 

based on 24 trials in each modality

3.2.1.4 Procedure

During the learning block, participants were required to learn the name and 

occupation o f  each target face and to subsequently identify each face. The twelve visual 

target images were presented on laminated cards and participants were required to study 

these images for 5 minutes in total. Each haptic target face was presented for 1 minute 

until all faces were perceived. This sequence was repeated four times. This procedure 

ensured that the same amount o f  time was spent encoding each haptic stimulus. A
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learning criterion o f 7/8 correct responses was set for haptics and 11/12 correct 

responses was set for vision. The learning block was repeated until this response 

criterion was achieved. On average the learning o f the haptic targets took about 50 

m inutes to complete whereas learning o f  the visual targets took approximately 7 

minutes.

The recognition experiment directly followed the learning block. Here 

participants were required to perform an old/new face recognition task either within the 

same modality as learning or in a different modality. Participants were informed o f the 

nature o f the experimental block (within modal or crossmodal) before testing. During 

the visual block the participant pressed a space bar to begin each trial. A fixation cross 

was presented for 1 second followed by a visual face images for another second. In a 

haptic recognition trial a face model was presented behind an occluder and the 

participant was instructed to palpate the face for 1 minute. Exploration time was 

recorded as soon as the participants' hands came into contact with the face model. After 

presentation o f the stimulus participants were instructed to respond as quickly and as 

accurately as possible by circling whether the face was old or new on a response sheet.

3.2.2 Results

Figure 3.1 depicts the mean percentage accuracy responses for the within and 

across modalities face recognition task. Given the different probability levels for the 

visual and haptic familiarisation conditions, a 2 x 2 test was used to examine possible 

differences across the learning conditions and found no difference between visual or 

haptic learning [^^=0.39, d f= l, n.s.]. A W ilcoxon matched-pairs tests revealed a cost in 

crossmodal recognition relative to within modal recognition regardless o f  whether faces 

were learned in vision [T(12)=0.001, p<0.002] or haptics [T(12)=9.5, p<0.02]. 

Although performance in the cross modal condition was relatively poor, it was found to 

be significantly better than chance for both visual [^^=21.87, df=l 1, p<0.03] and haptic 

[X^=218.16, df=l 1, p<0.01] learning.
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across m odalities, h rro r bars rep resen t + 1 standard  e rro r o f  the m ean.

3.2.3 Discussion

A cost in crossm odal face recognition relative to the unim odai recognition o f  the 

same faces was found, and this cost was incurred independently o f  the learning 

m odality. Although the participants w ere able to recognise the faces across m odalities, 

perfonnance was relatively inefficient. These results suggest that face recognition 

m em ory is not multi sensory in nature.

The results may indicate that the observed cost in recognition perform ance 

reflects m odality specific face infom iation processing. For exam ple, pigm entation 

inform ation in vision, or surface texture in haptics may prom ote better recognition 

perform ance within each m odality. R ecognition o f  faces may therefore be dependent 

not only on inform ation com m on to both senses, such as inform ation about face 

structure, but more so on subtle differences in m odality-specific face inform ation.

However, the m anner in which face inform ation was encoded was also specific to 

each m odality. For exam ple, vision can process all aspects o f  an im age in parallel, so
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that local facial features and their global configuration can be rapidly processed (Tanaka 

and Sengco, 1997). Haptic encoding, on the other hand, is lim ited to serial exploration o f  

an object w hich probably places dem ands on w orking m em ory due to the integration o f  

object inform ation over tim e (Loom is and Lederm an, 1986; Loom is, K latzky, & 

Lederm an, 1991). These differences in encoding procedures m ay have affected 

representations in m em ory. In the next experim ent I attem pted to elim inate encoding 

differences during fam iliarisation, in order to investigate w hether or not encoding 

im pacted on recognition accuracy in the crossm odal conditions.

3.3 Experiment 4

In this experim ent it was predicted that if  differences in the m anner in which 

faces are encoded affect the representations o f faces in m em ory, then by making 

encoding in vision and haptics more sim ilar then no cost in crossm odal relative to within 

modal recognition perform ance w ould be expected. Here visual face im ages were 

presented in parts to prom ote more serial encoding as in haptics.

3.3.1 M ethod

3.3 .1.1 Participants

Tw enty-four undergraduate students (m ean age 22.25 years, SD= 3.05, 13 

female) participated in this experim ent for pay. Participants had norm al or corrected-to- 

normal vision and none reported any tactile im pairm ent. None o f  these participants took 

part in the previous experim ent.

3.3.1.2 Apparatus and Stimuli

Sixteen o f  the plaster face m odels and corresponding full-face colour images 

used in Experim ent 3 were random ly selected and used as stimuli in this experim ent. 

The individuals used as m odels were unfam iliar to the participants. Using Adobe 

Photoshop 5.5 for the M acintosh, each visual face image was divided into four parts 

com prising nose area, eye and brow area, m outh and chin area, and external features (see 

Farah, Drain & Tanaka, 1995 for a sim ilar procedure). The visual im ages are illustrated 

in Figure 3.2. They were displayed on a M acintosh using M icrosoft PowerPoint. Each 

face part was presented against a black background and was positioned in the correct 

relative facial location (i.e. the m outh and chin area was presented at the bottom  o f  the 

display). These part-based face im ages were used as visual stimuli in the learning
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session o f  the experim ent. The w hole face im age was presented during the recognition 

task. Haptic stimuli were presented behind an occluder to the left o f  the monitor.

Familiarisation Recognition

Figure 3.2. An illustration ot'the type o f  visual stim uli used in the learning and test phases o f  H.xperiment 

4.

3.3.1.3 Design

This experim ent was based on a 2 x 2 m ixed design w ith learning m odality 

(vision, haptics) as a between subjects factor and recognition m odality (within or across) 

as a within subjects factor. A recognition block followed a learning session. During the 

recognition session, the within modal and crossm odal trials were blocked and each 

com prised 16 trials: 8 target trials and 8 non-target trials per block. These blocks were 

counterbalanced across participants and trials were random ly presented within each 

block. Haptic stimuli were presented for 1 m inute w hilst visual stimuli were presented 

for 1 second (for rationale behind presentation times see Section 2.3.1.3, pg. xx). 

Perform ance was m easured in term s o f  accuracy rates (hits plus correct rejections) based 

on 16 trials in each m odality.

3.3.1.4 Procedure

As in Experim ent 3, participants w ere required to com plete a learning task

prior to the experim ent. Each participant learned a set o f  8 faces either in the visual or

haptic m odality. In the visual learning m odality a target face was presented as four face

parts and each part was random ly presented for 5 seconds within a single trial. This

tim ing was arbitrarily chosen to facilitate learning; ultim ately faces had to be learned to

a set criterion level before participants could proceed to the recognition phase. Target

faces were repeated four times during visual learning to approxim ate equivalent learning

conditions between the visual and haptic conditions. As in Experim ent 3, haptic target
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faces were each presented for 1 m inute during learning and repeated 4 times. A learning 

criterion o f  7/8 correct responses was set in both learning blocks before the participant 

could  proceed to the experim ent. On average, learning o f  the haptic stimuli took about 

50 minutes w hereas learning o f  the visual stimuli took approxim ately 30 m inutes. 

Visual learning took longer in this experim ent than in the previous experim ent as 

participants had to learn each face from a collection o f  face parts which proved a more 

difficult task.

During the recognition phase, the task for the participants was to indicate 

w hether a face was old or new by circling the appropriate answ er on a response sheet as 

quickly and as accurately as possible. The test procedure was the same as that in 

Experim ent 3.

3.3.2 Results

The mean percentage accuracy scores (hits and correct rejections) for the w'ithin 

and crossm odal recognition conditions are illustrated in Figure 3.3. A lthough 

crossm odal perfonnance was poor, perform ance was nonetheless greater than chance 

[X“= 72.75, df=23, p<O.OOI]. Using a 2 x 2 m ixed design A NO VA  with learning 

m odality (vision or haptics) as a betw een subjects factor and recognition task (within or 

across m odalities) as a repeated m easure no effect o f  learning m odality was found 

[F (l,2 2 )=  2.75. n.s.]. However, there was a main effect o f  recognition task [F (l.22)=  

27.32. p< 0.01] with better perform ance in the w ithin-m odal than the crossm odal 

recognition task. There was no interaction between the factors, [F (l,22 )=  1.56, n.s.].
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□ Unimodal
□ Crossmodal

Vision Haptics

Learning Modalit}’

Figure 3,3. Plot showing the mean percentage correct responses for the within modal and crossniodal 

recognition o f  faces. Error bars represent ± 1 standard error o f  the mean.

3.3.3 Discussion

The results suggest that encoding differences across the m odalities did not 

account for the cost in crossm odai recognition relative to within m odality face 

recognition. In this experim ent, encoding differences across vision and haptics were 

rendered equivalent by limiting encoding in vision to a feature-by-feature procedure. 

These results indicate that the cost in crossm odal recognition o f  faces is due to the nature 

o f  the inform ation represented by each m odality which is m ore conducive to within 

modal than cross-m odal recognition. N evertheless, faces were recognised across 

m odalities therefore the next question we addressed was w hat is the nature o f  the face 

inform ation that is shared across modalities.

3.4 Experiment 5
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Given that haptic face stiiniiH are encoded in a serial fashion, it coidd be assum ed 

that haptic face representations might be m ore feature-based than configural. However, 

K ilgoiir and colleagues (K ilgour, 2003; K ilgour et al., 2004) have shown that configural 

inform ation can also be represented through touch provided adequate exploration tim e is 

perm itted. This finding suggests that sim ilar face inform ation can be processed across 

vision and haptics, how ever, it is not known w hether this inform ation is easily shared 

across modalities. The following experim ent was designed to investigate, using an 

alternative paradigm  to inversion, w hether configural face inform ation, or featural 

inform ation alone, is shared across vision and haptics.

The task in the following experim ent was to m atch a haptic face to a subsequent 

visual face image. The visual stimuli com prised intact, blurred, and scram bled images 

(see Figure 3.4).

Figure 3 .4 . A n  illu stration  o f  the type o f  v isu a l face stim u li u sed  in E xperim ent 5. A n ex a m p le  o f  an 

in tact, blurred, and scram b led  im a g e  are p resen ted  from  left to right.

Collishaw  and Hole (2000) found that visual recognition perform ance for scram bled and 

inverted im ages was im paired to the sam e degree, in term s o f  both accuracy and 

response tim es, relative to the recognition o f  upright, intact face stimuli. Therefore it 

appears that scram bled im ages are no m ore difficult to recognise visually than inverted 

images. In both instances recognition is disrupted due to an inability to process the 

appropriate cont'igural face inform ation. In this experim ent, scram bled face im ages were 

substituted for inverted face images, so that featural inform ation in all image types was
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consistent (i.e. upright). By blurring a face image detailed featural information was 

removed. The role o f featural and configural face information could therefore be studied 

independently (Collishaw and Hole, 2000; Schwaninger et al., 2002). It was 

hypothesised that if  configural face information is shared across modalities then haptic 

stimuli would be more efficiently matched to intact and blurred images than to 

scrambled images. If, on the other hand, featural information alone is shared, then 

performance to the blurred images should be reduced relative to the other image types.

3.4.1 Method

3.4.1.1 Participants

Twenty-four undergraduate students (mean age 24.29 years, SD= 9.08, 18 

female) participated in this experiment for research credits. All were naive to the task 

and none had participated in the previous experiments. All participants reported normal 

or corrected-to-normal vision and none reported any tactile impairment.

