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Abstract

A large variety of social signals, such as facial expression and body language, are

conveyed in everyday interactions and an accurate perception and interpretation of these

social cues is necessary in order for reciprocal social interactions to take place successfully

and efficiently. The present study was conducted to determine whether impairments in

social functioning that are commonly observed following a closed head injury, could at

least be partially attributable to disruption in the ability to appreciate social cues. More

specifically, an attempt was made to determine whether face processing deficits following

a closed head injury (CHI) coincide with changes in electrophysiological responsivity to

the presentation of facial stimuli.

A number of event-related potentials (ERPs) that have been linked specifically to

various aspects of visual processing were examined. These included the N170, an index of

structural encoding ability, the N400, an index of the ability to detect differences in serially

presented stimuli, and the Late Positivity (LP), an index of the sensitivity to affective

content in visually-presented stimuli. Electrophysiological responses were recorded while

participants with and without a closed head injury were presented with pairs of faces

delivered in a rapid sequence and asked to compare them on the basis of whether they

matched with respect to identity or emotion. Other behavioural measures of identity and

emotion recognition were also employed, along with a small battery of standard

neuropsychological tests used to determine general levels of cognitive impairment.

Participants in the CHI group were impaired in a number of cognitive domains that

are commonly affected following a brain injury. These impairments included reduced
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efficiency in various aspects of encoding verbal information into memory, general slower

rate of information processing, decreased sensitivity to smell, and greater difficulty in the

regulation of emotion and a limited awareness of this impairment.

Impairments in face and emotion processing were clearly evident in the CHI group.

However, despite these impairments in face processing, there were no significant

differences between groups in the electrophysiological components examined. The only

exception was a trend indicating delayed N170 peak latencies in the CHI group (p = .09),

which may reflect inefficient structural encoding processes. In addition, group differences

were noted in the region of the N100, thought to reflect very early selective attention. It

is possible, then, that facial expression and identity processing deficits following CHI are

secondary to (or exacerbated by) an underlying disruption of very early attentional

processes. Alternately the difficulty may arise in the later cognitive stages involved in the

interpretation of the relevant visual information. However, the present data do not allow

these alternatives to be distinguished.

Nonetheless, it was clearly evident that individuals with CHI are more likely than

controls to make face processing errors, particularly for the more difficult to discriminate

negative emotions. Those working with individuals who have sustained a head injury

should be alerted to this potential source of social monitoring difficulties which is often

observed as part of the sequelae following a CHI.
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Introduction

The human face holds enormous communicative power. Its expressive nature can

relay information as to one's emotional state through subtle differences in the

configuration of one's features. The features themselves and their aesthetic arrangement

constitute a large part of our physical individuality and enable us to recognize someone as

being a friend, stranger or celebrity. Sometimes the uniqueness of a particular feature can

help one to identify an individual, even in the absence of other features, as in the case of

Cindy Crawford's mole, or Jack Nicholson's eyebrows.

The principles and mechanisms of facial identity and expression perception and

recognition have been topics of scientific interest for over a century, ant they have enjoyed

a resurgence in popularity among cognitive scientists over the past two decades. For

example, C.B. Duchenne de Boulogne was a pioneering anatomist and neurophysiologist

in the systematic study of facial expressions by electrically stimulating the musculature of

the face, and he was the first to classify and photograph human facial expressions (de

Boulogne, 1862). Around this time Darwin was also studying facial expressions in

humans and animals, examining their evolution as well as their universality. "The face," he

wrote, "is the most powerful area on the human body for communication" (Darwin,

1872). Paul Ekman elaborated on Darwin's concept of the universality of facial

expressions through systematic cross-cultural studies and later, with Wallace Friesen

(1971), created the well-used set of facial stimuli, consisting of six basic, reliably

recognizable emotions (i.e., happiness, sadness, anger, fear, disgust, surprise).

