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ABSTRACT 

A face conveys a wealth of information - identity, mood, direction of eye 

gaze, race, gender and age. This thesis investigates the role of visual attention 

in detecting and identifying faces. Part I contains a general introduction to the 

field of study and reviews research investigating whether face processing is 

anatomically and functionally special. A review of studies examining the 

influence of attention on face perception is also included. Part II consists of a 

series of four experiments investigating the effects of divided attention upon 

the holistic coding of centrally presented target faces. Holistic coding was 

measured with a variant of the part-whole paradigm devised by Tanaka and 

Farah (1993). Despite the presence of to-be-ignored flanker faces, holistic 

coding was evident when full attention could be allocated to the target face. In 

the divided attention conditions, holistic encoding of the target face was 

disrupted when participants matched two upright flanker faces, but not when 

inverted flanker faces were matched. The difference does not appear to be due 

to the time taken to match the flankers, as matching inverted flankers was more 

time-consuming. Rather, the difference in processing upright and inverted 

faces appears to be responsible, as upright, but not inverted, faces are encoded 

holistically. The results suggest that there are limitations in the number of faces 

that can be holistically coded in a brief time. The three experiments in Part III 

use the change detection paradigm to examine whether faces have an 

advantage in capturing attention when in competition with other objects. 

Despite our intuitions, we are often unable to detect changes that occur between 

two different images when they are interrupted, such as by a saccade, a blink, a 

cut in a motion picture or a brief transient. One way to induce this "change 

blindness" is to insert brief blank screens between changing scenes, so that the 

screen appears to flicker. Using this flicker paradigm, Ro, Russell, and Lavie 
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(2001) found that when displays consisted of a face among c o m m o n objects, 

changes to the face were detected both more accurately and more rapidly than 

changes to objects. As the probability of detecting a change is increased by 

attention, these results suggest that faces may have a special capacity to attract 

attention. Although Ro et al. suggest that the advantage for faces is due to their 

biological significance, the advantage may also be a consequence of the single 

face becoming a novel, unique category when presented among a number of 

objects. In the present experiments, an object advantage was observed when 

one object was presented among a number of faces, indicating that a change 

detection advantage can be observed for a distinct category, regardless of its 

significance. This object change detection advantage, in combination with the 

inability to reliably obtain a face change detection advantage, suggests that 

faces do not demonstrate a special status for change detection. Part IV contains 

a general discussion and concludes that faces do not always capture attention 

and that they require focal attention for holistic processing. Despite their 

immense biological and social significance, faces do not appear to have a special 

status in regards to visual attention. 
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PART I. GENERAL INTRODUCTION 

Chapter 1. Introduction 

A human face conveys a variety of information. Relatively invariant 

aspects of the face allow us to determine the person's age, sex, race, 

attractiveness and identity. If the face is familiar, we may also have access to 

their name and associated semantic information. More changeable aspects of 

the face, such as facial expressions and direction of eye gaze, reveal the person's 

mood and intentions. These various types of information are computed in a 

distributed neural system, with the recognition of identity computed in 

separate, but interacting, anatomical areas to those computing expression, 

speech-related mouth movements and eye gaze (Bruce & Young, 1986; Haxby, 

Hoffman, & Gobbini, 2000; 2002; McCarthy, 2000). 

This dissertation investigates the detection and identification of faces. 

The next chapter examines whether faces and objects are detected and 

identified in the same manner and by the same system. Over the past 25 years 

this issue has been the subject of vigorous research and debate. On the one 

hand, some researchers suggest that faces are processed in a special manner by 

face-specific cortical areas (e.g. Kanwisher, 2000). In contrast, others argue that 

expertise with homogenous sets of objects allows them to be processed in a 

similar manner to faces in purportedly face-specific areas (e.g. Tarr & Gauthier, 

2000). I review behavioural, neuropsychological, neuroimaging and 

electrophysiological studies with humans and single-unit recording studies 

with primates that have investigated this question. 

The particular contribution of my research is the investigation of the role 

of visual attention in the detection and identification of faces. Thus, in Chapter 

3 I review other studies that seek to understand the influence of attention upon 
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face perception. The studies have examined whether faces can be detected 

automatically and whether we are biased to attend to faces rather than other 

objects. The role of attention in encoding holistic face representations is also 

discussed. In addition, I evaluate studies that have examined whether the 

activation in face-specific areas is modulated by attention. These studies have 

not only investigated whether the neural response is enhanced for attended 

compared with unattended faces, but have also sought to identify the stage of 

processing where this attentional modulation begins. I also consider whether 

emotionally expressive faces are more likely to attract attention than those 

displaying neutral expressions. 

Face perception seems especially reliant upon the encoding of configural 

or holistic information. The four experiments discussed in Part II examine 

whether attention influences the holistic perception of faces. Participants were 

shown displays consisting of a centrally presented target face and two 

peripheral flanker faces (either upright, inverted or fractured). Participants in a 

divided attention condition were asked to match the identity of the flanker 

faces, while participants in a full attention condition were able to ignore the 

flanker faces. Holistic coding of the target face was evident in the full attention 

condition. In the divided attention condition, matching upright flanker faces 

disrupted holistic coding of the target faces, whereas matching inverted flanker 

faces did not. Matching fractured flanker faces led to an intermediate effect. 

These findings emphasise the differences in processing upright, fractured and 

inverted faces and suggest that holistic representations are attentionally 

demanding to encode. 

The studies in Part III examine the role of attention in face perception 

from a different perspective. The three experiments use the change detection 

methodology to investigate whether there is a bias to attend to faces rather than 

other objects when they are competing for attentional resources. Changes to a 
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single face presented among a number of objects were not consistently detected 

either more accurately or more quickly than changes to the objects. In addition, 

there was evidence that a single object presented among a number of faces can 

display a change detection advantage. Taken together, these results suggest 

that faces do not have an advantage in recruiting attention. 

In Part IV, I summarise and integrate the results of the experiments 

contained in Parts II and III of this dissertation. I discuss recent research 

examining the role of attention in holistic coding and examine the concept and 

measurement of holistic coding. I also consider whether there is an attentional 

bias to attend to faces and propose avenues for further research. 
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Chapter 2. Are faces "special"? 

A great deal of research has been devoted to solving the difficult 

problem of how two-dimensional images on our retina enable us to recognise 

objects such as chairs, cups and birds (e.g. Biederman, 1987; Marr, 1982; Tarr, 

1995; see Farah, 2000 for a recent review of the different approaches to this 

problem). In addition, an important question has been whether the detection 

and identification of faces occurs in the same manner, and by the same system, 

as the identification of other objects. Farah (2000) proposes three criteria by 

which to determine whether faces and objects are processed by one general-

purpose recognition system, or two separate systems. The first criterion is that 

of function, in that each system should process information in a different 

manner. The second criterion is anatomical, in that different systems should 

occupy separate brain areas. Separate systems should also operate 

independently. This chapter examines the research supporting these criteria. 

2.1 Functional differences between face and object processing 

"1 shouldn't know you again if we did meet", Humpty Dumpty replied in a 

discontented tone, giving her one of his fingers to shake: "you're so exactly 

like other people." "The face is what one goes by, generally," Alice 

remarked in a thoughtful tone. "That's just what I complain of," said 

Humpty Dumpty. "Your face is the same as everybody has—the two eyes, 

so—" (marking their places in the air with his thumb) "nose in the middle, 

mouth under. It's always the same. Now if you had the two eyes on the 

same side of the nose, for instance—or the mouth at the top—that would be 

some help." Lewis Carroll, (1872/1998), p.192. 
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Unlike Humpty Dumpty, we are able to quickly and accurately identify 

many people despite the homogeneity of faces. One influential theory of 

recognition proposed that objects are represented in terms of a limited set of 

generic components and the relations between those parts (see Biederman, 

1987; Biederman & Gerhardstein, 1993; Hummel, 1994). However, it is clear 

(even to Biederman; see Biederman & Kalocsai, 1997) that this approach will not 

suffice for discriminating faces, which have the same basic parts in a similar 

configuration. Theories of face recognition suggest that we do not focus on 

individual facial features or parts, such as the nose or bushy eyebrows (referred 

to as featural, componential or piecemeal information), but rather face 

recognition relies upon the encoding of configural information formed by the 

spatial relations between features (e.g. the distance between the eyes) (see 

reviews by Bartlett & Searcy, 1993; Moscovitch, Winocur, & Behrmann, 1997; 

Rakover, 2002; Rhodes, Brake, & Atkinson, 1993; Searcy & Bartlett, 1996; 

Valentine, 1988). Although configural information has been described using a 

number of different terminologies1, researchers generally agree that information 

about facial configuration may be encoded in either a holistic or relational 

manner (see Rossion & Gauthier, 2002). 

The holistic interpretation suggests that faces are represented as 

unparsed gestalts or templates, in which featural and configural information 

are not separable sources of information (Farah, Tanaka, & Drain, 1995; Farah, 

Wilson, Drain, & Tanaka, 1998; Tanaka & Farah, 1993; Tanaka, Kay, Grinnell, 

Stansfield, & Szechter 1998; Tanaka & Sengco, 1997). In a classic demonstration 

of holistic encoding, participants were taught to memorise a series of intact, 

upright faces (e.g. Larry) (Tanaka & Farah, 1993). Recognition of the individual 

1 This type of information has also been termed configurational (Carey & Diamond, 1977), 
configural (Sergent, 1984), second-order relational (Diamond & Carey, 1986), and spatial-
relational (Searcy & Bartlett, 1996). Searcy and Bartlett (1996) discuss these differences. 
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facial features (e.g. Larry's nose) was then tested in a forced-choice recognition 

test with two conditions: the part in isolation (e.g. Larry's nose vs. Bill's nose), 

and the part in the whole configuration (e.g. Larry's nose in Larry's face vs. 

Bill's nose in Bill's face). As predicted by the holistic model, recognition of the 

part was better in the whole configuration condition than in the isolated part 

condition. In contrast, when the stimuli were scrambled faces, inverted faces or 

houses, participants were not more accurate at identifying the previously seen 

feature in the context of the studied whole object, compared to when the feature 

was shown in isolation, suggesting that upright faces are represented more 

holistically than other objects. 

The relational interpretation emphasises the strong connections between 

the representations of features (e.g. the shape of the eyes) and their relations 

(e.g. the distance between the eyes), but in contrast to the holistic hypothesis, 

the relational interpretation holds that facial features are explicitly represented 

(e.g. Leder & Bruce, 1998; 2000). At present, the precise nature of facial 

representations is not known (see Maurer, Le Grand & Mondloch, 2002; Rossion 

& Gauthier, 2002 for reviews). Nonetheless, it is clear that faces are encoded in 

a different manner to most other objects, including inverted faces. 

2.1.1 Face inversion effect 

Much of the evidence that faces are processed in a unique manner to 

other visual stimuli has arisen from studies investigating the face inversion effect. 

The face inversion effect is the finding that although both faces and other mono-

oriented objects (e.g. houses) are difficult to recognise when turned upside-

down, the disruption is particularly pronounced for faces (Johnston, Hill, & 

Carman, 1992; Jolicoeur, 1985; Yin, 1969). There is considerable evidence that 

inverted faces are more difficult to recognise because inversion disrupts the 
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ability to extract the holistic or relational information that is normally used to 

recognise faces (Bartlett & Searcy, 1993; Carey & Diamond, 1977; Diamond & 

Carey, 1986; Freire, Lee, & Symons, 2000; McKone, Martini, & Nakayama, 2001; 

Murray, Yong, & Rhodes, 2000; Rhodes et al., 1993; Rhodes, Brennan & Carey, 

1987; Rossion & Gauthier, 2002; Searcy & Bartlett, 1996; Sergent, 1984; Tanaka & 

Farah, 1993; Thompson, 1980; Valentine, 1988). 

An experiment by Young, Hellawell, and Hay (1987) illustrates the effect 

inversion has on holistic face processing. They combined the top and bottom 

halves of two different famous faces (e.g. the top half of the face of Mark Hamill 

with the bottom half of the face of Harrison Ford). The halves were either 

aligned into a "composite" so that they fused into a new face or slightly offset 

into a "noncomposite". Participants found that it was more difficult to identify 

the face components when they formed a composite, suggesting that holistic 

information interfered with the ability of participants to identify the two 

components. However, when the face composites were inverted, this 

interference was removed, indicating that holistic information was only used in 

the perception of upright faces. 

Studies investigating the face inversion effect have led many researchers 

(e.g. Farah, Tanaka et al., 1995; Yin, 1969) to conclude that upright human faces 

are processed differently (i.e. using holistic or relational information) to 

inverted human faces and other visual stimuli. 

2.1.2 Is holistic face processing specific to faces? 

Although some researchers argue that faces are processed more 

holistically than other objects (e.g. Farah, 2000; Tanaka & Farah, 1993), others 

suggest that experts with any category of homogeneous objects, not just faces, 

use holistic coding to differentiate among similar exemplars of the category 
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with which they have expertise (Diamond & Carey, 1986; Gauthier & Tarr, 1997; 

Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999; Gauthier, Williams, Tarr, & 

Tanaka, 1998; Rhodes & McLean, 1990; Rhodes, Tan, Brake, & Taylor, 1989; 

Rossion & Gauthier, 2002). Diamond and Carey (1986) found that when asked 

to recognise pictures of dogs, dog experts were more impaired by stimulus 

inversion than were dog novices. As inversion impairs the use of holistic 

processing, this pattern of results suggests that experts with any class of stimuli 

may rely on holistic information for recognition. Other studies have compared 

novice participants with bird experts (Rhodes & McLean, 1990), handwriting 

experts (Bruyer & Crispeels, 1992), and experts trained to recognise novel 

homogeneous non-face objects called "Greebles" (Gauthier & Tarr, 1997) and 

have provided converging evidence that expertise with homogeneous objects 

may lead to the use of perceptual strategies resembling the holistic encoding 

used with faces. However, despite the fact that the results observed in these 

experiments were often similar to those obtained with faces, it is uncertain 

whether object categories with which one obtains expertise are processed by the 

same cortical areas as faces, or by different areas that have been modified with 

expertise to process these objects in a manner resembling the processing that 

occurs with faces. The next section reviews studies that have investigated the 

neural specificity of face processing. 

2.2 Anatomically independent neural systems for faces and objects 

2.2,1 Single-unit recordings 

Lesion studies in the first half of the 20th century revealed that the 

temporal cortex is a crucial area of the primate brain involved in visual object 

recognition (see Farah, 2000). Subsequent single cell recordings from regions of 

monkey cortex, in particular inferotemporal cortex (IT) and superior temporal 
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cortex (STS) indicate that many of these cells only respond to highly specific 

stimuli, with some so-called "face cells" only responding to faces. Ensembles of 

these cells respond to monkey and human faces (both real and pictorial) but not 

to scrambled faces, other complex three-dimensional objects, or to arousing or 

aversive stimuli such as snakes, spiders or food (Baylis, Rolls, & Leonard, 1985; 

Desimone, 1991; Desimone, Albright, Gross, & Bruce, 1984; Perrett, Mistlin, & 

Chitty, 1987; Perrett, Rolls & Caan 1982; Young & Yamane, 1992). Face-selective 

cells in these areas of the monkey brain appear to respond to different aspects 

of faces, with the majority of face cells in IT responding to facial identity, 

whereas those in STS are mainly responsive to gaze direction and facial 

expressions (e.g. Hasselmo, Rolls, & Baylis, 1989; Heywood & Cowey, 1992). 

Although the existence of face cells appears to support the claim for an 

anatomically separate face processor, current evidence allows for alternate 

conclusions (see Farah, 2000; Gauthier & Logothetis, 2000; Haxby et al., 2000; 

Tovee, 1998 for discussions on the similarities and differences between face-

and object-selective cells). On the one hand, the preferred input for face cells is 

quite complex and specific. For instance, face cells appear to be particularly 

sensitive to facial configuration, with reduced responses recorded with changes 

to the relations between features (see Gauthier & Logothetis, 2000; Young & 

Yamane, 1992). In contrast, some cells in IT that respond to objects and 

complex shapes also respond to simpler shapes (see Tanaka, 1996). These 

results suggest that objects could be coded as parts across a number of cells, 

whereas faces are coded by face-specific cells (see Tovee, 1998). 

On the other hand, Gauthier and Logothetis (2000) suggest that 

experience with a set of homogeneous objects may lead to the development of 

cells selective for that object class. In support of this argument they discuss 

studies conducted by Logothetis and Pauls (1995) and Logothetis, Pauls, and 

Poggio (1995) in which they trained monkeys to learn and recognise sets of 
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homogeneous objects. These studies found populations of cells that displayed a 

similar selectivity with the objects as face cells demonstrate with faces. 

However, these cells were located in the anterior section of IT, a different area 

of IT than where most face cells tuned to identity are found (see Gauthier & 

Logothetis, 2000 for discussion of this difference). 

In sum, although single-unit recordings allows precise anatomical 

localisation, studies to date have not allowed researchers to draw definitive 

conclusions as to whether the cells that code faces are unique. 

2.2.2 Prosopagnosia 

The term agnosia is a broad label for a variety of visual disorders 

occurring after brain damage in which patients are unable to recognise objects, 

despite generally intact visual functioning (see Farah, 1990; Farah, 2000 for 

comprehensive discussions of different types of agnosia). Patients with 

prosopagnosia can often determine that a face is a face; but they are unable to 

recognise previously familiar faces, such as family and friends and in some 

cases even their own face in a mirror! Initial explanations for prosopagnosia 

proposed that it was simply a mild agnosia, only evident when patients 

attempted the difficult task of identifying similar exemplars of a category, such 

as faces (Damasio, Damasio, & Van Hoesen, 1982; Humphreys & Riddoch, 

1987). Support for this argument comes from the case of a patient who was not 

only impaired in identifying faces, but who could also not discriminate between 

different birds that he was previously able to identify (Bornstein, 1963) (see also 

reviews by De Renzi, 2000; Farah, 1990). 

However, subsequent studies have revealed cases where the impairment 

was selective for faces. De Renzi (1986a) reported the case of a patient who was 

incapable of recognising his relatives or close friends by sight, but nevertheless 



^napter 2 11 

was capable of identifying objects such as his own tie and electric razor from a 

selection of similar objects. In addition, McNeil and Warrington (1993) describe 

a profoundly prosopagnosic patient (WJ) who acquired a flock of a sheep that 

he learnt to recognise and name. In their experiment, they used both human 

faces and sheep faces of different breeds. McNeil and Warrington found that 

normal participants (which included sheep farmers) were much better at 

recognising human than sheep faces. However, whereas WJ was much better at 

recognising sheep faces than were all the normal participants, his performance 

with the human faces was well below that of the normal participants. This 

pattern of results suggests a selective impairment for human faces, not just 

homogeneous objects. Similarly, patient LH was able to discriminate between 

sets of similar eyeglass frames just as well as normal participants, although his 

recognition of different faces was impaired (Farah, Klein, & Levinson, 1995). 

These studies suggest that prosopagnosia is not simply an inability to 

distinguish between exemplars of a homogeneous category, but that is a 

specific inability to discriminate faces. 

However, Gauthier, Behrmann, and Tarr (1999) question the validity of 

these studies, arguing that they did not examine response biases and that 

accuracy is not a sufficiently sensitive measure of performance. Gauthier et al. 

tested two prosopagnosic patients, and in addition to measuring accuracy, also 

collected signal detection measures and response times. They examined the 

ability of the patients and normal control participants to discriminate both faces 

and non-face objects that varied at three levels of categorisation: individual (e.g. 

face 1 vs. face 2; duck 1 vs. duck 2), subordinate (e.g. female vs. male face; duck 

vs. pelican) and basic (e.g. bird vs. chair) levels. In line with previous studies 

where accuracy was examined (e.g. Farah, Klein et al., 1995), the prosopagnosic 

patients were more accurate at matching objects than faces. However, 

examining response times revealed that the prosopagnosic patients were slower 
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than the control participants at discriminating objects that differed at individual 

and subordinate levels, which Gauthier et al. suggest may reflect impairments 

with the recognition of non-face objects. In addition, the prosopagnosic 

patients were less sensitive than normal controls with both face and object 

matching tasks, especially at individual and subordinate levels, when the 

stimuli were presented for limited periods. Thus, Gauthier et al. suggest that 

prosopagnosia may not be a face-specific deficit, but a difficulty of 

discriminating between subordinate level exemplars. 

Although the study by Gauthier, Behrmann, et al. (1999) demonstrates 

the importance of collecting response times and sensitivity measures in studies 

with prosopagnosic patients, their results do not refute the claim that 

prosopagnosia is the result of damage to a face-specific module. Indeed, the 

overall pattern that emerges from a number of other studies indicates that 

prosopagnosia can be a face-specific impairment. For instance, Kanwisher 

(2000) notes that the developmental prosopagnosic BC is profoundly impaired 

at recognising faces (see Duchaine, 2000), yet preliminary evidence suggests 

that response time and sensitivity measures were similar in both BC and control 

participants when shoes were used as stimuli. 

In addition, other research also supports the claim for separate face and 

object processing systems. For instance, whereas prosopagnosia is often the 

result of either bilateral (e.g. Benton, 1980) or right (e.g. De Renzi, 1986b) 

hemisphere lesions of occipitotemporal cortex, object agnosia without 

prosopagnosia often occurs after unilateral left hemisphere damage (see Farah, 

2000). Moreover, the existence of a double dissociation between face and object 

processing is strong support for an anatomically separate face system. Patient 

CK has the opposite condition to prosopagnosia, suffering from profound 

object agnosia despite an excellent face processing ability (Moscovitch et al., 

1997). In a striking example, when shown Arcimbaldo paintings consisting of 
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objects (e.g. fruits & vegetables) arranged to make faces, CK readily reported 

seeing faces but unlike normal viewers, he rarely noticed the objects that were 

used to construct the faces. 

Comparing CK's patterns of performance with those observed with 

prosopagnosic patient LH reveals an interesting double dissociation. For 

instance, whereas CK was able to recognise upright faces, his performance with 

inverted faces was severely impaired. This pattern of results contrasts with 

those of LH, who performed significantly better with inverted than upright 

faces (Farah, Wilson, Drain, & Tanaka, 1995). Studying CK led Moscovitch and 

colleagues to suggest that face recognition is based on two mechanisms. First, a 

face-specific system that processes upright, intact faces in a configural/holistic 

manner. This system is intact in CK but impaired in LH. Second, an object 

processing system that uses parts-based processes to recognise objects and faces 

that are unable to access the face system (e.g. inverted faces). LH appears able 

to use this system, which is impaired in CK. The double dissociation evident in 

these patient groups, some with spared object processing despite 

prosopagnosia (e.g. LH), and others with spared face processing despite object 

agnosia (e.g. CK), is strong evidence that there are separate face and object 

processing systems. In addition, this pattern of results implies that face and 

object recognition can occur independently. 

2.2.3 Neuroimaging 

The development of neuroimaging techniques such as positron emission 

tomography (PET) and functional magnetic resonance imaging (fMRI) have 

allowed researchers to non-invasively localise the brain regions involved in face 

processing by normal, healthy humans. Faces activate bilateral regions of the 

lateral middle fusiform gyrus, although activation is stronger and spread over a 
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larger area in the right fusiform gyrus (e.g. Haxby et al., 1994; Kanwisher, 

McDermott, & Chun, 1997; McCarthy, Puce, Gore, & Allison, 1997; Puce, 

Allison, Gore, & McCarthy, 1995; Sergent, Of ha, & MacDonald, 1992). 

Comparisons of regions activated by faces and objects indicate that whereas 

faces strongly activate the right fusiform, object activation is stronger in the left 

hemisphere (e.g. Kohler, Kapur, Moscovitch, Winocur, & Houle, 1995; Sergent 

et al., 1992). In addition, Rossion, Dricot et al. (2000) found that face-selective 

areas localised in the right fusiform gyrus were more sensitive to the processing 

of whole faces than face parts, whereas face-selective areas in the left 

hemisphere responded more strongly when attention was directed to face parts 

rather than whole faces. 

Most research investigating the detection and identification of faces has 

concentrated on examining the fusiform gyrus. However, it should be noted 

that information obtained from faces is also processed in many other regions. 

Haxby et al. (2000) recently proposed a distributed neural model of face 

perception and suggest that there is a core system involved in processing faces 

consisting of three bilateral regions: the inferior occipital gyrus which is 

necessary for early perception, the lateral middle fusiform gyrus used for 

identification and the superior temporal sulcus to process the more changeable 

aspects of faces such as emotion and eye gaze. This core system is presumed to 

interact with an extended system of other cortical regions, such as the amygdala 

and limbic system. The rest of this section considers the evidence investigating 

whether regions of the fusiform gyrus are face-specific processing areas. 

Kanwisher et al. (1997) dubbed the area of the right fusiform gyrus 

where passively viewed faces evoked greater responses than everyday objects 

the "fusiform face area" (FFA). Using fMRI, an individual FFA was localised 

for each participant, with this area subsequently used as region of interest (ROI) 

in which activation to different types of stimuli was compared (see Downing, 
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Liu & Kanwisher, 2001 for discussion of the advantages of an ROI approach). 

Kanwisher et al. (1997) demonstrated that the FFA is less responsive to 

scrambled faces, subordinate exemplars of the same category (different houses), 

or other body parts (hands) and argue that the FFA is a specialised module for 

the detection, and perhaps identification, of faces (see also Kanwisher, 2000; 

Kanwisher, Downing, Epstein, & Kourtzi, 2002; Tong, Nakayama, Moscovitch, 

Weinrib, & Kanwisher, 2000 for reasons why the FFA may primarily be 

involved in face detection). 

In contrast, Gauthier and colleagues (e.g. Gauthier, Anderson, Tarr, 

Skudlarski, & Gore, 1997; Gauthier, Skudlarski, Gore, & Anderson, 2000; 

Gauthier, Tarr et al., 1999; Tarr & Gauthier, 2000) argue that processing in the 

FFA is not specialised for faces. Instead they suggest that the FFA is 

automatically recruited to process any visually similar class of object that an 

individual has enough expertise with to recognise individuals (e.g. a specific 

zebra finch) or a number of subordinate level exemplars (e.g. a finch, a robin) 

rather than simply categorise at the basic level (e.g. a bird). While humans are 

generally experts at differentiating among faces and can usually identify many 

individuals, most objects are initially categorised at the basic level (Rosch, 

Mervis, Gray, Johnson, & Boyes-Braem, 1976). However, expertise with a 

perceptual domain (e.g. dogs, birds, cars or faces) modifies the initial level of 

categorisation, so that subordinate and basic level categorisations in the domain 

of expertise are equally fast (Tanaka, 2001; Tanaka & Taylor, 1991). The FFA 

does appear to be sensitive to the level of categorisation required, with 

increased activation for subordinate, as compared to basic level, judgments 

about the same stimuli (Gauthier et al., 1997). 

Gauthier and colleagues argue that the FFA only appears to be face-

specific because humans are experts at distinguishing among similar faces at a 

subordinate level. Expertise with non-face objects may lead to them being 
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automatically categorised at a subordinate level, and they should then also 

recruit the FFA. In one study testing this proposal, participants were trained in 

the laboratory to be experts at discriminating novel non-face objects called 

greebles (Gauthier, Tarr et al., 1999), and in another, bird and car experts were 

used (Gauthier, Skudlarski et al., 2000). In general, these studies found that 

activity in the right FFA increased when participants viewed stimuli with 

which they had expertise. Gauthier and colleagues argue that the FFA is not 

simply a face defection module (Gauthier, Tarr et al, 2000; Rossion & Gauthier, 

2002; see also Hoffman & Haxby, 2000) but an area for subordinate level 

recognition of visually similar stimuli. 

However, Kanwisher (2000) argues that as greebles resemble faces, it is 

not surprising to find that greeble experts show similar activation to face 

experts (see also Biederman & Kalocsai, 1997). Kanwisher (2000) grants that the 

study using both car and bird experts provides stronger evidence, but notes, as 

do Gauthier, Skudlarski et al. (2000), that the responses to faces were twice as 

strong as those elicited by the expert category (either cars or birds). Kanwisher 

(2000) also points out that the differences between the novice and expert 

categories (either the birds or the cars) could have been the result of the experts 

being more interested in, and paying more attention to, the category with which 

they have expertise (see also McCarthy, 2000). 