3.4.1.2 Apparatus and stimuli

The models in this experiment were unfam iliar to the participants. Sixteen plaster 

face models were used as haptic stimuli and corresponding colour images o f  the 

individuals from whom the face models were cast were used as visual stimuli. These 

intact images were copied and, using Adobe Photoshop 5.5, scrambled and blurred 

versions o f  each face were created. Scrambled stimuli were created by isolating the 

features and rearranging these into random configurations (see Schwaninger et al., 2002 

for a similar procedure). Blurred images were created by applying a Gaussian blur o f 

radius o f  8 pixels to each face image. This blur factor was determined in a previous 

pilot experiment where several blur factors were compared.

The experiment was programmed using SuperLab Pro 1.77. The images 

subtended a visual angle o f  approximately 10° vertically and 7° horizontally 

Participants responded to each visual or haptic face by pressing the appropriate key on a 

button box placed just in front o f  the participant.

3.4.1.3 Design

This experiment was based on a one-way, repeated measures design with visual 

face match (intact, scrambled, blurred) as the factor. Participants completed a haptics- 

to-vision, delayed match-to-sample task. Trials were blocked according to each o f  the 

three visual image types and participants were informed o f  the nature of each block,
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Block order was counterbalanced across participants. Each experimental block 

comprised 16 crossmodal trials o f  which there were 8 same and 8 different pairs o f 

stimuli and trials were randomised across blocks and participants. The participants could 

take a self-timed break between the experimental blocks. A practice trial was given at 

the beginning o f each block to familiarise the participants with the experimental 

procedure. Haptic stimuli were presented for 1 minute (for rationale behind presentation 

times see Section 2.3.1.3, pg. xx). Unlike in the previous experiments, responses here 

were always to visual stimuli thus allowing performance to be measured in terms o f both 

matching accuracy (mean percentage o f hits plus correct rejections on 16 trials) and 

reaction times.

3.4-1.4 Procedure

In any one trial, the participant had to first feel a haptic face stimulus that was 

presented behind an occluder until a tone sounded 1 minute later. The participant was 

then required to look at the computer monitor. A fixation cross appeared in the centre o f 

the screen for 1 second. Depending on the experimental block, either an intact, 

scrambled, or blurred face image was presented after fixation. The participants' task was 

to decide as fast and as accurately as possible whether the visual face image was the 

same person as, or different to, the haptic face. The visual image remained on the screen 

until the participant responded. ‘Sam e’ or ‘different’ responses were given by pressing 

the left or right key on a button box. The position o f  the ‘sam e’ match key was 

counterbalanced across participants.

3.4.2 Results

M atching accuracy was m easured in terms o f hits plus correct rejections on 16 

trials. The mean percentage accuracy scores (+ 1 standard error o f the mean in 

parentheses) for the intact, blurred and scrambled face types respectively were 56.14% 

(2.53); 56.80% (1.77); and 57.32% (2.57). The accuracy data were analysed using a 

one-way repeated measures Friedman's ANOVA which revealed no effect o f image type 

[X^= 1.17, df= 2, n.s.]. Performance to the matching trials was greater than chance 

[X^=243.75, d f= 71 ,p< 0 .001].
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Figure 3.5. Plot sh o w in g  the m ean reac tion  tim es for the correc t responses to each  o l 'th e  v isual face types. 

Hrror bars rep resen t ^  1 standard  e rro r o f  the m ean.

Prior to analysis, response tim es ± 2.5 standard deviations from tiie m ean for 

each participant were removed. In total, 1.9% o f  responses were excluded. Reaction 

times to the correct trials only (i.e. hits plus correct rejections) across each o f  the visual 

face types are shown in Figure 3.5. A one-way repeated m easures A N O V A  revealed a 

main effect o f  image type [F(2,46)= 22.43, p< 0.01]. A post hoc, N ew m an-K euls 

analysis revealed that m atching tim es to both intact and blurred im ages were 

significantly faster than to scram bled im ages (both p< 0.01). There was no difference in 

response times betw een the intact and blurred images.

3.4.3 Discussion

Since m atching haptic face stimuli to either intact or blurred visual face stimuli 

was faster than m atching to scram bled face im ages, the results suggest that configural 

face inform ation is processed by the haptic system  and that configural face inform ation 

underpins more efficient face m atching across the m odalities.
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The representation o f  configurai face inform ation rehes on the encoding o f 

spatial inform ation, and w hilst vision is a highly adept spatial processor the precision 

w ith w hich the haptic system  processes spatial inform ation is substantially low er than 

that o f  vision (Loom is, 1985; 1990; Loomis, et al., 1991). A lthough K ilgour (2003) 

found evidence suggesting that the haptic system  can represent faces configurally, it was 

not known whether representations based on configural infonnation  were shared across 

m odalities. The results o f  this experim ent suggest that despite differences in the ability 

to encode spatial inform ation across vision and touch, configural face inform ation 

facilitates crossm odal face m atching. Using an alternative paradigm  to inversion (c f  

M aurer et al. 2002), these results provide further evidence o f  the im portance o f 

configural processing for face recognition in both the visual and haptic m odalities, and 

contribute to the notion o f  a dom ain-specific processor for faces.

3.5 General Discussion

The aim o f  this chapter was to investigate w hether visual and haptic face 

inform ation encodes sim ilar stnictural inform ation to allow for efficient recognition o f 

faces across these m odalities. In summary', I found that face inform ation represented in 

m em ory is largely m odality-specific although some infonnation  can transfer across 

m odalities (E.xperiment 3). 1 also found that these m odality specific face representations 

were m aintained even when differences in exploratory procedures during encoding were 

controlled (Experim ent 4). The type o f  structural descriptions that can be shared across 

the m odalities was investigated in Experim ent 5. The data indicate that inform ation 

about the configuration o f  features m ediates m ore efficient crossm odal face recognition 

than featural inform ation alone. Taken together these results suggest that face 

inform ation is processed in a sim ilar way across the visual and haptic m odalities, but 

that qualitative differences in the nature o f  the inform ation encoded prom otes more 

robust w ithin- modal relative to crossm odal face recognition.

Since both m odalities can encode inform ation pertaining to structure (Lederm an 

and K latzky, 1990) it m ight be assum ed that a com m on, crossm odal representation o f  

face structure m ight facilitate crossm odal face recognition. H ow ever, the results imply 

that structural inform ation alone is not sufficient for crossm odal face recognition and 

instead suggest an im portant role for m odality-specific inform ation during face 

recognition. Such inform ation may include colour or pigm entation infonnation in vision
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or texture and skin compliance in haptics. Colour information, for example, has been 

found to interact with shape information such that it facilitates recognition o f  structurally 

similar objects (Price and Humphreys, 1989; Tanaka, W eiskopf, & W illiams, 2001). 

Since faces represent a highly homogeneous stimulus category, it is not surprising that 

variations in colour and pigmentation have been found to affect better face recognition 

performance (e.g. Bruce and Langton, 1994, Kemp, et al., 1996; Yip and Sinha, 2002; 

Vuong, Peissig, Harrison, & Tarr, 2005). In my experiments, as in natural face 

recognition tasks, colour and pigmentation information was included, and it is likely that 

this information provided rich cues for visual recognition. It is possible that if  the visual 

face images were uniformly coloured (i.e. images o f the facemasks) this may have 

resulted in better crossmodal performance. However, I decided against using such 

images in order to examine the extent to which natural face representations are shared 

across modalities. The reduction o f  modality-specific face information in any stimulus 

set could conceivably occur ad infinitum, at least until within modal and crossmodal 

recognition performance was equivalent, but this would tell us little about the relative 

importance o f modality-specific information for face recognition.

For haptics, material properties such as surface texture and compliance are 

found to play an important role in face recognition tasks (Kilgour and Lederman, 2002). 

In the above experiments, such material properties were non-diagnostic o f face 

identification since all o f  the haptic face stimuli were made o f  the same material. 

Instead, other haptic-specific cues may have been encoded, (possibly relating to the 3- 

dimensional structure o f each face stimulus or poor resolution o f facial features as 

suggested in Experiment 5), thus rendering within modal haptic recognition more 

efficient than cross modal recognition.

The behavioural findings o f  haptic face recognition studies suggest that face 

recognition may be a multisensory phenomenon, such that visual and haptic face 

recognition are possibly mediated by shared neural substrates (Kilgour et al., 2004; 

Kilgour and Lederman, 2002). In contrast, the results o f  Experiments 3 and 4 suggest 

that face recognition is not completely multisensory. It appears that some face

information may be modality-specific and necessary for optimal within modal 

recognition. These findings are interesting in light o f  a recent fMRI study investigating 

areas o f cortical activation during the haptic recognition o f  face stimuli and non-face 

objects (Pietrini, Furey, Riccardi, et al., 2004). Although previous neuroimaging studies
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have found that the fusiform face area (FFA) in the right fusiform gyrus responds 

preferentially to visually presented faces, possibly mediating visual face recognition 

(e.g. Haxby, Hoffman, & Gobbini, 2000; Haxby, Horowitz, Ungerleider, et al., 1994; 

Hoffman and Haxby, 2000; Kanwisher, McDermott, & Chun, 1997; McCarthy, Puce, 

Gore, & Allison, 1997; Sergcnt, Ohta, & M cDonald, 1992), haptic face recognition was 

found to activate a proximal but non-overlapping area o f  ventral temporal cortex 

(Pietrini et al., 2004)^ '. Given the findings o f Experiments 3 and 4, it may be possible 

that separate cortical areas are necessary to cope with the different computational 

demands associated with the processing o f modality-specific visual and haptic face 

mformation. However, face shape can be readily encoded by both modalities, so the 

possibility remains that at least this aspect o f  face recognition may be multisensory, and 

subserved by a single cortical area, perhaps in an earlier region o f visual cortex. I will 

return to this point m the General Discussion.

As mentioned earlier, it is argued that faces represent a special class o f objects 

in that certain types o f information processing are specific to face perception (e.g. 

Kanwisher, 2000). For example, inverted faces are more difficult to recognise than 

inverted objects, suggesting that configural arrangement o f facial features is more 

important for faces than other objects. On the other hand, research findings from 

Diamond and Carey (1986), among others (e.g. Gauthier and Tarr, 1997) suggest that 

face-specific processing, and in particular configural processing o f  facial features, is a 

matter o f expertise. Although this debate was not the focus o f this chapter, the 

experimental results may nevertheless lend indirect evidence to the idea that information 

processing is face-specific. In particular, the results o f  Experiment 5, obtained using an 

alternative method to inversion, suggest that haptics, like vision, encodes information 

regarding the configuration o f facial features. Since haptic face perception is not a task 

at which m ost people are expert, it could be argued that configural processing occurred

^' A  separate study by Kilgour, Kitada, Servos, et al. (2005) found that haptic identification o f  facemasks 

evoked greater activation in the left fiisiform gyrus relative to the identification o f  non-face control 

stimuli. Although visual face recognition imaging studies typically report greater activation in the right 

fiisiform gyrus some do report smaller activations in the left fusiform gyrus. However, as Kilgour et al. 

did not include a visual face recognition task, it is not clear whether areas o f  haptic and visual activations 

in the left fiisiform overlap.
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independently o f expertise and as such this result reflects face-specific rather than 

general object information processing per se.