According to general reviews of the area (e.g., Lang, Greenwald, Bradley &

Hamm, 1993; Ortony & Turner, 1990; Russell, 1994; Oatley & Jenkins, 1996), there are
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three agreed upon basic components of emotion and emotional experience: a physiological

or autonomic component (e.g., changes in heart rate, blood pressure, etc.), a behavioural

component (e.g., changes in facial expression), and a cognitive or subjective component

(e.g., subjective experience of the emotion). These responses appear to be preattentive,

occurring automatically to the presentation of the eliciting stimulus (Ohman, 1988).

Emotions can also be described as being either primary or secondary. Primary or basic

emotions are those in which the expression is universal, are expressed by all social

mammals, and have distinct behavioural and physiological manifestations and motivational

tendencies. Secondary emotions are generally considered to be derived from various

combinations of the primary ones. Awe, for example, would result from the combination

of fear and surprise (Oatley & Jenkins, 1996). Secondary emotions are not cross cultural

and are unique to humans (Russell, 1994).

Despite the agreement on which criteria define a primary emotion, there is no

general consensus among researchers on exactly which and how many there actually are

(see Table 1 ), whether they are categorically discrete or fall onto a continuum, and

whether they should be classified according to their valence or arousal properties or both.

There is also a dizzying array of theoretical perspectives on emotion (Table 2), from

evolutionary-based feedback theories, to learning models, physiological theories,

cognitive theories and the relatively recent and radical social-constructivist perspective.

Setting aside these different theories, their biological underpinnings and philosophical

implications, humans are a social species, and being able to accurately perceive identity

and understand expressions of emotion, facial or otherwise, is important in order for

successful reciprocal social interactions to take place.
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The importance of this skill is reflected by its early development, suggesting at

least partly innate hard-wired mechanisms. Within the first few days after birth, newborns

show a differential preference for faces over objects (Morton & Johnson, 1991), for

familiar over unfamiliar faces (Pascalis & deSchonen, 1 994), and for faces that are

engaging them in a mutual gaze (Farroni, Csibra, Sinion & Johnson, 2002). Recognition

of identity has been reported as occurring as early as 1 month (deHaan, Johnson, Maurer

& Perrett, 2001) and generalized discrimination of facial expressions by seven months

(Nelson & Dolgin, 1985). Emotional knowledge, such as the ability to detect and label

emotional cues, as early as age 5 has been found to predict social and academic

competence later in life (Izard, Fine, Schultz, Mostow, Ackerman & Youngstrom, 2001).

Impairments in face processing, particularly expression processing, with concomitant

maladaptive changes in social functioning, have been noted in a broad range of clinical

populations, including those with schizophrenia (Kohler, Bilker, Hagendoorn, Gur & Gur,

2000), autism (Grelotti, Gauthier, & Schultz, 2002), congenitally blind children (Troester

& Brambring, 1992), sociopaths (Blair, Colledge, Murray & Mitchell, 2001), Huntington

and Alzheimer Disease sufferers (Jacobs, Shuren & Heilman, 1995; Hargrave, Maddock &

Stone, 2002) and individuals with brain damage (Blair & Cipolotti, 2000; Adolphs, Tranel

&Damasio, 1998).

The purpose of the present study is to examine the nature of the difficulties in the

perception of emotion and/or identity encountered by individuals who have sustained a

moderate-to-severe closed head injury. Physiological and behavioural correlates of facial

processing will be investigated, which may be associated with the social and decision-

making difficulties that head-injured individuals tend to experience post-injury (e.g.,
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Hopkins, Dywan & Segalowitz, 2002; Rolls, Hornak, Wade & McGrath, 1994; Damasio,

Tranel & Damasio, 1990).

Biomechanics of Brain Injury

Estimates based on Canadian hospital admissions indicate that motor vehicle

accidents and falls are the most common causes of acquired non-progressive brain damage

(Table 3; 1996 census data, Statistics Canada; 1996/97 Trauma Registry Report, Canadian

Institute of Health Information). These types of injuries in particular produce a focal and

diffuse pattern of injury resulting from the direct impact and the concomitant acceleration-

deceleration of the brain. Men are approximately at a two-and-a-half times greater risk of

sustaining a traumatic brain injury (TBI; Kraus & McArthur, 1996), particularly males in

the 14-24 year range (Kraus, 1993), and they are over three times as likely to die

(National Institute of Neurological Disorders and Stroke). Other risk factors include age,

socio-economic status, ethnic background and the occurrence of a previous brain injury

(Solomon & Sparadeo, 1992; Kraus, 1993).