Studies using inverted faces (see section 2.1.1) suggest that upright faces 

are processed in a different manner to inverted faces and other objects. On the 

one hand, fMRI studies suggest that inverted faces seem to be processed more 

like faces than objects, with inverted faces activating the FFA more than objects 

(Haxby et al., 1999; Kanwisher, Tong, & Nakayama, 1998). However, the 

response for inverted faces is less than that for upright faces (although small, 

the difference is significant) (Haxby et al., 1999; Kanwisher et al., 1998). 

Furthermore, the FFA response to objects such as houses does not vary with 
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their orientation (Haxby et al. 1999). Interestingly, inverted faces activate 

object-selective areas more than upright faces, leading some to suggest that 

inverted faces are also processed like objects (Haxby et al., 1999; 2000). 

The specificity of the FFA seems to have polarised face researchers, with 

some arguing that the FFA is a face-specific area (e.g. Farah, 2000; Kanwisher, 

2000; Kanwisher et al, 1997; McCarthy, 2000; McCarthy et al., 1997) and others 

arguing that the FFA is a "flexible fusiform area" that is recruited for the 

subordinate level processing of objects with which we have considerable 

expertise individuating (e.g. Gauthier et al., 1997; Gauthier, Skudlarski et al., 

2000; Gauthier, Tarr et al, 1999; Tarr & Gauthier, 2000). Whatever the outcome 

of this debate, it is clear that faces are the preferred stimulus of the FFA. 

2.2.4 Electrophysiological recordings 

2.2.4.1 Event-related potentials (ERPs) 

Whereas neuroimaging techniques, in particular fMRI, have relatively 

high spatial precision, measuring the electrical fields generated by neural 

activity with ERPs yields more precise temporal information. ERPs recorded 

with scalp electrodes from occipitotemporal areas have identified an early face-

specific negative potential with peak amplitude approximately 170 ms from 

stimulus onset (known as the N170)2. The N170 responds preferentially to 

visually presented faces compared to other non-face stimuli such as birds, 

human hands, flowers, butterflies or cars (Bentin, Allison, Puce, Perez, & 

McCarthy, 1996) (see Carmel & Bentin, 2002 for a summary of the 

characteristics of the N170). Although there may be a direct relationship 

between the N170 component and face-selective areas identified with fMRI, it is 

2 Subsequent potentials also respond to faces and presumably reflect successive stages of face 
processing but these potentials do not seem to be as sensitive to faces as the N170 (Rossion & 
Gauthier, 2002). 
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difficult to determine the precise neural source of the N170, and it may be that 

the N170 originates from several generators (see Rossion and Gauthier, 2002). 

The N170 is evoked by both familiar and unfamiliar faces, leading some 

to argue that the N170 is an early face-specific response reflecting neural 

processes involved in face detection, rather than face identification (Bentin et 

al., 1996; Bentin & Deouell, 2000; Eimer, 2000c). However, Rossion and 

Gauthier (2002) argue that because expertise shifts the initial categorisation 

level downward to the subordinate or individual level (see Tanaka, 2001), that 

it is not necessary to postulate an initial stage where faces are categorised at the 

basic level as "a face". Inverted faces also evoke an N170, although the 

potential is delayed by approximately 10 ms and the amplitude is sometimes 

enhanced (Bentin et al., 1996; Eimer, 2000b; Rossion et al., 1999; Rossion, 

Gauthier et al., 2000; Sagiv & Bentin, 2001). Rossion and Gauthier (2002) 

suggest that the N170 delay for inverted faces may reflect a disruption to 

holistic processing. 

N170 potentials are also recorded for nonface stimuli, although the 

amplitude is often smaller (Eimer, 2000d; Rossion, Gauthier et al., 2000; Tanaka 

& Curran, 2001). Tanaka and Curran (2001) found that the N170 response for 

dog and bird experts was enhanced when the participants categorised the 

objects with which they were experts, suggesting that the N170 reflects expert 

processing. However, Carmel and Bentin (2002) maintain that the N170 is a 

face-specific potential and suggest that the pattern of results obtained by 

Tanaka and Curran may have been due to experts attending more to their 

category of expertise. At present, the debate continues as to whether the N170 

reflects face-specific processing or subordinate level classification and 

individuation by experts (see Rossion, Curran, & Gauthier, in press, for a recent 

commentary). 
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2.2.4.2 Magnetoencephalography (MEG) 

Neural activity generates both electrical fields, which can be measured 

by ERPs, and also magnetic signals, which can be measured using MEG. An 

analogous response to the ERP N170 may be obtained with MEG, known as the 

Ml70 (Downing et al, 2001). The M170 obtained from areas in or near the 

fusiform gyrus peaks around 160 ms after stimulus onset, and face stimuli 

evoke larger responses than non-face stimuli (Halgren, Raij, Marinkovic, 

Jousmaeki, & Hari, 2000; Liu, Higuchi, Marantz, & Kanwisher, 2000). 

2.2.4.3 lntra-cranial ERPs 

Electrophysiological recordings have also been taken from electrodes 

placed directly on the cortical surface of patients being evaluated for seizure 

disorders such as epilepsy. Unlike ERPs collected via scalp electrodes, 

localisation is very precise with intra-cranial ERP recordings. Recordings from 

electrodes implanted in and around the fusiform gyrus revealed a negative 

potential peaking approximately 200 ms after stimulus onset (N200) evoked by 

faces, but not other objects (e.g. equiluminant scrambled faces, human hands, 

cars, butterflies or printed words) (Allison, McCarthy, Nobre, Puce, & Belger, 

1994; Allison, Puce, Spencer, & McCarthy, 1999). Moreover, electrical 

stimulation of these areas (which were in similar locations to face-selective 

areas observed with PET and fMRI) was found to impair face naming (Allison, 

Ginter, et al., 1994). In addition to providing converging evidence for an 

anatomically distinct face processing area, these studies also indicate that 

processing in the fusiform gyrus appears to be specific to faces from about 200 

ms after stimulus onset. 



Chapter 2 20 

2.3 Conclusion 

Farah (2000) suggests that three criterion need to be fulfilled before 

claiming that face identification is not analogous to object identification. 

Specifically, faces need to be processed in a unique manner to other objects and 

this processing should occur in an anatomically specialised and functionally 

independent system. Faces appear to be processed in a different manner to 

other objects, with behavioural evidence (section 2.1) suggesting that upright 

faces are processed in a holistic manner, whereas inverted faces and other 

objects are processed in more of a parts-based manner. The evidence reviewed 

in section 2.2 from single-unit recordings, prosopagnosia, neuroimaging and 

electrophysiological studies converge to provide a strong case that face and 

object processing occur in different brain regions. In addition, the double 

dissociation observed between patients CK (Moscovitch et al., 1997) and LH 

(Farah, Wilson et al., 1995) suggests that face and object processing areas are 

functionally independent. 

A number of researchers have similarly concluded that there is a face-

specific module (Ellis, 1975; Farah, 2000; Fodor, 1983; Kanwisher, 2000; 

Moscovitch et al., 1997; Nachson, 1995; Puce, Allison, & McCarthy, 1999). 

Fodor (1983) suggests that modules should possess a number of characteristics, 

some of which have been examined in this chapter, such as domain specificity 

and fixed neural architecture. Fodor also suggests that modules may be 

innately specified (see Farah, Rabinowitz, Quinn, & Liu, 2000; Gauthier and 

Nelson 2001 for differing views on this issue). In addition, he notes that 

modules may operate automatically. In the next chapter, I review research that 

has investigated whether faces are processed automatically and examine the 

role of visual attention upon face perception. 
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Chapter 3. Visual attention and face perception 

Every one knows what attention is. It is the taking possession by the mind, 

in clear and vivid form, of one out of what seem several simultaneously 

possible objects or trains of thought. William James (1890). 

Despite William James remark, modern psychologists are much less 

confident of a unified concept of "attention" and are loath to provide precise 

definitions. Most agree however, that visual attention allows us to select which 

of the myriad of stimuli impinging on our visual system is most relevant to our 

current goals and needs to be analysed in further detail. There are two 

components of the attentional control system. An exogenous, bottom-up, 

stimulus-driven, fast, primitive mechanism that biases an observer toward 

salient stimuli and an endogenous, top-down, goal-directed, slower mechanism 

under volitional control (see Corbetta & Shulman, 2002; Desimone & Duncan, 

1995; Yantis, 1998). Comprehensive examinations of all facets of attention can 

be found in Farah (2000), Parasuraman (1998) Pashler (1998a, b), and Styles 

(1997). 

Faces are so biologically and socially significant that they may not be 

processed in the same way, or by the same cortical areas, as other objects (see 

previous chapter). This chapter reviews studies investigating the influence of 

visual attention on face perception. I examine whether faces can be detected 

automatically and also whether we are biased to attend to faces rather than 

other objects. Some of these studies are also briefly mentioned in Part III, where 

three experiments investigate whether there is a bias to attend to faces rather 

than other objects when they are competing for attentional resources. The 

experiments in Part II examine whether holistic face representations are 
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attentionally demanding to encode. Thus, studies investigating the role of 

attention in configural and/or holistic face perception are also briefly discussed 

in this chapter. 

In addition, I also review a number of neuroimaging studies that have 

investigated whether face-selective cortical areas are fully activated by 

unattended faces, or whether attention modulates the activity in these areas. 

Finally, I consider whether faces displaying emotional expressions are more 

likely to capture attention than faces displaying neutral expressions. 

3.1 Are faces detected automatically? 

3.1.1 Visual search and "pop-out" 

In visual search tasks, participants search for a target amongst a number 

of distractors. When search time does not vary with the number of distractors, 

rapid, automatic, parallel, pre-attentive processing of the target is assumed, 

commonly termed "pop-out" (Treisman & Gelade, 1980; Treisman & Souther, 

1986). In contrast, linear increases in search speed with increasing number of 

distractors suggest serial or controlled processing3. Studies examining both 

reaction times and eye movements indicate that upright faces do not pop-out of 

crowded displays composed of scrambled or inverted faces (Brown, Huey & 

Findlay, 1997; Kuehn & Jolicoeur, 1994; Nothdurft, 1993). That is, faces are not 

detected automatically. 

3.1.2 Inattention and faces 

In visual search tasks, participants are asked to search for a particular 

target. Studies have also investigated whether faces can capture attention when 

1 Note that this simple distinction between parallel and serial processing is contentious (see 
Wolfe, 1998). Moreover, a target that is efficiently detected in a visual task may not capture 
attention in a purely bottom-up or exogenous manner (e.g. Yantis & Egeth, 1999). 



unapter 3 23 

they are not expected. Laarni et al. (2000) asked participants to compare two 

faces and decide if they were identical or mirror-reversed. These faces were 

presented on a background composed of a matrix of repeated images of either 

an unfamiliar or familiar face (either the President of Finland or the observer's 

own-face). They found that reaction times for the primary task were not 

affected by the familiarity of the background faces, suggesting that, "neither 

one's own face nor a celebrity's face captures attention" (Laarni et al., 2000, 

p.1218). 

The study by Laarni et al. (2000) suggests that faces, even of oneself, do 

not capture attention when they are not expected. This result is interesting in 

light of the findings obtained by Tong and Nakayama (1999) in a visual search 

study. They found that observers were much quicker to detect their own faces 

than those of unfamiliar strangers, even when these initially unfamiliar faces 

were presented hundreds of times, suggesting that the detection of highly 

overlearned faces, such as one's own, can require less attentional resources than 

unfamiliar faces. It is possible, therefore, that a more sensitive measure than 

that used by Laarni et al. may show that an image of one's own face captures 

attention. 

3.2 Is there a bias to attend to faces rather than other objects? 

The majority of studies reviewed in the previous section indicate that 

faces do not pop-out or capture attention. However, despite the fact that faces 

do not seem to be detected automatically, faces may nonetheless elicit an 

attentional bias. That is, we may be biased to attend to faces rather than objects 

when they are competing for attentional resources. In the next section I review 

three lines of evidence that suggest that this may be the case. 
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3.2.1 Innate bias to attend to faces 

A bias to attend to faces more than other objects may be present from 

birth. Morton and Johnson (1991) suggest that newborns are equipped with an 

innate, subcortical attentional mechanism (termed CONSPEC) that directs an 

infant's attention to faces. This proposal is supported by studies showing that 

newborns tend to follow a schematic face farther than a scrambled face (Goren, 

Sarty, & Wu, 1975; Johnson, Dziurawiec, Ellis, & Morton, 1991) and prefer an 

upright rather than an inverted schematic face (Mondloch et al., 1999). 

However, the preference for faces appears to diminish after the first month of 

life. For instance, five-week-olds do not prefer to look at schematic faces rather 

than scrambled faces (e.g. Maurer & Barrera, 1981) and six-week-olds do not 

prefer upright rather than inverted schematic faces (Mondloch et al., 1999). 

Findings such as these led Morton and Johnson (1991) to propose that the 

attentional bias for faces provided by CONSPEC declines after the first month 

of life. 

Although this pattern of results fends to suggest that the bias for faces is 

quite brief, older infants display a preference for faces when tested with more 

detailed faces. For instance, both Maurer and Barrera (1981) and Morton and 

Johnson (1991) found that 10-week-olds preferred intact rather than scrambled 

faces, however, only when facial features (e.g. eyes, nose and mouth) were 

present, not just black blobs in the correct locations. Mondloch et al. (1999) 

found that twelve-week-olds preferred schematic positive-contrast faces, rather 

than negative-contrast faces in which shape-from-shading cues are reversed. 

Whereas the newborns' preference for faces was attributed to the 

influence of subcortical mechanisms (CONSPEC), Morton and Johnson (1991) 

propose that later visual preferences are based on visual experiences modifying 

cortical pathways that control attention, a mechanism they term CONLERN. 
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Due to the prior influence of CONSPEC orienting attention to faces, CONLERN 

may still bias infants to attend to faces rather than other objects. 

3.2.2 Evidence from patients suffering neglect and extinction 

Neglect (variously termed hemispatial or unilateral neglect) is a 

neurological disorder that often follows unilateral right posterior parietal lobe 

damage, where patients "neglect" people, object, events and sometimes even 

their own body in the contralesional (left) side (see Farah, 2000 for a review of 

neglect). One aspect of the neglect syndrome is extinction, where patients fail 

to perceive or respond to a stimulus in the contralesional visual field when a 

competing stimulus is present in the ipsilesional field. Driver and Vuilleumier 

(2001) suggest that extinction is a pathological inability to attend to multiple 

targets. 

Testing patients with extinction, Vuilleumier (2000) found that 

contralesionally presented schematic faces were extinguished less often than 

other visual stimuli such as scrambled faces and shapes. Driver and 

Vuilleumier (2001) suggest that this competitive advantage for faces may be 

due to their biological significance and/or specialised face processing neurons. 

Emotional stimuli also seem to be privileged in summoning attention, as 

contralesional faces with happy and angry expressions are extinguished less 

than faces with neutral expressions (Vuilleumier & Schwartz, 2001), perhaps 

because emotional faces activate the amygdala and feedback projections may 

then enhance responses to faces in face-specific areas (Driver & Vuilleumier, 

2001) (see section 3.5 for a discussion of faces displaying emotional 

expressions). 
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3.2.3 Change detection advantage for faces 

Ro et al. (2001) proposed that while faces may not be automatically 

processed, real face stimuli might have an advantage in capturing attention 

when they are competing with real objects. To test this proposal they used the 

flicker paradigm, where changes between two images are introduced during a 

brief blank screen, which causes the images to "flicker". The flicker masks local 

motion signals and makes detecting changes between the two images difficult -

a phenomenon known as "change blindness" (Rensink, O'Regan, & Clark, 

1997). Change detection can be enhanced by directing visual attention to the 

object or location of the change (see Simons, 2000b for review). Ro et al. 

presented flickering displays consisting of one face and five different common 

objects and found that changes to faces were detected both more rapidly and 

more accurately than changes to objects. They argue that faces have an 

advantage when competing for attentional resources, which may be due to their 

biological significance. 

Evidence from these three quite different paradigms suggests that we 

may be biased to attend to faces rather than other objects. This issue, especially 

in relation to the change detection experiments, is discussed in more detail in 

Part m. 

3.3 Attention and configural/holistic face encoding 

In section 2.1 I reviewed evidence that configural and/or holistic 

information is particularly important to individuate faces. Studies have also 

investigated the role of attention in encoding facial configurations. Reinitz, 

Morrissey, and Demb (1994) suggested that encoding a facial configuration 

requires attention, whereas the encoding of facial features might require little, if 

any, attention. The proposal that facial features may not be attentionally 
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demanding to encode was formed on the basis of studies finding that features 

such as colour and size (Treisman & Schmidt, 1982) and alphabetic letters 

(Treisman & Souther, 1986) can be encoded without much attention. Reinitz et 

al. investigated the role of attention in encoding facial features and 

configurations by examining illusory conjunctions for faces. According to 

Treisman and Schmidt (1982), focal attention is necessary to correctly combine 

features and prevent illusory conjunctions. For instance, seeing a green "O" 

and a blue "X" in the absence of focal attention may lead you to miscombine 

visual features and then recall seeing a blue "O". Reinitz et al. presented 

participants with a set of faces under either full- or divided-attention 

conditions. In a subsequent recognition test, participants were shown four 

different types of faces: old faces (identical to those presented at study), 

conjunction faces (new faces formed by combining the mouth and hair from one 

study face with the eyes and nose from another study face), feature faces (half 

old and half new features), and new faces (only new features). Although 

participants in the full-attention condition were quite good at recognising the 

old faces, participants in the divided-attention condition responded that old 

and conjunction faces were "old" about equally often, suggesting that attention 

is necessary to correctly encode the facial configuration and prevent illusory 

conjunctions. However, participants in the divided-attention condition did not 

falsely recognise many of the feature or new faces, suggesting that participants 

were able to distinguish new from old features and that focal attention is not 

necessary to encode facial features. 

Unfortunately, subsequent results reported by Reinitz, Bartlett, and 

Searcy (1997) are not entirely consistent with the study by Reinitz et al. (1994). 

Immediately after viewing a face under either full- or divided-attention 

conditions, participants were presented with one of three faces in a 

same/different matching task: a featurally altered face, in which a facial feature 
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(i.e. nose, mouth or eyes) of the study face was removed and replaced by a new 

feature; a spatially altered face, in which the eyes and mouth were moved either 

closer together or farther apart; or an identical face. On the basis of the results 

obtained in the previous experiment it was expected that divided-attention 

participants would be more accurate with the featurally altered faces (which 

could be differentiated from test stimuli on the basis of an individual feature) 

than the spatially altered faces (which could be differentiated from test faces 

only on the basis of configuration). However, the opposite pattern of results 

was obtained, which does not support the contention that focal attention is 

important for encoding configuration, but not for encoding facial features. 

The results from the studies by Reinitz et al. (1994; 1997) lead to 

conflicting conclusions about the role of attention in encoding accurate face 

representations. These experiments are examined in greater detail in Part II and 

an additional set of four experiments investigating the role of attention in 

holistic face encoding is also reported. 

3.4 Attentional modulation of face perception 

Neuroimaging studies examining extrastriate regions specialised for 

colour (Corbetta, Miezin, Dobmeyer, Shulman & Petersen, 1990) and motion 

(O'Craven, Rosen, Kwong, Treisman, & Savoy, 1997) processing have 

demonstrated that neural responses to unattended stimuli are reduced 

compared with those to attended stimuli. Neuroimaging studies have also been 

conducted to investigate whether face perception is fully automatic, or whether 

the neural response in face processing areas may also be modulated by 

voluntary attention. 
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3.4.1 Neuroimaging, faces and attentional modulation 

In an early study using PET, Haxby, et al. (1994) used displays that 

consisted of faces enclosed in boxes at different locations. Attention to the faces 

was necessary to perform a face-matching task, but not to complete a spatial 

judgment task. Despite identical stimuli in both tasks, activation in the 

fusiform gyrus was greater in the face-matching task, presumably due to 

attention. It should be noted that the attentional modulation observed may not 

have been specific to faces, but may have occurred with any type of object-

matching task (see McCarthy, 2000). A later fMRI study by Clark et al. (1997) 

presented colour-washed faces and required participants to selectively attend to 

either face identity or colour similarity. When participants attended to colour, 

activation in the collateral sulcus and lingual and fusiform gyri was enhanced 

compared to when they attended to identity. Regions of ventral 

occipitotemporal cortex were more responsive when participants attended to 

face identity than colour. However, the areas displaying preferential activation 

during the face identity task were not consistent across participants. Clark et al. 

suggest a number of reasons for the absence of a clear face specific area that was 

modulated by attention. First, face identity may have been automatically 

processed in the colour task, so that participants were attending to the identity 

of the face in both tasks. If so, any face specific effects would be obscured in 

comparisons across the two tasks. Second, they note that neurons coding 

colour and facial identity may be interspersed in neural areas, making 

separation difficult. 

In general, these early studies suggest that attention can modulate face 

processing. However, as pointed out by Wojciulik, Kanwisher, and Driver 

(1998), both of these early studies contain a number of limitations. First, 

participants were not required to maintain fixation, so the faces may only have 

been foveated in face matching, but not in colour or location tasks. Second, 
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whereas analysis of shape is essential for face matching, neither colour nor 

location matching requires any analysis of shape. The higher activation 

observed when attending to face identity may not be specifically related to face 

processing, but may be a feature of shape processing in general. 

Wojciulik et al. (1998) addressed both of these concerns in their study 

investigating whether face-specific processing can be modulated by covert 

attention through the use a task that required both central fixation and shape 

comparisons. The task consisted of briefly presented displays consisting of a 

pair of faces and a pair of houses either side of a fixation cross (the pairs could 

be either horizontally or vertically aligned) and participants were asked to 

decide if either the two faces or the two houses were identical. In some blocks 

participants were asked to attend to the faces (ignoring the houses), and in 

others to attend to the houses (ignoring the faces). Prior to performing this task, 

a FFA or face-selective region of interest in the fusiform gyrus was identified 

for each individual (see 2.2.3 for a discussion of the ROI approach). Activation 

of the predefined face-specific ROIs depended on attention, with higher activity 

when faces were attended than when they were ignored. Kanwisher et al. 

suggest that the pattern of results indicates that the FFA does not respond in a 

fully automatic manner to faces, but that the response can be modulated by 

voluntary attention. 

In a subsequent study, the possibility that attentional modulation was 

influenced by spatial attention factors was eliminated by using stimuli that 

occupied the same location (O'Craven, Downing, & Kanwisher, 1999). The 

stimuli were semi-transparent overlapping faces and houses. Importantly, 

participants were never asked to attend to faces or houses. Instead, they either 

attended to the direction of the moving component (either face or house) that 

oscillated along one of four axes, or they attended to the position of the static 

component that was displaced slightly off fixation in one of four directions. 
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Activity was measured in the FFA and also the parahippocampal place area 

(PPA), a region that responds selectively to places and houses (Epstein & 

Kanwisher, 1998; Epstein, Stanley, Harris, & Kanwisher, 1999). They found that 

attending to the motion of a particular component enhanced the category-

specific neural response. That is, the response in the PPA was higher when the 

moving component was a house, than when it was a face. Conversely, higher 

activation was found in the FFA when it was the face, and not the house, that 

moved. Analogous patterns of activation were obtained when participants 

attended to the static component. 

McCarthy (2000) and Downing et al. (2001) review neuroimaging studies 

investigating whether attention modulates the processing of faces. Both 

conclude that attention increases the level of activation in the FFA, suggesting 

that face perception is not fully automatic. As Downing et al. state: "Although 

evidence has accumulated for the unique status of faces in visual recognition, 

faces are evidently not so special as to be immune to the effects of attention." 

(p. 1332). Indeed, the FFA appears to be more than a perceptual module, with 

FFA activation also increasing as working memory load for faces increases 

(Druzgal & D'Esposito, 2001)4. 

To conclude, the neuroimaging studies reviewed in this section indicate 

that activation in face-selective areas is greater when faces are attended relative 

to unattended. Downing et al. (2001) argue that increased responses in ROIs 

are indicative of increased processing of the preferred stimulus for that ROI. 

Thus, higher activation in the FFA when attention was directed toward faces 

suggests that attention leads to increased face processing. However, it should 

be noted that it is not clear at present exactly what higher levels of activation 

Druzgal and D'Esposito used an n-back task to manipulate working memory load, but note 
that some models of visual attention (e.g. the biased-competition model, Desimone and 
Duncan, 1995) do not differentiate between working memory and attention. 
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represent. Neuroimaging techniques measure changes in haemodynamic 

activity and infer changes in brain activity from changes in the levels of 

activation. However, the coupling between the haemodynamic response and 

neural activity is not yet fully understood (see Arthurs & Boniface, 2002; Bub, 

2000; Heeger, 1999; Heeger & Ress, 2002; op de Beeck, Wagemans, & Vogels, 

2001 for reviews and current evidence). Moreover, while much ongoing 

research is investigating the complex relationships between firing rates in 

neuronal populations and haemodynamic activity (e.g. Logothetis, Pauls, 

Augath, Trinath, & Oeltermann, 2001), the relationship between mental 

processes/computations and neuronal activity also remains to be resolved (see 

Shulman, 2001 for discussion on this "hard" problem of neuroscience). In 

regards to the role of attention in face perception, exactly what aspect/s of face 

processing are modulated by attention remains to be specified. Indeed, as 

discussed in section 2.2.3, it is still unclear what functions are reflected by FFA 

activity. Nonetheless, despite these concerns, these neuroimaging studies, in 

combination with behavioural measures, suggest that attention influences face 

perception. 

3.4.2 Does attentional modulation of faces occur early in processing? 

The neuroimaging studies reviewed in the previous section indicate that 

attention can influence the level of activation in neural areas that preferentially 

process faces. However, methods such as PET and fMRI that rely on 

haemodynamic activity cannot discriminate between initial stimulus processing 

and later processing affected by top-down factors (Downing et al., 2001). In 

contrast, ERP and MEG, which measure the electrical and magnetic fields 

caused by neural processing, can examine visual processing over time. As this 

chapter is concerned with examining the role of attention in face detection and 
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identification, it is therefore an important question whether the early processing 

of faces is affected by attentional manipulations. 

3.4.2.1 Evidence from ERP studies 

A number of ERP studies suggest that the N170, the first response 

following visual presentation of a face (see section 2.2.4.1), is immune to 

attentional influences. Bentin and colleagues (Bentin et al, 1996; Bentin & 

Deouell, 2000; Carmel & Bentin, 2002) found that the amplitude and latency of 

the N170 was not enhanced by selective attention to faces, and argued that faces 

automatically evoke an N170 response. Participants in a study by Cauquil, 

Edmonds, and Taylor (2000) viewed a series of pictures (faces, face parts and 

flowers) and were asked to press a button when a target (either eye parts or 

whole faces with closed eyes) appeared. They found that the latency and 

amplitude of the N170 for faces was similar, regardless of whether attention 

was directed toward faces or eyes, and concluded that the N170 reflects the 

automatic processing of faces. Studies measuring intra-cranial ERPs have not 

directly tested whether the early face-specific N200 is modulated by attention, 

but Puce et al. (1999) did find that the N200 was relatively unaffected by top-

down manipulations, such as familiarity or repetition. 

However, Eimer (2000a) conducted an experiment where participants 

either attended to faces or chairs, and reported that the N1705 for centrally 

presented faces, but not chairs, was modulated by attention. The enhanced 

amplitude of the N170 for attended, as compared to unattended faces, suggests 

5 Eimer also refers to this component as the Nl (latency range 135-180 m s post-stimulus), 
presumably because the N170 should strictly be termed a visual (posterior) N l component 
because it is the first negative posterior deflection observed at occipitotemporal sites (see 
Rossion et al., in press). 
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"an attentional modulation of processing in face-specific brain areas, in line 

with the fMRI effects reported by Wojciulik et al. (1998)." (Eimer, 2000a, p. 114). 