3.6 Conclusions

It appears that the visual and haptic modalities process faces in a similar 

manner. However, qualitative differences in the nature o f  the information encoded 

promotes more efficient within m odal relative to crossmodal face recognition.
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Chapter 4
Facc priming across the visual and haptic modalities

Abstract

Face recognition, as with general object recognition, appears to be subserved by 

two dissociable forms o f  memory. Explicit memory requires the conscious recollection 

o f  both perceptual information and modality-specific information that may not be 

optim ally represented across modalities. Implicit memory, on the other hand, is thought 

to rely on perceptual information, namely the structural descriptions o f objects or faces 

in memory. As the visual and haptic systems can both encode information pertaining to 

facial structure, it is possible that vision and haptics share perceptual descriptions o f 

faces. In this chapter I report an implicit priming task where participants were primed 

either within modalities (i.e. visual face prime) or across modalities (i.e. haptic face 

prime). However, there was no evidence o f a benefit o f  primed versus unprimed 

facemasks. Furthermore, there was no evidence o f within modal visual priming, in that 

performance on the primed and unprimed facemasks was equivalent. Therefore, it is not 

possible to draw any definitive conclusions regarding putative memory representations 

o f  faces that are common to both the visual and haptic modalities.

4.1 Introduction

Researchers have long been aware that two distinct forms o f memory underpin 

the visual recognition o f  words and objects, those being explicit and implicit memory 

(e.g. see Roediger and M cDermott, 1993; Schaeter and Tulving, 1994; W illingham, 

1997). It is argued that explicit memory for general objects combines perceptual 

information with other object-related information such as semantic or contextual 

information, whereas implicit memory is thought to rely on perceptual object 

representations (Schacter, 1994; Tulving and Schacter, 1990). Explicit recollection o f  an 

object requires conscious effort, but implicit memory, on the other hand, occurs in the 

absence o f  conscious recollection and is typically evidenced through repetition
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priming'^ '. A similar dissociation o f mem ory systems appears to exist for visual face 

recognition (e.g. Bauer, 1984; de Haan, Young, & Newcom be 1987; Young and de 

Haan, 1992), and a substantial number o f  studies have demonstrated repetition priming, 

and thus, implicit memory for faces (e.g. Bruce, Burton, Carson, et al., 1994; Bruce, 

Carson, Burton, & Kelly, 1998; Bruce and Valentine, 1985; A. Ellis, Flude, Young, & 

Burton, 1996; A. Ellis, Young, Flude, & Hay, 1987).

It is thought that prim ing largely reflects the operations o f  a perceptual 

representation system (PRS) (Schacter, 1990; 1992; Tulving and Schacter, 1990). The 

PRS comprises dom ain-specific subsystems that process and represent information about 

the form and structure o f  words and objects (Schacter, 1994). For example, visual 

repetition prim ing has been found to occur in response to perceptually matched person 

information, that is, face images prime other images but written names do not prime face 

images and vice versa (Bruce and Valentine, 1985; A. Ellis, et al., 1987; A. Ellis, et al., 

1996). It has been argued that structural descriptions o f objects form a sub-system o f the 

PRS and a num ber o f  research findings indicate that the structural-description system 

mediates visual object priming. For instance, visual investigations o f implicit and 

explicit memory have found that changes between study and test affecting contextual or 

surface properties o f an object (e.g. changes in size or colour) without disrupting 

structural properties, affect explicit recognition o f  that object but not implicit recognition 

as assessed through prim ing (e.g. Cave, Bost, & Cobb, 1996; Cooper, Schacter, 

Ballesteros, & M oore, 1992).

The visual and haptic systems can both acquire shape information for recognition 

(e.g. Lederman and Klatzky, 1990). M oreover, the visual and haptic modalities both 

appear to process faces configurally (Experiment 5; Kilgour, de Gelder, & Lederman, 

2004), with configural information mediating more efficient crossmodal face matching 

(Experiment 5). This evidence suggests that both modalities may encode structural 

descriptions o f faces, and it is conceivable that a single structural description might be 

common to both modalities. Recent studies using explicit measures o f crossmodal 

object recognition have found within modal recognition to be significandy better than 

crossmodal recognition. However, crossmodal priming studies with 2-D patterns and 3-

Repetition priming is defined operationally as the facilitation o f  a response to a stimulus to which an 

individual has recently been exposed (e.g. Tulving and Schacter, 1990).
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D objects have found that the perceptual representations mediating priming are modality 

independent (Easton, Greene, & Srinivas, 1997; Reales and Ballesteros, 1999). 

Crossmodal priming effects for common objects were found to be similar in magnitude 

to within modal priming effects, indicating that visual and haptic object recognition is 

underpinned by shared structural object representations. Therefore, it is possible that 

vision and haptics may share perceptual descriptions o f faces, but that explicit 

crossmodal recognition o f  faces is poorer relative to within modal recognition due to 

context-dependent, modality-specific properties that are not optimally represented across 

both modalities (c f  Reales and Ballesteros, 1999; Chapter 3).

The aim o f this chapter was to discover whether of not perceptual descriptions o f 

faces are indeed common to vision and haptics, using a crossmodal repetition priming 

paradigm. In the visual face recognition literature, the most commonly used task for 

assessing implicit memory for faces is the familiarity decision task (Bruce and 

Valentine, 1985). In such a task, participants are first exposed to a set o f familiar faces 

in an unrelated task, for example in a sex discrimination task (e.g. A. Ellis et al., 1987; 

H. Ellis, Ellis, & Hoise, 1993). After a short interval, they are then asked to make 

speeded familiarity decisions to a larger set o f  faces, comprising the exposed (i.e. 

primed) familiar faces, unprimed familiar faces, and a set o f unfamiliar faces. 'Familiar' 

responses to primed familiar faces are generally faster and more accurate than responses 

to unprimed familiar faces. In Experiment 6 I adapted this paradigm so that participants 

were familiarised with some faces visually and some faces haptically prior to test. If  the 

visual and haptic modalities share perceptual representations o f familiar faces then lit 

was hypothesised that pre-exposure to a haptic face stimulus would prime the identity o f 

its visual counterpart and vice versa. Unlike in explicit tasks, repetition priming is 

thought to be impervious to modality-specific face information (e.g. Reales and 

Ballesteros, 1999), so the magnitude o f facilitation should be equivalent across 

conditions'^^.

4.2 Experiment 6

 ̂ A s priming effects are often in the order o f  milliseconds it was decided to investigate haptics-to-visual 

crossmodal priming only, since priming effects may be obscured in a vision-to-haptics priming task due to 

the time taken to disengage from a haptic face stimulus in order to respond.
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4.2.1 M ethod

4.2.1.1 Participants

Sixteen undergraduate students from Trinity College Dublin (mean age 24.81 

years, SD= 5.78, 10 female) participated in this experiment for a nominal payment. In all 

cases, participants reported normal or corrected-to-normal vision and none reported any 

tactile impairment. The testing procedure o f  this experiment was approved by the School 

o f Psychology Ethics Committee, Trinity College Dublin. W ritten consent was obtained 

from all participants prior to conducting the experiment.

4.2.1.2 Apparatus and Stimuli

Sixteen plaster face models were used as target haptic stimuli in this experiment 

(for details o f the procedure used in the casting o f  these faces please refer to Chapter 2) 

Digital colour images o f the live faces o f the 16 individuals from whom the face models 

were cast were used as target visual stimuli. A different set o f  8 facemasks and another 

different set o f 20 visual face images (4 o f which were used in the priming task and not 

repeated in the familiarity decision task) were used as non-target stimuli. All o f the 

individuals used as models in this experiment were previously unfamiliar to the 

participants. Visual stimuli were presented using SuperLab Pro on a Macintosh G4 

computer. The images presented on the computer screen subtended a visual angle of 

approximately 10° vertically and 7° horizontally. Haptic stimuli were presented behind 

an occluder to the left o f  the computer. Correct responses and reaction time data were 

recorded using a button box with colour-coded keys placed directly in front o f the 

participant, the familiar key being the button on the right.

4.2.1.3 Design

This experiment was based on a 2 x 2 repeated measures design with learning 

m odality (vision or haptics) and prime condition (primed, unprimed) as factors. 

Unfamiliar faces were included merely to create the task demands o f the familiarity 

decision but they were not directly related to the experimental hypothesis about the 

priming o f familiar faces across modalities. Therefore, although accuracy and reaction 

time data for the unfamiliar faces are reported, they were not included in the data 

analysis (see Bruce, Carson, Burton, & Kelly, 1998 for a similar method).

The experiment was structured around two sessions; a learning session in which 

participants were familiarised with target stimuli, and a prim ing/test session. For the 

learning session, the 16 face stimuli were random ly divided into two learning groups of
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8 faces, 4 male and 4 female faces in each. Participants were assigned one group as 

visual target stimuli, and the other group as haptic targets. The learning groups were 

counterbalanced across participants, as was the order o f visual and haptic learning.

The priming session comprised 3 separate parts, namely a visual and haptic 

priming task, a 3 minute distractor task, and a familiarity decision task. In the priming 

task participants were asked to make male/female judgem ents for a set o f 8 visual and 8 

haptic face stimuli. The visual and haptic stimuli were blocked, and each block 

contained 4 target faces (primes) from the previous learning session and 4 unfamiliar 

faces that were used as fillers in this part o f  the experiment only. The blocks were 

counterbalanced and the presentation o f  face stimuli was randomised across participants. 

The number o f  correct responses and reaction times were recorded. After the priming 

task participants took part in a 3 minute distractor task in which they were required to 

write down as many world cities as possible in the time available. The distractor task 

was included to prevent the generation o f  representations o f  the prime stimuli in explicit 

memory.

Directly after the distractor task, participants were required to perform a task 

where they had to make speeded familiarity decisions to a series o f  32 visual face stimuli 

which comprised the 2 groups o f 8 visual and 8 haptic target faces learned in the 

learning session (4 primed and 4 unprimed face stimuli in each group), and a new set o f 

16 unfamiliar faces. This task was performed in vision only because o f the technical 

difficulties in recording reliable timing responses to haptic stimuli. In implicit tasks, test 

stimuli are typically presented in a perceptually degraded form to circumvent possible 

contamination by explicit learning (M cDermott, 2001) therefore, in this task visual 

stimuli were presented for only 750 ms. The order o f  the face trials was pseudo­

randomised across participants. Performance was measured in terms o f the mean 

percentage o f  correct responses (based on 4 trials per primed and unprimed familiar 

crossmodal and within modal conditions, and 16 trials in the unfamiliar vision 

condition), and reaction times.

4.2.1.4 Procedure

Participants began this experiment by completing a familiarisation or learning 

session. Familiarisation consisted o f learning the name and occupation o f each face 

stimulus and subsequently identifying each face by both its name and occupation. In

order to reduce the memory demands in the task we chose familiar, simple names (e.g.
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Jill, Frank, etc.) and simple occupations (e.g. teacher, dentist, etc.). The visual target 

images were presented as laminated cards and participants were required to study these 

images for 5 m inutes in total. Each haptic target face was presented for 1 minute until 

all 8 faces were perceived and this sequence was repeated four times initially. A learning 

criterion o f 100 % accuracy was set in both the visual and haptic learning tests before 

participants could proceed to the next session. The familiarisation process was repeated 

until this criterion was achieved. On average the familiarisation o f  the haptic stimuli 

took about 55 minutes to complete whereas familiarisation o f the visual stimuli took 

approximately 7 minutes.