Coup injuries are a direct result of a blow to the head and are located below or

adjacent to the area of impact (Figure 1). Contrecoup injuries, on the other hand, occur

opposite to the point of impact where the head is forced into motion (acceleration) before

coming to a sudden stop (deceleration; Morrison, King, Korell, Smialek & Troncoso,

1998, Ommaya, Grubb & Naumann, 1971). Contrecoup lesions are the result of the brain

colliding with the bony ridges on the inner surface of the skull (Figure 2). According to

Ommaya et al. (1971), the probability of sustaining a contrecoup contusion from an

impact depends on the area of the head hit: a blow to the front of the head typically results

in only coup lesions, whereas a blow to the back of the head results in both coup and
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contrecoup damage. Impact to the side of the head has a 50% probability of producing a

contrecoup injury. Lesions between the coup and contrecoup damage are referred to as

intermediate coup contusions (Ommaya et al., 1971). Cerebral contusion and intracranial

hematoma are the result of coup and contrecoup damage (Besenski, 2002).

Acceleration-deceleration type injuries usually result in a characteristic pattern of

non-specific widespread damage, referred to as diffuse axonal injury, or DAI. Shifting and

rotational forces from the movement of the brain within the skull result in profound

stretching, tearing and shearing of nerve fibers and blood vessels (Figure 3). The

brainstem, corpus callosum, subcortical nuclei, and the deep white matter are especially

susceptible to DAI (Onaya, 2002; McAllister, Sparling, Flashman & Saykin, 2001;

Firsching, Woischneck, Klein, Ludwig & Dohring, 2002). The cholinergic neurons,

important to learning and memory, are also especially vulnerable to this type of injury.

The complex circuitry of the brain essentially becomes scrambled, with vital connections

between cortical areas being lost or rendered less efficient. Although DAI is less specific

than the cerebral contusions from coup and contrecoup injuries, and although it may not

always be visible in neuroscans, DAI can have significant long-term consequences in terms

of restitution of function.

Given their anatomical location, the inferior surface of the frontal lobe and

inferior/anterior surfaces of the temporal lobes are especially susceptible to damage

following a closed head injury (CHI), irrespective of the site of impact (Figure 4; Ommaya

et al., 1971, Besenski, Broz, Jadro-Santel, Pavic, & Mikulic, 1996; Levin & Kraus, 1994;

Adams, Scott, Parker, Graham & Doyle, 1980). The ventral surface of the orbitofrontal

cortex and the anterior aspect of the temporal lobes are particularly vulnerable as they are





in close proximity to the bony protrudences of the ethmoidal spine in the medial anterior

portion of the skull case, the sphenoid bone, and the anterior and middle fossae (Malloy &

Aloia, 1998).

Cognitive Sequelae Following CHI

Individuals who have suffered a traumatic brain injury, particularly those with

ventral medial and orbitofrontal lobe involvement, tend to exhibit pervasive deficits in

emotional, social and cognitive behaviours (Bechara, Damasio, Damasio & Anderson,

1994; Eslinger & Damasio, 1985; Dikmen, Ross, Machamer & Temkin, 1995). Memory

impairments, slowed processing, poor judgment, distractibility, and difficulty

concentrating and maintaining attention are some of the more common cognitive

complaints following CHI (Goldstein, 1995; Hinkeldey & Corrigan, 1990). These

individuals often present with disturbances in self-awareness, difficulties controlling their

emotions and behaviours (Lezak, 1995), deficits in emotion expression recognition

(Hornak, Rolls & Wade, 1 996) and problems with social comprehension stemming from

an inability to use social cues to understand their current social context. Common

psychosocial and emotional sequelae include social isolation (Dikmen, 1995), substance

abuse (Sparadeo, Strauss & Barth, 1990) and mental health issues (Morton & Wehman,

1995), particularly depression and anxiety (Oliver, Ponsford & Curran, 1996; Curran,

Ponsford, & Crowe, 2000).