3.4.2.2 Evidence from MEG studies 

Furey et al. (2001) used MEG to examine neural responses to faces and 

houses and composites produced by superimposing a face and house. 

Participants were instructed to attend to either the face or the house, ignoring 

the other part of the composite. Participants completed a one-back recognition 

task, responding when the stimulus matched the one displayed previously. 

The response to faces and houses, both attended and ignored, was initially 

similar and displayed a non-selective peak 87 ms after stimulus onset. The 

response to faces and houses then differed, with a clear M170 for faces and 

face/house composites, regardless of whether attention was directed toward 

the face or the house, suggesting that face processing at this stage is not 

influenced by attention. However, processing appeared to be modulated by 

attention approximately 200-250 ms after stimulus onset, with selective 

attention to the house composite producing a response similar to that of the 

single house, and selective attention to the face composite producing a response 

similar to that of the single face. 

Although Furey et al. (2001) suggest that the first 200 ms of face 

processing is not modulated by attention; a study by Liu and Kanwisher 

(reported by Downing et al, 2001) suggests that the response of the face-specific 

M170 is altered by attention. Whereas Furey et al. compared MEG responses 

over the whole scalp; Kanwisher and Liu individually localised face-selective 

"sensors of interest" (SOIs) for each participant over occipitotemporal areas in 

each hemisphere (analogous to the ROI approach used with fMRI discussed in 

section 2.2.3). The amplitude and latency of the M170 at these SOIs was 

examined when attention was manipulated. Participants viewed a single face 
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or house cue and after a delay reported whether this cue was contained in a 

composite produced by overlapping a semi-transparent face and house. The 

cue determined whether attention was directed toward the face or the house 

component of the composite. Attention did not affect the latency of the Ml70, 

but the amplitude of the M170 was larger when participants were attending to 

the face rather than the house. This pattern of results suggests that early face 

processing, as reflected by the Ml 70, is affected by attention. 

Unfortunately, the ERP and MEG studies conducted to date do not allow 

firm conclusions to be drawn on the question of whether attention modulates 

early face processing. Although the majority of the ERP data suggests that the 

N170 is relatively unaffected by attentional manipulations, not all studies are in 

agreement. The two MEG studies suggest that face processing is modulated by 

attention somewhere between 170 and 250 ms after stimulus onset. However, 

the studies differ as to whether the Ml70 is influenced by attention. It is 

important to note that both of these studies have only been recently conducted 

and they used quite different methods and analyses. Further studies will no 

doubt enhance our understanding of this issue. 

3.5 The special case of emotionally expressive faces 

As mentioned in Chapter 1, the processing of emotions displayed by 

faces may largely occur in separate cortical areas to the analysis of facial 

identity (see Haxby et al., 2000). The research reviewed in the previous sections 

used faces with neutral emotional expressions as stimuli and suggests that faces 

do not capture attention automatically and that attention modulates face 

processing. Studies have also been conducted with emotionally expressive 

faces, some of which suggest that emotional faces may have an attentional 

advantage. For instance, Mack and Rock (1998) found that under conditions of 
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inattention, smiling, but not sad or neutral, schematic faces were one of the only 

types of stimuli that captured attention. They attribute this ability of smiling 

faces to automatically summon attention when they are not expected to the 

meaningfulness or signal value of faces. However, it is unclear why happy 

faces would be more meaningful than sad or neutral faces. 

In contrast, a number of visual search studies suggest that faces 

displaying negative expressions are more likely to attract attention than faces 

displaying positive expressions. Hansen and Hansen (1988) found that an 

angry face appeared to pop-out of a crowd of happy faces, whereas the 

detection of a happy face among angry faces required serial search. However, 

the claim that angry faces are detected automatically was not supported by a 

subsequent study that found that the angry face stimuli used by Hansen and 

Hansen were confounded by the presence of a dark spot on the chin and that no 

pop-out occurred for angry faces when this artifact was removed (Purcell, 

Stewart, & Skov, 1996). Fox et al. (2000) also found that angry facial expressions 

do not pop-out. However, participants were able to defect a face displaying an 

angry expression more quickly than a face displaying a happy expression. Fox 

et al. suggest that angry faces are detected more efficiently than faces 

displaying positive emotions because the rapid detection of angry or 

threatening stimuli has potential adaptive value. 

Recent neuroimaging studies suggest that threatening stimuli, such as 

fearful faces, may be automatically processed by the amygdala. Vuilleumier, 

Armony, Driver, and Dolan (2001) conducted a similar fMRI experiment to that 

of Wojciulik et al. (1998) (see section 3.4.1), except that they used both fearful 

and neutral faces. They found that fearful faces activated the amygdala to the 

same extent, regardless of whether they were attended or not. These results 

support the conclusion that threatening stimuli may be processed automatically 

by the amygdala after arriving via subcortical pathways and circumventing 



Chapter 3 37 

primary visual cortex (e.g. Armony & LeDoux, 2000). This processing in the 

amygdala may then bias cognition depending on the relevance of the stimuli 

(Adolphs, 1999). However, the link between automatic amygdala activation 

and the processing of identity, which occurs in a separate neural system, 

remains to be clarified. 

3.6 Conclusion 

In this chapter I provided an overview of studies that have investigated 

the influence of attention on face perception. It appears that faces do not "pop-

out" or capture attention when they are not expected. However, although faces 

are not detected automatically, there may be a bias to attend to faces over other 

objects. This evidence stems from three quite different areas of investigation: 

studies on the preferences of newborns and infants, studies on patients with 

extinction, and change detection experiments on normal adult participants. In 

Part III studies are reported that use the change detection paradigm to examine 

the conditions under which we are biased to attend to faces. I also discussed 

some studies that have examined the role of attention in encoding facial 

configurations, foreshadowing a more in-depth discussion in Part II. The 

review also makes it apparent that attention modulates face processing in face-

selective cortical areas, although at present it is unclear at what stage of face 

processing this modulation occurs. Finally, experiments using emotionally 

expressive faces were compared with those using faces with neutral 

expressions. The research suggests that emotionally expressive faces, especially 

those displaying biologically important expressions such as fear or anger are 

processed efficiently, and perhaps automatically. 
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PART II. THE INFLUENCE OF DIVIDED ATTENTION ON 
HOLISTIC FACE PERCEPTION 

ABSTRACT 

There is evidence that upright, but not inverted, faces are encoded 

holistically. The holistic coding of faces was examined in four experiments by 

manipulating the attention allocated to target faces. In Experiment 1, 

participants in a divided attention condition were asked to match two upright 

flanker faces while encoding a centrally presented upright target face. 

Although holistic coding was evident in the full attention conditions, dividing 

attention disrupted holistic coding of target faces. In Experiment 2, it was 

found that while matching upright flanker faces disrupted holistic coding, 

matching inverted flanker faces did not. Experiment 3 demonstrated that the 

differential effects of flanker orientation were not due to participants taking 

longer to match upright, than inverted, flanker faces. In Experiment 4, it was 

found that matching fractured faces had an intermediate effect to that of 

matching upright and inverted flankers, on the holistic coding of the target 

faces. The findings emphasise the differences in processing of upright, 

fractured and inverted faces and suggest that there are limitations in the 

number of faces that can be holistically coded in a brief time. 
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Chapter 4. Introduction 

4.1 Holistic coding 

Each face is similar to every other human face — with two eyes, a nose 

and a mouth in approximately the same spatial arrangement. Despite this 

homogeneity, each person can "probably identify several thousand faces" (Ellis, 

1981, p.171). It is generally agreed that there are two distinct types of 

information which may be used to recognise faces: featural (or part-based) 

information, where the focus is on the individual facial features6 (e.g. the nose, 

hairstyle), and configural information, where the spatial relationships between 

the features are the focus (see reviews by Farah et al., 1998; Rhodes et al., 1993; 

Searcy & Bartlett, 1996; Valentine, 1988). Closely related to the concept of 

configural information is the proposal by Tanaka and Farah (1993) that faces are 

represented as holistic, unparsed gestalts or templates, in which featural and 

configural information are not separable sources of information7. 

Tanaka and Farah (1993) operationalised the concept of holistic 

processing by using a task in which participants were taught to recognise a 

series of faces (e.g. Jim) and subsequently tested on their recognition of 

individual facial features (eyes, nose and mouth) in a two-alternative forced-

choice recognition test containing the original and foil features. There were two 

conditions: the part in isolation (e.g. Jim's nose alone), and the part in the whole 

It is commonplace in the area of face perception to state that the features of the face are 
discrete entities (i.e. the eyes, nose and mouth). As George and Hole (1998) point out, this does 
not mean that these features are especially salient to the visual system. Nevertheless, they 
discuss research in the areas of feature salience, eye-movement recording, the face inversion 
effect and neurophysiological studies that indicate that these facial parts do have some special 
status in face processing. 

7 At present, it is unclear whether there are important processing differences between 
configural and holistic representations. Although this issue requires further investigation, I am 
not attempting to distinguish between the different terms used to describe non-part 
information. Further discussion of the different terminologies can be found in Hole, George, 
and Dunsmore (1999), Rhodes et al. (1993) and Searcy and Bartlett (1996). 
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face (e.g. Jim's nose in Jim's original face). Tanaka and Farah reasoned that if 

faces are represented holistically, then performance would be better in the 

whole-face than in the isolated-part condition — and this was what was found. 

From these data, Tanaka and Farah (1993) suggested that upright faces are 

represented holistically. 

Along with upright face stimuli, Tanaka and Farah (1993) also presented 

participants with inverted faces, scrambled faces and house pictures and tested 

the recognition of features in isolation and in the whole object. In contrast to 

the results obtained with upright faces where performance was better in the 

whole-face than the isolated-part condition, the participants performed 

equivalently in the whole-object and isolated-part conditions with each of these 

other stimulus types. This pattern of results suggests that upright faces are 

represented more holistically than these other objects and that inverted and 

scrambled faces and other objects (in this case, houses) are processed in a more 

featural manner (although it is possible to find a whole object advantage for 

some other non-face objects; see Gauthier & Tarr, 1997; Gauthier et al., 1998; 

Tanaka & Gauthier, 1997). 

In addition, a number of researchers (e.g. Farah, Wilson et al., 1995; 

Moscovitch et al., 1997) argue that there is a face-specific recognition system 

which processes holistic information from upright faces, while inverted faces 

and other objects are processed in a featural manner by a more general-purpose 

object recognition system. The evidence for a specialised face-recognition 

system8 has accrued from functional neuroimaging studies in normal people 

(e.g. Haxby et al, 2000; Kanwisher et al., 1997; Puce, Allison, Asgari, Gore, & 

Evidence suggests that the face recognition system is anatomically localised in an area of the 
fusiform gyrus (e.g. Kanwisher et al., 1997; Perrett et al., 1987). Current research is investigating 
whether this brain region is devoted to faces per se or whether homogeneous stimulus with 
which one has expertise also utilise this area (see Gauthier, Skudlarski et al., 2000; Kanwisher, 
2000; Tarr & Gauthier, 2000). 
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McCarthy, 1996) neuroanatomical investigations on animals (e.g. Desimone, 

1991; Perrett et al., 1987) and neuropsychological studies on patients with face 

and object recognition deficits (e.g. Farah, Wilson et al., 1995; Moscovitch et al., 

1997; Nachson, 1995). 

To summarise, evidence suggests that upright faces are processed in a 

different manner, and perhaps by a different system, to inverted faces and other 

objects. It appears that the holistic information typically used to perceive 

upright faces is difficult to encode from inverted faces. Although there has 

been much research into the structure of face representations, it is also of 

interest to determine the role of attention in encoding holistic facial 

representations. In the following sections, I discuss the concept of automaticity 

and some recent experiments examining the role of attention in face perception 

and recognition. The rationale behind the present studies, which investigate 

whether holistic face perception is automatic, is then explained. 

4.2 The role of attention in face perception 

Fodor (1983) proposed that perceptual analysis occurs via a set of 

independent special-purpose processors or modules, each of which processes 

specific stimuli. Faces, being both highly specific and biologically important 

would seem to be an ideal candidate for modularity and indeed, Fodor (1983, 

p.47) suggests that there may be a face recognition module. Fodor lists a 

number of possible characteristics for modules, such as fast operation, fixed 

neural architecture and innate specification. Although not elaborated upon, 

Fodor (1983) also suggests that perceptual analysis by modules may be 

automatic. According to Pashler (1998b), there are two basic tenets to the 

concept of automaticity. First, practiced operations are not subject to voluntary 

control, so that processing occurs regardless of the individuals' intentions. 
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There is evidence to suggest that people are unable to ignore faces. Young, 

Ellis, Flude, McWeeny, and Hay (1986) showed participants face-name pairs 

and asked them to ignore the face and simply categorise the names. 

Participants took longer to categorise the name when the face was in a different 

category, suggesting that the face interfered with the name categorisation task. 

In addition to being unable to ignore faces, research suggests that the 

specialised face module is always involved in processing upright faces. Farah, 

Wilson et al. (1995) found that patient LH with prosopagnosia (an inability to 

recognise previously familiar faces) was more accurate recognising inverted 

than upright faces, the opposite pattern to that of normal participants. They 

suggest that this "inverted inversion effect" indicates that the patient was able 

to use object recognition resources to process inverted faces but that the face 

system was used to recognise the upright faces, even though this system was 

malfunctioning and maladaptive. 

The second aspect of automaticity is that practiced operations do not 

impose capacity demands (i.e. they operate without experiencing interference 

from other mental activities) (Pashler, 1998b). Relatively little research has been 

conducted into the capacity demands of face perception. The general finding 

from a number of studies using simple stimuli indicates that while attention is 

not required to encode features such as colour and size, it is needed to correctly 

combine the features into percepts and avoid illusory conjunctions (i.e. the 

perceptual miscombination of visual features) (e.g. Treisman, 1993; Treisman & 

Gelade, 1980; Treisman & Schmidt, 1982; Wolfe, Cave, & Franzel, 1989). In 

addition, a study using more naturalistic stimuli (specifically, letters and 

words) demonstrated that letters were encoded relatively effortlessly, but that 

attention was required to join the letters into words (Treisman & Souther, 1986). 

Based on these findings, Reinitz et al., (1994) proposed that the encoding of 

facial features requires little, if any, attention, while the encoding of the spatial 



Chapter 4 43 

relations9 between features is attentionally demanding. This proposal is the 

opposite of that expected if faces are typically holistically encoded by a face-

specific module. 

Participants in the study by Reinitz et al. viewed line-drawn faces in 

either a full attention or a divided attention condition (in which participants 

were required to count rapid sequences of dots at two locations on each study 

face) and after 15 min received a recognition test. It was found that dividing 

attention reduced the ability of participants to remember the original old faces 

that they had seen during the study phase, so that participants classified old 

and conjunction faces (new faces formed by combining the mouth and hair 

from one study face with the eyes and nose from another study face) as old 

equally often, and more often than they reported that either feature faces (half 

old and half new features) or new faces (only new features) were old. 

According to Reinitz et al., this pattern of results suggests that participants in 

the divided attention condition were able to distinguish new from old features, 

but they were unable to remember whether the features in the old face had co-

occurred during study — that is, they failed to remember the global facial 

configuration. Specifically, the results support the contention that dividing 

attention can eliminate the encoding of holistic information, while not 

substantially affecting the encoding of facial features. 

Results obtained in a subsequent study by Reinitz et al., (1997), however, 

are inconsistent with the conclusions drawn from the earlier experiments of 

Reinitz et al. (1994). Participants were presented with upright or inverted 

colour faces in either a full attention or a divided attention condition (which 

was the same as the 1994 study). Immediately after viewing each study face, 

9 Although Reinitz et al. use the terms relational and configural, these studies are still directly 
relevant to the issue of attention in holistic face encoding. 
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participants were presented with one of three faces in a same /different 

matching task: a featurally altered face, in which a facial feature (i.e. nose, 

mouth or eyes) of the study face was removed and replaced by a new feature; a 

configurally altered face, in which the eyes and mouth were moved either 

closer together or farther apart; or an identical face. If, as Reinitz et al. (1994) 

argued, attention is important for encoding configuration, but not for encoding 

facial features, then dividing attention should have produced a greater deficit in 

performance for configurally altered faces (which could be differentiated from 

test faces only on the basis of configuration), than for featurally altered faces 

(which could be differentiated from test stimuli on the basis of an individual 

feature). However, dividing attention resulted in a disproportionately larger 

performance decrement for featurally altered, rather than configurally altered 

faces. The pattern of results observed by Reinitz et al. (1997) is in direct 

opposition to the conclusions drawn by Reinitz et al. (1994). 

There are a number of differences between the two studies that may 

have led to the inconsistent results. First, the study by Reinitz et al. (1994) 

tested long-term memory representations, while the latter study tested 

immediate perceptual memory. Reinitz et al. (1997) argue that the role of 

attention may be different in perception and memory. Specifically, while 

attention may increase perceptual efficiency, the role of attention in memory 

may be to bind stimuli. 

Second, the experiments were based on different paradigms. While the 

study by Reinitz et al. (1994) investigated the role of attention in encoding 

featural and configural information based on the illusory conjunction paradigm 

(e.g. Treisman & Schmidt, 1982), Reinitz et al. (1997) examined the effects of 

attention on featurally and configurally altered faces. While not undermining 

the results of Reinitz et al. (1994), it should be noted that a number of studies 

have challenged the interpretation Treisman and colleagues have drawn from 
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the existence of illusory conjunctions (i.e. that features can be wrongly 

recombined in the absence of attention), suggesting instead that illusory 

conjunctions occur as the result of poor location information (Prinzmetal, 

Henderson, & Ivry, 1995) or post-perceptual errors (Navon & Ehrlich, 1995). In 

regards to the study by Reinitz et al. (1997), a number of authors have noted 

that it is difficult to manipulate featural and configural information 

independently (e.g. Bruce, 1988; George & Hole, 1998; Rhodes et. al., 1993). 

Contrary to expectations, Rhodes et al. (1993) found greater inversion 

decrements for featurally altered faces (i.e. eye and mouth parts replaced by 

new features) than configurally altered faces (i.e. changing the internal spacing 

of the eye and mouth features)10. The fact that the inversion decrement was 

eliminated when the facial features were presented in isolation highlights the 

inherent ambiguity in attempting to manipulate featural and configural 

information independently. That is, manipulating the features affects the 

configuration and altering the configuration may also change the way that 

features are encoded. 

It seems that there are a number of possible reasons for the contradictory 

results observed by Reinitz et al. (1994, 1997). The present studies were 

interested in assessing whether holistic processing is automatic and in 

particular whether holistic encoding uses attentional capacity. Like Reinitz et 

al. (1997), the perceptual representations formed at encoding were investigated. 

However, the paradigm devised by Tanaka and Farah (1993) was used, as this 

method has a clear operationalisation of holistic coding and avoids the 

10 Readers may have noted that this pattern of results is similar to that observed by Reinitz et al. 
(1997) in the divided attention condition. However, Reinitz et al. (1997) also tested participants 
with inverted faces and as expected, there was a larger inversion decrement for configurally, 
rather than featurally altered faces. Thus, the unexpected findings of the 1997 study do not 
appear to be due to stimulus construction (i.e. configural changes being perceived as featural 
changes). 
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problems inherent in trying to independently vary featural and configural 

information. 
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Chapter 5. Experiment One 

The aim of Experiment 1 was to determine the effects of dividing 

attention upon the encoding of holistic representations. Based on the study by 

Reinitz et al. (1994), dividing attention should impair the encoding of holistic 

information from faces. Alternatively, holistic coding may still occur in the 

absence of focal attention. If face perception proceeds via holistic 

representations formed by a specific face module, then it may be that these 

holistic representations are not attentionally demanding to encode and that 

they may be unaffected by a reduction in attentional resources. While there is 

no direct evidence for this model, previous research indicates that this 

hypothesis is plausible. 

First, studies have shown face superiority effects in detecting faces. For 

instance, Purcell and Stewart (1988) found that whole upright faces were 

detected faster than scrambled or inverted faces with the same features. 

According to Humphreys and Bruce (1989), this result suggests that attention is 

not easily narrowed to the isolated features of a face or that global face 

representations are so salient they affect performance even in the absence of 

attention. Secondly, Mermelstein, Banks, and Prinzmetal (1979) found that 

participants were slower to discern a previously seen feature when the feature 

was presented in a normal schematic face, than in a scrambled schematic face. 

They suggested that detection of the part is slower in the face condition because 

the global configuration may be encoded before the individual features are 

teased apart. Similarly, in a visual search experiment, Suzuki and Cavanagh 

(1995) found that participants were slower to detect the curvature of a single 

line when it appeared in a face configuration of three curved arcs, than when it 

appeared in a meaningless pattern composed of the same arcs. The findings of 

Mermelstein et al. (1979) and Suzuki and Cavanagh (1995) suggest that a global 
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face representation may be accessed more quickly than, and perhaps before, 

explicit featural representations. Indeed, some models of face processing 

suggest that an initial holistic representation is formed before a more detailed 

analysis of features and configurations (e.g. Bruce, 1988; Hole et al., 1999). A 

global face representation that is rapidly encoded, and perhaps initially 

accessed, may not be attentionally demanding to encode. 

Along similar lines, Hummel (in press) suggests that both analytic and 

holistic representations are used by the human visual system. Although 

analytic representations (such as that of words) are flexible and powerful, they 

are computationally expensive, as the separate features or attributes of an object 

need binding together — a time-consuming processing requiring both visual 

attention and working memory. In contrast, holistic representations (such as 

those for faces) are less flexible (i.e. it is impossible to respond to one attribute 

without interference from the others). However, holistic representations have 

the advantage of not requiring dynamic binding, thus they can be generated 

economically and without attention. For example, Hummel notes that 

macaques can recognise faces quicker than the time taken to form an analytic 

representation (e.g. macaques can recognise over-learned faces using the first 

set of spikes to reach inferotemporal cortex; Oram & Perrett, 1992). Hummel (in 

press) argues that the visual system attempts to generate analytic 

representations, but when this is not possible (e.g. when the object is ignored), 

holistic representations are formed. 

To examine whether faces can be holistically coded in the absence of 

focal attention, the paradigm devised by Tanaka and Farah (1993) was 

modified. First, to investigate the effects of attention at encoding, an immediate, 

rather than a long-term memory task was used. This was achieved by 

presenting a target face immediately followed by a two-alternative forced-

choice recognition test. Second, the attention given to the target face was 
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manipulated. There were three attention conditions: (i) A full attention 

condition, in which the target face was presented alone; (ii) A full attention with 

flankers condition, where the target face was presented in the middle of two 

flanker faces that the participant was asked to ignore; and (iii) A divided 

attention condition, in which the participant was asked to decide if the two 

flanker faces surrounding the target face were the same person. Following 

Tanaka and Farah (1993), inverted target face conditions (for which holistic 

processing was not expected) were also included. 

5.1 Method 

5.1.1 Participants 

Seventy-two Caucasian participants (56 females and 16 males) aged 

between 16 and 51 years (M = 20 years) took part in Experiment 1. Of these, 70 

participated for credit in an introductory psychology course at The University 

of Western Australia, while the other two participants volunteered. 

5.1.2 Stimuli 

5.1.2.1 Target faces. 

A set of 30 digitised (256 gray levels, 72 dpi) Caucasian faces in a full-

face pose with a neutral expression were scaled so that the inter-pupillary 

distance was the same for each face. From this set of faces, nine composite 

target faces (five female and four male) were generated using the Adobe 

Photoshop graphics package. Target faces were constructed as composites to 

prevent participants searching for an unaltered face as the correct response. 

The five female target faces were composed by interchanging the eyes, nose, 

mouth and face outlines of five female faces. The eyes, nose, mouth and face 

outlines of four male faces were interchanged to create four male target faces. 
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Composite foil faces were generated by replacing either the eye, nose or mouth 

feature of the target face with the eye, nose or mouth feature from the 

remaining faces (11 female and 10 male faces). Importantly, the foil face only 

differed from the target face in respect to the feature (eye, nose or mouth) that 

was being tested — everything else was held constant. Isolated-part versions of 

the target and foil features were made by removing the feature from the face 

and placing it on a white background (see Figure 5-1). 

Figure 5-1. Example of composite face images for the whole-face (top) and 

isolated-part (bottom) tests. 

The target faces were approximately 6 x 7.5 cm when displayed on a 15 

in monitor (screen size, 832 x 624 pixels at 72 pixels per inch) and were viewed 

from a distance of 85 cm (subtending a visual angle of approximately 4° x 5°). 

The target face was aligned so that the centre of the face (from hairline to chin) 

was in the centre of the screen. A chin rest ensured that the eyes of participants 

were aligned with the centre of the screen. The stimulus presentation was 

controlled using Superlab (Cedrus Corp.) on a Power Macintosh 7200. 
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5.1.2.2 Flanker faces. 

The flanker faces consisted of 27 digitised (256 gray levels, 72 dpi) 

Caucasian faces (15 females and 12 males) photographed in both a front and 

three-quarter pose. Each face was masked from hairline to chin with an opaque 

gray mask. Each flanker face (including mask) was approximately 5.5 x 7 cm 

when displayed. When flanker faces were used in conjunction with a target 

face, the display area subtended a visual angle of approximately 11° x 5° (see 

Figure 5-2). 

Figure 5-2. Target face with upright flanker faces. The flankers are the 'Same'. 

5.1.3 Procedure and design 

Twenty-four participants were randomly assigned to each of the three 

attention conditions. A fixation cross was displayed in the centre of the screen 

for 500 ms, followed by a target face for 1500 ms, and then one of two test 

conditions. The whole-face test condition consisted of the target face and a foil 

face that differed from the target by one feature, while in the isolated-part test 

condition participants simply saw the target and the foil feature. The task was 

to select the feature (specified by a prompt on the screen as either the eye, nose 

or mouth part) that they had just seen in the target face. The stimuli were 
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presented until the participant responded by pressing one of two keys that 

corresponded with the positions of the stimuli on the screen ("L" or "R"). The 

left and right locations of the target and foil stimuli were balanced across test 

items. Participants pressed the spacebar to advance to the next trial. 

In the divided attention and full attention with flankers conditions, the 

target face was bounded by two upright flanker faces. One of the flanker faces 

was in a front view, the other was in a three-quarter pose, and the flanker faces 

were always of the same gender. The flanker faces were pseudo-randomly 

presented on either side of the target face, with the restriction that on half the 

trials the faces were the same person and on half they were different people. 

Half of the target faces were presented with same sex flankers and half with 

opposite sex flankers. 

In order to directly test the role of attention in the initial encoding of 

faces, the participants in each attention condition were asked to select the 

previously seen face part immediately after the target face was removed from 

view. After selecting their response, the participants in the divided attention 

condition then indicated whether the two flanker faces were the same or a 

different person by pressing one of two keys on the keyboard labelled "S" or 

"D". The participant was told that accuracy in the matching task was their 

priority and they were given feedback on their accuracy in the form of a beep 

for incorrect responses. Participants in the full attention with flankers condition 

were asked to ignore the flanker faces. 

Each participant completed a block in which the target faces were 

upright and a block in which the target faces were inverted. In both the whole-

face and isolated-part test conditions, faces were presented in the same 

orientation as they had been studied. The initial orientation of the target faces 

was counterbalanced across participants within each attention condition. The 

same target and flanker face pairs were used in each orientation block. 
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Each target face was tested with three face parts (eye, nose and mouth) in 

the two conditions (isolated-part and whole-face), so that there were six trials 

with each target face in each orientation. For each target orientation, there were 

three blocks using three target faces in each block (18 trials per block), for a total 

of 54 trials in each orientation. There were six possible orders of the three 

blocks and these were randomly allocated across participants. The trials were 

randomised in each block, which was followed by a rest break. Before starting 

each orientation block, participants completed six practice trials at that 

orientation, with target and flanker faces not used in the experiment. The 

participants were tested individually. 