The day after the learning session, participants were recalled for the priming task 

and test session. In the priming task participants had to indicate whether a face was 

female or male by pressing the appropriate key on a button box placed in directly in 

front o f the participant. The priming task was blocked according to modality, with 8 

face stimuli presented pseudo-randomly in each block (i.e. 8 faces presented visually 

and 8 faccs presented haptically). The order o f the priming blocks was counterbalanced 

across participants. In each block, 4 o f the faces were from the original learning list (i.e. 

were familiar) and 4 were unfamiliar. Different unfam iliar face stimuli were used in the 

visual and haptic blocks. For each visual trial, a 1 second, central fixation cross 

appeared on the screen prior to the face image. A face stimulus was then presented and 

participants were required to respond as fast and as accurately as possible. In the haptic 

block, facemasks were presented behind an occluder. In a haptic trial, a 500 ms tone 

from the computer signalled the participant to begin exploring the facemask. 

Participants felt the face stimulus for 1 minute. A second 500 ms tone indicated to the 

participants to cease haptic exploration and to respond as fast and as accurately as 

possible using the button box.

After the priming task was completed, participants performed a distractor task. 

They were asked to write down as many world cities as they could within a 3 minute 

time period. Typically, participants listed 37 cities indicating that they were conducting 

this task appropriately.

Participants were then required to perform the test session which was the actual

experiment itse lf They performed a speeded familiarity judgem ent on a set o f visual

face stimuli comprising images o f  16 familiar faccs and a new set o f  16 unfamiliar faccs.

The familiar face trials comprised the 8 visual target faces and the corresponding images
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o f the 8 haptic target faces, and in each target group 4 face trials had been primed in the 

sex-discrimination task, and 4 were unprimed. Face images were presented pseudo- 

randomly. In any one trial, a face image was preceded by a 1 second central fixation 

cross. A face image was then presented for 750 ms, and participants were prompted to 

respond 'familiar' or 'unfamiliar' by pressing the appropriate key on a button box. 

Participants were urged to complete this task as quickly and as accurately as possible.

4.2.2 Results

Figure 4.1 depicts the mean percentage o f  correct responses for the within and 

crossmodal familiarity decision task. Descriptive data for the unfamiliar trials are 

presented for illustrative purposes but are not included in the analyses for the reasons 

outlined above. Data were analysed using a 2 x 2 repeated measures ANOVA with 

priming modality (across or within) and prime (primed or unpiimed) as the factors. 

There was a main effect o f priming modality, with significantly more correct responses 

for within modalities relative to crossmodal priming [F(l,15)=  77.11, p< 0.0001]. 

However, there was neither a main effect o f prime [F(l,15)=  0.15, n.s.], nor an 

interaction between the factors [F(l,15)=  2.14, n.s.]. Overall performance for within 

modal familiar, and unfamiliar faces was found to be significantly better than chance 

(50%) [x^= 506.25, df=15, p<0.0001; x^= 337.50, df= 15, p<0.0001, respectively]. 

However, overall performance in the crossmodal condition was significantly worse than 

that expected by chance [x^= 375.00, df= 15, p<0.0001].
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Figure 4.1. Plot showing the mean percentage o f  correct 'fam iliar' responses for the crossm odal and 

within modal conditions and the correct 'unfam iliar' responses to new visual face stimuli. In the 

fam iliarity decision task fam iliar faces were either primed or unprimed, although no effect o f  prim ing was 

found, tr ro r  bars represent 1 standard error o f  the mean.

Prior to analysis, response times ± 2.5 standard deviations from  the m ean for 

each participant were removed. In total, 2.3%  o f  responses were excluded. The mean 

reaction times for the rem aining correct responses are illustrated in Figure 4.2. A 

num ber o f  participants failed to respond correctly, resulting in a num ber o f  m issing data 

(11 points). Therefore, in order to analyse the data using a 2 x 2 A N O V A , the m ean 

reaction times for each condition were substituted into the blank cells. In this way it 

was possible to retain and analyse the data for all participants w ithout affecting the 

overall m eans for each condition. There was a m ain effect o f  m odality [F( 1,15)= 20.03, 

p< 0.001] with significantly faster latencies in the w ithin m odal than crossm odal 

conditions. How ever, there was no difference in reaction tim es for prim ed and unprim ed 

stimuli [F (l,15 )=  0.09, n.s.J. There was no interaction betw een the factors [F (l,15)=  

1.44, n.s.].
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Figure  4.2. Plot show ing  the  m ean  reac tion  tim es fo r 'fam ilia r ' resp o n ses fo r the  c ro ssm o d a l and w ith in  

m odal con d itio n s and the con 'ect 'u n fam ilia r' re sp o n ses to  new  visual face stim uli. In the fam iliarity  

d ec is io n  task  fam ilia r faces w ere  e ith e r p rim ed  o r u n p rim ed , a lth o u g h  no  effec t o f  p rin u n g  w as found. 

Krror bars rep resen t ±  I s tandard  e rro r o f  the m ean.

4.3 General Discussion

Previous studies investigating crossm odal prim ing o f  3-D  objects have found 

equivalent facilitation for objects prim ed w ithin and across m odalities relative to 

unprim ed objects in an object nam ing task (Easton et al., 1997; Reales and Ballesteros, 

1999). This suggests that the visual and haptic system s share perceptual descriptions o f 

objects. This experim ent was designed to investigate w hether sim ilar shared perceptual 

descriptions o f  faces m ight exist for the visual and haptic m odalities. The underlying 

hypothesis was that if  the haptic and visual m odalities share structural descriptions o f 

faces, then pre-exposure to a haptic face stim ulus w ould prim e a fam iliarity decision for 

its visual face counterpart to the same extent as a visual prime. However, there was no 

evidence o f  equivalent crossm odal as within modal prim ing in a fam iliarity decision 

task. Overall, perform ance for the crossm odal condition (i.e. haptically learned faces) 

was poor, with no difference in either response accuracy or reaction times for prim ed 

relative to unprim ed faces. Furtherm ore, contrary to findings in the visual literature,
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there was no evidence o f  within modal priming in the familiarity decision task for 

primed relative to unprim ed visual face stimuli. Since there was a failure to demonstrate 

even within modal priming, it is not possible, on the basis o f  these data, to draw any 

definitive conclusions regarding putative perceptual descriptions o f  faces common to 

both the visual and haptic modalities.

The results o f this experiment raise a number o f questions for discussion. The 

first obvious question is why was there a failure to demonstrate within modal visual face 

priming? The second question is why was performance in the crossmodal condition so 

poor overall? Regardless o f  the performance for crossmodal priming, it was expected 

that within modal prim ing would be observed. However, although overall visual 

performance was good (> 85%), this experiment failed to demonstrate within modal face 

priming. A large num ber o f  studies have successfiilly demonstrated response facilitation 

for visually primed faces using a variety o f  priming and test methods (e.g. Bruce, 

Burton, Carson, et al., 1994; Bruce, Carson, Burton, & Kelly, 1998; Bruce and 

Valentine, 1985; A. Ellis, Flude, Young, & Burton, 1996; A. Ellis, Young, Flude, & 

Hay, 1987). Here I adopted reported m ethodology which has successfully resulted in 

priming effects, therefore it is unclear why response facilitation in the within modal 

condition was not found in this experiment. However, a num ber o f  practical limitations 

may have influenced performance in the familiarity decision task.

Firstly, the design o f  this experiment was constrained by a number o f factors, 

namely the size o f  the available stimulus set, and stimulus counterbalancing. Usually 

visual priming experiments use a large num ber o f  visual stimuli, with at least 8 face 

stimuli in each o f  the primed and unprimed conditions (e.g. Bruce et al., 1998). In this 

experiment however, the number o f  facemasks and corresponding visual face images 

available for use in the learning session was limited by the overall number o f haptic face 

stimuli available. Thus, to ensure that no unfamiliar stimulus was encountered more 

than once in priming and test tasks and to allow counterbalancing o f experimental 

learning lists across participants, the number o f faces in each learning condition was 

reduced to only 8 stimuli, 4 primed, and 4 unprimed. Therefore, given the small number 

o f  data points per participant for each condition, the analysis may not have been 

powerful enough for significant facilitation effects to emerge.

On the other hand, it may be that the degree o f  familiarity with the face stimuli 

was not adequate enough to elicit repetition priming effects in the familiarity decision
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task, despite a criterion level o f  100% accuracy. A num ber o f studies suggest that 

repetition priming is due to changes within the long-term representation system that 

responds to the familiarity o f a face stimulus (Burton et al., 1990; A. Ellis, Young, & 

Flude, 1990; see also Jacoby and Hayman, 1987). W hen a familiar face is encountered, 

its corresponding FRU and personal identity node (PIN, the unit wherein person-related 

information is stored) become active and the link between the FRU and the PIN 

becomes strengthened. When the face is subsequently encountered it will take a shorter 

time for the PIN to become active, thus facilitating quicker reaction times in a familiarity 

decision task (Burton et al., 1999). Visual investigations into repetition priming 

typically use famous faces as familiar stimuli. Famous faces are generally recognisable 

across multiple viewpoints (A. Ellis et al, 1987), and under varying lighting conditions, 

and are frequently encountered as dynamic face stimuli (e.g. on television or in films). 

Therefore, it is reasonable to assume that structural representations o f famous faces (i.e. 

the FRUs) are constructed from a large num ber and variety o f exposures and 

consequently are very robust. Thus, pre-exposure to a famous face may activate a robust 

memory representation, facilitating responses in later tasks. Indeed, it has been found 

that repetition prim ing for famous faces has a low decay rate (e.g. Bruce et al., 1994), 

with no reduction in the amount o f  priming between delays o f  10 minutes and 1 week, 

even when image formats differed between priming and test. The priming o f unfamiliar 

faces, however, has only been found where face stimuli are presented sequentially, that 

is, with no intervening face stimuli between prim ing and test (Bentin and Moscovitch, 

1988). As unfam iliar faces have no pre-existing representation in memory it was 

postulated that the representation generated during the first encounter was not sufficient 

for the unfam iliar stimuli to sustain repetition effects after long intervals.

As my stimulus set comprised faces previously unfam iliar to participants, in this 

experiment the familiar stimuli were newly learned, to ensure that participants were 

familiar with the visual and haptic face stimuli to the same extent. Although face 

stimuli were learned to a specified criterion level o f  100% accuracy, the structural 

description for each face was generated from a relatively small number o f exposures and 

only one viewpoint. Consequently, although repetition priming performance might be 

expected to be better for familiar than for completely unfam iliar faces, it is possible that 

it might be poorer than repetition priming o f  famous faces, as the underlying structural 

descriptions are not as robust. That is, the memory representations activated in the
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priming task may not have been robust enough to withstand the intermittent duration 

between prime and test (c. 3 minutes) in this experiment. Perhaps the lack o f  within 

modal repetition prim ing in this experiment reflects a qualitative difference between 

representations o f newly-leam ed and highly familiar faces ( c f  Clutterbuck and 

Johnston, 2002). Future research might consider using a variety o f viewpoints during 

the familiarisation (learning) phase, in an attempt to generate more robust structural 

descriptions for newly-leam ed faces. Alternatively, future studies might systematically 

investigate the time course o f visual repetition prim ing for newly-leamed, versus 

recently familiarised, versus well known faces (c f  Benton and M oscovitch, 1988).