Neural Substrates Underlying Face Processing

There have been numerous studies investigating the participation of distinct

anatomical regions specialized for the processing of visual facial information. Subdural

recordings in the macaque monkey (Perrett, Rolls, & Caan, 1982; Hasselmo, Rolls &
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Baylis, 1989) have revealed areas sensitive to the presentation of faces in the prefrontal

cortex (Thorpe, Rolls, & Maddison, 1983; Scalaidhe, Wilson & Goldman-Rakic, 1997),

and in the superior temporal cortex, specifically in the inferior temporal gyrus and the

walls of the superior temporal sulcus. Neurons in these areas are thought to be

functionally segregated according to the type of face information they process. For

example, using single-unit recordings, Hasselmo, et al. (1989) found that neurons in the

ventral inferior temporal cortex are responsible for encoding identity-related information

about the face, whereas neurons in the superior temporal sulcus encode emotion-related

information
1

. Studies of individuals with prosopagnosia
2
also point to the importance of

temporal areas in face processing, as their lesions are characteristically found in the ventral

occipitotemporal cortices, including the lingual and fusiform gyri, often extending

bilaterally (Farah, 1990; Damasio et al., 1990; Tranel, Damasio & Damasio, 1998), but

sometimes only with right hemisphere involvement (Clarke, Lindemann, Maeder, Borruat

& Assal, 1997; Tarr & Gauthier, 2000).

Human intracranial recordings and functional imaging studies have revealed the

activation of several areas to the presentation of visual facial stimuli in the human visual

extrastriate cortex (Figure 5), including the inferior occipital and inferior temporal gyri

(Allison, Puce & McCarthy, 2000; Allison, Ginter, McCarthy, Nobre, Puce, Luby &

Spencer, 1994), posterior superior temporal sulcus (Hoffman & Haxby, 2000; Puce,

Allison, Asagari, Gore & McCarthy, 1996; Hadjikhani & de Gelder, 2002; Allison et al,

1

The human homologues of these macaque cortical structures remain unclear (see Haxby, Hoffman

& Gobbini, 2002 for a review).
2
It is well established in the literature that a double dissociation between face and object processing

exists, operating along anatomically different visual streams. This double dissociation is important in

understanding that deficits in facial recognition are not attributable to a generalized visual agnosia.
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2000), and the lingual gyms (Allison et al., 1994). The structures in the anterior and

dorsal aspect of the temporal cortices, in particular the superior temporal gyrus, are

thought to be responsible for processing non-static properties of faces, such as eye-gaze

direction and expression (Haxby, Hoffman & Gobbini, 2000; Puce, Allison, Bentin, Gore

& McCarthy, 1998).

The lateral fusiform gyrus, generally referred to as the fusiform face area (FFA;

Kanwisher, McDermott & Chun, 1 997), has also been identified as a region activated in

response to face stimuli (Allison, et al, 1994; Halgren, Dale, Sereno, Tootell, Marinkovic

& Rosen, 1999), and is thought to be involved in the construction and processing of the

static structural properties of faces (Adolphs, 2002). The FFA is thought to be primarily

involved in the perception of faces as it is not reliably activated in response to scrambled

faces or objects (Kanwisher et al., 1997).
3

The prefrontal cortex has also been implicated in face processing, but its role is not

well studied and remains unclear. In the macaque, cells sensitive to the presentation of

faces have been observed in the dorsolateral frontal cortex (Seeck, Schomer, Mainwaring

et al., 1995). The ventrolateral prefrontal cortex also receives anatomical projections from

the superior temporal sulcus, an area with a well-established role in face processing (6

Scalaidhe et al., 1997). In humans, the few imaging studies that have examined the

prefrontal cortex report activation in the orbitofrontal and the right ventrolateral prefrontal

cortex in response to face-matching tasks (Sergent, Shinsuke, & MacDonald, 1992).