5.2 Results and Discussion 

5.2.1 Comparison of the full attention and full attention with flankers conditions 

An initial three-way ANOVA was conducted on the mean percent 

correct scores to investigate whether the presence or absence of flankers 

affected performance in the full attention conditions. No difference between 

these two conditions would allow a more economical analysis as the data could 

be collapsed into a single full attention condition. There was one between 

subjects factor: Attention (full/full with flankers) and two repeated measures 

factors: Target Orientation (upright/inverted) and Condition (whole-

face/isolated-part). No main effects or interactions involving the Attention 

factor reached significance (p > 0.1), indicating that there was no difference 

between the full attention (M = 76.9, SE = 1.1) and the full attention with 

flankers (M = 73.8, SE - 1.3) conditions. Therefore, the data were collapsed to 

form a single full attention condition. 
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5.2.2 Comparison of full and divided attention conditions 

A three-way ANOVA was conducted on the mean percent correct 

scores11 with one between-subjects factor: Attention (full/divided) and two 

repeated measures factors: Target Orientation (upright/inverted) and 

Condition (isolated-part/whole-face). The significant main effects of Attention, 

FQ.,70) = 32.25, p < .0001 (full attention M = 75.4, SE = 0.8; divided attention M = 

64.8, SE = 1.3), Target Orientation, F(l,70) = 43.33, p < .0001 (upright M = 76.3, 

SE = 1.0; inverted M = 67.5, SE = 1.0) and Condition, F(l,70) = 11.70, p < .002 

(isolated-part M = 69.7, SE = 1.1; whole-face M = 74.0, SE = 1.0) are best 

interpreted in light of the significant interaction between Attention, Target 

Orientation and Condition, F(l,70) = 4.92, p < .03. Planned pairwise 

comparisons were conducted to examine this interaction (Bonferroni correction 

for four comparisons, p = 0.0125). 

As expected with upright target faces in the full attention condition, 

participants were significantly more accurate in the whole-face (M = 84.0, SE = 

1.2) than the isolated-part (M = 75.9, SE = 1.5) condition, t(70) = 4.92, p < .0001, 

one-tailed (see Figure 5-3). This replicates the pattern of results observed by 

Tanaka and Farah (1993) with upright target faces. It should be noted that this 

study used digitised photographs as stimuli, an improvement on the identikit 

faces used by Tanaka and Farah (1993) (see Tanaka, & Gauthier, 1997, for 

another study using high quality face stimuli with the same paradigm). 

In contrast to the pattern observed in the full attention condition, there 

was no difference between the whole-face (M= 69.5, SE = 2.3) and isolated-part 

The mean percent correct scores could be obtained in two ways for the divided attention 
condition. First, data from all the trials could be analysed, where each cell mean was based on 
27 scores for each participant. Second, only the trials on which the participant correctly 
responded on the divided attention task could be analysed (to ensure that attention was 
successfully divided on that trial), where each cell mean was based on an average of 22.5 scores 
for each participant. The same general pattern of results was obtained using both analysis 
methods. I report the results using the more stringent condition of including only those trials 
on which the participant correctly responded on the divided attention task. 
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(M= 68.1, SE = 2.5) conditions in the divided attention condition, £(70) = 0.62, 

n.s., two-tailed (see Figure 5-3). It appears that dividing attention eliminated 

holistic encoding of upright faces, suggesting that holistic representations are 

attentionally demanding to encode12. This pattern of results is in line with 

conclusions reached by Reinitz et al. (1994), namely that dividing attention 

impairs the holistic coding of faces. Although the studies reviewed in the 

introduction with simple face stimuli (e.g. Mermelstein et al, 1979; Suzuki & 

Cavanagh, 1995) indicate that global face representations are rapidly encoded, it 

appears that these representations are attentionally demanding to encode. 

12 The paradigm devised by Tanaka and Farah (1993) is specifically designed to measure holistic 
coding, operationalised as the difference in accuracy between the whole-face and isolated-part 
conditions. Despite this, I examined whether dividing attention selectively disrupted 
recognition in the whole-face condition, or whether recognition of the isolated-parts was also 
impaired (in the upright target face condition). A post-hoc Tukey HSD test for unequal sample 
sizes showed that accuracy declined in both the whole-face condition (a decrement of 14.5 
percentage points between full- and divided attention conditions, p < .0002) and the isolated-
part condition (a decrement of 7.8 percentage points between full- and divided attention 
conditions, p < .03) (see Figure 5-3). It appears that along with impairing performance in the 
whole-face condition, dividing attention also reduced the encoding of isolated-part information, 
albeit to a lesser extent. 
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Figure 5-3. Accuracy differences between the isolated-part and whole-face 

conditions in the full and divided attention conditions with upright target faces. 

Standard error bars are shown. Significant pairwise differences (p < .0001, one-

tailed) signified with a *. 

As expected with inverted target faces, planned comparisons (two-tailed) 

revealed no difference between the isolated-part and whole-face conditions in 

either the full (M = 69.8, SE = 1.8; M = 71.8, SE = 1.5, isolated-part and whole-

face condition means respectively, f(70) = 1.17, ns.) or divided (M = 58.8, SE = 

2.6; M = 63.0, SE = 2.3, isolated-part and whole-face condition means 

respectively, f(70) = 1.81, ns.) attention conditions (see Figure 5-4). The absence 

of holistic coding with inverted target faces was also observed by Tanaka and 

Farah (1993). 
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Figure 5-4. Accuracy differences between the isolated-part and whole-face 

conditions in the full and divided attention conditions with inverted target 

faces. Standard error bars are shown. 

5.2.3 Divided attention task 

For participants in the divided attention condition (n = 24), accuracy on 

deciding if the flanker faces were the same or different person over the 108 

trials of the experiment was 83.3 percent (SE = 1.5). 
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Chapter 6. Experiment Two 

There were two aims in Experiment 2. First, a replication of the results of 

Experiment 1 was desired. Second, I wanted to investigate whether the 

disruption to holistic coding was particular to the use of upright flanker faces. 

As previously outlined, a number of studies have suggested that while holistic 

information is typically used to recognise upright faces, this type of information 

is difficult to encode from inverted faces (e.g. Farah, Tanaka et al., 1995; Murray 

et al., 2000; Rhodes et al., 1993; Tanaka & Farah, 1993; Young et al., 1987). In 

addition, evidence suggests that upright faces may be processed by a separate 

system (e.g. Farah, Wilson et al., 1995; Moscovitch et al., 1997). It is possible 

that this specialised face module may have its own attentional resources to 

holistically process upright faces. If this is the case, then the requirement to 

match two upright faces in the divided attention task may have overloaded the 

attentional resources of the face recognition module and impaired the holistic 

coding of the target face. Thus, Experiment 1 was repeated with the inclusion 

of both upright and inverted flanker faces. Inverted flanker faces were used as 

they have the same stimulus characteristics as upright faces but they are not 

holistically encoded. Consequently, matching inverted flankers should not use 

face-specific resources, allowing the target face to be holistically coded. 

If the specific requirement to match upright faces led to the disruption in 

holistic processing, then it would be expected that matching upright, but not 

inverted, flanker faces would disrupt holistic coding of upright target faces. 

Alternatively, if matching both upright and inverted flanker faces disrupts 

holistic coding of the target face, this would suggest that a common attentional 

resource was being used to process both upright and inverted faces. 
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6.1 Method 

6.1.1 Participants 

Seventy-two Caucasian participants (51 females and 21 males) aged 

between 16 and 45 years (M = 21 years) took part in Experiment 2. The 

participants were either students or associates at The University of Western 

Australia and received either course credit or $5.00. The participants had not 

participated in Experiment 1. 

6.1.2 Stimuli 

6.1.2.1 Targetfaces. 

A set of 18 digitised (256 gray levels, 72 dpi) Caucasian faces in a full-

face pose with a neutral expression were used to construct an additional seven 

(three female and four male) composite target and foil face pairs. Thus, a total 

of 16 target faces were used in Experiment 2 (eight female and eight male faces). 

The three new female target faces were composed by interchanging the eyes, 

nose, mouth and face outlines of four female faces. The eyes, nose, mouth and 

face outline of four male faces were interchanged to create four male target 

faces. The composite foil faces were generated by replacing either the eye, nose 

or mouth feature of the target face with the eye, nose or mouth feature from the 

remaining faces (four female and six male). As in Experiment 1, isolated-part 

versions of the target and foil features were made by removing the feature from 

the face and placing it on a white background. 

The target faces were approximately 6.5 x 8 cm when displayed on a 17 

in monitor (screen size, 832 x 624 pixels at 72 pixels per inch) and were viewed 

from a distance of 85 cm (subtending a visual angle of approximately 4° x 5°). 

The participants rested on a chin rest so that their eyes were aligned with the 

centre of the screen and they were asked to keep their head straight during the 
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experiment. The stimulus presentation was controlled using Superlab (Cedrus 

Corp.) on a Power Macintosh 7200. 

6.2.2.2 Flanker faces. 

In addition to the 15 female and 12 male flanker faces used in 

Experiment 1, a further 21 digitised (256 gray levels, 72 dpi) Caucasian faces 

(nine females and 12 males) photographed in both a front and three-quarter 

pose were used (for a total of 24 female and 24 male flanker faces). Each flanker 

face (including mask) was approximately 6.5 x 7.5 cm when displayed. When 

flanker faces were used in conjunction with a target face, the display area 

subtended a visual angle of approximately 13° x 5°. 

6.1.3 Procedure and design 

The procedure was identical to that of Experiment 1, except that 16 target 

faces and 48 flanker faces were used. Each target face was tested with the three 

face parts (eye, nose and mouth) in the two conditions (isolated-part and 

whole-face) so that there were six trials with each target face in each orientation. 

For each target orientation, there were four blocks consisting of four target faces 

(24 trials per block), for a total of 96 trials in each orientation. In each block, one 

male and one female target face were paired with upright flankers and one 

male and one female target face were paired with inverted flankers. The 

allocation of target to flanker orientation was counterbalanced across 

participants. The trials were randomly presented in each block and followed by 

a rest break. There were two different block orders and participants received a 

different block order for the upright and inverted blocks. 
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6.2 Results and Discussion 

6.2.1 Comparison of full attention and divided attention conditions 

A four-way ANOVA was conducted with one between-subjects factor: 

Attention (full/full flankers/divided)13 and three repeated measures factors: 

Target Orientation (upright/inverted), Flanker Orientation14 (upright/inverted) 

and Condition (isolated-part/whole-face). The dependent variable was the 

mean percent correct scores. As in Experiment 1, only the analyses conducted 

on the data when performance was correct on the divided attention task (each 

cell mean is based on an average of 20.2 scores out of a possible 24) are 

reported. 

There were main effects of Attention, F(2,69) = 8.65, p < .0005 (full 

attention M = 71.0, SE = 0.7; full attention with flankers M = 70.7, SE = 1.0; 

divided attention M = 64.4, SE = 1.0), Target Orientation, F(l,69) = 115.70, p < 

.0001 (upright M = 74.2, SE = 0.7; inverted M = 63.2, SE = 0.7) and Condition, 

F(l,69) = 41.30, p < .0001 (isolated-part M = 66.3, SE = 0.7; whole-face M = 71.1 

SE = 0.8) and interactions between Condition and Attention, F(2,69) = 7.07, p < 

.002 and Target Orientation and Condition, F(l,69) = 9.97, p < .003. Importantly, 

there was a significant interaction between Target Orientation, Flanker 

Orientation, Condition and Attention, F(2,69) = 3.68, p < .04. 

To facilitate comprehension of the four-way interaction, the upright and 

inverted target orientations, for which there were different predictions, were 

analysed separately. A three-way ANOVA on the upright target orientation 

As in Experiment 1, a preliminary analysis was conducted to ascertain if there were 
differences between the full attention and full attention with flankers conditions. However, this 
initial four-way A N O V A on the mean percent correct scores revealed a significant interaction 
between Attention, Target Orientation, Flanker Orientation and Condition, F(l,46) = 4.11, p < 
.05 and an interaction between Attention and Condition, F(l,46) = 12.10, p < .002. Therefore, the 
full attention and the full attention with flankers conditions were not collapsed into a single full 
attention condition. 
14 As there were no flankers in the full attention condition, the means for each flanker 
orientation in that condition were identical. 
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data revealed significant main effects of Attention, F(2,69) = 5.90, p < .005 (full 

attention M = 76.2, SE = 0.9; full attention with flankers M = 76. 6, SE = 1.2; 

divided attention M = 70.0, SE =1.3) and Condition, F(l,69) = 52.00, p < .0001 

(isolated-part M = 70.6, SE = 0.9; whole-face M = 77.8, SE = 0.9) and interactions 

between Condition and Attention, F(2,69) = 4.53, p < .02, and Flanker 

Orientation, Condition and Attention, F(2,69) = 3.89, p < .03 (see Figures 6-1 and 

6-2). 

Planned pairwise comparisons were conducted on the five15 comparisons 

of interest (Bonferroni correction for multiple comparisons, p = 0.01; see Table 1 

for means and standard errors). As expected following Experiment 1, accuracy 

was higher in the whole-face (M = 78.6) than the isolated-part (M = 73.7) 

condition in the full attention condition, t(69) = 2.43, p < .01 (one-tailed) (see 

Figure 6-1). Note that flanker orientation was not of importance in this 

comparison as no flankers were present. This result replicates the findings of 

Tanaka and Farah (1993) and of Experiment 1. In the full attention with 

flankers condition, it was expected that flanker orientation would make no 

difference to performance as the flankers were to-be ignored. As expected, the 

difference between the isolated-part and whole-face conditions was significant 

with both upright, (M = 69.6 isolated-part; M = 83.2 whole-face, f(69) = 6.64, p < 

.0001, one-tailed) and inverted (M = 72.0 isolated-part; M = 81.4 whole-face, 

£(69) = 4.60, p < .0001, one-tailed) flanker orientations (see Figure 6-1). These 

patterns of results are generally in line with that observed in Experiment 1, 

namely that holistic processing occurs in full attention conditions with and 

without the presence of to-be ignored flanker faces. 

15 Because the means were identical for the upright and inverted flanker orientations in the full 
attention condition, only one comparison was required. 
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Figure 6-1. Accuracy differences between the isolated-part and whole-face 

conditions under full attention conditions with upright target faces and either 

none, upright or inverted flanker faces. Standard error bars are shown. 

Significant pairwise differences (p < .01, one-tailed) signified with a *. 

Replicating the results of Experiment 1, there was no difference between 

the isolated-part (M = 69.2) and whole-face (M = 70.9) conditions in the upright 

flanker orientation, f(69) = 0.82, n.s. (two-tailed) in the divided attention 

condition (see Figure 6-2). In contrast, as Figure 6-2 illustrates, when 

participants were matching inverted flanker faces, the difference between the 

isolated-part (M = 65.4) and whole-face (M = 74.1) conditions was significant, 

f(69) = 4.30, p < .0001 (one-tailed). The pattern of results indicates that matching 

upright, but not inverted, flanker faces impairs holistic processing of upright 

target faces. It is important to note that with inverted face flankers, the part-

whole decrement in the divided attention condition (8.7 percentage points; see 

Figure 6-2) is as large as that in the full attention conditions (9.4 percentage 
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points in the full with flankers and 4.9 percentage points in the full attention 

condition; see Figure 6-1). 
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Figure 6-2. Accuracy differences between the isolated-part and whole-face 

conditions under divided attention conditions with upright target faces and 

both upright and inverted flanker faces. Standard error bars are shown. 

Significant pairwise differences (p < .0001, one-tailed) signified with a *. 

A three-way A N O V A was also conducted on the data from the inverted 

target orientation. There were significant main effects of Attention, F(2,69) = 

5.76, p <.005 (full attention M = 65.8, SE = 0.8; full attention with flankers M = 

64.9, SE = 1.2; divided attention M = 58.9, SE = 1.2) and Condition, F(l,69) = 

5.42, p < .03 (isolated-part M = 61.9, SE = 0.8; whole-face M = 64.5, SE = 1.0). 

While the interaction between Flanker Orientation, Attention and Condition 

was not significant, F < 1, the interaction between Condition and Attention was 

marginally significant, F(2,69) = 3.11, p = 0.05. Planned pairwise comparisons 

(all two-tailed) were conducted on the five comparisons of interest (Bonferroni 

correction for multiple comparisons, p = 0.01; see Table 1 for means and 
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standard errors). As expected, there was no difference between the isolated-

part (M = 65.9) and whole-face (M = 65.6) conditions in the full attention 

condition, f(69) = 0.11, n.s. In addition, there was no difference between the 

isolated-part and whole-face conditions in the divided attention condition 

regardless of flanker orientation, f(69) = 0.50, n.s., (upright flankers M = 58.4 

isolated-part; M = 59.6 whole-face) and f(69) = 0.90, n.s.; (inverted flankers M = 

57.7 isolated-part; M = 59.9 whole-face). In the full attention with flankers 

condition, there was no difference between the isolated-part (M = 63.4) and 

whole-face (M = 66.8) conditions when upright flankers were used (replicating 

Experiment 1), f(69) = 1.45, n.s. However, contrary to expectations, there was a 

difference between the two conditions when inverted flankers were used t(69) = 

3.84, p < .0003, (M = 60.1 isolated-part; M = 69.3 whole-face). It is unclear why 

holistic coding should occur in the presence of to-be ignored inverted flanker 

faces, but not in the presence of to-be-ignored upright flanker faces. I am 

unable to explain why any holistic coding occurred with inverted faces, but 

note that there are eight inverted target conditions in Experiments 1 and 2 and 

this was the only condition to display this aberrant pattern. 
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Table 1. 

Percent correct recognition for isolated-parts and whole-faces with either 

upright or inverted flanker faces in the three attention conditions for upright 

and inverted target faces8. 

Upright flanker faces Inverted flanker faces 

Full Full flankers Divided Full Full flankers Divided 
attention attention attention attention attention attention 

Upright target faces 

Isolated-part 73.7 (1.9) 69.6 (2.0) 69.2 (2.2) 

Whole-face 78.6 (1.9) 83.2 (2.2) 70.9 (2.7) 

Inverted target faces 

Isolated-part 65.9 (1.5) 63.4 (1.9) 58.4 (2.1) 

Whole-face 65.6 (1.7) 66.8 (2.7) 59.6 (2.9) 

a Standard errors are in parentheses. 

For upright target faces, holistic coding is evident when the participants 

match inverted, but not upright, flanker faces. This indicates that the face 

module has limited resources to holistically code upright faces. It can be 

argued that the inverted flankers were matched by a different system, which 

uses more parts-based representations. It seems reasonable to assume that this 

parts-based system would also have limited resources. If there is competition 

for resources in this system, then matching inverted flankers should interfere 

with the recognition of inverted isolated-parts. However, a post-hoc Tukey 

H S D test for the divided attention condition showed that performance was not 

worse in the inverted flankers /inverted target condition (M = 57.7) than the 

upright flankers/inverted target condition (M = 58.4) for isolated-parts (p = 1.0). 

There are two reasons w h y interference between inverted flankers and 

inverted targets was no greater than between upright flankers and inverted 

targets in this study. First, the task devised by Tanaka and Farah (1993) is 

specific to measuring holistic coding and m a y not be sensitive enough to 

73.7 (1.9) 72.0 

78.6 (1.9) 81.4 

65.9 (1.5) 60.1 

65.6 (1.7) 69.3 

(2.3) 65.4 (2.9) 

(2.0) 74.1 (2.4) 

(2.0) 57.7 (2.3) 

(2.7) 59.9 (2.4) 
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examine interference between inverted targets and inverted flankers. Second, 

the results from the inverted target face condition may be at floor level. One 

way to examine this in the future would be to make the parts more dissimilar. 

6.2.2 Divided attention task 

A two-way ANOVA was conducted with two repeated measures factors: 

Target Orientation (upright/inverted) and Flanker Orientation 

(upright/inverted). The dependent variable was mean percent correct (cell 

means based on 48 scores) on the divided attention task. A main effect of 

Flanker Orientation was observed, F(l,23) = 29.87, p < .0001, with more accurate 

matching of upright (M = 86.8, SE = 1.3) than inverted flanker faces (M = 81.6, 

SE = 1.1). Overall, accuracy on deciding if the flanker faces were the same or 

different person over the 192 trials of the experiment was 84.2 percent (SE = 

1.3). 

To summarise, there were two main findings from Experiment 2. First, 

the main finding of Experiment 1 was replicated. Specifically, matching 

upright flanker faces appeared to disrupt holistic coding of upright target faces. 

Second, matching inverted flanker faces did not appear to impair holistic 

coding of upright target faces. 
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Chapter 7. Experiment Three 

The results of Experiment 2 suggest that matching upright flanker faces 

interferes with holistic coding, while matching inverted flanker faces does not. 

This differential effect of flanker orientation on holistic coding suggests that 

different processes are used to encode upright and inverted faces, and that 

attentional processes may not be common to the two. Alternatively, however, 

participants may simply have taken less time to match inverted flanker faces, 

leaving more time to holistically encode the target face. To test this alternative 

explanation, the time taken to match upright and inverted flanker faces was 

directly measured 16. Previous research indicates that upright faces are encoded 

faster than inverted faces (e.g. Tong & Nakayama, 1999; Valentine & Bruce, 

1988). For instance, participants were faster to decide if faces were famous 

when they were upright, rather than when they were inverted (Valentine & 

Bruce, 1988). It was predicted that upright flanker faces would be matched 

faster than inverted flanker faces. I also expected to replicate the finding 

observed in Experiment 2, in which upright faces were matched more 

accurately than inverted faces. 

7.1 Method 

7.1.1 Participants 

Twenty-four Caucasian participants (16 females and 8 males) aged 

between 17 and 48 years (M = 27 years) took part in Experiment 3. The 

participants were students at The University of Western Australia who either 

16 A meaningful analysis of response times (RTs) to match flanker faces in Experiment 2 was not 
possible as participants did not record their response to the divided attention task until after 
they selected the previously seen face part. 
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volunteered or received course credit. They had not participated in either 

Experiment 1 or 2. 

7.1.2 Stimuli 

The 16 upright target faces and 48 flanker faces used in Experiment 2 

were used in this Experiment. As in Experiment 2, the stimuli were displayed 

on a 17 in monitor (screen size, 832 x 624 pixels at 72 pixels per inch) and were 

viewed from a distance of 85 cm. The participants rested on a chin rest so that 

their eyes were aligned with the centre of the screen and they were asked to 

keep their head straight during the experiment. The stimulus presentation was 

controlled using RSVP Version 4.0.3 (Williams & Tarr, no date) on a Power 

Macintosh 7200. 

7.2.3 Procedure 

Each upright target face was bounded by either inverted or upright 

flanker faces. Participants were asked to decide if the two flanker faces were 

the same or different person. The participant responded by pressing one of two 

keys on the keyboard labelled "S" or "D". The face array was removed from the 

screen after the participant responded or after 1500 ms had elapsed. As in 

Experiment 2, the participant was told that accuracy on the matching task was 

their priority and they were given feedback on their accuracy in the form of a 

beep for incorrect responses. 

Each target face was bounded by exactly the same flanker face pairs as 

used in Experiment 2, so that half of the male and half of the female target faces 

were paired with upright flankers and the other half were paired with inverted 

flankers. The allocation of target to flanker orientation was counterbalanced 

across participants. There were 96 trials in total and they were randomly 
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presented. Before starting the experiment, participants completed six practice 

trials with target and flanker faces not used in the experiment. The participants 

were tested individually. 

7.2 Results and Discussion 

The repeated measures factor was Flanker Orientation 

(upright/inverted) and the dependent variables were mean percent correct and 

RT. For accuracy, each cell mean was based on 48 scores for each participant. 

A paired f-test conducted on the mean percent correct scores, f(23) = 5.87, p < 

.0001 (one-tailed) revealed that upright flankers (M = 90.2, SE = 1.9) were 

matched more accurately than inverted flankers (M = 85.0, SE = 1.6). This 

pattern of results corresponds with those of Experiment 2. 

Only RTs for correct trials were analysed and RTs that were more or less 

than two standard deviations from each cell mean for each participant were 

discarded, leaving a mean of 40.1 (out of a possible 48) valid RTs per cell of the 

design. As predicted, a paired Mest revealed that upright flanker faces (M = 

1,693 ms, SE = 92) were matched faster than inverted flanker faces (M = 1,742 

ms, SE = 98), f(23) = 2.16, p < .03 (one-tailed). 

These results demonstrate that participants were not only more accurate, 

but also faster to match upright, rather than inverted flanker faces. Thus, the 

failure to holistically code the target faces when matching upright flankers in 

Experiment 2, was not due to participants having less time available to view the 

target faces when matching upright flankers. 
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Chapter 8. Experiment Four 

In Experiment 2, it was found that holistic coding of an upright target 

face was disrupted when participants matched upright flanker faces, but not 

when they matched inverted flanker faces. As previously discussed, research 

suggests that inversion disrupts the perception of holistic information used to 

recognise upright faces, so that inverted faces are processed in more of a parts-

based manner (e.g. Murray et al., 2000; Rhodes et al., 1993; Tanaka & Farah, 

1993). Thus, the pattern of results observed in Experiment 2 (i.e. holistic coding 

of target faces when matching inverted flankers) should be duplicated if holistic 

encoding of the flanker faces is impaired, so that they are matched in a parts-

based manner. 

This issue was investigated in Experiment 4 by using fractured faces. 

Moscovitch et al. (1997) constructed fractured faces by cutting photos of famous 

people into five or six parts and spreading them apart. The first-order relations 

(i.e. eyes above the nose above the mouth) that allow discriminations between 

classes of objects (e.g. face vs. teapot) regardless of orientation were maintained. 

However, fracturing altered the more important second-order relations or 

spatial distance between the features (e.g. the distance between the eyes), which 

are used to distinguish individuals. It is these second-order relational features 

that are disproportionately impaired by inversion (see Diamond & Carey, 1986 

for further discussion of first- and second-order relations). 

Moscovitch et al. (1997) found that CK (a man who is impaired at 

recognising objects and words, but retains normal face recognition ability) was 

very poor at recognising fractured faces, more so than normal participants. As 

CK's object recognition system is damaged, this suggests that the recognition of 

fractured faces utilises some part-based processes. On this basis, it was 
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expected that using fractured faces as flankers would have similar effects to 

using inverted flankers. 

8.1 Method 

8.1.1 Participants 

Forty-eight Caucasian participants (38 females and 10 males) aged 

between 17 and 48 years (M = 20 years) took part in Experiment 4. The 

participants were students at The University of Western Australia and received 

either course credit or $5.00. They had not participated in any of the previous 

experiments. 

8.1.2 Stimuli 

The 16 upright target faces and 24 upright flanker faces used in 

Experiments 2 and 3 were used in this Experiment. Fractured versions of the 

flanker faces were made by segmenting the upright flanker faces into five parts 

and spreading them apart in Adobe Photoshop (see Figure 8-1). Following 

Moscovitch et al. (1997), the individual features (e.g. eye, nose and mouth) and 

the first-order relations among them (e.g. the eyes were always above the nose) 

were maintained. Due to the increased size of the fractured flanker faces 

(caused by the white space in-between the parts), all of the flanker faces were 

reduced to 94% of their original size so the visual angle displayed in 

Experiments 2 and 3 was not exceeded. The first part of the experiment was 

presented using Superlab (Cedrus Corp.) and the second part using RSVP 

Version 4.0.3 (Williams & Tarr, no date). 
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Figure 8-1. Target face with fractured flanker faces. The flankers are 'Different'. 

8.1.3 Procedure 

Experiment 4 consisted of two sub-experiments. Twenty-four 

participants were randomly assigned to the full attention with flankers 

condition and 24 to the divided attention condition. The first part of each 

testing session was identical to that of Experiment 2 except for two changes: (i) 

fractured flanker faces were used instead of inverted flanker faces; and (ii) only 

upright target faces were used, for a total of 96 trials. All 48 participants then 

completed the second part of the experiment, which was identical to 

Experiment 3 except that fractured flanker faces were used instead of inverted 

flanker faces. 