The reasons outlined above might also account for the lack o f  response 

facilitation for primed relative to unprimed crossmodal fam iliar face stimuli. However, 

it is unclear why crossmodal performance in general was so poor relative to within 

modal performance, and chance performance. A subsequent analysis o f the responses 

from the priming task indicated that participants were significantly better at haptically 

judging the sex o f the familiar relative to the unfam iliar face stimuli, suggesting that 

participants did have stored representations o f  the leam ed faces in memory'*^. Even if 

the visual and haptic systems don't share perceptual descriptions o f faces, perfonnance 

for familiar faces would still be expected to be at least at chance level. Contrary to this 

expectation, familiarity decisions for crossmodal faces were significantly below chance, 

indicative o f  a possible response bias. It m ight be possible that within the confines o f 

the familiarity decision task, participants did not consider crossmodal faces as relevant 

'familiar' stimuli. In order to prevent explicit memory contamination in the task, 

participants were instructed to consider as familiar any recently 'experienced' face 

stimulus. However, as the familiarity decision task was conducted in vision only, 

participants may only have considered recently encountered visual stimuli as familiar 

(this interpretation stems from verbal reports from participants after the task was

^ A s an aside, data (correct responses) co llected  during the sex  ju d gem ent prim ing task w ere analysed. 

U sin g  a 2(m odality) x 2(fam iliarity) x 2 (sex ) repeated-m easures A N O V A , a m ain effect o f  both m odality  

[F ( l ,1 5 )=  17.75, p< 0 .001] and fam iliarity [F ( l,1 5 )=  11,14, p < 0 .0 1 ]  w a s found. V isual perform ance w as  

sign ifican tly  better than haptic perfonnance (c lo se  to ceilin g ) and the num ber o f  correct judgem ents w as 

sign ifican tly  greater for fam iliar than unfam iliar faces. There w as no e ffec t o f  sex , nor any significant 

interactions betw een any o f  the factors. O verall, visual and haptic perform ance w as w ell above chance  

lev e ls  [x^= 5 6 5 .63 , d f= l5 ,  p < 0 .0 0 0 1 ; x^= 2 3 7 .5 0 , df=  15, p < 0 .0 0 0 l ,  respectively],
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completed). In other words, participants may have expressly refrained from responding 

familiar to haptically learned and primed stimuli.

4.4 Conclusions

Unfortunately, the results o f  this experiment do not easily allow for any 

conclusions to be drawn about the existence o f structural descriptions o f faces common 

to both the visual and haptic modalities at the implicit level. Hopefully ftiture research 

can address some o f  the methodological limitations o f this study to provide a more 

definitive insight into the kinds o f memory representations that underpin crossmodal 

face recognition.
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Chapter 5

General Discussion

The study o f  face recognition has long been conducted within the realm  of 

vision; however, researchers have recently become interested in our ability to recognise 

faces in the haptic domain. To date only one study has provided evidence that 

information about human faces can be shared between the visual and haptic systems 

(Kilgour and Lederman, 2002). This thesis has sought to explore fiirther the extent to 

which face information is shared across the visual and haptic modalities. The primary 

aims o f this thesis were to gain a better understanding o f the processing similarities that 

can facilitate crossmodal face recognition, as well as to gain insight into the nature o f 

face information that can be represented in memory across vision and touch.

I will begin with a summary o f  the main findings from each chapter, followed by 

a discussion o f the cumulative results wherein the data are interpreted in terms o f  the 

principal aims o f this thesis. Specifically, I will discuss the implications o f these results 

with reference to a num ber o f  important issues, such as face specificity, the neural 

substrates o f crossmodal face recognition, and the inclusion o f haptic information in 

extant models o f face recognition. Finally, potential avenues for fiiture research into 

crossmodal face recognition will be considered.

5.1 Summary of findings

In Chapter 2 I investigated the role o f  familiarity as a factor affecting efficient 

crossmodal face recognition. The results o f  Chapter 2 suggest that familiarity per se does 

not necessarily facilitate efficient crossmodal face recognition. For instance, in 

Experiment 1, participants were unable to recognise models o f their own faces through 

touch from a line-up o f  face stimuli without a haptic prime, despite being extremely 

familiar with their faces through vision. On the other hand. Experiment 2 demonstrated 

that the crossmodal matching o f  faces with which participants had been familiarised was 

significantly better than the matching o f  unfam iliar faces. In trying to reconcile these 

disparate results it became apparent that a num ber o f factors may be influential in the 

sharing o f  face information across modalities. Haptic familiarity with one's own face 

may reflect task-dependent encoding and comprise material information absent from the
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test stimuli. On the other hand, the majority o f visual experience with one's own face 

stems from mirror reflections. Thus visual (mirror-reversed) and haptic information 

may be discrepant resulting in a cost in haptic and crossmodal self recognition. These 

factors were not an issue in Experiment 2. Therefore together these results imply that 

familiarity alone is not sufficient for recognition, but rather it is necessary that the 

information specific for recognition is encoded and represented by both the visual and 

haptic systems.

It appears then that provided the appropriate information is encoded, familiarity 

promotes better recognition across the visual and haptic modalities. Chapter 3 

investigated the representations and processes that mediate successful crossmodal face 

recognition. Experiment 3 demonstrated that explicit within modal recognition o f  faces 

was significantly better than crossmodal face recognition This finding suggested that 

face memory is not m ultisensory in nature. However, crossmodal recognition was better 

than chance indicating that some face information, presumably information related to 

facial structure that can be encoded by both m odalities, can facilitate recognition oi 

faces across vision and haptics. In Experiment 4, serial encoding o f the visual stimuli 

during learning ruled out encoding differences between vision and haptics as a possible 

reason for poorer performance in the crossmodal recognition condition. In tandem, these 

experiments suggested that the relative cost in performance in the crossmodal conditions 

might be indicative o f  the loss o f modality-specific information that contributes to robust 

within modal face recognition.

Despite encoding faces in a serial fashion, the haptic system has been shown to 

process faces configurally (e.g. Kilgour, de Geldcr, & Ledcrman, 2004) W ith this in 

mind Experiment 5 was designed to investigate whether configural information could be 

shared across the visual and haptic modalities, and whether configural information 

facilitated more efficient matching than facial features. Both configural and featura! 

information were found to facilitate crossmodal matching, however, matching was more 

efficient when stimuli m both modalities contained configural information. It can be 

concluded from Chapter 3 that face information is processed in a similar m anner across 

the visual and haptic modalities, but that qualitative differences in the nature o f  the 

information encoded facilitates more robust within modal relative to crossmodal face 

recognition.
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The ability to successfully match and recognise faces across modalities 

(Experiments 2, 3, and 4), and to share information regarding the global face shape 

between vision and haptics (Experiment 5), suggests indirectly that these two sensory 

systems might both access shared representations o f  facial structure in memory. The 

possibility that a single structural description o f a face is shared by vision and haptics 

was expressly examined in Chapter 4, and Experiment 6 was designed to this end. 

Although previous behavioural studies have successftilly demonstrated crossmodal 

prim ing o f 3-D objects thus indicating shared representations (Easton, Greene, & 

Srinivas, 1997; Reales and Ballesteros, 1999), Experiment 6 failed to demonstrate 

equivalent facilitation for haptically and visually prim ed faces in a familiarity decision 

task. However, as there was no evidence o f  within modal visual priming, it is not 

possible to draw any definitive conclusions about the existence o f  shared structural 

representations that might underpin crossmodal face recognition at the implicit level.

5.2 Interpretation of the cum ulative results

There is a long history o f face recognition research in the visual domain, and 

more recently, researchers have looked to the haptic system as an independent channel 

for face identification. Studies o f  within modal haptic face recognition have 

demonstrated a num ber o f  similarities to vision in terms o f  how faces are recognised 

(Kilgour, 2003; Kilgour, de Gelder, & Lederman, 2004; Kilgour, Kitada, Servos et al., 

2005). It appears that haptic face recognition too is primarily configural, is susceptible 

to the face inversion effect, manifests face selective deficits after brain injury, and is 

subserved by cortical structures in the ventral temporal cortex. Given these processing 

similarities, it has been hypothesised that face recognition might be a multisensory 

phenomenon. Indeed it has been shown that faces known only in vision can be matched 

with faces encoded haptically and vice versa (Kilgour and Lederman, 2002), lending 

further credence to this hypothesis.

In this body o f  work I sought to further extend the findings o f  these initial stiidies

by examining the extent to which face recognition is multisensory and how face

information might be represented in memory so as to facilitate both within modal and

crossmodal face recognition. The findings o f this thesis demonstrate that face

information encoded by one modality can indeed be readily shared with the other for the

purposes o f face recognition (Experiments 2, 3, and 5), and further, that this sharing is
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affected by face familiarity (Experiment 2), and that efficient sharing is mediated by the 

configural processing o f face information (Experiment 5). The experiments also provide 

behavioural evidence to suggest that crossmodal face recognition is not efficient, as 

encoded modality-specific information appears to play an important role in within modal 

face recognition (Experiments 3 and 4). However, the results clearly indicate that 

sufficient amounts o f  face information is multisensory in order to allow for successful 

crossmodal identification. Presumably this information based on facial structure, as 3- 

dimensional shape can readily be represented by both modalities (e.g. Lederman and 

Klatzky, 1990). Although direct evidence o f shared structural descriptions o f  faces in 

memory was not obtained (Experiment 6) the experiments herein do provide some 

indirect evidence to suggest that this is indeed the case

5.2.1 Processing similarities facilitating crossmodal face  recognition

Shape is a diagnostic property for general object recognition for both the visual 

and haptic modalities (Lederman and Klatzky, 1990). Likewise, geometrical structure 

plays an important role in both visual and haptic face recognition; within modal 

recognition is significantly better than chance in both modalities even when only shape 

information is available (e.g. Bruce, Healey, Burton et al., 1991; Hill, Schyns, & 

Akamatsu, 1997; Kilgour and Lederman, 2002). The crossmodal face recognition 

experiments reported in Chapter 3 demonstrated that face recognition is not wholly 

multisensory. This may be because some face information, necessary for face 

recognition, is modality-specific (such as pigmentation in vision and texture in haptics) 

and cannot be shared across the modalities, resulting in poorer crossmodal relative to 

within modal recognition performance (Experiments 3 and 4). However, shape 

information can be represented by both modalities. As crossmodal recognition in these 

experiments was better than chance it might be assumed that facial structure, at least, is 

common to both modalities.

The importance o f  face shape for crossmodal recognition is also evident from the

findings o f  Chapter 2. In Experiment 1 it was shown that participants could not

haptically recognise models o f their own faces, despite being highly familiar with their

faces in vision. However, much o f  the visual experience o f one's own face is gained

through viewing the face in the mirror, and research suggests that the resultant memory

representation may be different than that for other highly familiar faces (i.e. it is mirror
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reversed) (Brady, Campbell, & Flaherty, 2004). This m ay therefore produce a more 

modality-specific representation that is not easily shared with haptics, due to a conflict 

between the veridical and mirror-reversed representations o f face shape. Given that 

vision is a more accurate spatial processor than haptics, the discrepancy may result in the 

visual capture o f face information (e.g. W elch and W arren, 1980). On the other hand, 

where the encoded structural informationare equivalent in both modalities, faces were 

easily matched across vision and haptics, with better performance for familiar than 

unfam iliar faces (Experiment 2). Interestingly, haptic self-face recognition accuracy 

increased significantly when a short haptic prime was perm itted before feeling each face 

model. Given that familiar material face properties were not available in the haptic 

facemasks, it can be assumed that the improved performance stems from a 

representation o f face shape generated in haptic short-term memory during the priming 

phase.