3
Recent studies, however, have indicated that the FFA is not especially involved in the recognition of

faces per se, but activation in this area is actually a reflection of subordinate level categorization of

any stimuli for which a reasonable degree of perceptual expertise has been achieved (e.g., Haxby,

Gobbini, Furey, Ishai, Schouten & Pietrini, 2001; Gauthier, Skudlarski, Gore & Anderson, 2000).
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However, methodological confounds, such as attentional factors and working memory

load, weaken any definitive conclusions that can be drawn in terms of the precise role of

these prefrontal regions in face processing.

Neural substrates underlying facial expression processing.

Affect recognition is thought to be at least partly functionally distinct and neurally

independent of other information from the face, such as identity (Bruce & Young, 1986),

gender and age (Damasio et al., 1990; Tranel et al, 1988). For example, neurons in the

inferior temporal cortex and the superior temporal sulcus are both responsive to the

presentation of faces (Hasselmo, et al., 1989; Perrett, Hietanen, Oram & Benson, 1992).

However, lesions to neurons in the inferior temporal cortex lead to impairments in face

identification but not to the identification of facial expression, whereas lesions to the

superior temporal cortices have the opposite effect (Heywood & Cowey, 1992; Calder,

Young, Rowland, Perrett, Hodges, & Etcoff, 1996).

The literature addressing the issue ofhow emotional facial expressions are

processed can essentially be divided into two groups: those studies suggesting that the

neural substrates underlying the processing of each emotion are separable and non-

overlapping and those suggesting that a common neural system underlies the recognition

of emotion. For example, a lesion of the amygdala leads to selective impairment in the

recognition of fear (Adolphs, Tranel, Damasio & Damasio, 1994) while damage to the

orbitofrontal cortex leads to impairments in recognition of all emotions (Rolls et al.,

1994). There is an abundance of research supporting both views and the issue is hotly

debated. Sprengelmeyer, Rausch, Eysel and Przuntek (1998) tried to consolidate these

apparently contradictory findings by proposing that the recognition of each basic emotion
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operates along parallel distributed networks, which later converge in a common area in the

inferior frontal cortex for further processing of meaning. Different anatomical routes may

subserve the same function, with the result that, following an injury, damaged areas can be

bypassed and different strategies for emotion recognition can be adopted (Adolphs,

Russell, & Tranel, 1999).

There are many contradictions and inconsistencies in the literature in terms of the

neural structures underlying emotion processing. The most obvious source of these

inconsistencies is the variety of methods used to engage participants in the processing of

affective stimuli. The emotional stimuli used range from film clips, photographs and

schematic depictions of emotional faces (e.g., Adolphs, Damasio, Tranel & Damasio,

1996), to photographs of catastrophic scenes, nudity or violence (e.g., Paradiso, Johnson,

Andreasen et al., 1999), to "internally-driven" or "recall-induced" emotion. For example,

Reiman, Lane, Ahern and colleagues (1997) reported that activity was generated in

different areas of the brain depending on whether interoceptive sensory stimuli were used

(e.g., recall-generated emotion), or whether exteroceptive stimuli were presented (e.g.,

film clips). Failure to control for task-related cognitive demands (e.g., Streit, Ioannides,

Liu et al., 1999), stimulus presentation time (e.g., LeDoux, 1996) and stimulus

characteristics such as the presence of external cues (e.g., Eimer, 1998) and arousal

properties (Lane, Reiman, Ahern, Schwartz & Davidson, 1997) are among the many

methodological confounds that exist in the emotion literature.