8.2 Results and Discussion 

8.2.1 Part 1: comparison of the full attention and divided attention conditions 

A three-way ANOVA was conducted with one between-subjects factor: 

Attention (full flankers/divided) and two repeated measures factors: Flanker 
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Type (upright/fractured) and Condition (isolated-part/whole -face). The 

dependent variable was mean percent correct. As in Experiments 1 and 2, I 

report the analyses conducted on the data when performance was correct on the 

divided attention task (each cell mean is based on an average of 19.6 scores out 

of a possible 24). 

There were main effects of Attention, F(l,46) = 7.44, p < .009 (full 

attention with flankers M = 77.6, SE = 1.1; divided attention M = 72.3, SE = 1.2) 

and Condition, F(l,46) = 10.43, p < .003 (isolated-part M = 72.2, SE = 1.1; whole-

face M = 77.8, SE = 1.2). The interaction between Attention, Flanker Type and 

Condition was not significant, F < 1. 

Planned pairwise comparisons were conducted on the four comparisons 

of interest (Bonferroni correction for multiple comparisons, p = 0.0125). In the 

full attention condition, accuracy was higher in the whole-face than the 

isolated-part condition for both upright (whole-face M = 82.5, SE = 2.3; isolated-

part M = 77.3, SE = 1.8, t(46) = 2.42, p < .01, one-tailed) and fractured (whole-

face M = 80.4, SE = 2.2; isolated-part M = 70.3, SE = 2.1, t(46) = 4.68, p < .0001, 

one-tailed) flanker types (see Figure 8-2). This pattern of results was expected 

following Experiments 1 and 2, in which holistic processing occurred in full 

attention conditions with the presence of to-be-ignored flanker faces. 
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Figure 8-2. Accuracy differences between the isolated-part and whole-face 

conditions in the full attention with flankers condition with upright and 

fractured flanker faces. Standard error bars are shown. Significant pairwise 

differences (p < .01, one-tailed) signified with a *. 

There was no significant difference between the isolated-part (M = 70.8, 

SE = 2.1) and whole-face (M = 73.6, SE = 2.2) conditions in the divided attention 

condition with upright flankers, f(46) = 1.33, n.s. (two-tailed) (see Figure 8-3). 

This replicates the results of Experiments 1 and 2. The difference between the 

isolated-part (M = 70.3, SE = 2.7) and whole-face (M = 74.6, SE = 2.5) conditions 

in the divided attention condition with fractured flankers did not reach 

significance when the Bonferroni correction for multiple comparisons was 

applied, £(46) = 1.98, p = 0.027 (one-tailed) (see Figure 8-3). 
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Figure 8-3. Accuracy differences between the isolated-part and whole-face 

conditions in the divided attention condition with upright and fractured flanker 

faces. Standard error bars are shown. 

In the preceding A N O V A , I used the stringent condition of only 

analysing the trials on which the participant correctly responded on the divided 

attention task (to ensure that attention was effectively divided on each trial). 

However, if data from all the divided attention trials is analysed, participants 

were significantly more accurate in the whole-face (M = 74.0) than the isolated-

part (M = 67.5) condition when matching fractured flankers, f(46) = 3.07, p <.002 

(one-tailed) (see Table 2). 
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Table 2. 

Percent correct recognition for isolated-parts and whole-faces with upright and 

fractured flanker faces in the two attention conditions based on all divided 

attention trials3 

Full flankers attention 

Upright flankers 

Fractured flankers 

Divided attention 

Upright flankers 

Fractured flankers 

Isolated-part 

77.3 (1.8) 

70.3 (2.1) 

70.1 (1.7) 

67.5 (2.5) 

Whole-face 

82.5 (2.3) 

80.4 (2.2) 

74.1 (1.9) 

74.0 (2.6) 

f 

2.49* 

4.81* 

1.91 

3.07* 

1 Standard errors are in parentheses. Significant pairwise differences (p < 

.009, one-tailed, df = 46) signified with a *. 

While holistic coding of target faces is impaired by matching upright 

flanker faces and maintained by matching inverted flanker faces, it appears that 

matching fractured faces has an intermediate effect. Indeed, the recognition of 

upright fractured faces itself appears to be intermediate to that of upright and 

inverted whole faces (Moscovitch & Moscovitch, 2000). So, what is different 

about inversion and fracturing? According to Moscovitch and Moscovitch 

(2000), "The information lost by inversion and by fracturing is not identical. 

Each type of information contributes independently, and in an additive manner 

to recognition." (p. 215). Unlike fracturing, inversion disrupts not only the 

second-order relations of the face, but also information about the individual 

features themselves. Moscovitch and Moscovitch (2000) argue that the 

representations of individual features are orientation-specific and that 

normalisation procedures may need to be invoked when they are presented 

upside-down. For fractured faces, "information about identifiable features can 

be used to relate them to one another and patch over the gaps left by the 
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fracture." (Moscovitch & Moscovitch, 2000, p. 215). In addition, while faces are 

typically lit from above, face inversion changes the direction of lighting and 

reverses shading and shadow cues (see Enns & Shore, 1997 for further 

discussion of the effects of lighting and orientation). Fracturing faces does not 

change the direction of lighting. It should also be noted that previous studies 

with fractured faces used famous faces in a recognition task, while the present 

study used unfamiliar faces in a matching task. 

In summary, fracturing appears to work similarly to inversion, with 

holistic encoding of the target faces possible when matching fractured faces. 

However, as fracturing does not disrupt the face recognition system as much as 

inversion, matching fractured faces has an intermediate effect between upright 

and inverted matching on holistic encoding of target faces. 

8.2.1.1 Divided attention task 

A paired f-test conducted on the mean percent correct scores, £(23) = 4.11, 

p < .0003 (one-tailed) revealed that the upright flanker faces (M = 84.2, SE = 1.4) 

were matched more accurately than the fractured faces (M = 78.7, SE = 1.6). 

Overall accuracy over the 96 trials was 81.5 percent (SE = 1.1). 

8.2.2 Part 2: accuracy and RTs matching upright and fractured flankers 

Two 2-way ANOVA's were conducted with one between-subjects factor: 

Previous Attention Condition (full/divided) and one repeated measures factor: 

Flanker Type: (upright/fractured). The dependent variables were mean 

percent correct and RT. For accuracy, each cell mean was based on 48 scores for 

each participant. There was a main effect of Flanker Type, F(l,46) = 65.60, p 

<.0001, as the upright flankers (M = 94.5, SE = 0.5) were matched more 

accurately than the fractured flankers (M = 89.0, SE = 0.7), regardless of 
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whether the participant previously completed the full or divided attention 

condition. 

Only RTs for correct trials were analysed and RTs that were more or less 

than two standard deviations from each cell mean for each participant were 

discarded, leaving a mean of 41.9 (out of a possible 48) valid RTs per cell of the 

design. A two-way ANOVA revealed a main effect of Flanker Type , F(l,46) = 

4.35, p <.05, with the upright faces (M = 1,999 ms, SE = 45) matched more 

quickly than the fractured faces (M = 2,028 ms, SE - 49). 

As expected, upright flanker faces were matched both more accurately 

and more quickly than fractured faces. Thus, despite the greater difficulty of 

matching fractured faces, this task appeared to disrupt holistic coding of the 

target face less than matching upright faces. 
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Chapter 9. General Discussion 

The present studies were designed to investigate whether holistic 

processing is automatic, and specifically, whether holistic encoding uses 

attentional capacity. Experiment 1 revealed that the requirement to match two 

upright flanker faces disrupted holistic processing of a centrally presented 

upright target face. In addition to replicating the previous finding, Experiment 

2 also demonstrated that holistic processing of the target face was not disrupted 

when the flanker faces were inverted. Experiment 3 demonstrated that 

participants were both faster, and more accurate, to match upright, rather than 

inverted flanker faces. This indicates that the disruption to holistic coding 

observed with upright flanker faces in Experiment 2 was not because upright 

flanker faces take longer to match than inverted flanker faces. In Experiment 4, 

it was found that fractured face flankers had an intermediate effect to that of 

upright and inverted flankers. Experiments 1, 2 and 4 also revealed that 

unattended flanker faces (upright, inverted and fractured) did not disrupt 

holistic coding of target faces. As expected, evidence of holistic processing was 

generally not observed with inverted target faces. 

In Experiments 1, 2 and 4, it was found that matching upright flanker 

faces disrupted the holistic coding of upright target faces, suggesting that 

attention is necessary to encode holistic representations. This pattern of results 

supports the argument of Reinitz et al. (1994), that attention is important for 

encoding facial configuration. It should be noted that the studies by Reinitz et 

al. (1994) and the present experiments were quite different. Reinitz et al. tested 

long-term memory representations with an illusory conjunction paradigm, 

while the present studies tested immediate perceptual memory using the 

paradigm devised by Tanaka and Farah (1993). Despite these differences, these 

two sets of experiments contrast with the results of Reinitz et al. (1997), who 
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found that dividing attention impaired the recognition of facial features more 

than facial configurations. Both the present studies and those of Reinitz et al. 

(1997) used an immediate memory paradigm, suggesting that the discrepant 

results found by Reinitz et al. (1994; 1997) were not simply due to different 

attentional effects in perception and memory. Instead, it may be the case that 

attention is necessary to encode both individual features and facial 

configurations. If so, the systems for coding features and whole faces appear to 

have distinct attentional resources, as the present experiments show that 

part/feature based coding (of the inverted and fractured face flankers) does not 

interfere with holistic coding (of upright target faces). 

Although participants in the present studies were asked to select the 

previously seen feature immediately after the target face was removed from the 

screen, there is still a memorial component to this task. There is evidence 

indicating that holistic representations are evident in perceptual tasks (Farah et 

al., 1998), immediate memory tasks (Tanaka et al., 1998) and long-term memory 

tasks (Tanaka & Farah, 1993). Despite the difficulty of designing a task with no 

memorial component, in which both attention can be divided and holistic 

perception measured, future studies should be conducted to confirm that 

attention is necessary for the on-line holistic perception of faces. 

The results of Experiment 2 demonstrated that the orientation of the 

flanker faces was crucial to whether holistic coding of the target face was 

impaired. This finding allows us to consider the attentional capacity of the face 

recognition module. As previously outlined, research suggests that there are 

separate face and object recognition systems and that the face recognition 

module represents stimuli holistically, whereas the object recognition system 

utilises part-based processing (e.g. Farah, Wilson et al., 1995; Moscovitch et al., 

1997). If this view of modularity is applied to the present studies, the object 

recognition module processed the inverted flanker faces in a featural or parts-
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based manner, while the upright flanker faces were processed holistically by 

the face recognition module. A number of conclusions follow from this 

premise. 

First, the finding that matching upright, but not inverted, flankers 

disrupted holistic coding of upright target faces, suggests that the face 

recognition module may have its own dedicated attentional capacity or 

resources. That is, as the inverted flanker faces were being processed by the 

object recognition module, they did not use any of the resources required to 

holistically process the target face. In contrast, it appears that the requirement 

to match two upright flanker faces may have consumed resources (attentional 

or processing) needed to holistically code the target face. The other possible 

explanation for the differential impact of flanker orientation on holistic coding 

is that upright faces simply take longer to match than inverted faces, therefore 

taking up more resources. However, in Experiment 3, if was demonstrated that 

participants matched upright flanker faces more quickly than they matched 

inverted flanker faces. That is, despite participants taking less time to match 

the upright flankers, which presumably leaves more time to process the target 

faces, holistic coding of the target faces was impaired. In contrast, holistic 

coding of the target faces was evident when participants matched inverted 

flankers, even though matching inverted flankers was more time consuming 

than matching upright flankers. 

The preceding discussion of Experiments 2 and 3 in terms of processing 

time assumes that participants in the divided attention condition processed the 

flanker and target faces sequentially. That is, the participants matched the 

flanker faces first and then fixated the target face for the remaining time. It is 

likely that the task was performed sequentially, as participants in the divided 

attention condition were told that accuracy in the matching task was their 

priority and the computer "beeped" if they were incorrect. However, the 
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results of Experiment 2 cannot be explained in terms of time left over to process 

the target face, as Experiment 3 demonstrates that participants take longer to 

match inverted flankers than upright flankers, but they are only able to 

holistically code the target faces in the inverted flanker condition. This suggests 

that matching the upright flanker faces consumed resources needed to 

holistically code the target face. The other alternative is that the flanker and 

target faces were processed in parallel. If the faces were processed in parallel, 

the results of Experiment 2 suggest that matching upright flankers, in 

comparison to inverted flankers, leaves less capacity to process the target. I 

suggest that the interpretation of the results is the same whether processing was 

parallel or sequential. 

Second, the present findings suggest that the face recognition module 

does not have enough resources to match two peripherally presented upright 

faces and also holistically encode a centrally presented face in only 1.5 s. 

Similarly, Boutet and Chaudhuri (2001) suggest that only one holistic 

representation can be formed at a time. In their experiment, participants 

viewed (for 1, 2, or 3s) two superimposed faces at 45° angles to each other. 

Using a sequential matching paradigm, they found that participants recognised 

both faces when they had been presented for 2 or 3 s, but that they were only 

able to accurately recognise one face when they had been shown for 1 s. Boutet 

and Chaudhuri suggest that holistic encoding is only applied to one face at a 

time and that this encoding takes between 1 and 2 s per face. 

The results also indicate that the requirement to match two upright 

flanker faces (within 1.5 s) uses all the holistic processing capacity of the face 

recognition module. I suggest that the absence of holistic coding of the target 

face indicates that it must have been processed in a featural manner by the 

object recognition system. Alternatively, it is possible that in the absence of 

focal attention, the face recognition module is only able to encode feature 
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representations. A possible way to examine this issue would be to apply the 

present experimental paradigm to CK. If the requirement to match two upright 

flanker faces forces a target face to be processed by the object recognition 

system, then CK should be completely unable to encode the target face due to 

the damage to his object recognition system. 

Third, although substantial evidence suggests that there may be separate 

and relatively early attentional gating mechanisms within each sensory 

modality (in particular vision and audition) (see Pashler, 1998b), the present 

studies contribute to the few studies that have investigated the issue of 

modularity and attention. Fodor (1983), in his influential monograph on the 

nature of modularity does not explicitly discuss whether modules have their 

own attentional resources, but does assert that each module is autonomous (i.e. 

there is no interference from other modules or central processes such as 

memory). If this is the case, then each module may have dedicated attentional 

resources. Indeed, Umilta (1995) suggests that there are domain specific 

attentional resources. Furthermore, Young, de Haan, Newcombe, and Hay 

(1990) suggest that the case of a patient with hemispatial neglect (a neurological 

syndrome in which stimuli contralateral to a brain lesion are ignored) which 

appears to be specific to faces indicates that there may be face-specific 

attentional mechanisms (cf. Farah, 2000 for a discussion of why this need not be 

the case). However, research by Boutet and Chaudhuri (1999) suggests that the 

encoding of faces and complex objects draw upon the same attentional 

resources. Participants viewed stimuli composed of a face superimposed on a 

house and were directed to attend either to the face, the house, or to both by 

tracing the outline of the attended stimuli. It was found that attention to the 

face reduced participants' ability to recognise the house, while attention to the 

house reduced their ability to subsequently recognise the face. Although this 

research suggests a common attentional resource, there is a limitation to using 
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spatially overlapping stimuli when investigating the domain-specific effects of 

dividing attention. Specifically, it is possible that the interference between faces 

and houses is at the level of very low-level contour encoding. It is apparent that 

further research into modular attentional resources is required. 

Finally, the differential impact of upright and inverted flanker faces on 

the coding of target faces observed in Experiment 2 indicates that there are 

fundamental differences in the processes used to match upright and inverted 

flanker faces. This finding adds to the body of research discussed earlier that 

suggests that upright and inverted faces are processed differently (e.g. Rhodes 

et al., 1993; Searcy, & Bartlett, 1996). However, the intermediate effects found 

with fractured faces reveal that the story may not be as simple as a face system 

that operates predominantly on holistic information and an object system that 

operates on part-based information. Moscovitch and Moscovitch (2000) suggest 

that the object system initially forms representations of fractured and inverted 

faces, and that this "object-system counterpart" is then transferred to the face 

system to enable recognition. In support of this view, they point out that 

inverted faces activate the object system more than upright faces (Haxby et al., 

1999) and crucially, that inverted faces activate the face system at a slightly 

greater delay than upright faces (e.g. Bentin et al., 1996). If inverted and 

fractured flanker faces were initially processed by the object system, they 

would not immediately compete with the generation of a holistic target face 

representation formed by the face system. It would be of interest to ascertain if 

fractured faces also activate the face system at a delay. 

The results from Experiments 1, 2 and 4 also demonstrate a difference 

between attended (divided attention condition) and unattended flankers (full 

attention with flankers). When attention was directed to upright flanker faces 

(as was required by the matching task), holistic processing was impaired. In 

contrast, the presence of to-be ignored upright peripheral flanker faces did not 
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interfere with holistic processing of the target face. This suggests that holistic 

processing does not occur without the allocation of voluntary attention. The 

finding that the upright flanker faces did not automatically recruit holistic 

processing resources appears congruent with a study by Wojciulik et al. (1998). 

Using functional magnetic resonance imaging, they examined whether the face 

recognition module requires attention to encode face representations or 

whether it is fully automatic. They found that face-specific activity in an area of 

the fusiform gyrus was reduced when face pictures were briefly presented 

outside, rather than inside, the focus of attention. The results indicate that the 

allocation of voluntary attention is necessary to fully activate the face 

recognition module. In contrast, Fodor (1983) argues that a module is 

mandatorily and automatically activated whenever the highly specific input of 

that module is presented. The present findings, and those of Wojciulik et al. 

(1998), suggest that the defining characteristics of a module may need to be re

considered. 

However, a priming study indicates that to-be-ignored unfamiliar faces 

may be processed to some degree. Khurana, Smith, and Baker (2000) used a 

selective attention task which consisted of a row of five unfamiliar faces in 

which participants were asked to decide if two target faces were the same or 

different. When the target faces were distractors on the preceding trial, 

participants took longer to decide if the faces were the same or different, 

suggesting that to-be-ignored unfamiliar faces were represented and inhibited. 

In contrast to the negative priming observed with these upright faces, when the 

face targets had appeared as distractors disrupted with high frequency noise or 

contrast-inverted, positive priming was observed. Crucially, when the target 

faces were previously seen as inverted distractors, response latencies were 

unaltered, suggesting that different mechanisms code upright and inverted 

faces. 
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9.1 Conclusions 

There are three main findings from the present set of studies. First, 

matching upright flanker faces disrupted holistic coding of centrally presented 

upright target faces. Second, matching inverted flanker faces did not disrupt 

holistic coding of upright target faces, indicating that inverted flanker face 

processing taps different attentional or computational resources to those used 

by upright faces. These results suggest that holistic representations are 

attentionally demanding to encode. Finally, matching fractured flanker faces 

seemed to have an intermediate effect to matching upright and inverted flanker 

faces. In addition, these findings suggest that the face recognition module has 

capacity limits. 
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PART III: CHANGE DETECTION IN THE FLICKER 
PARADIGM: DO FACES HAVE AN ADVANTAGE? 

ABSTRACT 

Changes to a scene that occur during an eye movement, image flicker or 

movie cut are difficult to detect. One way to measure change detection 

performance is with the flicker paradigm, where changes between two images 

are introduced during a brief blank screen, which causes the images to 

"flicker". Ro et al. (2001) presented flickering displays consisting of one face 

and five different common objects. They found that changes to faces were 

detected both more rapidly and more accurately than changes to objects and 

suggested that faces capture attention due to their biological significance. The 

primary motivation behind the present studies was to investigate whether the 

face change detection advantage occurred because faces were of more 

significance, or simply because the face was a unique category amongst five 

objects. A n object change detection advantage was found when an object was 

presented among a number of faces (Experiments 1 and 3), indicating that a 

change detection advantage can be observed for a distinct category, regardless 

of its significance. Although I expected to replicate the face change detection 

advantage demonstrated by Ro et al. when a face was presented among objects, 

a face advantage was not always evident. Experiment 2 examined the 

conditions necessary to demonstrate a face change detection advantage. 

Overall, the results suggest that faces do not reliably demonstrate a special 

status for change detection. 
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Chapter 10. Introduction and General Method 

From a single glance at a face, we are able to deduce a wealth of 

information about a person, such as their identity, age, emotional state, race, 

gender, attractiveness and direction of eye gaze. The biological and social 

significance of faces has led researchers to suggest that faces are a special class 

of visual object, with different types of representations underlying face and 

object identification (e.g. Farah, 1995). Numerous studies indicate that while 

objects are processed in a parts-based manner, face recognition typically 

proceeds via the use of configural or holistic information (e.g. Farah et al, 1998; 

Tanaka & Farah, 1993). This specialised face processing may take place in a 

dedicated cerebral module (dubbed the fusiform face area, FFA, Kanwisher et 

al., 1997). Evidence from functional neuroimaging and ERPs in normal humans 

(see Haxby et al., 2000 for a review), neurophysiological recordings in monkeys 

(e.g. Desimone, 1991; Perrett, Hietanen, Oram, & Benson, 1992), and 

neuropsychological studies of patients with an inability to recognise faces (e.g. 

De Renzi, 1986b) and objects (Moscovitch et al., 1997) indicate that there are 

cortical areas exclusively for face detection and identification (although there is 

also evidence that these areas may be recruited by other homogeneous objects 

with which we have expertise; see Kanwisher 2000; Tarr & Gauthier, 2000 for 

both sides of the debate). 

10.1 Face detection, automaticity and attention 

The importance and specificity of faces has led researchers to investigate 

whether faces can be detected automatically. The human perceptual system 

does appear to be particularly adept at detecting the facial configuration. For 

instance, briefly presented upright faces are detected faster than scrambled or 
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inverted faces with the same features (e.g. Purcell & Stewart, 1988). However, 

despite the fast and efficient detection of faces, when upright non-emotionally 

expressive faces are presented in visual search tasks with crowded displays 

(often consisting of scrambled or inverted faces), the results generally indicate 

that face targets do not "pop-out" of a display, but rather that detection 

requires serial attentive search (e.g. Brown et al., 1997; Kuehn & Jolicoeur, 1994). 

In addition, unexpected familiar faces (including ones' own) do not appear to 

capture attention when the focus of attention is directed to another task 

involving faces (Laarni et al., 2000). 

Neuroimaging techniques have been used to investigate whether face 

processing in the putative face module is altered by attention. fMRI studies 

have shown that activation in the FFA is increased when faces are the focus of 

attentive processing (O'Craven et al., 1999; Wojciulik et al., 1998). Thus, despite 

evidence that faces are a unique visual stimulus, the perception of faces, like 

that of other objects, appears to be modulated by voluntary attention. When 

techniques with greater temporal resolution are used (such as MEG), even the 

early stages of face processing appear to be modulated by attention, as 

evidenced by the greater amplitude of the M170 (a MEG response which shows 

a greater response to faces than non-face stimuli) when participants attend to 

faces rather than houses (see the study by Liu & Kanwisher reported by 

Downing et al., 2001). Although the N170 (an ERP response at a latency of 170 

ms, which is apparently analogous to the Ml70) is not enhanced by selective 

attention to faces (Cauquil et al., 2000). Overall, it seems that attention is 

involved in face processing. 

In general, these studies provide no compelling evidence that faces with 

neutral emotional expressions are detected automatically, but instead indicate 

that attention is important for face processing. The case for pre-attentive 

processing of emotionally expressive faces (particularly those with negative 
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emotional expressions, such as anger) is stronger, but not all studies concur that 

the perception of facial expressions is automatic (see Eastwood, Smilek, & 

Merikle, 2001; Fox et al, 2000 for reviews). 

10.2 Faces and change detection 

The studies reviewed in the previous section suggest that faces do not 

appear to be processed automatically. However, under certain conditions, 

people may still be biased to attend to faces over other objects. Studies with 

patients suffering left spatial neglect and visual extinction, resulting from 

damage to the right parietal lobe, suggest that faces, compared to other visual 

stimuli, have an advantage in capturing attention. Extinction is characterised 

by inattention and subsequent failure to detect a stimulus in the contralesional 

visual field, when a competing stimulus is simultaneously presented in the 

ipsilesional field (see Driver & Vuilleumier, 2001 for a review). Vuilleumier 

(2000) found that a schematic face presented in the contralesional visual field 

was less likely to be extinguished than a written name, meaningless shape or a 

scrambled face, indicating that faces may be more difficult to ignore than other 

objects. 

Ro et al. (2001) proposed that while faces may not be automatically 

processed, real face stimuli might have an advantage in capturing attention 

when they are competing with real objects. They used the change detection 

paradigm to investigate this issue. In a change detection experiment, changes 

between two scenes are introduced during a saccade, blink, eye movement, 

image flicker or movie cut. Despite our intuitions, observers often miss even 

relatively large changes directly in their field of view, a phenomenon labelled 

"change blindness" (Rensink et al., 1997). Change detection is more likely 

when attention is directed to the object or location of the change, suggesting 
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that focused visual attention is important to detect changes (see Rensink, 2000b; 

Rensink, 2002; Simons, 2000b for reviews). 

Studies using the flicker paradigm also show that change detection is 

superior for more meaningful aspects of a scene, indicating that high-level 

knowledge affects how attention is allocated (see Rensink, 2000a for a review). 

Rensink et al. (1997) found changes that independent raters considered to be of 

"central interest" in naturalistic scenes were more readily detected than those 

considered to be of "marginal interest", suggesting that attention is allocated to 

the most important aspects of a scene first. Changes to semantically 

inconsistent items in a scene (e.g. a fire hydrant in a living room) were detected 

more often and more rapidly, suggesting that attention is preferentially 

allocated to items that are not semantically consistent with a scene 

(Hollingworth & Henderson, 2000). Observers are also more likely to detect 

changes to items that they had learnt at a specific level (e.g. Bill's mug) than 

those learnt at more general level (e.g. a mug) of categorisation (Archambault, 

O'Donnell, & Schyns, 1999). In another study, Werner and Thies (2000) found 

that experts were quicker than novices to detect changes in scenes of American 

football games. 

Interestingly, changes to faces are not always detected, even when it 

seems likely that people would be the focus of attention. Levin and Simons 

(1997) showed brief motion pictures in which the actor was replaced by another 

person and found that only 33 percent of the participants noticed the change. 

In a real-world encounter, Simons and Levin (1998) had an experimenter stop 

and ask for directions. The strategic use of a large board carried by workmen 

allowed the experimenter to be switched with another person and amazingly 

only half of the people noticed that the person had been switched. In these 

complex real-world scenes, where observers were not asked to look for 

changes, face changes were not always detected. However, the detection of 



Chapter 1U 93 

faces compared to other objects was not systematically examined in either of 

these studies. 

Ro et al. (2001) hypothesised that when controlled displays were used, 

changes to faces would be more likely to be noticed than changes to common 

objects. To test this proposal they used the flicker paradigm, in which a brief 

blank field is inserted between two alternating images, producing a flickering 

appearance which masks local motion signals (Rensink et al., 1997). In the 

experiment by Ro et al., participants were shown displays consisting of five 

different objects and a female face (533 ms), alternating with blank white 

screens (83 ms) and were asked to determine whether one of the stimuli 

changed into a different exemplar of its category (e.g. an apple changing to 

broccoli in the food category, or a female face changing to another female face 

in the face category). Changes concerning the faces were noticed both more 

accurately and more quickly than changes to the other objects, suggesting that 

faces have a special capacity to recruit attention when competing for attentional 

resources. Ro et al. (2001) argue that faces have a special capacity to attract 

attention because they are of more biological significance to the observer than 

common objects. 

However, it is also important to note that there was only one face among 

five objects, so that the face was a unique category in each display. The 

advantage for faces may not be due to their biological significance, but may be 

because faces were a distinctly different category. Although there are 

differences between visual search and change detection paradigms, visual 

search studies with simple stimuli find that there is a bias to orient to novel 

items among familiar items. For instance, search is more efficient for an 

inverted item among upright distractors than the reverse (Johnston, Hawley, 

Plewe, Elliott, & DeWitt, 1990; see Wolfe, 2001 for a review of asymmetries in 

visual search). Rensink (2002) suggests that change blindness is reduced for 
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"interesting" items. In the study by Ro et al, it is not clear that the faces are 

more interesting due to their biological significance, or due to their unique 

status in the display. 