On the basis o f  this behavioural research it can be confidently assumed that facial 

structure mediates crossmodal face recognition, despite a failure in Experiment 6 to 

demonstrate a shared structural representation o f faces in memory using implicit 

measures. The question arises as to the nature o f  such a structural representation; is it 

prim arily a parts-based (featural) or configural representation? In their recent study on 

reach and grasp movements, Edwards and colleagues found that the estimations o f grasp 

size necessary to grasp an object are significantly smaller for participant’s own facial 

features such as their nose or mouth, compared to other sim ilar sized objects or other 

body parts (wrist or thumb) (Edwards, Wing, Stevens, & Humphreys, 2004). This 

finding can be interpreted as indirect evidence that a haptic representation o f one’s own 

face is available in mem ory at the featural level. I f  a parts-based representation o f facial 

structure is sufficient for haptic face recognition, then it would be expected that 

performance in the haptic only condition o f  Experiment 1 should have been as good as 

the haptic prime condition. On the contrary, haptic face recognition was at chance, 

suggesting that some additional information is necessary for successful haptic face 

recognition, presum ably configural information.

The nature o f the structural representation facilitating erossmodal face

recognition was more directly investigated in Experiment 5. In this crossmodal

m atching task the information content o f the visual stimuli was manipulated so that the

importance o f  featural and configural structural information could be assessed
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independently (cf. Collishaw and Hole, 2000; Schwaninger, Lobmaier, & Collishaw, 

2002). Congruent with previous visual studies (e g. Collishaw and Hole, 2000), 

configural and featural information were both found to be important in terms o f 

recognition accuracy. This finding implies that haptic representations are not solely 

part-based as suggested by the constraints in haptic encoding' matching to blurred 

images in which only configural information was available was as good as matchmg to 

intact or scrambled images. In fact, an advantage was found ibr configural information 

relative to featural mformation in relation to matching efficiency. Therefore it appears 

that configural information is not only important for within modal face recognition, but 

also mediates efficient crossmodal face recognition

In summary, this body o f work extends the preliminary investigations o f Kilgour 

and Lederman (2002) by demonstrating that a numtier o f processing similarities 

facilitate the sharing of face m fonnation between vision and haptics. Two 

commonalities in particular appear to mediate successful crossmodal face recognition. 

Firstly, both modalities encode 3-dimensional structural information, and this 

information is diagnostic for face recognition. This thesis has provided behavioural 

evidence indicating that structural information may be shared by both the visual and 

haptic modalities. Furthermore, both modalities appear to preferentially process 

configural face information.

5.2.2 Crossmodal face representations

Thus far the discussion o f the experimental findings described in Chapters 2 and 

.3 has emphasised the importance o f  face shape for crossmodal face recognition. In 

addition, Experiments 3 and 4 clearly suggest that modality-specific information may be 

important for within modal relative to crossmodal face recognition. Collectively, these 

findings allow me to speculate on how face information is represented in memory to 

facilitate both within modal and crossmodal face recognition.

Recall that in Chapter 1 I outlined a number o f  candidate models describing the 

representation o f multisensory information in memory. The two more simplistic models 

respectively stated that different sensory information is either a) all represented 

independently, or b) all multisensory. The experimental findings o f  this thesis support 

the rejection o f  both o f these models. It is clear that face information can be recognised 

and matched across modalities (Experiments 2, 3, 4, and 5), but that certain face
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information may be modality-specific thus promoting better within modal relative to 

crossmodal face recognition (Experiments 3 and 4),

A third model proposes that haptic information is mediated by the visual system, 

that is, haptic recognition is a product o f  visual imagery. The role o f  visual imagery was 

not directly studied in this collection o f  experiments as previous researchers have 

provided evidence, using a variety o f  m ethods, that visual imagery is not an influential 

component o f  crossmodal object and face recognition. For instance, brain imaging 

studies have found that the lateral occipital oomplex (LOC), located in the occipito­

temporal pathway, responds preferentially to visual object shape compared to scrambled 

images or textures (Malach, Rcppas, Benson, et al., 1995) and subsequently it has been 

discovered that this area also shows activation for haptically recognised objects (e.g. 

Amedi, Jacobson, Hendler, et al., 2002; Amedi, M alach, Hendler, et al., 2001; James, 

Humphrey, Gati, et al., 2002). It has been proposed that haptic activation o f this visual 

cortex is representative o f  visual imagery and is necessary for haptic object recognition 

(e.g. Zhang, W eisser, Stilla, et al., 2004). This visual imager>' explanation has been 

countered by evidence showing that visually imagining objects produces much less 

activation in LOC than does haptic exploration o f the same objects (Amcdi et al., 2001). 

Moreover, characteristic sounds cxpected to elicit visual imagery o f  various objects (e.g. 

manmade tools and devices) did not activate LOC, indicating that visual imagery is not a 

m ajor factor in LOC activation, rather activation is due to either the visual or haptic 

encoding or representation o f object shape (Amedi et al., 2002). These authors argued 

instead that visual and haptic activation o f  LOC implies a common haptic and visual 

representation o f object shape.

In terms o f haptic face recognition, Kilgour and Lederman (2002) hypothesised

that if  haptic face recognition was mediated by the visual system, then scores on the

Vividness o f  Visual Imagery Questionnaire (VVIQ; a low sore indicates a high ability to

use mental imagery) would be negatively correlated with recognition speed and accuracy

in a recognition task. However this correlation was not obtained, suggesting that a high

ability to use mental imagery was not necessary for haptic and crossmodal face

recognition. Further to this, Pietrini, Furey, Riccardi and colleagues (2004) found that

haptic exploration o f facemasks activated the same areas o f  ventral temporal cortex in

both sighted and blind participants, indicating that visual experience is not necessary to

clicit haptic face-related activations in ventral extra-striate cortex. In this thesis,
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participants frequently reported that it was actually very difficult to visualise the haptic 

face stimuli; a similar informal finding was reported by Pietrini et al.

Although it is still possible that visual imagery may have a small contributory 

role, the results o f  the above studies suggest that it can be largely ruled out as a 

necessary m ediator o f  haptic and crossmodal face recognition. Therefore one model 

remains as the best candidate for crossmodal face recognition; namely M illar’s (2000) 

model o f sensory convergence. According to this model, information from different 

sensory sources converges to share information that is represented in the same manner in 

both modalities, whilst modality-specific information is represented but clearly not 

shared across modalities It is clear from the results presented m this thesis that 

crossrnodal face recognition fulfils the criteria o f this model almost perfectly. Although 

the crossmodal prim ing experiment failed to provide direct evidence o f a shared 

structural representation common to both vision and haptics, the strong evidence 

discussed above suggests that information about face shape is encoded by both 

modalities. It is also apparent that modality-specific information is important for 

optimal within modal face recognition, since recognition performance has been found to 

decline in within modal haptic and visual tasks where recognition is based on solely on 

geometrical information (e.g. Bruce et al., 1991; Hill et al, 1997; Kilgour and Lederman, 

2002). It is possible that the decline in performance for crossmodal relative to within 

modal face recognition arises due to the loss o f modality-specific face information. 

Therefore, face information may be represented in memory according to the model 

illustrated in Figure 5.1.

This adaptation o f  M illar's model into one o f crossmodal face representation has 

a number o f advantages. Firstly, it can easily account for the behavioural data 

documented m this thesis as well as the findings o f Kilgour and Lederman (2002). The 

ability to match and recognise faces across the visual and haptic modalities may be 

mediated by structural face representations common to both modalities. Secondly, it can 

account for the fMRI data o f  Pietrini et al. (2004). For example, although early 

processing o f  all stimuli activated a region in early visual cortex, later patterns o f 

response activations for visually and haptically explored faces were located in adjoining 

regions o f  ventral extra-striate cortex, but were not found to overlap. It is possible that 

earlier activations represented the processing o f  shape information whilst later
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activations reflected the iiigher-order processing o f  m odality-specific properties o f  the 

face stimuli.

VISION HAPTICS

Skin Textureigmentation

Tem perature 1
Representation

Lighting Compliance

■" M odality SpecificM odality Specific

M ultisensory

Figure  5.1. M illa r 's  (20 0 0 ) m odel o f  co n v erg en ce  as a m odel o f  crossm odal face rep resen ta tio n . In the 

cen tre  o f  the d iag ram  redundan t in fo rm ation  about face shape  is enco d ed  by bo th  m o dalities. M odality - 

sp ec itlc  in fo rm ation  is rep resen ted  on e ith e r side o f  the com m only  rep resen ted  in fo rm ation . W hen  a  face 

is seen , in fo m ia tio n  w ith in  the so lid  red e llip se  is re trieved . A lte rn a tiv e ly  i f  a face  is e x p lo red  using  active  

touch , then face in fo m ia tio n  in the d ashed  b lue  ellip.se is re trieved . C ro ssm odal reco g n itio n  is m ed ia ted  

by the shared  stn ic tu ra l in fom ia tion .

Kilgour. Kitada. Servos et al. (2005) focused on loci o f  response activations during 

haptic face identification. As they did not report areas o f  cortex that m ay have been 

active during both object and face identification, it is unknown w hether they observed 

any brain activity in early visual cortex that m ight represent the neural analogue o f  shape 

processing. Patterns o f  activation in later stages o f  processing that differed from those 

typically found in visual studies o f  face identification (i.e. left fusiform  activation rather 

than activation o f  the m ore typical visual right ‘fusiform  face area’) m ay again reflect 

m odality-specific aspects o f  face processing. 1 will return again to this point later in the 

discussion. Finally, this m odel o f  face representation can also provide an explanation o f  

the findings with prosopagnosic LH in that dam age to the shared structural 

representation o f  face shape would preclude face recognition in either m odality.
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5.3 Im plica tions  o f  results

Interpreted in unison, the experim ental investigations o f  this thesis provide 

behavioural evidence to suggest that face recognition is not com pletely m ultisensory. I 

suggest that som e inform ation, perhaps more m odality-specific infonnation which is 

im portant for optim al w ithin modal recognition, is not easily shared across modalities. 

Rather, representations o f  facial structure are m ost likely to be central to successful 

crossm odal face recognition. M oreover, face recognition across the m odalities is 

affected by face fam iliarity and efficient recognition is m ediated by configural face 

inform ation. In this section I have identified 3 main areas for which these findings have 

im portant im plications. Firstly, these results can contribute in a small way to the current 

debate o f  w hether face recognition is special. This research also has im plications for 

studies o f  brain function, in the context o f  both the face processing and m ultisensory 

cognition literatures. F inally, these studies can infonn current m odels o f  face 

recognition, and suggestions can be m ade as to how haptic face inform ation can be 

incorporated into extant models.

5.3. J Dumain-.specificity versus expertise

A hotly debated issue in the visual face recognition literature concerns whether 

faces constitute a special class o f objects such that they are processed by m echanism s 

different from those that underpin the processing o f  all o ther non-face objects. On the 

one hand, a num ber o f  studies have provided evidence that face recognition is a unique 

process (see K anw isher, 2000 for a review). On the other hand, data also exist to 

dem onstrate that face processing is a function o f  expertise, and that the same 

behavioural effects (e.g. configural processing, or the inversion effect) can be observed 

for any object class with which an individual is expert (e.g. G authier, Tarr, M oylan, et 

al., 2000; Tarr and Gauthier, 2000). This debate was not the focus o f  the current body o f 

research, and consequently suitable non-face object controls were not employed. 

Nevertheless, the results do appear to favour the argum ent for dom ain-specificity.

The haptic m odality is non-expert in its capacity for processing faces, yet even 

unfam iliar faces can be m atched across m odalities (Experim ent 2 here; K ilgour and 

Lederm an, 2002), dem onstrating that face recognition can be perform ed by a non-expert 

sensory system. M ore particularly, processing strategies, such as configural processing, 

which have been argued to be a function o f  expertise have also been shown to extend
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into the non-expert haptic modality. Configural processing, discerned largely using the 

inversion paradigm, has long been posited as a marker o f  face specificity (e.g. Bartlett 

and Searcy, 1993; M oscovitch et al., 1997; Yin, 1970). The inversion paradigm has 

recently been used to demonstrate configural processing in haptic face recognition tasks 

but not for haptic object recognition, suggesting face-specificity in the haptic modality 

also (Kilgour, de Gelder, & Lederman, 2004). However, as a visual inversion effect has 

been found for some m ono-oriented non-face objects, even in non-experts (e.g. Gauthier 

et al., 2000b), the inversion effect by itself cannot be taken as confirmation o f  the 

uniqueness o f  face processing in either modality (cf. M aurer et al., 2002). This thesis 

has extended the finding o f the haptic face inversion effect by using an alternative 

behavioural paradigm  (crossmodal face matching using intact, blurred, and scrambled 

images) to show that efficient crossmodal face recognition appears to be mediated by 

configural face information (Experiment 5) adding crcdence to the notion that configural 

processing is symptomatic o f a domain-specific face processing mechanism. O f course, 

further research is required to establish the extent to which crossmodal face processing is 

domain-specific.

5.3.2 Neural substrates fo r  crossmodal face recognition

Investigations o f  haptic face recognition have found a num ber o f behavioural 

similarities with visual face processing and that face information can be successfully 

shared between the two modalities (Kilgour and Lederman, 2002; Kilgour, de Gelder, & 

Lcderman, 2004), suggesting that face recognition may be a multiscnsory phenomenon. 

In contrast to this expectation, the results o f Experiments 3 and 4 in this thesis suggest 

that face recognition is not wholly multisensory. This finding has a num ber o f 

implications in terms o f identifying the neural substrate underpinning crossmodal face 

recognition.

Initial investigations o f response activations to haptically explored face stimuli 

questioned whether the previously identified fusiform face area (FFA) in the right 

fusiform gyrus (e.g. Haxby et al., 1994; Kanwisher et al., 1997; Sergent et al., 1992) 

would similarly respond to haptic face stimuli, indicating a possible locus o f 

multisensory face processing in the brain. To the contrary, two fMRI studies addressing 

haptic categorisation, and haptic identification o f  face stimuli found that haptically 

elicited activation did not overlap with the previously defined FFA (Kilgour, Kitada,
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Servos, et al., 2005; Pietrini, Furey, Riccardi, et al., 2004). In the study conducted by 

Kilgour et al. haptic face identification activated the left rather than the right fusiform 

gyrus, as well as a number o f other cortical areas previously implicated in visual face 

memory. Pietrini and colleagues exammed category-related responses for visual and 

haptic face and non-face stimuli. Although they did not find a common area o f 

activation evoked by haptic and visual face stimuli in ventral temporal cortex, haptic 

response activations were located close to the visual sites. However, earlier visual areas 

were activated during haptic recognition by all stimuli (facemasks and non-face objects 

alike) Perhaps therefore, early processing o f  faces and objects might be multisensory, 

with only higher-order face processing occurring in different ventral temporal areas^ ’.

The behavioural data reported in this thesis may help to shed some light on the 

disparate findings o f visual and haptic face neuromiaging studies. Although direct 

evidence o f common shape representations was not obtained, the results clearly show 

that encoded face shape information mediates successful crossmodal face recognition. 

M oreover, some face information may be modality-specific and necessary for optimal 

within modal face recognition. These findings fit nicely with the imaging data. 

Differential activation in ventral temporal cortex may well reflect the different 

computational requirements involved in processing face information specific to the 

visual and haptic modalities. However, face shape can readily be encoded by both 

modalities, so the possibility remains that at least this aspect o f  face recognition may be 

multisensory and subserved by a single cortical area.

In terms o f the distributed neural system o f  face perception outlined by Haxby et 

al. (2000), representations o f facial idenfity appear to depend more on activity in the 

inferior occipital gyri (lOG) and the lateral fiisiform gyri (LFG), the lOG being involved 

in the early visual processing o f face infom iation (Hoffman and Haxby, 2000). In their 

analysis o f neural responses in visual extra-striate cortex that arc activated during tactile 

recognition, Pietrini et al. (2004) found that both face and non-face stimulus categories 

evoked a response in ventral occipital cortex during haptic recognition. Interestingly, 

the lOG are among the brain regions included in the ventral occipital area, suggesting

^' As K.ilgour et al. focused on haptic face identification specifically, only activations for haptic face 

stimuli that were significantly greater than haptic control objects were reported (the objects > facemask 

condition yielded no significant results). Therefore it is unknown whether haptic identification o f  

facemasks and objects might have activated earlier visual areas.
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that these regions, involved in early visual face processing, may also m ediate early 

haptic face processing. Furthem iore, the TOG, which have been found to respond 

preferentially to intact versus scram bled face im ages (H offm an and Haxby, 2000), also 

correspond rem arkably with the lateral occipital com plex (LOG) w hich has been shown 

to respond preferentially to visual object shape relative to scram bled im ages or textures 

(M alach et al., 1995). Previous studies o f  crossm odal object recognition have found that 

a region in LOG represents both visual and haptic object shape inform ation (Am edi et 

al., 2001; 2002). This som atosensory object-related lateral occipital area (SO LO or 

LOtv) appears to overlap the area o f  inferior tem poral cortex found to respond 

m axim ally to the haptic recognition o f  objects (Pietrini et al., 2004), confirm ing the 

status o f  this area as a m ediator o f  visual and haptic object recognition. G iven that 

brain regions activated during early visual and haptic face processing appear to overlap 

(see Table 5.1 for the coordinates o f the bram  areas described), it seem s plausible that 

another region o f  the LOG m ay serve as the locus o f  m ultisensory representations o f  

face shape. For instance, it has been suggested that the posterior face regions that fall 

within the region o f  the LOG m ay serve to encode facia! stm cture, w hereas m ore 

anterior parts o f  the FFA subserve face recognition (e.g. Gourtney, Ungerleider, Keil, & 

Haxby, 1997; Sergent et al., 1992). These posterior face regions m ay well m ediate 

m ultisensory representations o f  face shape.

N aturally, confirm ation o f  this hypothesis requires further investigation. 

Functional neuroim aging o f  crossm odal face recognition and face m atching tasks m ay 

help to elucidate the role o f  LOG in visual and haptic face processing. Putative com m on 

representations o f  face shape in LOG could be assessed with a crossm odal face prim ing 

study. However, the results o f  Ghapter 4 indicate that the crossm odal prim ing o f  faces 

may not be as straightforw ard as that o f  objects therefore refinem ents o f  the current 

m ethodology are required.
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T ab le  5.1. T a la irach  co o rd in a tes  (T alarach  and Toum ou.x. 1988) as reported  in each study  described  in the 

text (m ean ± s tan d ard  dev ia tion ). A s these  b ra in  reg io n s are  p rox im al and o v erlap p in g  (e.g . LOC, lO G , 

V O ) it is p o ss ib le  that these a reas m ay con tam  a reg io n  o f  co rtex  that m ed ia tes both the v isual and haptic  

p ro cess in g  o l' lace  shape.

Study E egiai n Talaiiach Cooidniates (mm) Lateiality

V V -

M alacheta l 1995 LOC 6 42 S < ±2 7) -72 7 I ±S) -1S2(±9S> nglit-*

Hoffman & HaxbylCnO lOG 7 -31 '±1) -S 2 (± l) -15 (±4) left
7 41 (±2) -79 i±3i -14(±5) light

Amedi et al 2001 LG 9 -45 (±5) -62 (±6) - 9 1 ±3i left

Amedi e ta l 2002 SOLO S -47 -62 -10 left

S 45 -54 -14 light

S Amedi e ta l 2001 SOLO 9 -45 -59 -11 left

9 47 -55 -9 light

P ie tiin ie ta l 2004 VO 5 -31 -SO -12 left

5 26 -77 -12 light

IT 5 -4o -5S -11 left

5 4S -55 -10 light

LO C =  lateral o cc ip ita l co m plex ; lO G  = in ferio r o cc ip ita l g y n ; LO = lateral occip ita l area; SO L O  = 

so m atosenso ry  ob jec t-re la ted  lateral occip ita l area ; V O  =  ven tro la te ra l occip ita l cortex ; IT =  in ferio r 

tem poral cortcx . * Sm all b ila tera l a c tiv a tio n  w as found  in 5 6 participan ts , ij D ata from  A m cdi ct al. 

(2001) w ere re -an a ly sed  using a G enera l L inear M odel (F riston , H olm es, W orsley . el al., 1994) analysis to 

confirm  the  loca tion  o f  the a rea  SO L O  (A m edi ct a l., 2002).

In strict terms, a n iultisensoi^ face representation would be coded by neurons 

that respond to both visual and haptic input allow ing the integration o f  sim ultaneous 

input across the m odalities ( c f  M eredith, 2002). To tny knowledge, no studies have 

provided any direct evidence o f  m ultisensory neurons in hum an LOC as o f  yet. 

However, a rough estim ate o f  the sensory response properties o f  neurons in LO have 

been obtained with an fM Rl design allow ing the study o f  crossm odal repetition-related 

adaptation (Am edi et al., 2001). In this study, the signal produced for objects that were 

haptically explored after being seen was reduced com pared to that for haptically 

palpated objects that were unseen. This has been interpreted as evidence o f  crossm odal 

adaptation, w hich in turn im plies that neurons in at least this region o f  the LOC are 

m ultisensory. O f  course, fiirther research is necessary to elucidate the sensory properties 

o f  these neurons more precisely, especially with respect to face stimuli. H ow ever for the
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moment, this research suggests that the processing of face shape may be underpinned by 

multisensory substrates.

5.3.3 Models o f face recognition

In Chapter 1 I speculated about how haptic face information might be 

incorporated into extant models of face recognition. In terms of the cognitive models of 

face recognition (e.g. Bruce and Young, 1986; Burton, Bruce, & Hancock, 1999), I 

proposed that the face recognition units (FRUs) may comprise overlapping

representations o f visual and haptic face information, akin to the model of sensory 

convergence proposed by Millar (2000). Information pertaining to face shape encoded 

by both modalities may be common to the two, whilst information promoting within 

modal face recognition that is not easily shared across modalities is also represented. 

The results of this thesis do suggest, albeit indirectly, that Millar's model of convergence 

provides the best account of the mechanisms underpinning crossmodal face recognition. 