The studies reported here aimed to investigate the face change detection 

advantage found by Ro et al (2001). Ro et al. argue that faces have a special 

capacity to capture attention in situations of competition. In contrast, the 

advantage may have been because the face was a unique category on each 

display. Experiments 1 and 3 examined whether an advantage occurred for a 

unique category, specifically, whether an object change detection advantage 

would be observed when one object changed among three faces. Along with 

upright objects among upright faces, in another condition I also examined 

whether an object advantage would occur when the displays of stimuli were 

inverted. A third condition was similar to that used by Ro et al., with one face 

among objects. In Experiment 2, the conditions that are necessary to observe a 

face change detection advantage are investigated. 

10.3 General Method 

10.3.1 Participants 

Data from 12 Caucasian participants were analysed in each experiment. 

In Experiment 1, there were eight females and four males aged between 17 and 

31 years (M = 21). Ten females and two males aged between 19 and 35 years (M 

= 26) completed Experiment 2. In Experiment 3, there were nine females and 

three males aged between 18 and 35 years (M = 23). All participants had 

normal or corrected-to-normal vision and received either $5, $10, course credit 

or were unpaid volunteers. None of the participants completed more than one 

experiment. 
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10.3.2 Stimuli 

Ro et al. (2001) kindly provided the stimuli used in their studies. There 

were five object categories (food, clothes, musical instruments, appliances and 

plants), each consisting of six photographs of objects from that category that 

were selected to have different outline shapes (e.g. a round fan and a square 

toaster in the appliance category). There was also a set of six photographs of 

young female faces, which were used in Experiment 2. For Experiments 1 and 

3, a number of different face categories based on sex and approximate age were 

constructed. Each category was composed of six Caucasian faces in a full-face 

pose with a neutral expression (256 gray levels, 72 dpi). There were three sets 

of young female faces (two upright and one inverted), two of young male faces 

(one upright and one inverted) and two sets of older female faces (one upright 

and one inverted). 

The stimulus presentation was controlled using RSVP Version 4.0.3 

(Williams & Tarr, no date) on a Power Macintosh G3 with a 17 in monitor. The 

centre of each stimulus was placed 5° from fixation and a chin rest ensured that 

the eyes of participants were aligned with the centre of the screen. In 

Experiment 1, the screen resolution was set to 832 x 624, 75 Hz, with 100% 

contrast and 50% brightness and participants were seated 60 cm from the 

screen. For Experiments 2 and 3, the screen resolution was set to 640 x 480, 67 

Hz, with 100% contrast and 100% brightness and participants were seated 80 

cm from the screen. In all of the experiments, each stimulus subtended 

approximately 2.5° x 2.5° of visual angle. The visual angle of the entire display 

was approximately 10° x 10° for displays composed of four stimuli and 13° x 

10° for displays composed of six stimuli. 
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10.3.3 Procedure 

After a 2,000 ms fixation cross, each trial cycled through two alternating 

displays of stimuli separated by a blank white screen, until a response was 

made or 20 s elapsed (see Figure 10-1). Each display consisted of one 

photograph from each of the categories used in that condition. The task was to 

decide if one of the stimuli changed and respond by selecting one of two keys 

labelled "C" (change) or "N" (no-change). Participants were asked to respond 

both as quickly and as accurately as possible. Feedback on accuracy was given 

in the form of a computer beep for incorrect responses. If the participant was 

correct in reporting that one of the stimuli changed, numbered boxes appeared 

on the screen and participants selected the location of the change using the 

number keys. For all experiments, the average accuracy at selecting the location 

of the change was at least 98 percent. The participants pressed the spacebar to 

advance to the next trial. 
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Figure 10-1. Example of the events for a change trial in Experiment 1. 

Following a 2,000 m s fixation cross, the first display of objects was presented for 

400 ms, followed by a blank white screen for 83 ms. The R T timer was then 

activated for the trial and the second display of objects was presented for 400 

ms, followed by another blank screen for 83 ms. This sequence was repeated 

until a response was made or 20 s elapsed. If a change was reported, the 

participant selected the location of the change from four numbered locations on 

the screen. 

For each condition, the displays were identical to each other on half the 

trials (no-change trials17). In the other half (change trials), one of the stimuli 

changed to another randomly selected item from the same category between 

displays (e.g. a male face changing to another male face). There were 12 change 

17 The no-change trials were not the focus of the analysis and they cannot be broken down by 
category. The mean percent of errors (both false-alarms and timed-out responses) was 1.9% for 
each experiment. The mean detection RTs for correct responses (excluding RTs that were more 
or less than two standard deviations from each cell mean for each participant) were: 1,712 ms 
(Experiment 1) 1,789 ms (Experiment 2, four-items), 2,360 ms (Experiment 2, six-items) and 

1,669 ms (Experiment 3). 
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trials for each category. Each stimulus changed once in each visual field, with a 

change equally likely at each location. The trials were randomised for each 

participant and were separated by a number of rest breaks. The reaction timer 

was activated after the first blank screen was removed, just before the onset of 

the second display of stimuli. Before the commencement of each experiment, 

participants completed a number of practice trials with stimuli not used in the 

experiment. After completing the experiment, participants were asked to rate 

the difficulty of change detection for each of the categories on a scale from 1 

(easy) to 10 (difficult). 
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Chapter 11. Experiment 1 

When a face was presented among five objects, Ro et al. (2001) 

demonstrated that face changes were detected both more accurately and more 

quickly than those to objects. The aim of this study was to see if the reverse also 

occurs - an object change detection advantage when an object is presented 

among a number of faces, which would be expected if the different or unique 

stimulus in the display captures attention. To investigate this issue I tested 

whether there would be an object change detection advantage when a single 

object is presented among a number of faces. 

There were three conditions in Experiment 1. The first condition 

(UpObject) consisted of one object category and three different face categories, 

all presented upright. If an advantage accrues for the unique type of object, 

then there should be an advantage for the objects. However, if only faces have 

this special ability to capture attention when in competition, there should be no 

advantage for the objects. The second condition (InvObject) was similar to the 

UpObject condition, except that all the stimuli were inverted. Ro et al. (2001) 

also conducted an experiment in which their five objects and one face were 

presented upside-down. Inversion disrupts the processing of faces to a greater 

degree than that of objects (e.g. Yin, 1969). In contrast to the face advantage 

obtained when the stimuli were upright, Ro et al. found no advantage for 

inverted faces18, which they suggest indicates that the face change detection 

advantage depends upon semantic processing and not image salience. This 

condition was included to examine whether an object advantage would be 

apparent regardless of display orientation, which seems likely as inversion does 

not greatly impair the recognition of objects (e.g. Yin, 1969). The final condition 

Note that a speed-accuracy trade-off was evident when the stimuli were inverted. 
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was similar to that used by Ro et al. (2001) in their Experiment 1, with one 

upright face among upright objects (UpFace). I expected to replicate the 

findings of Ro et al., finding a face change detection advantage with both RTs 

and errors. 

11.1 Method 

11.1.1 Procedure 

The displays of four stimuli were presented for 400 ms each and the 

blank white screen for 83 ms (see Figure 10-1). There were three conditions, 

each consisting of 48 change and 48 no-change trials: (i) UpObject, which 

consisted of three face categories [young females (Set 1), young males (Set 1), 

and older females (Set 1)] and the set of musical instruments, all in an upright 

orientation; (ii) InvObject, which consisted of three face categories [young 

females (Set 2), young males (Set 2), and older females (Set 2)] and the set of 

appliances, all inverted; and (iii) UpFace, which consisted of three object 

categories (clothes, food and plants) and a set of young female faces (Set 3), all 

in an upright orientation. The assignment of object category to each condition 

was random. Participants reported whether a change occurred, as quickly and 

as accurately as possible via the keyboard. Each participant was presented with 

288 randomly presented trials. 

11.2 Results and Discussion 

For the change trials, two types of ANOVA's were conducted for both of 

the dependent variables for each of the UpObject, InvObject and UpFace 

conditions. First, one-way repeated measures ANOVA's comparing the four 

stimulus categories in each condition, followed by planned comparisons. The 
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comparisons in the UpObject and InvObject condition were two-tailed tests and 

compared the objects to each of the three face categories. The comparisons in 

the UpFace condition were one-tailed and compared the faces to each of the 

three object categories. All comparisons used a Bonferroni corrected p-value of 

0.015 for three comparisons. Follow-up one-way repeated measures ANOVA's 

collapsing the data into Face and Object categories for each condition were also 

conducted. This is the type of analysis that was used by Ro et al. (2001) to 

demonstrate a face advantage. There were two primary dependent variables: 

(i) mean detection RTs19 for correct responses in ms, where RTs that were more 

or less than two standard deviations from each cell mean for each participant 

were discarded, leaving approximately 10 (out of a possible 12) valid RTs per 

cell of the design20, and (ii) mean percent of errors (both misses and timed-out 

responses), where each cell mean was based on 12 scores for each participant. 

The participants were also asked to rate the difficulty of detecting changes for 

each of the categories on a 10-point scale (1= easy, 10 = difficult) and the mean 

difficulty ratings for each of the categories are displayed as lines on Figures 11-1 

to 11-3. 

11.2.1 UpObject 

Figure 11-1 shows that changes to the musical instruments were detected 

more rapidly than changes to the faces, as expected if there was an advantage 

for the unique category. The one-way ANOVA for RTs revealed a main effect 

of Category, F(3,33) = 17.87, MSe = 40,126, p < .0001. Planned comparisons 

The RT analyses were also calculated using (i) mean detection RTS for correct responses, 
with no outliers removed, and (ii) median RTs for correct responses. Both of these analyses 
revealed the same pattern of results as those reported. 

20 The average number of alternations (where one alternation is equivalent to the duration of 
one display and blank screen) required to detect changes was also computed and is displayed 
in the RT columns of each figure. 
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revealed that changes to the musical instruments (M = 1,005, SE = 72) were 

detected more quickly than changes to the young females [M = 1,321, SE = 93, 

f(33) = 3.86, p <. 0006] and males [M = 1,562, SE = 93, r(33) = 6.81, p <.0001]. 

Changes to the musical instruments were also detected faster than changes to 

older females, but this difference was not significant (M = 1,120, SE = 71), f(33) 

= 1.41, n.s. Comparing the object category (M = 1,005, SE = 72) to the pooled 

RTs for the face categories (M = 1,335, SE = 73) revealed an object change 

detection advantage, F(l,ll) = 21.44, MSe = 30,327, p < .0008. 

Musical instruments were the category with the second fewest errors 

(see Figure 11-1). Analysis of errors in the one-way ANOVA revealed a main 

effect of Category, F(3,33) = 3.87, MSe = 114.0, p < .02. However, there were no 

significant differences between the musical instruments (M = 10.4, SE = 2.5) and 

any of the three face categories [older female, M = 2.1, SE = 1.5, £(33) = 1.91, n.s.; 

young female M = 11.8, SE = 4.0, t < 1; male, M = 16.7, SE = 6.2, f(33) = 1.43, n.s.] 

(see Figure 11-1). Nor was there a significant difference between the object (M 

= 10.4, SE = 2.5) and pooled face errors (M = 10.2, SE = 3.2), F < 1. In a situation 

where one object is presented among three faces, changes to the objects appear 

to be detected more rapidly than those to faces, and about as accurately. 



Chapter 11 103 

Figure 11-1. Mean RTs and percentage errors for change detection in each 

category of the UpObject condition. The numbers in the RT columns reflect the 

average number of alternations needed to detect changes. The line above the 

bars shows the mean difficulty ratings for the categories (1 = easy, 10 = 

difficult). Standard error bars are shown. 

11.2.2 InvObject 

Figure 11-2 shows that the changes to the inverted appliances were 

detected more rapidly than changes to the faces. For the one-way A N O V A 

with RTs, there was a main effect of Category, F(3,33) = 8.07, MSe = 51,452, p < 

.0004. Planned comparisons revealed that the inverted appliances (M = 1,119, 

SE = 66) were detected more quickly than inverted young females [M = 1,423, 

SE = 99, f(33) = 3.28, p <.003] and inverted males [M = 1,558, SE = 117, f(33) = 

4.75, p <.0001]. The difference between the inverted appliances and inverted 

older females (M = 1,308, SE = 95) was not significant, t(33) = 2.05, n.s. 

Comparing the object R T (M = 1,119, SE = 66) to the pooled RTs for the face 

categories (M = 1,430, SE = 92) revealed an inverted object change detection 

advantage, F(l,ll) = 12.34, MSe = 46,959, p < .005. 
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Appliances were the category with the second fewest errors (see Figure 

11-2). Analysis of errors in the one-way ANOVA revealed a main effect of 

Category, F(3,33) = 6.82, MSe = 60.7, p < .002. Planned comparisons revealed 

that fewer change detection errors were made to inverted appliances (M = 7.6, 

SE = 2.6) than to inverted males (M = 18.1, SE = 3.0), f(33) = 3.28, p <. 003. There 

was no difference between the inverted appliances and inverted older (M = 4.9, 

SE = 2.4, t < 1) or younger [M = 13.2, SE = 3.8, f(33) = 1.75, n.s.] females. 

Although there were fewer errors for the object category (M = 7.6, SE = 2.6) than 

the pooled face categories (M = 12.0, SE = 2.5), the difference was not 

significant, F(l,ll) = 3.35, MSe = 34.7, n.s. Taken together with the UpObject 

results, it is clear that there was an RT advantage when one object was 

presented among faces, regardless of whether the stimuli were upright or 

inverted. However, there was no significant advantage for either orientation 

when errors were examined. 
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Figure 11-2. Mean RTs and percentage errors for change detection in each 

category of the InvObject condition. The numbers in the RT columns reflect the 

average number of alternations needed to detect changes. The line above the 

bars shows the mean difficulty ratings for the categories (1 = easy, 10 = 

difficult). Standard error bars are shown. 

11.2.3 UpFace 

In contrast to expectations, changes to the faces were only the third 

fastest to detect (see Figure 11-3). Analysis of RTs in the one-way A N O V A 

revealed a main effect of Category, F(3,33) = 8.24, MS, = 21, 153, p <. 0004. 

Planned comparisons found that changes were detected more quickly for the 

food category (M = 965, SE = 73) than the faces (M = 1,167, SE = 63), t(33) = 3.41, 

p < .001. There was no difference between the faces and clothes [M = 1,075, SE 

= 55, f(33) = 1.55, n.s.] or plants [M = 1,244, SE = 74, t(33) = 1.30, n.s.]. Nor was 

there any face advantage when the data were pooled into face (M = 1,167, SE = 

63) and object (M = 1,095, SE = 58) categories, F(l,ll) = 2.27, MSe = 13,931, n.s. 

Faces and food categories had the least errors (both M = 4.2, SE = 1.9) 

(see Figure 11-3). Analysis of errors in the one-way ANOVA revealed a main 
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effect of Category, F(3,33) = 4.04, MSe = 55.8, p < .02. Planned comparisons 

found that there were significantly fewer change detection errors to faces than 

to plants (M = 13.2, SE = 3.5), t(33)= 2.96, p < .003. The difference between the 

faces and clothes (M = 5.6, SE = 2.4, t < 1) was not significant. Pooling the data 

into face (M = 4.2, SE = 1.9) and object categories (M = 7.6, SE = 1.7) did, 

however, reveal a face change detection advantage F(l,ll) = 6.40, MSe = 11.3, p 

<.03. 

Ro et al. (2001) asked participants to rate the difficulty of detecting 

changes for each category of stimuli. They found that while the RT and error 

data revealed a face change detection advantage, the faces were rated as the 

second most difficult category in which to detect changes, suggesting that the 

participants seemed to be unaware of the face advantage. I also asked 

participants to rate the difficulty of change detection for each category, and like 

Ro et al., the faces were judged as the second most difficult category in which to 

detect changes (see Figure 11-3). However, unlike Ro et al., I did not find a face 

change detection advantage when RTs were examined. Instead, the pattern of 

RTs seems to follow the pattern of perceived change detection difficulty, with 

changes in the categories judged the easiest detected most quickly. This pattern 

of RTs corresponding to the difficulty ratings is not just apparent in the UpFace 

condition, but also the UpObject and InvObject conditions (see Figures 11-1 and 

11-2). 



Chapter 11 107 

°000 
£.\J\J\J 

f> 1500-
E, 

a 1000 

c 
a 
^ 500 -

0 

iRTD% Errors 

c r\ 

5.08 5.17 

\ ^ ^ 3.42 3.58 ^ ^ 

IT 

•w* 

T 

2.0 

T 

T 
•••:̂ : •.:•:•••••;•:•: ::-:-:-x-̂--:;::-::-: 

T 

T 

2.6 

T 

1 ' 

J U 

40 

30 

20 

10 

0 
Faces Food Clothes Plants 

Category 

o 

HI 

$s 

Figure 11-3. Mean RTs and percentage errors for change detection in each 

category of the UpFace condition. The numbers in the RT columns reflect the 

average number of alternations needed to detect changes. The line above the 

bars shows the mean difficulty ratings for the categories (1 = easy, 10 = 

difficult). Standard error bars are shown. 

11.2.4 Summary 

Ro et al. (2001) observed a face change detection advantage, and 

suggested that a face presented among objects may attract more attention due 

to its biological significance. If this is the case, then no detection advantage 

should occur for objects, which are presumably of less biological relevance, 

when presented among faces. However, if the face advantage observed by Ro 

et al. (2001) occurred because the face was a unique category, then an advantage 

should be observed for the unique object category among three faces. In line 

with the unique category hypothesis, the RT data in the UpObject condition 

revealed an object change detection advantage, suggesting that a unique 

category captures attention. 
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An advantage for an inverted object among inverted faces was also 

found, indicating that the unique object category advantage occurs regardless 

of the orientation of the stimuli. This inverted object advantage may be because 

inversion disrupts the recognition of faces more than the recognition of objects 

(Yin, 1969), leading to less error prone object identification. Alternatively, this 

finding could be a result of differences between objects and faces. Faces all 

share the same first-order configuration (eyes above nose above mouth) and 

have similar outline shapes, while the exemplars of each object category do not. 

The advantage found with inverted objects may indicate that the object change 

detection advantage occurred because the objects were more dissimilar from 

each other, enhancing change detection. 

Although there was evidence of a face change detection advantage for 

the face among the objects when errors were examined, no advantage for the 

face category was observed with RTs. In contrast, Ro et al. (2001) found a face 

advantage with both errors and RTs when comparing faces to the pooled object 

condition. The greatest difference between the studies is that while Ro et al. 

presented five object categories on each display, the present experiment only 

used three. Thus, three objects may not provide an adequate level of 

competition to obtain a clear face change detection advantage. However, it 

should be noted that a unique object category advantage was observed with 

three competing objects. In Experiment 2,1 examine the conditions necessary to 

observe an advantage for faces and then return to the primary focus of these 

studies in Experiment 3. 
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Chapter 12. Experiment 2 

The aim of this experiment was to investigate reasons why a face change 

detection advantage was not observed for both RTs and errors in the UpFace 

condition of Experiment 1. Ro et al. (2001) observed a defection advantage for 

faces when they were presented among five objects, but not when the face was 

presented alone. They argue that competition for attention, a consequence of a 

high perceptual load, is necessary to observe a face change detection advantage. 

It is possible that three objects do not provide enough competition for a face 

change detection advantage to be observed. Change detection also involves 

visual short-term memory (vSTM), because comparisons between displays 

require a representation of the attended object to be maintained in vSTM across 

the blank interval (Hollingworth, Schrock, & Henderson, 2001). Change 

detection studies reveal vSTM limits of around four or five items per scene 

(Luck & Vogel, 1997), with change detection becoming more difficult as the 

number of potentially changing items increases (Rensink, 2000b; Zelinsky, 

2001). It seems plausible that the failure to observe a face change detection 

advantage with RTs in the UpFace condition of the previous experiment was 

due to using displays with fewer objects than those used by Ro et al, which 

reduced both perceptual and vSTM load. However, the object change detection 

advantage obtained in Experiment 1 with RTs suggests that three competing 

stimuli can provide an adequate level of competition to observe change 

detection advantages. In this experiment, displays containing both four- and 

six-items were used to investigate whether a face change detection advantage 

can be observed with a higher level of competition. 

It is also possible that the flicker produced by the blank white screen was 

not enough to mask the local transients when there was a change, reducing the 

difficulty of the task and perhaps the face advantage. To make sure that there 



Chapter 12 110 

was a global transient across the entire screen I changed the background behind 

the stimuli to gray and enhanced the brightness of the white screen, techniques 

employed by Ro et al. (2001). These modifications were used to try to increase 

the difficulty of detecting changes21. 

12.1 Method 

12.1.1 Stimuli 

As in Experiment 1, I used exactly the same object stimuli as Ro et al. 

(2001) (six photographs from each of these categories: musical instruments, 

clothes, food, appliances and plants). In this experiment, the exact same face 

stimuli as Ro et al were also used. 

22.1.2 Procedure 

The procedure for the four-item condition (one face among three objects) 

was similar to that of the UpFace condition of Experiment 1, although there 

were two main changes. First, the stimuli were presented on a medium gray 

coloured background with a permanent central fixation cross and the 

brightness of the monitor was set to full. Second, the screen refresh rate was 

changed to 67 Hz, with concomitant presentation time changes: the blank white 

screens were shown for 90 ms and the displays for 403 ms. The six-item 

condition (one face among five objects) was similar, except that each display of 

stimuli was shown for 538 ms, a similar presentation time to that used by Ro et 

al. (2001). Due to the increase in items, there were 72 change trials and 72 no-

Appendix A contains two experiments that also investigated whether a face change detection 
advantage depends upon the number of competing objects. Reliable face change detection 
advantages were not observed with either four- or six-item displays. However, these 
experiments used the white display background colour and timing used in Experiment 1, 
whereas Experiment 2 introduced changes to enhance screen flicker. 
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change trials for the six-item condition. Half of the participants completed the 

six-item condition before the four-item condition (Order 1), while the others 

completed the reverse order (Order 2). 

12.2 Results and Discussion 

For the change trials, two types of ANOVA's were conducted for both of 

the dependent variables for each of the four- and six-item conditions. First, a 

two-way repeated measures ANOVA with one between-subjects factor: Order 

(1/2) and one repeated measures factor: Category (either four or six items), 

followed by one-tailed planned comparisons comparing the face to the object 

categories. In the four-item condition a Bonferroni corrected p-value of 0.015 

was used, while in the six-item condition a p-value of 0.01 was used. I also 

conducted follow-up two-way repeated measures ANOVA's with one between-

subjects factor: Order (1/2) and one repeated measures factor: Category 

(Face/Objects). There were two primary dependent variables: (i) mean 

detection RTs for correct responses in ms, where RTs that were more or less 

than two standard deviations from each cell mean for each participant were 

discarded, leaving 10 and 9 (four and six category conditions respectively) valid 

RTs per cell of the design, and (ii) mean percent of errors, where each cell mean 

was based on 12 scores for each participant. The participants were also asked to 

rate the difficulty of detecting changes for each of the categories on a 10-point 

scale (1= easy, 10 = difficult) and the mean difficulty ratings for each of the 

categories are displayed as lines on Figures 12-1 and 12-2. 

12.2.1 Four items (One face among three objects) 

Figure 12-1 reveals that face changes were the most rapidly detected, as 

predicted based on the findings by Ro et al. (2001). For the two-way ANOVA 
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with RTs, there was a main effect of Category, F(3,30) = 9.68, MSe = 17,759, p < 

.0002. Planned comparisons found that face changes (M = 1,022, SE = 49) were 

detected more quickly than changes to plants (M = 1,285, SE = 62), t(30) = 4.85, 

p < .0001. There was no significant difference between the faces and food (M = 

1,044, SE = 70, t < 1) or clothes (M = 1,102, SE = 59), f(30) = 1.48, n.s. The 

ANOVA comparing the faces (M = 1,022 SE = 49) to the pooled objects (M = 

1,144, SE = 56) was significant [F(l,10) = 8.05, MSe = 11,153, p < .02], as in Ro et 

al (2001). Similar to Experiment 1, the ratings of perceived difficulty appear to 

be in line with the RTs, so that the quickest category is also perceived to be the 

easiest. This suggests that participants may be aware of the advantage for 

faces. 

Faces were the category with the second fewest errors (see Figure 12-1). 

For the two-way ANOVA with error rates, the main effect of Category 

approached significance, F(3, 30) = 2.77, MSe = 110.6, p < .06. Planned 

comparisons revealed that there were significantly fewer errors with the faces 

(M = 10.4, SE = 2.9) than the plants (M = 20.1, SE = 5.8), f(30) = 2.26, p < .02. 

However, the differences between the faces and both the food (M = 9.0, SE = 

5.4, t < 1) and clothes [M = 15.3, SE = 4.9, t(30) = 1.13, n.s.] categories were not 

significant. Analyses pooling the object data (M = 14.8, SE = 5.0) found no 

significant effect of Category, F < 1. 

In this experiment, a face change detection advantage was observed with 

RTs, but not with errors. This is the reverse pattern to that observed in 

Experiment 1. The display times are reduced in Experiment 3 in an effort to 

obtain a face advantage for both dependent variables. 
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Figure 12-1. Mean RTs and percentage errors for change detection in each of 

the four categories. The numbers in the RT columns reflect the average number 

of alternations needed to defect changes. The line above the bars shows the 

mean difficulty ratings for the categories (1 = easy, 10 = difficult). Standard 

error bars are shown. 

12.2.2 Six items (One face among five objects) 

Figure 12-2 shows that changes to faces were the most rapidly detected. 

For the two-way ANOVA with RTs, there were main effects of Order, [F(l,10) = 

7.63, MS, = 395,444, p < .03] and Category, [F(5,50) = 6.09, MSe = 73,778, p < 

.0003]. The Order effect was due to participants who completed the four-item 

condition first (Order 2; M = 1,380, SE = 63), detecting changes more quickly 

than those who did not (Order 1; M = 1,789, SE = 65). When the categories were 

compared, planned comparisons revealed that changes to faces (M = 1,400, SE 

= 116) were detected faster than changes to appliances [M = 1,679, SE = 140, 

f(50) = 2.51, p < .008] and plants [M = 1,891, SE = 119, f(50) = 4.43, p < .0001]. 

The difference between the faces and clothes (M = 1,665, SE = 119) approached 

significance when the Bonferroni correction for multiple comparisons was 
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applied, t(50) = 2.39, p < .02. The differences between the faces and other object 

categories were not significant (musical instruments M = 1,439, SE = 108; food 

M = 1,434, SE = 105, t's < 1). The ANOVA comparing the faces (M = 1,400, SE 

= 116) to the pooled object (M = 1,622, SE = 98) data approached significance, 

F(l,10) = 4.47, MSe = 66,067, p = 0.06. Although the pattern of results is similar 

to that found by Ro et al. (2001), it is interesting to note that the average RTs in 

this experiment were still quicker than those obtained by Ro et al. In the 

present experiment, an average of 2.2 alternations were required to detect 

changes to the faces, while the participants in the study by Ro et al. needed 

approximately 3.2 alternations. Whereas 2.6 alternations were required to 

detect changes to the objects in this experiment, approximately 3.8 alternations 

were required in the study by Ro et al. 

Examining the perceived difficulty ratings reveals that faces were rated 

as the second-easiest category in which to detect changes. This is unlike the 

pattern observed by Ro et al., where faces were rated as the second-hardest 

category in which to perceive changes. While Ro et al. suggest that participants 

may be unaware of a face advantage, the present studies indicate that this may 

not be the case. 