In turn, this supports the proposal that haptic face information can be incorporated into 

cognitive models of face recognition at the level of the FRUs. Unfortunately,

Experiment 6 failed to demonstrate either crossmodal or within modal priming. Future 

research might examine methodological issues that may have limited this experiment (a 

number of suggestions were made in section 4.3). A demonstration of crossmodal 

priming would serve to confirm the hypothesis that FRUs comprise multisensory 

representations of face shape.

In section 5.3.2 I have discussed how multisensory representations of face shape 

mediating crossmodal face recognition might be represented in Haxby et al.'s (2000) 

distributed neural model of face recognition. A multisensory region in the inferior 

occipital gyri may mediate both the crossmodal and within modal processing of face 

information. In Chapter 1 I also proposed that a separate higher-order area of cortex 

mediating haptic face recognition is necessary to account for different regions of

activation in fMRl studies for within modal haptic and visual face recognition.

Modality-specific information may be relayed directly to the haptic and visual face 

processing areas from primary sensory cortices. This information is then bound with 

shape information processed in lOG, promoting optimal within modal face recognition. 

Again the behavioural findings in this body o f work support this proposition. Better 

within modal relative to crossmodal face recognition may be due to the addition of
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modality-specific face information, whilst information about face shape facilitates 

crossmodal matching and recognition. Functional neuroim aging has thus far proven a 

useful tool in examining the cortical areas involved in visual and haptic face recognition, 

and has provided a number o f  clues as to the locus o f putative shared representations o f 

face shape. One interesting future investigation might concern the cortical pathways 

linking the patterns o f activation incorporated into Haxby et al.'s cortical model o f  face 

recognition. For instance, techniques such as diffusion tensor MRI (e.g. Conturo, Lori, 

Cull, et al., 1999) might provide insight as to how these different brain areas are 

connected, and whether m odality-specific information is relayed directly from primary 

sensory cortices to separate haptic and visual face processing areas.

5.4 Limitations and directions for future research

Haptic and crossmodal face recognition is subject to a number o f methodological 

challenges primarily stemming from the difficulty in generating a sufficiently large, and 

perceptually realistic, set o f  haptic stimuli for experimental purposes. Firstly, whilst the 

casting process itself was reasonably straightforward, it was a time consuming process. 

Thus the stimulus set was quite small (32 models in total). This had implications for 

data collection; the examination o f multi-level factors m eant that in a number o f 

experiments (Experiments 2 and 6) performance was measured over relatively few trials 

(6 and 4 trials per condition, respectively). This may be an important factor when 

considering the failure to demonstrate within and crossmodal priming in Experiment 6; 

with only 4 primed and 4 unprimed stimuli in each condition the analysis may not have 

been powerful enough for significant facilitation effects to emerge. On a related point, 

the very nature o f  the research question in Experiment 1, concerned with the haptic 

recognition o f  one’s own face, also restricted the number o f  trials on which performance 

was measured in each condition (i.e. 1 trial per condition).

Secondly, the degree o f perceptual realism o f both the visual and haptic stimulus 

sets holds a num ber o f implications in terms o f assessing crossmodal performance in all 

o f  the experiments. An unavoidable limitation experienced in generating the haptic 

stimulus set was the inability to simulate the material properties, specifically the texture 

and compliance, o f  each individual’s face, resulting in a set o f  rigid, uniformly textured, 

haptic face stimuli. As the processing o f material properties has been shown to be 

important for optimal haptic object and face recognition (e.g. Kilgour and Lederman,
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2002; Klatzky et al., 1985; 1993; Klatzky, Lederman, & Reed, 1987), it could be argued 

that haptic face processing in this body o f  work was disadvantaged relative to vision (at 

least for Experiments 2-6), as not all o f  the information requisite for optimal recognition 

performance was available. This point has particular relevance for Experiment 1 

wherein participants were required to recognise their own facemasks using touch. If  the 

haptic representation o f one’s own face in memory comprises both material and 

structural information, then the absence o f  material information in the haptic stimuli 

could help to explain participants’ poor performance in this task.

In terms o f  visual recognition, the highly precise colour images used in 

Experiments 2-6 provide all o f  the visual cues encoded from live faces, such as 

structure, pigmentation, 3-dimensional shape-from -shading, and texture information, 

facilitating optimal visual face recognition. Indeed, loss o f modality appropriate 

information may also explain poorer than expected visual performance in the visual 

condition o f  the Experiment 1. Unlike in subsequent experiments where visual encoding 

and recognition was based on high-quality digital colour images o f the live faces o f  the 

face models, participants had to visually recognise their own facemasks which lacked 

appropriate colour information, resulting in sub-optimal visual recognition performance 

(c f  Yip and Sinha, 2002).

Differences in the potential information available to participants from visual and 

haptic stimuli may also hold interesting implications for crossmodal matching 

performance obtained in Experiments 2 and 5. A visual encoding advantage has been 

observed in crossmodal matching tasks (Easton et al., 1997; Jones, 1981), and this 

advantage is thought to be a function o f  the relative efficicncy by which vision, in 

comparison to haptics, can extract information from the standard object, which then 

guides exploration o f the comparison object (Jones, 1981). This visual encoding 

advantage may explain the results o f Experiment 2, where significantly better vision-to- 

haptics than haptics-to-vision crossmodal face matching was found. In Experiment 2, 

the standard stimuli in the visual learning condition contained rich, modality appropriate 

information. However, the haptic standards, providing only structural information, did 

not provide information necessary for generating optimal haptic face representations. 

M oreover, vision is capable o f  encoding the global structure o f  the face, quickly and 

easily, whereas haptic facc processing requires the serial exploration o f the face stimuli 

and the integration o f this information into a coherent representation over time, which
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can be relatively error prone (Loomis and Lederman, 1986). This may go some way to 

explain why vision-to-haptics matching performance is significantly better in 

Experiment 2. This same argument may explain the overall poor crossmodal matching 

performance observed in Experiment 5 where crossmodal matching was conducted in 

haptics-to-vision only. Already at a loss as regards material information, if participants 

failed to encode all o f  the structural information available from the haptic standards, 

then that information was non-diagnostic, and the likelihood o f an accurate match was 

reduced further.

A final point to note in relation to the visual and haptic stimulus sets, and one 

that can easily be explored in future research, concerns differences in the information 

about the eye area that was available from the stimuli in each modality. The visual 

stimulus set comprised images o f live faces in which the eyes were open, whereas the 

eyes were closed as a consequence of the casting processes for haptic stimuli. This 

difference has implications in terms o f  processing shape information around the eye 

area. The surface o f  the open eye is moist, which may result in a distorted reflection o f 

light from the surface, influencing its perceived shape. Furthermore, the difference in 

luminosity between the open eye surface and surrounding eye region may also serve to 

give an altered perception o f eye shape that may not be perceived when the eye is 

closed. This may lead to perceived differences in shape between vision and haptics thus 

affecting crossmodal recognition performance. The face is an important social stimulus, 

and in terms o f social interaction, eye gaze and contact serve a number o f functions, 

such as indicating social attention and expressing intimacy (Kleinke, 1986). Researchers 

have recently found that direct eye gaze confers processing advantages during face 

encoding an increases the accuracy o f subsequent face recognition (e.g. Hood, M acrae, 

Cole-Davies, & Dias, 2003; Vuilleumier, George, Lister, & Annony, 2005), whilst 

diverted gaze confers greater advantages relative to eyes closed at encoding (Hood et 

al., 2003). Therefore in this body o f work, particularly in Experiments 4, and 6 where 

visual stimuli comprised images o f  faces looking directly at the camera, vision may have 

been at an advantage during encoding and retrieval. Having they eyes closed in the 

visual stimuli may serve to elucidate the importance o f  eye information in vision and its 

influence on crossmodal face recognition performance.

Undoubtedly, a limitation o f  this research was the failure o f Experiment 6 to

provide evidence o f  crossmodal face priming. However, as the experiment also failed to
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yield evidence o f within modal priming, the hypothesis that a common representation o f 

face shape underlies crossmodal face recognition cannot be rejected. Indeed, the data 

from Chapters 2 and 3 provide indirect evidence in support o f  this hypothesis, therefore 

the implications o f the cumulative results still have merit, and open a number o f 

potential avenues for future research. The first step may be to obtain concrete 

behavioural evidence o f  crossmodal face priming. However, beyond this, there are a 

number o f  exciting challenges for researchers o f  face recognition and multisensory 

perception alike. Crossmodal face recognition is an emerging area o f  interest with huge 

potential and scope for future work. I have identified a number o f  possible studies of 

interest in the discussion o f the implications o f my research findings, for instance, the 

identification o f  crossmodal face activation in LOC.

The mechanism underpinning the integration o f visual and haptic face 

information is also o f  interest, especially in terms o f  facial identity. Previous research 

investigating the integration o f  visual and haptic object information suggests that 

sensory integration is information driven, such that integration occurs in a statistically 

optimal fashion, with greater weight attributed to the sensory information that is most 

reliable in terms o f  making a perceptual judgem ent about an object (Ernst and Banks, 

2002). The visual perception o f  facial identity has been shown to be categorical (e.g. 

Rotshtein, Henson, Treves, et al., 2005); therefore, if visual identity information captures 

haptic information, then in a bimodal task with differing sensory information, haptic 

recognition performance would approximate results obtained in a visual categorisation 

task. However, this remains to be seen.

An interesting application o f  multisensory integration research might include 

addressing the processing deficits associated with prosopagnosia. The integration o f 

sensory information is subject to a num ber o f guiding principles. For example, as 

outlined in the introduction, a coherent multisensory percept is characterised by the close 

temporal proximity and spatial co-location o f  sensory stimuli (illusory percepts such as 

the ventriloquism  effect notwithstanding). Another principle that typically governs 

multisensory integration is the 'inverse effectiveness principle' (W allace and Stein, 

1994). This principle stipulates that when sensory stimuli are integrated the facilitation 

o f  the neuronal response is maximal when the responses to the individual inputs is 

weakest. This principle may be applied to face recognition. For instance, prosopagnosic 

LH shows face recognition deficits in both vision and haptics respectively. In other
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words, the sensory input in the respective modalities is very weak, resulting in 

significantly poorer face recognition performance relative to control participants in 

within modal tasks. However, the inverse effectiveness principle suggests that the 

integration o f  two sourccs o f impoverished face information might facilitate the 

generation o f  more robust face representations. Therefore it might be expected that LH's 

recognition performance would im.prove slightly or even significantly in a multisensory 

face recognition task. A significant improvement in recognition performance could 

signal a potential avenue o f  exploration in terras o f rehabilitation, not only for 

prosopagnosia, but for general object agnosia as well.
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5.5 Concluding remarks

In this thesis I have used a number o f  simple variations o f the basic crossmodal 

matching and recognition mem ory paradigms to investigate crossmodal visual and 

haptic face recognition. I have confirmed the findings o f  previous research in 

demonstrating that the haptic system is indeed capable o f  representing and recognising 

faces, and that face information can be shared across the visual and haptic modalities. 

M oreover, this body o f work extends these findings by showing that crossmodal face 

recognition can be facilitated by familiarity, and that efficient crossmodal recognition 

appears to be mediated by configural face information. These experiments also provided 

behavioural evidence to suggest that face recognition is not multisensory per se. It 

appears that modality-specific information may promote optimal within modal face 

recognition performance. However, the results clearly indicate that enough information 

is multisensory to allow successful crossmodal recognition, and furthermore, imply that 

the visual and haptic crossmodal face recognition may be underpinned by common 

representations o f face shape.
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