As Figure 12-2 shows, changes to faces were detected with the fewest 

errors. For the two-way ANOVA with error rates, there was a main effect of 

Category, F(5,50) = 13.26, MSe = 124.6, p < .0001. Planned comparisons revealed 

that significantly fewer errors were observed for the faces (M = 9.0, SE = 3.0) 

than the clothes [(M = 30.6, SE = 6.4), t(50) = 4.72, p < .0001] or plants [M = 42.4, 

SE = 2.8, f(50) = 7.31, p < .0001]. When the Bonferroni correction for multiple 

comparisons was applied, the difference between faces and appliances [M = 

19.4, SE = 4.1, f(50) = 2.29, p < .02] was marginal, and the difference between 

faces and the categories of musical instruments (M = 18.1, SE = 4.7) and food 

(M = 18.1, SE = 5.8) did not reach significance, both f(50) = 1.98, p < .03. The 
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A N O V A comparing the faces (M = 9.0, SE = 3.0) to the pooled object (M = 25.7, 

SE = 3.8) categories revealed a main effect of Category, F(l,10) = 23.55, MSe = 

70.8, p < .0008. 
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Figure 12-2. Mean RTs and percentage errors for change detection in the six 

categories. The numbers in the RT columns reflect the average number of 

alternations needed to detect changes. The line above the bars shows the mean 

difficulty ratings for the categories (1 = easy, 10 = difficult). Standard error bars 

are shown. 

22.2.3 Comparison of four- and six-item displays 

The same four categories of stimuli presented on the four-item displays 

were also used on six-item displays, allowing a comparison of these four 

categories (faces, food, clothes & plants) across display size. Two-way repeated 

measures ANOVA's with two repeated measures factors: Items (Four/Six) and 

Category (Faces/Food/Clothes/Plants) were conducted for the two dependent 

variables of RTs and error rates. Due to differences in presentation times, the 
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mean RTs were converted to flicker alternations, where one alternation is 

equivalent to the duration of one display and blank screen presentation. There 

was a main effect of Items, [F(l,ll) = 6.38, MSe = 0.3, p < .03], with fewer 

alternations needed to detect changes in the four- (M = 2.3, SE = 0.1), than the 

six-item (M = 2.5, SE = 0.1) displays. There was also a main effect of Category, 

[F(3,33) = 14.23, MSe = 0.2, p < .0001], with face detection (M = 2.2, SE = 0.1) 

requiring fewer alternations than the clothes [(M = 2.4, SE = 0.1, f(33) = 2.59, p < 

.008, 1-tailed] and plants [M = 2.8, SE = 0.1, £(33) = 5.84, p < .0001, 1-tailed]. 

There was no significant difference between the faces and foods (M = 2.2, SE = 

0.1), t < 1. The increased number of alternations needed to detect changes when 

more items were displayed is consistent with the results of a change detection 

study by Zelinsky (2001), who found that RTs were much quicker when one-

and three-items were presented on each display, compared to nine-items. He 

suggests that an increase in display size reduces sensitivity to the change signal. 

For the error rates, there was a main effect of Items, [F(l,ll) = 12.22, MSe 

= 250.1, p < .006] and an effect of Category, [F(3,33) = 14.45, MSe = 155A, p < 

.0001] which were moderated by an interaction between Items and Category, 

F(3,33) = 5.86, MSe = 102.8, p < .003. For faces, the error rate did not differ 

between the four- (M = 10.4, SE = 2.9) and six-item displays (M = 9.0, SE = 3.0). 

For the other categories, the error rate doubled when six-items were displayed. 

Post-hoc Tukey HSD tests found that there were significantly fewer errors in 

the four-item displays for the clothes (four-items M = 15.3, SE = 4.9; six-items M 

= 30.6, SE = 6.4; p < .02) and plants (four-items M = 20.1, SE - 5.8; six-items M = 

42.4, SE = 2.8; p < .0003), however there was no difference for the food (four-

items M = 9.0 SE = 5.4; six-items M = 18.1, SE = 5.8; p = .39). This pattern of 

results suggests that observers were more likely to miss changes to the objects, 

but not the faces, when the display size increased. 
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12.2.4 Summary 

With four items (one face among three objects), a face advantage was 

found with RTs, but not with errors. With six items (one face among five 

objects), a face advantage was found with errors, and the effect with RTs 

approached significance. It appears that demonstrating a face advantage may 

be easier, especially with error rates, when there are more categories of objects 

presented on each display, increasing competition for attentional or vSTM 

resources. However, a face advantage with RTs was still observed in the four-

item condition, suggesting that three competing objects should be enough to 

obtain a face advantage under the appropriate conditions. In the next 

experiment I reduce the display time in an effort to obtain a face advantage 

with both RTs and errors when four-items are presented. It is interesting to 

note that changes to the display background colour and small changes in the 

timing can lead to differences in the pattern of results. This contrasts with the 

results of a flicker experiment with images of natural scenes that showed 

similar change detection performance with different blank durations (80 and 

160 ms) and blank colours (black, white and gray) (Rensink, O'Regan, & Clark, 

2000). 
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Chapter 13. Experiment 3 

In the previous experiment, a face change detection advantage with RTs 

was observed in the four-item condition. Thus, I decided to re-run Experiment 

1 with the methodological changes (gray display background, bright white 

blank screen presented for 90 ms) implemented in Experiment 2. I also reduced 

the display time to 300 ms. When searching for a target, recently attended 

locations may be inhibited to prevent attention searching the same location (e.g. 

Posner & Cohen, 1984). If the first frame of stimuli was presented for long 

enough for participants to examine the objects after they had inspected the face, 

an inhibitory tag may have been left on the location of the face and this may 

have counteracted a face advantage. The reduction in display time should 

reduce the possibility of an inhibitory tag being associated with the location of 

the face and should also increase the difficulty of the task, which may lead to a 

face change detection advantage for both errors and RTs. 

13.1 Method 

13.1.1 Procedure 

The procedure was similar to that of Experiment 1, except with the 

display background colour and luminance changes of Experiment 2. In 

addition, the timing of the displays was reduced to 300 ms. 

13.2 Results and Discussion 

The same analyses as those for Experiment 1 were performed. 
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13.2.1 UpObject 

Figure 13-1 shows that changes to the musical instruments were the 

fastest to detect. For the one-way ANOVA with RTs, there was a main effect of 

Category, F(3,33) = 5.89, MSe = 41,037, p < .003. Planned comparisons revealed 

that changes to the musical instruments (M = 1,220, SE = 74) were detected 

faster than changes to the males (M = 1,530, SE = 86), f(33) = 3.75, p<.0008. 

There was no significant difference between the musical instruments and older 

(M = 1,241, SE = 9Q,t< 1) or younger females [M = 1,351, SE = 97, t(33) = 1.56, 

n.s]. Comparing the object category (M = 1,220, SE = 74) to the pooled RTs for 

the face categories (M = 1,374, SE = 75) revealed an object change detection 

advantage, F(l,ll) = 8.06, MSe = 17,592, p <. 02. 

Musical instruments were the category with the second fewest errors 

(see Figure 13-1). Analysis of errors revealed a main effect of Category, F(3,33) 

= 12.41, MSe = 114.7, p < .0001. There were significantly fewer errors for the 

musical instruments (M = 13.9, SE = 3.1) than the males (M = 32.6, SE = 5.1), 

f(33) = 4.29, p < .0001. However, there were no differences between the musical 

instruments and the older [M = 8.3, SE = 2.5, t(33) = 1.27, n.s.] or younger (M = 

11.8, SE = 3.8, t < 1) females. Nor was there any difference between the object 

(M = 13.9, SE = 3.1) and pooled face data (M = 17.6, SE = 2.9), F(l,ll) = 1.21, MSe 

= 68.3, n.s. This pattern of results is similar to that observed in Experiment 1, 

with an object change detection advantage with RTs, but not with errors. 
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Figure 13-1. Mean RTs and percentage errors for change detection in each 

category of the UpObject condition. The numbers in the RT columns reflect the 

average number of alternations needed to detect changes. The line above the 

bars shows the mean difficulty ratings for the categories (1 = easy, 10 = 

difficult). Standard error bars are shown. 

13.2.2 InvObject 

Figure 13-2 shows that changes to the inverted appliances were the most 

rapidly detected. For the one-way A N O V A with RTs, there was a main effect of 

Category, F(3,33) = 8.45, MSe = 29,876, p < .0004. Planned comparisons revealed 

that the inverted appliances (M = 1,181, SE = 82) were detected more quickly 

than the inverted young females [M = 1,434, SE = 118, f(33) = 3.59, p <.002] and 

inverted males [M = 1,514, SE = 103, t(33) = 4.72, p <.0001]. The difference 

between the inverted objects and inverted older females (M = 1,318, SE = 95) 

was not significant, f(33) = 1.94, n.s. Comparing the object RT (M = 1,181, SE = 

82) to the pooled RTs for the face categories (M = 1,422, SE = 98) revealed an 

inverted object change detection advantage, F(l,ll) = 18.58, MSe = 18,759, p < 

.002. 
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There were fewer errors for the inverted appliances compared to the 

other categories (see Figure 13-2). For the one-way A N O V A with errors, there 

was a main effect of Category, F(3,33) = 5.96, MSe = 131.0, p < .003. Planned 

comparisons revealed that fewer change defection errors were made to 

appliances (M = 12.5, SE = 3.2) than to inverted males (M = 30.6, SE = 6.7), t(33) 

= 3.86, p <. 0006. There was no difference between the inverted appliances and 

inverted older (M = 14.6, SE = 4.7, t < 1) or younger [M = 18.8, SE = 4.4, t(33) = 

1.34, n.s.] females. A comparison of the object category (M = 12.5, SE = 3.2) to 

the pooled face categories (M = 21.3, SE = 4.5) was significant, F(l,ll) = 7.54, 

M S e = 61.6, p < .02. W h e n inverted objects were presented among inverted 

faces, an inverted object detection advantage was observed with both RTs and 

errors. 
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Figure 13-2. Mean RTs and percentage errors for change detection in each 

category of the InvObject condition. The numbers in the RT columns reflect the 

average number of alternations needed to detect changes. The line above the 

bars shows the mean difficulty ratings for the categories (1 = easy, 10 = 

difficult). Standard error bars are shown. 
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13.2.3 UpFace 

Participants were slowest to detect changes to the face category (see 

Figure 13-3). The one-way ANOVA with RTs revealed no main effect of 

Category, F < 1. There was no face advantage when the data were pooled into 

face (M = 1,236, SE = 72) and object (M = 1,204, SE = 60) categories, F < 1. In the 

previous two experiments with four items and the UpObject and InvObject 

conditions in this experiment, the ratings of change detection difficulty appear 

to follow the pattern of RTs, with the category judged the easiest having the 

fastest RTs. However, in this condition, the ratings of change detection 

difficulty do not follow the pattern of RTs as closely. 

Changes to the faces were detected with the second fewest errors (see 

Figure 13-3). The one-way ANOVA with errors also revealed no main effect of 

Category, F(3,33) = 2.03, MSe = 173.7, n.s. There were marginally less errors to 

faces (M = 9.7, SE = 4.1) than to plants [M = 20.1, SE = 4.9, t(33)= 1.94, p = 0.03] 

when the Bonferroni correction for multiple comparisons was applied. 

However, there were no significant differences between the faces and either 

food (M = 8.3, SE = 2.9, t < 1) or clothes (M = 15.3, SE = 4.2), f(33) = 1.03, n.s. (see 

Figure 13-3). Pooling the data into face (M = 9.7, SE = 4.1) and object categories 

(M = 14.6, SE = 3.0) revealed no category difference, F < 1. 

Unlike Experiment 2, there was no face change detection advantage with 

RTs. In addition, there was no advantage with errors, as was observed in the 

UpFace condition of Experiment 1. 
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Figure 13-3. Mean RTs and percentage errors for change detection in each 

category of the UpFace condition. The numbers in the RT columns reflect the 

average number of alternations needed to detect changes. The line above the 

bars shows the mean difficulty ratings for the categories (1 = easy, 10 = 

difficult). Standard error bars are shown. 

13.2.4 Summary 

Reducing the display timing to 300 m s did not generate a face advantage 

with either RTs or errors in the UpFace condition. However, an object 

advantage was observed for upright objects with RTs and for inverted objects 

with both RTs and errors. Despite the methodological changes, the results of 

this experiment are similar to those of Experiment 1. 
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Chapter 14. General Discussion 

When one object was presented among three faces, regardless of 

orientation, I found that changes to the objects were detected more rapidly, 

although not necessarily more accurately, than changes to the faces 

(Experiments 1 and 3). This object change detection advantage indicates that a 

unique stimulus category on each display may recruit attention. Uniqueness 

may be more salient than "faceness". 

Although the object advantages were obtained reliably with RTs, it 

proved more difficult to replicate the face change detection advantage reported 

by Ro et al. (2001). Ro et al. found that changes to faces were more accurately 

and more rapidly detected than changes to objects, when the stimuli were 

competing for attentional resources. When four-items were presented, I found 

the face advantage with errors only (Experiment 1), RTs only (Experiment 2) 

and for neither dependent variable (Experiment 3). When six-items were used, 

as in the original demonstration by Ro et al., a face advantage was observed 

with errors and the analysis of RTs approached significance. The comparisons 

between the four- and six-item conditions suggest that a certain level of 

competition is required to find a face change detection advantage. However, it 

is interesting to note that object change detection advantages were 

demonstrated with only four items on each display. Obtaining a face change 

defection advantage also does not seem to be associated with the number of 

alternations required to detect the change. Approximately three and a half 

alternations were required to detect changes in the study by Ro et al., while two 

and a half alternations were required in the six-item condition of Experiment 2. 

Examining the four-item conditions, approximately two and a half alternations 

were needed to detect changes for both Experiments 1 and 2. Despite a similar 

number of alternations, Experiment 1 found a face advantage only with errors, 
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while the face advantage in Experiment 2 was obtained only with RTs. In 

Experiment 3, approximately three alternations were needed to detect changes 

in the UpFace condition and no face advantage was observed for either 

dependent variable. 

It is important to note that the visual similarity of the different stimulus 

classes was not equivalent. Comparing the items on each display, the similarity 

of the faces to each of the object categories was low, the similarity of each of the 

object categories to each other was low, while the similarity of each of the face 

categories to each other was high. Visual search studies indicate that search is 

more difficult when the distractor set is heterogeneous (e.g. Duncan & 

Humphreys, 1989). In addition, when changes occurred, the magnitude of the 

change was larger for the exemplars in the object categories, than for those in 

the face categories. The complex role of visual similarity in change detection 

performance needs to be systematically examined. 

The object stimuli I used were selected for two reasons. First, they were 

the exact stimuli used by Ro et al. (2001). Second, the exemplars in each 

category are ecologically valid, in that we generally tend to categorise objects at 

the basic level (e.g. "bird" rather than "robin") (Rosch et al, 1976), while faces 

are categorised at an individual or subordinate level. A unique object 

advantage was obtained with these stimuli. A more stringent test to examine 

whether a unique category, regardless of biological significance, demonstrates a 

change detection advantage could be conducted by using objects that are more 

similar to each other. However, it is difficult to find sets of objects that are 

visually similar, but not stimuli that require considerable expertise to 

differentiate. Perhaps one way to investigate this issue would be to use 

different sets of animals (e.g. cats, dogs), in which exemplars of each category 

would be similar to each other, but presumably not as biologically significant as 

faces. 
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Ro et al. asked participants to rate the difficulty of detecting changes for 

each category (on a scale from 1-6). They found that faces were judged to be the 

second-hardest category for detecting changes (after the plants) - although 

change detection was superior for the faces. They suggest that participants may 

not be aware of the face change detection advantage and that it may be 

involuntary and not open to conscious awareness. However, in the present 

experiments the pattern of RTs appears to follow the patterns of perceived 

difficulty of the change detection reported by the participants. This suggests 

that change detection may be related to visual similarity in these experiments. 

As reviewed in the introduction, studies using a variety of experimental 

paradigms suggest that faces, especially those with neutral emotional 

expressions, are not detected automatically. The present flicker experiments 

also indicate that faces do not appear to attract more attentional resources than 

other objects. However, the ability of a face to capture attention may depend 

upon the type of face stimuli presented. There is some (albeit mixed) evidence 

that an attentional bias is present for emotionally expressive faces, particularly 

those displaying threat or anger (see Fox et al., 2000). For instance, Eastwood et 

al., (2001) suggest that the, "emotional expression in a face can be perceived 

outside the focus of attention and can guide focal attention to the location of the 

face" (p. 1004). Different cortical areas may be involved in processing 

emotional expression (the amygdala, insula and limbic system) to those used to 

recognise faces (occipitotemporal regions in exfrastriate visual cortex) (see 

Haxby et al., 2002). It remains to be seen if emotionally expressive faces have a 

special capacity to attract attention in a flicker task, when presented with either 

non-expressive faces or objects. 

In conclusion, I demonstrated an object change detection advantage 

when an object was presented among a number of faces. I suggest that the face 

change detection advantage observed by Ro et al. (2001) may not be because 
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faces have a special capacity to attract attention per se, but because the faces 

were a unique category of stimulus on each display. 
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PART IV: GENERAL DISCUSSION 

Chapter 15. General discussion and conclusions 

The first section of this concluding chapter summarises and integrates 

the results of the studies in Parts II and III. In the subsequent two sections, 

methodological limitations and suggestions for future research are discussed. I 

also comment upon the contribution of the research contained in this 

dissertation to the field of face perception. 

15.1 Summary of findings 

Upright faces are generally processed in a holistic manner (e.g. Tanaka & 

Farah, 1993). The four experiments reported in Part II investigated whether 

holistic processing requires attention by manipulating the attention allocated to 

a centrally presented target face and two peripheral flanker faces. Participants 

in full attention conditions were able to ignore the flankers, whereas those in 

the divided attention condition were required to match the identity of the 

flankers. Holistic coding of the target face was evident in full attention 

conditions, but was disrupted in the divided attention condition, suggesting 

that attention is required for holistic coding. 

In addition, it was found that while matching upright flanker faces 

disrupted holistic processing of upright target faces, matching inverted flanker 

faces did not. This differential effect of flanker orientation was not a result of 

inverted flankers being more time consuming to match, because upright 

flankers were matched both more accurately and more quickly than inverted 

flankers were. Instead, the difference appears to be due to the fact that rather 

than being processed holistically, inverted faces are processed in more of a 

parts-based manner (e.g. Rhodes et al., 1993), thus not competing with the 



Chapter 15 129 

upright target face for attentional or processing resources. Furthermore, it was 

found that matching fractured flanker faces, which are processed similarly to 

inverted faces but with less disruption to the face system (e.g. Moscovitch & 

Moscovitch, 2000), had an intermediate effect on the holistic processing of the 

target face than that of matching upright and inverted flanker faces. 

There are a number of conclusions that can be drawn from these 

experiments. First, holistic face representations are attentionally demanding to 

encode. Second, there are limitations in the number of faces that can be 

holistically coded in a brief time. Third, the ability to holistically encode the 

target faces was dependent on the type of flanker faces that were matched. 

That is, holistic coding of target faces was impaired when participants matched 

flankers that were likely to engage holistic processing (i.e. upright face 

flankers), but relatively unaffected when participants matched flankers in a 

featural manner (i.e. inverted face flankers). Matching fractured face flankers 

revealed intermediate effects, suggesting that fractured faces utilise both face 

and object processes. 

The three experiments in Part III also examined the role of attention in 

face encoding. However, while the experiments reported in Part II were 

concerned with the role of attention in the holistic coding of faces, those in Part 

III investigated whether faces have an advantage in capturing attention when 

they are competing with other objects. Because faces are biologically 

significant, Ro et al. (2001) suggested that faces, in comparison to common 

objects, might have an advantage in capturing attention in competitive 

situations. Using the "flicker paradigm", they measured the ability of 

participants to detect changes in displays consisting of one face and five 

different common objects and found that changes to the faces were detected 

both more accurately and more rapidly than changes to the objects. 
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The primary motivation of the studies in Part III was to investigate 

whether the face change detection advantage demonstrated by Ro et al. was 

due to the significance of faces, or simply because the face was a unique 

category amongst five objects. In the experiments in Part III, an object change 

detection advantage was found when one object was presented among three 

faces, indicating that a change detection advantage can be observed for a 

distinct category, regardless of its significance. In addition, the face change 

detection advantage demonstrated by Ro et al. for a face presented among 

objects was not always replicated. These studies lead to the conclusion that 

faces do not reliably demonstrate a special status for change detection. 

In sum, the studies suggest that attention is important to encode faces 

and that despite the significance of faces, we are not necessarily biased to attend 

to faces over other objects. 

15.2 Attention and holistic coding 

In this section, recent findings from other researchers, methodological 

issues regarding the measurement of holistic coding and suggestions for future 

research into the role of attention in holistic coding are discussed. 

15.2.1 Comparison of recent studies examining the role of attention in holistic coding 

The experiments reported in Part II investigated the influence of 

attention on holistic coding and the results suggest that holistic coding requires 

attention. In contrast, recent work by Boutet, Gentes-Hawn, and Chaudhuri 

(2002) suggests that faces may be holistically encoded with little or no attention. 

The experiments conducted by Boutet et al. consisted of an encoding phase, 

where attention to faces was manipulated and a test phase, where performance 

with composite faces composed from previously attended and unattended faces 
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was measured. Composite faces were constructed by horizontally halving faces 

and combining the top half of one face with the bottom half of another. The 

"composite effect" is the finding that it takes significantly less time to determine 

the identity of the top half of the face when the halves are misaligned, than 

when the halves are aligned into a new face composite, because holistic 

processing interferes with the ability to focus on just the top half of the face 

(Young et al., 1987; see also section 2.1.1). 

Boutet et al. (2002) used two different attentional manipulations when 

participants were encoding faces. In one experiment, participants viewed a 

series of overlapping semi-transparent house and face images. Attention was 

either directed toward the face (by asking participants to trace the outline of the 

face with the mouse) or away from the face (by asking participants to trace the 

outline of the house). In another experiment, participants were shown a series 

of target faces with letters alternating at the top and bottom of each face. 

Participants in the divided attention condition were asked to ignore the face but 

to attend to the letters to enable recognition of the words that were formed. 

Those in the full attention condition were asked to use the letters as cues to 

move their eyes up and down. In subsequent test stages, participants were 

shown aligned and misaligned composites that were created from faces that 

were either attended or unattended during the encoding phase and reported 

whether they had seen the top-half of the face previously. Analyses using d' 

scores found that performance was superior with misaligned than aligned 

composites, regardless of whether the faces were attended or unattended in the 

encoding phase, suggesting that faces are holistically coded both with and 

without attention. 

As Boutet et al. (2002) note, there are a number of differences between 

their studies and those described in Part II. Table 3 summarises these 

differences, and also those of two other studies that have examined the role of 
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attention in holistic face encoding (Reinitz et al, 1994; 1997). I have discussed 

the similarities and differences between the present studies and those of Reinitz 

et al. in Part II (in particular Chapter 9). I will briefly consider a few of the 

differences between the studies in Part II and those of Boutet et al (see Table 3). 

Boutet et al. used d' as a measure of sensitivity, whereas the studies in Part II 

measured recognition accuracy, the typical measure used to assess holistic 

coding in the part/whole paradigm. Another important difference between the 

studies is the attentional manipulation used. Boutet et al. suggest that flanker 

face matching may not be an optimum attentional manipulation to measure 

whether attention is necessary for holistic coding and suggest that the flanker 

task may instead reflect a limitation in the number of faces that can be 

holistically coded at the same time. The results of the studies in Part II do 

suggest that there is a limit in the number of faces that can be holistically coded 

in a brief time. However, the flanker face-matching task also has a number of 

advantages that make it a valuable technique. First, the task does not direct 

attention to specific parts of the study face, as is the case with some of the other 

tasks used. Second, I was able to examine the effect of different types of flanker 

faces (specifically, upright, inverted and fractured) on performance, finding that 

only specific types of flankers interfered with holistic coding. Finally, an 

important difference between the experiments reported in Part II and those of 

Boutet et al. is the paradigm used to measure holistic coding. Whereas the 

experiments in Part II measured holistic coding with the part/whole paradigm 

devised by Tanaka and Farah (1993), Boutet et al. used the composite effect 

(Young et al., 1987). The task used to measure holistic coding may be a crucial 

difference between the studies. In section 15.2.2 I compare these two 

paradigms and discuss the definition and measurement of holistic coding. 

Table 3 indicates that of the three studies conducted into the attentional 

requirements of holistic face encoding from which firm conclusions can be 
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drawn, one study suggests that attention is not necessary (Boutet et al., 2002), 

whereas the other two studies suggest that holistic coding is attentionally 

demanding (the studies in Part II, Reinitz et al., 1994). A recent study by Kelley 

and Chun (2002) also suggests that face recognition requires attention. They 

did not specifically examine the role of attention in the holistic coding of faces, 

but as face recognition usually relies upon the encoding of configural/holistic 

information (see Chapter 2), the participants presumably used holistic 

information to identify the faces. Participants viewed rapid streams of letters 

and attended to a red letter and then a face. When the face was presented 

within 500 ms of the red letter, identification of the face was impaired - a classic 

Attentional Blink (AB). An AB occurs when attention is devoted to an initial 

target, impairing the perception of a subsequent target presented soon after 

(e.g. Raymond, Shapiro, & Arnell, 1992). Kelley and Chun conclude that the 

finding of an AB for face targets suggests that face identification requires 

attention. In sum, the bulk of present evidence suggests that attention is 

necessary to process faces. 
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25.2.2 Measuring holistic coding 

There is no universally accepted definition of holistic coding and no 

single task that definitively tests for holistic coding. Indeed, there may not be 

one unitary conception of holistic coding (see Farah et al, 1998; Gauthier & 

Tarr, 2002; Maurer et al., 2002; Moscovitch et al., 1997; Rossion & Gauthier, 2002 

for reviews). Gauthier and Tarr (2002) investigated the nature of holistic 

representations by training participants to become experts at differentiating 

novel objects (Greebles) and then comparing their performance at various 

points during training on a number of tasks used to examine holistic coding. 

The pattern of results led Gauthier and Tarr to suggest that there are three 

different "holistic" effects, although they do not rule out the possibility that the 

effects may all be aspects of a common underlying process. 

Holistic-configural effects refer to the influence of configuration on the 

identification of face parts. According to Gauthier and Tarr (2002), this type of 

coding is reflected by the patterns of performance on two tasks: superior part 

recognition when parts are in their original learned configuration rather than a 

new configuration (e.g. Bob's nose is easier to recognise when Bob's eyes are in 

the same original configuration than when they are moved apart into a new 

configuration; e.g. Tanaka & Sengco, 1997), and better performance with 

misaligned than aligned composites (the composite effect; e.g. Young et al., 

1987)22. Holistic-configural coding appears to be mediated by expertise, with 

greeble experts more sensitive to changes in configuration as measured by these 

two tasks than greeble novices (Gauthier & Tarr, 1997; 2002; Gauthier et al., 

1998). 

22 Although see Hole et al., (1999) for suggestions that the composite effect "may reflect an 
initial 'holistic' processing which binds facial features into a 'Gestalt', rather than being a 
demonstration of the configurational processing involved in individual recognition." (p. 341) 
(see also Maurer et al., 2002). 
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Expertise also influences holistic-inclusive coding, with experts less able to 

focus on a single part without influence from the all the parts of an object. 

According to Gauthier and Tarr (2002), "Holistic-configural effects represent a 

sensitivity to changes in the configuration of the original parts, whereas 

holistic-inclusive effects reflect a sensitivity to changes in the parts themselves 

but not restricted to the original configuration" (p. 432). Gauthier and Tarr 

suggest that holistic-inclusive coding can be demonstrated with a variant of the 

stimuli used to measure the composite effect. Generally, composites are 

composed from halves of two different faces. However Gauthier and Tarr (see 

also Gauthier et al., 1998) also made composites composed of two halves of the 

same greeble, either aligned or misaligned. Regardless of the alignment of the 

greebles, experts with greebles were always better at recognising the top half 

when the bottom half was from the same, rather than a different, individual. 

Gauthier and Tarr suggest that holistic-configural and holistic-inclusive coding 

reflect different mechanisms because they display different learning patterns 

and only holistic-inclusive performance correlated with changes in the right 

FFA measured by fMRI during expertise training (see also Gauthier, Tarr, et al., 

1999). 

Whereas holistic-configural and holistic-inclusive processing are 

mediated by expertise, Gauthier and Tarr (2002) argue that holistic-contextual 

coding, as measured by the part-whole paradigm devised by Tanaka and Farah 

(1993) does not vary with expertise. Both experts and novices with greebles, 

biological cells and cars display an advantage for parts in the whole object 

rather than in isolation, and the effect is not greater for experts (Gauthier & 

Tarr, 1997; 2002; Gauthier et al, 1998; see study by Tanaka et al. 1996 reported 

in Tanaka & Gauthier, 1997). However, it should be noted that a whole 

advantage is not observed with some types of stimuli, such as inverted and 

scrambled faces (Tanaka & Farah, 1993), houses (Tanaka & Farah, 1993, c.f., 
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Donnelly & Davidoff, 1999) and Rottweiler dog faces for either novices or 

experts (see Tanaka & Gauthier, 1997). 

Although Gauthier and Tarr (2002) have attempted the worthy task of 

specifying the nature of holistic coding, it is important to note that their 

experiments were often empirically, rather than theoretically, driven. 

Nevertheless, if the three different holistic effects reported by Gauthier and Tarr 

(2002) do reflect different processes involved in face perception, then it is 

possible that attention may play a different role in their encoding. Initial 

support for this hypothesis is provided by comparing the results of the 

experiments in Part E and those by Boutet et al. (2002). The experiments in Part 

II used the part-whole task to measure holistic processing (holistic-contextual 

effects) and suggest that attention is necessary for face perception. In contrast, 

Boutet et al. used the composite effect with both same and different individuals 

(both holistic-configural and holistic-inclusive effects) and argue that attention 

is not necessary for holistic coding of faces. This is an interesting pattern of 

results if, as Gauthier and Tarr suggest, the part-whole task is not sensitive to 

expertise, as it could be assumed that this task should also be less affected by 

attentional manipulations. To resolve this issue, an experiment would need to 

use the same attentional manipulation at encoding and then test the 

performance of participants with tasks measuring holistic-configural, -inclusive 

and -contextual effects. 

15.2.3 Summary 

The experiments reported in Part II suggest that the holistic coding of 

faces is attentionally demanding. The results from a number of other studies 

also indicate that attention is necessary for accurate face identification (e.g. 

Kelley & Chun, 2002; Reinitz et al., 1994). However, because there are some 
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studies that do not support this conclusion (e.g. Boutet et al, 2002), the question 

of whether holistic face encoding is attentionally demanding is an important 

area for future theoretical and empirical research. 

In the next section, I turn from examining whether attention influences 

the holistic coding of faces, to considering whether there is a bias to attend to 

faces rather than other objects. 

15.3 Attentional bias to attend to faces 

In everyday life, the visual environment often contains many objects at 

various locations. As it is not possible to fully analyse every object in the visual 

field simultaneously, objects compete for limited processing resources (see 

Desimone & Duncan, 1995; Duncan, 1998; 2000; Kastner & Ungerleider, 2001 for 

discussions of the biased competition model of visual attention). Visual 

attention is the mechanism that facilitates competition, selecting some objects 

for further processing and allowing others to be ignored. Attention is 

controlled by both the goals and intentions of an observer (known as top-down, 

goal-driven or endogenous factors) and also the salience of a stimulus (known 

as bottom-up, stimulus-driven or exogenous factors) (Corbetta & Shulman 2002; 

Folk, Remington, & Johnston, 1992; Yanfis, 1998). The studies in Part III 

examined whether faces have an advantage in attracting attention. In this 

section I further discuss the implications and limitations of these studies and 

suggest avenues for future research. 
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In involuntary attention of the immediate sensorial sort the stimulus is 

either a sense-impression, very intense, voluminous or sudden; or it is an 

instinctive stimulus, a perception which, by reason of its nature rather than 

its mere force, appeals to some of our congenital impulses ... strange things, 

moving things, wild animals, bright things, pretty things, metallic things, 

blows, blood, etc. (James, 1890). 

The question of whether certain types of objects attract attention 

involuntarily has been of interest to psychologists for well over a century (e.g. 

James, 1890; Titchener, 1908). It was initially thought that distinctive stimuli, 

such as a red tulip in the middle of a green field, would always automatically 

attract our attention (e.g. Jonides, 1981; Treisman & Souther, 1986; Yantis & 

Jonides, 1984). However, more recent work suggests that whether a certain 

stimulus attracts attention is the result of an interaction between stimulus-

driven factors (such as stimulus-salience, uniqueness and abrupt-onset) and 

goal-driven factors (such as the attentional set of the observer) (Corbetta & 

Shulman, 2002; Folk et al., 1992; Simons, 2000a; Yantis, 1998; Yantis & Egeth, 

1999). For instance, the red tulip may not be noticed if a person is looking for a 

rare blue rose in a small part of the field. 

Folk et al. (1992) proposed a model of "contingent involuntary 

orienting", suggesting that attention may never be deployed entirely on the 

basis of exogenous stimulus characteristics, but that shifts of attention are 

always the result of an interaction between stimuli in the visual environment 

and the attentional set, or goals and intentions, of the observer. However, they 

do note that there may be a "default" attentional set based on long-term biases 

that may be used when the observer does not have any current goals (see also 

Pashler & Harris, 2001). Similarly, Corbetta and Shulman (2002) state that, "...it 

is also possible that some stimuli attract attention because of some form of 
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contingency that is hard-wired in the brain by learning, development or 

genetics." (p. 208). Following this line of reasoning, it seems plausible that 

faces, due to their immense biological and social significance, may be just the 

type of stimuli that can automatically attract attention. 

However, the results from visual search studies suggest that although 

faces are detected rapidly and efficiently, they do not appear to be detected 

automatically, but rather detection requires serial attentive search (e.g. Brown et 

al., 1997; see also Chapter 3 and Part III). Instead of investigating whether faces 

capture attention automatically, Ro et al. (2001) used the flicker paradigm to 

examine whether there is a bias to attend to faces rather than other objects when 

they are competing for attentional resources. They found that changes to a face 

presented among five common objects were detected both more rapidly and 

more accurately than were changes to the objects. As there was an equal chance 

of a change occurring at each location, there was no advantage to attend to the 

face. The change detection advantage observed for faces suggests that faces 

may attract attention when the observer has an attentional set to simply detect 

changes. 

Ro et al. suggested that the advantage for faces might be due to their 

biological and social significance. However, it is also important to note that on 

each trial there was always a single face among objects, making the face a 

unique stimulus. The experiments in Part III examined whether attention 

would be directed to the unique stimulus in a display, by presenting an object 

among a number of faces. An object change detection advantage was observed 

under these conditions, suggesting that uniqueness may be more salient than 

"faceness". Furthermore, the studies reported in Part III found that a reliable 

face change detection advantage, as found by Ro et al., was not always 

observed. These results suggest that faces may not have a special status in 

attracting attention. 
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However, as discussed in Chapter 14, one limitation of the studies 

described in Part III is that the visual similarity of the different stimulus classes 

was not equivalent, in that the faces were more similar to each other than the 

objects. This is important as visual search studies have demonstrated that the 

ability to detect a stimulus depends both on the difference of the target from the 

distractors, and on the relative similarity of the distractors (e.g. Duncan & 

Humphreys, 1989). Although it can be difficult to control for target/distractor 

homogeneity in visual search tasks, change detection experiments provide an 

even more complex scenario as the similarity of the changing stimuli must also 

be considered. For this reason, a simpler paradigm may be useful to further 

investigate whether a unique stimulus attracts attention. 

One task that may be appropriate is the "visual oddball task", where 

instead of asking participants to detect a predefined target (e.g. green circles), 

participants are asked to search for the discrepant or unique stimulus in an 

array (e.g. a green circle among red circles or a red circle among green circles). 

Although oddball tasks are predominantly used in ERP studies (e.g. 

Campanella et al., 2002; Carmel & Bentin, 2002), RT and accuracy measures are 

generally also collected. If faces and objects were used in such a paradigm it 

could be examined whether there is an advantage to detect an oddball when it 

is a face among objects, rather than an object among faces. The similarity of the 

stimuli could also be manipulated to allow a more thorough investigation into 

the relationship between target and distractor similarity in the detection of 

unique stimuli. It is important to note that participants completing an oddball 

task have an attentional set to search for the discrepant item. Different patterns 

of results may occur when participants are not searching for any specific items 

and maintain a "default" attentional set. In a recent experiment, Pashler and 

Harris (2002) simply told participants that they would have to rate a display for 

pleasantness. The brief display consisted of six line drawings of common 
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objects (e.g. book, chair, lemon). Some participants viewed five static objects 

and one flashing object, whereas others saw five flashing objects and a single 

static object. Participants were then asked to report the items, and it was found 

that the unique item was reported more often than non-unique items, especially 

if the unique item was flashing. It seems that unique items attract attention 

when participants view scenes without any specific goals or expectations. 

Studies manipulating both the attentional set of the observer and the similarity 

of targets to distractors are needed to examine the role of uniqueness in shifting 

attention. 

The studies reported in Part III contribute to our understanding of 

whether there is a bias to attend to faces. One of the advantages of the 

experiments reported in Part III is that photographs of real objects and faces 

were used, rather than the schematic stimuli that have been used in some other 

studies (e.g. Mack & Rock, 1998; Nothdurft, 1993). In addition, as in the study 

by Ro et al. (2001), each of the photographs was an equivalent distance from 

fixation, so that differences could not be attributed to retinal eccentricity. 

However, it may be that faces are more likely to capture attentional resources 

when displayed in a naturalistic scene. Indeed, a recent visual search study by 

Elgavi-Hershler and Hochstein (2002) suggests that faces are efficiently, and 

perhaps automatically, detected in real-life photographs containing faces and 

many other objects. Although some change detection studies using naturalistic 

and real-life scenes have found that changes to faces are not reliably detected, 

even when it seems likely that people would be the focus of attention (Levin & 

Simons, 1997; Simons and Levin, 1998; see section 10.2), these studies have not 

systematically compared the detection of faces to that of other objects. A 

change detection experiment using more naturalistic scenes may be a good way 

to further investigate whether there is a bias to attend to faces rather than 

objects. 
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In sum, the questions of whether faces are detected automatically and 

whether there is a bias to attend to faces rather than other objects are still open 

to debate and further research is needed to clarify the conditions under which 

biases for faces can, and cannot, be observed. 

15.3.1 Future directions: Orienting of attention to emotionally expressive faces 

The experiments reported in Part III used the flicker paradigm to 

examine whether changes to faces were more readily noticed than changes to 

other objects. Face changes involved changes to facial identity, in that one 

person changed to another individual of the same sex and approximate age (e.g. 

a young male face changing to another young male face). Objects changed to a 

different exemplar of that category (e.g. an apple changing to broccoli in the 

food category). The studies did not reliably demonstrate change detection 

advantages for faces. The flicker paradigm may, however, be a valuable 

technique to compare the processing of non-expressive faces with faces 

displaying emotional expressions. 

In addition to displaying the identity of individuals, faces play a crucial 

role in communicating social signals. For instance, facial expressions convey 

important information about the emotional state of other people that can 

facilitate social interactions and also signal potential threats in the environment 

(Haxby et al., 2002; Ohman, 2002). Current models of face perception propose 

that the processing of facial identity occurs relatively independently to the 

processing of facial expressions (see Bruce & Young, 1986; Haxby et al., 2000; 

2002). As it is both biologically and socially important to be able to rapidly and 

accurately decode facial expressions displayed by friends and foes, visual 

attention may be preferentially directed toward expressive faces. 
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As discussed earlier (see section 3.5), a number of visual search studies 

using emotionally expressive schematic faces have found faces with angry or 

threatening expressions are more likely to attract attention than non-expressive 

faces or faces displaying other types of emotions such as happiness, sadness or 

surprise, presumably because the rapid detection of threatening stimuli has 

potential adaptive value (e.g. Fox et al., 2000). However, not all studies have 

found advantages for threatening stimuli. For instance, Byrne and Eysenck 

(1995) used photographs of real faces and found that happy faces were more 

quickly located in neutral crowds than were angry faces. The flicker paradigm 

could also be used to examine whether there is a change defection advantage 

for emotionally expressive faces as compared to non-expressive faces. An 

advantage of using the flicker paradigm is that participants are simply asked to 

notice changes. This technique may better capture ecological conditions, as 

compared to visual search where participants are specifically looking for a 

target or discrepant stimulus. 

In addition, the flicker paradigm can be used to investigate whether 

there is a bias to attend to all kinds of expressive faces (e.g. happy, sad, 

surprised) or whether any advantage is specific to expressions such as fear and 

anger, which if rapidly detected may confer a crucial survival advantage. It is 

important to examine the different emotions separately as they serve different 

purposes and are controlled by different neural systems (Gazzaniga, Ivry, & 

Mangun, 2002). 
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15.4 Conclusions 

Normal people not only recognize faces. We seem to have an almost 

indecent eagerness to see faces, whether they are really there or not. We see 

faces in damp patches on the ceiling, in the contours of a hillside, in clouds 

or in Martian rocks. Richard Dawkins (1999), p. 266. 

The quote from Richard Dawkins is a reminder of how important faces 

are to most people. In fact, it seems that we are prepared to see faces wherever 

we look, even on Mars! The significance of faces has led researchers to examine 

whether faces are a "special" type of stimulus. Evidence suggests that faces are 

processed more holistically than most other objects, and that faces may also be 

processed by dedicated neural systems. However, the studies reported in this 

dissertation suggest that faces may not be special where attention is concerned. 

The studies reported in Part II suggest that attention is necessary to form the 

holistic representations that face recognition generally proceeds by. In 

addition, the studies in Part III indicate that faces do not always have an 

advantage in recruiting attention when they are in competition with other 

objects. In conclusion, despite our fascination with faces, they do not appear to 

have a special status in regards to visual attention. 
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APPENDIX A 

EXPERIMENT 2A 

Like Experiment 2 (see Chapter 12), the two experiments described in 

this Appendix contain both four- and six-item displays. However, Experiments 

2a/b were conducted using the same parameters as Experiment 1 (white 

display background, 83 ms blank screens, 832 x 624 screen resolution, 75 Hz, 

with 100% contrast and 50% brightness and participants were seated 60 cm 

from the screen), whereas procedural changes were implemented in 

Experiment 2 to enhance the flicker (gray display background, 90 ms blank 

screens, 640 x 480 screen resolution, 67 Hz, with 100% contrast and 100% 

brightness and participants were seated 80 cm from the screen). The aim of 

Experiments 2 and 2a/b was to investigate whether a certain level of 

competition is needed to observe a face change detection advantage. 

Specifically, whether at least five competing objects, rather than three, were 

necessary to demonstrate a reliable face change detection advantage. 

A.l Method 

A.l.l Participants 

Ten females and two males aged between 17 and 20 years (M = 18) 

completed the experiment. 

A.1.2 Stimuli 

The objects and faces were the same as those used in Experiment 2. 

A.1.3 Procedure 

The procedure for the four-item condition (one face among three objects) 

was identical to the UpFace condition of Experiment 1. The six-item condition 
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was similar, except that each display of stimuli was shown for 533 ms, the same 

presentation time as that used by Ro et al. (2001). Due to the increase in items, 

there were 72 change trials and 72 no-change trials for the six-item condition. 

Half of the participants completed the six-item condition before the four-item 

condition (Order 1), while the others completed the reverse order (Order 2). 

A.2 Results and discussion 

The same analyses as those for Experiment 2 were performed. 

A.2.2 Four items (One face among three objects) 

Examining the RTs revealed no face advantage, with faces only the third 

fastest category in which to detect changes (see Figure A-l). For the two-way 

ANOVA with RTs, there were main effects of Category, [F(3,30) = 7.70, MSe = 

19,428, p < .0006] and Order, [F(l,10) = 5.30, MSe = 295, 674, p < .05], although 

the interaction was not significant, F < 1. Participants who completed the six-

item condition first (Order 1 M = 955, SE = 44) were quicker than those that 

had not (Order 2 M = 1,317, SE = 73). Planned comparisons investigating the 

main effect of Category revealed that although face (M = 1,148, SE = 109) 

changes were detected more quickly than changes to plants [M = 1, 279, SE = 

102, f(30) = 2.29, p < .02], changes to food (M = 1,009, SE = 84) were detected 

faster than changes to faces, t(30) = 2.45, p < .02. There was no difference 

between the faces and clothes (M = 1,107, SE = 96), t < 1). The follow-up 

ANOVA comparing the faces (M = 1,148 SE = 109) to the pooled object RTs (M 

= 1,132, SE = 91) was not significant, F < 1. 

Figure A-l shows that there was also no face advantage when error rates 

were examined, with face changes detected with the second fewest errors. For 

the two-way ANOVA with error rates, there was a main effect of Category, F(3, 

30) = 4.95, MSe = 40.8, p < .007. There were fewer errors for the faces (M = 3.5, 
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SE = 1.6) than the plants (M = 11.8, SE = 3.0, t(30) = 3.20, p < .002). However, 

faces did not differ significantly from food (M = 2.8, SE = 1.2, t < 1) or clothes 

(M = 6.3, SE = 2.7), f(30) = 1.07, n.s. Analyses pooling the object data found no 

significant main effects (Order, F(l, 10) = 1.34, MSe = 40.2, n.s.; Category, F(l, 10) 

= 3.22, MSe = 22.4, n.s.), although there was an interaction between Order and 

Category F(l, 10) = 5.17, MSe = 22.4, p < .05. A post-hoc Tukey HSD test found 

no significant difference between the faces (M = 4.2, SE = 2.8) and objects (M = 

3.2, SE = 1.3) in Order 1, where participants completed the six-item condition 

first. For Order 2, the difference between faces (M = 2.8, SE = 1.8) and objects 

(M = 10.6, SE = 2.8) was marginally significant (p < .07). 
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Figure A-l. Mean RTs and percentage errors for change detection in each of the 

four categories. The numbers in the R T columns reflect the average number of 

alternations needed to detect changes. The line above the bars shows the mean 

difficulty ratings for the categories (1 = easy, 10 = difficult). Standard error bars 

are shown. 



Appendix A 171 

A.2.2 Six items (One face among five objects) 

As in the four-item condition, there was no face advantage when RTs 

were examined, with faces only the third fastest category in which to detect 

changes (see Figure A-2). For the two-way ANOVA with RTs, there was a main 

effect of Category, F(5,50) = 10.76, MSe = 63, 676, p < .0001. Planned 

comparisons revealed that changes to faces (M = 1,348, SE = 124) were detected 

faster than changes to appliances [M = 1,630, SE = 120, f(50) = 2.74, p < .005] 

and plants (M = 1,863, SE = 138), f(50) = 5.00, p < .0001. The differences 

between the faces and other object categories were not significant (musical 

instruments M = 1,224, SE = 100, f(50) = 1.21, n.s.; food M = 1,311, SE = 91, t < 

1; clothes M = 1,401, SE = 127, t < 1). The follow-up ANOVA comparing the 

faces (M = 1,348, SE = 124) to the pooled object (M = 1,486, SE = 97) data 

revealed no effect of Category, F(l,10) = 3.10, MSe = 36,808, n.s. 

Once again, there was no face advantage, with faces the category with 

the second fewest errors (see Figure A-2). For the two-way ANOVA with error 

rates, there was a main effect of Category, F(5,50) = 7.79, MSe = 154.8, p < .0001. 

Fewer errors were observed for the faces (M = 8.3, SE = 3.1) than the plants (M 

= 33.3, SE = 6.9), t(50) = 4.92, p < .0001. No significant differences were 

observed between faces and the other objects (musical instruments M = 6.3, SE 

= 2.1; food M = 9.0, SE = 2.4; clothes M = 10.4, SE = 2.9; appliances M = 13.2, 

SE = 3.2; all t's < 1). The follow-up ANOVA comparing the faces (M = 8.3, SE = 

3.1) to the pooled object categories (M = 14.4, SE = 2.4) revealed no main effect 

of Category, F(l,10) = 1.91, MSe = 117A, n.s. 

Ro et al. (2001) also asked participants to rate the difficulty of detecting 

changes for each category of stimuli and found that faces were judged as the 

second most difficult category in which to detect changes. Because participants 

in their experiment detected changes to faces both more accurately and more 

rapidly than the other object categories, Ro et al. suggested that the ratings of 
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difficulty may reflect a lack of awareness of the face advantage among 

participants. In both the four- and six-item conditions of the present study, 

faces were also judged as the second most difficult category in which to detect 

changes. However, in the absence of a face change detection advantage with 

either RTs or errors, the proposal that participants are unaware of a face 

advantage cannot be supported. 

To summarise, no reliable face change detection advantage was obtained 

with either four- or six-item displays, with either dependent variable. This 

pattern of results suggests that observing a face change detection advantage is 

not dependent on the number of competing items. 

Figure A-2. Mean RTs and percentage errors for change detection in the six 

categories. The numbers in the R T columns reflect the average number of 

alternations needed to detect changes. The line above the bars shows the mean 

difficulty ratings for the categories (1 = easy, 10 = difficult). Standard error bars 

are shown. 
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EXPERIMENT 2B 

To reduce the likelihood of participants simply guessing whether a 

change occurred, when participants in the study by Ro et al. (2001) reported a 

change they were then asked to select in which of the six pre-defined categories 

(faces, clothes, appliances, foods, musical instruments and foods) the change 

occurred. In comparison, participants in Experiments 1 and 2b were asked to 

select the location of the changed stimulus23. Locating the change may have 

eliminated the need to conceptualise the categories and may have reduced the 

advantage for faces because participants only needed to be aware of "where" 

the change was, and not "what" the change was. Rensink (2002) points out that 

different mechanisms may be used for detection, identification and localisation. 

This experiment was conducted to examine whether a face change detection 

advantage would be observed when participants were asked to report which 

category changed, instead of determining the location of the change. 

B.l Method 

B.2.1 Participants 

Eight females and four males aged between 17 and 41 years (M = 21) 

completed the experiment. 

B.l.2 Stimuli 

The objects and faces were the same as those used in Experiment 2a. 

B.l.3 Procedure 

The procedure was the same as for Experiment 2a, except for two 

changes. First, instead of selecting the location of the change, participants 

reported the category that changed by pressing one of six labelled keys. 

23 Participants were asked to select the location of the change because some of the categories in 
Experiment 1 were conceptually similar (e.g. young female, older female and male faces). 
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Second, participants were not given feedback on their accuracy, so that R T was 

emphasised. 

B.2 Results and discussion 

The same analyses were performed as for Experiment 2a. 

B.2.1 Four items (One face among three objects) 

As Figure B-l shows, no face change detection advantage was observed, 

with RTs to detect changes to faces the second slowest. For the two-way 

ANOVA with RTs, the main effect of Category approached significance, F(3,30) 

= 2.67, MSe = 22,112, p < .07. Changes to the clothes (M = 804, SE = 36) were 

defected marginally faster than face changes (M = 930, SE = 62), t(30) = 2.08, p < 

.03. There was no difference between the faces and the food (M = 878, SE = 55) 

or plants (M = 965, SE = 53) (t's < 1). The follow-up ANOVA comparing the 

pooled the object data (M = 882, SE = 40) to the faces (M = 930, SE = 62) was not 

significant, F < 1. 

An examination of the error rates reveals that there were fewer errors for 

faces compared to the other categories (see Figure B-l). For the two-way 

ANOVA with error rates, there was a main effect of Category, F(3,30) = 8.33, 

MSe = 44.9, p < .0004. Planned comparisons revealed significantly fewer errors 

to the faces (M = 3.5, SE = 1.6) than to the plants (M = 15.3, SE = 3.0), F(l,30) = 

4.31, p <.0001. There were no significant differences between the faces and 

either the food (M = 4.9, SE = 1.9) or clothes (M = 4.2, SE = 1.9), t's < 1. There 

was no main effect of Category when the data were pooled into face (M = 3.5, 

SE = 1.6) and object (M = 8.1, SE = 2.0) categories, F(l,10) = 2.53, MSe = 50.8, n.s. 
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Figure B-l. Mean RTs and percentage errors for change detection in each of the 

four categories. The numbers in the RT columns reflect the average number of 

alternations needed to detect changes. The line above the bars shows the mean 

difficulty ratings for the categories (1 = easy, 10 = difficult). Standard error bars 

are shown. 

B.2.2 Six items (One face among five objects) 

Once again, there was no face change detection advantage, with faces 

only the fourth fastest category in which to detect changes (see Figure B-2). For 

the two-way A N O V A with RTs, there was a main effect of Category, F(5,50) = 

19.50, MSe = 17,712, p < .0001. Changes to faces (M = 1,085, SE = 55) were 

detected more quickly than changes to appliances (M = 1,226, SE = 85, £(30) = 

2.59, p <.007) and plants (M = 1,454, SE = 68, F(l,30) = 6.78, p <.0001). There was 

no difference between the faces and musical instruments (M = 1,014, SE = 76, 

f(30) = 1.31, n.s.), food (M = 1,017, SE = 65, t(30) = 1.26, n.s.) or clothes (M = 

1,075, SE = 71, t < 1). There was no significant effect of Category when the data 

were pooled into objects (M = 1,157, SE = 66) and faces (M = 1,085, SE = 55), 

F(l,10) = 2.32, MSe = 13,349, n.s. 
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Faces were the category with the second fewest errors (see Figure B-2). 

For the two-way ANOVA with error rates, there was a main effect of Category, 

F(5,50) = 11.35, MSe = 60.5, p < .0001. There were fewer errors to faces (M = 7.6, 

SE = 2.6) than to plants (M = 26.4, SE = 4.1), F(l,30) = 5.91, p < .0001. There was 

no difference between the faces and other object categories (musical 

instruments M = 4.9, SE = 1.9, t < 1; food M = 9.7, SE = 3.5, t < 1; clothes M = 

13.9, SE = 2.6, f(30) = 1.97, n.s. or appliances M = 13.9, SE = 3.0, f(30) = 1.97, n.s.). 

The follow-up ANOVA pooling the object data (M = 13.8, SE = 2.3) and 

comparing it to faces (M = 7.6, SE = 2.6) revealed a main effect of Category, 

F(l,10) = 5.71, MSe = 39.3, p < .04. 

Examining the difficulty ratings for both the four- and six-item 

conditions reveals that faces were rated as the second most difficult category in 

which to detect changes, the same pattern as in Experiment 2a. Ro et al. (2001) 

also found that faces were rated as the second most difficult category in which 

to detect changes. In addition, Ro et al. found that changes to faces were 

detected more rapidly and accurately than changes to other object categories. 

However, the lack of a reliable face change detection advantage in the present 

study makes it difficult to interpret the difficulty ratings. 

With four-item displays, there was no evidence of a face change 

detection advantage with either dependent variable. With six-items, RT 

analyses again failed to demonstrate a clear face detection advantage, 

indicating that selecting the location, instead of the category of change, did not 

mask a face advantage in the previous experiments. Although there was 

evidence of a face advantage for error rates with six-items, the pattern of errors 

was similar to that observed in Experiment 2a (Faces M = 8.3, SE = 3.1; Pooled 

Objects M = 14.4, SE = 2.4), suggesting that the method of reporting the 

category of the change was not very influential. 
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Figure B-2. Mean RTs and percentage errors for change detection in the six 

categories. The numbers in the RT columns reflect the average number of 

alternations needed to detect changes. The line above the bars shows the mean 

difficulty ratings for the categories (1 = easy, 10 = difficult). Standard error bars 

are shown. 

B.3 Conclusion 

The two experiments reported in the Appendix failed to demonstrate a 

reliable face change detection advantage with either four- or six-item displays. 

These studies suggest that a face change detection advantage is not more likely 

to occur with five, as compared to three, competing objects. In addition, 

whether participants report the location or the identity of the changed item 

does not seem to substantially affect the pattern of results. 