Keeping these potential counfounds in mind, various subcortical and neocortical

structures have been implicated in the processing of affective stimuli (Figure 6; Adolphs et

al., 1994; Davidson & Irwin, 1999; Bechara, Damasio, Damasio & Lee, 1999), including
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the insula, anterior cingulate and ventral striatum, (Lane & Nadel, 2000; Davidson &

Irwin, 1999), the posterior sector of right superior temporal corex, the occipitotemporal

and orbitofrontal cortices, the middle temporal cortex bilaterally, the left inferior prefrontal

cortex, the amygdala, the right anterior cingulate gyrus, (Striet et al., 1999; George,

Ketter, Gill, Haxby, Ungerleider, Herscovitch, & Post, 1993) and the inferior frontal

cortex (Sprengelmeyer et al., 1998). The perception of disgust has been linked to

activation in the anterior insula, anterior striatum, and the piriform and peri-amygdalar

cortex (Sprengelmeyer et al., 1996; Phillips, Young, Senior, et al., 1997). Damage to the

insula and basal ganglia, such as in Huntington's disease sufferers, is observed to lead to

impairments in the recognition of disgust (Calder, Keane, Manes, Antoun, Young, 2000;

Sprengelmeyer, Young, Pundt, et al., 1997; Sprengelmeyer, Young, Calder et al., 1996).

The orbitofrontal cortex and anterior cingulate have been implicated in the

perception of angry faces (Blair, Morris, Frith, Perrett & Dolan, 1999). However, the

most well-studied neural structure involved in the recognition of facial expressions,

particularly fear, is the amygdala. A large number of studies reveal that bilateral amygdala

damage impairs the recognition of negative emotions in general and the recognition of fear

in particular (Adolphs, Tranel, Hamann et al., 1999; Broks, Young, Maratos, et al., 1998;

Calder, et al., 1996), even within the auditory sensory modality (Scott, Young, Calder,

Hellawell, Aggleton & Johnson, 1997).

Of particular interest in the present study are the orbitofrontal and ventromedial

frontal cortices, which are especially susceptible to diffuse contusional damage following a

high-velocity impact (Adams, Scott, Parker, Graham & Doyle, 1 980/ These cortices are

thought to be involved in the evaluation of the affective significance of emotions (Carretie





12

& Iglesias, 1995; Lane et al, 1997; Davidson & Irwin, 1999, Hornak et al., 1996) and are

strongly implicated in social functioning (Bechara, Damasio & Damasio, 2000). The

orbitofrontal cortex sits on the basal aspect of the prefrontal cortex and has extensive

reciprocal connections with the ventromedial and dorsolateral cortices (Pandya & Barnes,

1987). Altogether these regions receive a number of perceptual (e.g., visual, auditory,

olfactory) and somatic inputs (skeletal and visceral; Damasio et al., 1990), as well as

having bi-directional projections with the amygdala, hippocampus, anterior cingulate

(Amaral & Price, 1984; Goldman-Rakic, Selemon & Schwartz, 1984), and with central

autonomic control structures (Nauta, 1971). Individuals with lesions to orbitofrontal

regions are found to have a general impairment in the recognition of emotional faces

(Rolls et al., 1994; Hornak et al., 1996). Damage to this area is often accompanied by

changes in social behaviour and personality (Keane, Calder, Hodges, Young, 2002).

Bruce and Young's (1986) Cognitive Model of Face Processing.

In 1986, Bruce and Young first published what has since become one of the most

influential and widely accepted functional models of face processing (Figure 7). Their

model assumes both parallel pathways (identity vs. nonidentity-related information) and

serial routes (identity recognition processes) for the processing of certain types of facial

information (Bruce, Gibling & Young, 1987). When a face stimulus first enters the visual

system it enters a structural encoding stage, or module, where a structural representation

of the face is formed. Two different descriptions are formed in this structural encoding

module - one that is view-centered for facial expression analysis, and one that is

expression-independent that is utilized for familiar face recognition. Matching of

unfamiliar faces is thought to be dependent on both descriptions.
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For familiar faces, identity-related information follows the "identification

pathway", where long-term stored representations of previously seen faces, referred to as

face recognition units (FRUs), are compared to the currently seen face. Each previously

seen face has its own FRU containing its particular structural information. If a match is

found between a stored FRU and the current representation of the presently seen face, the

FRU is activated and a feeling of familiarity (i.e., "I have seen this face before") is

experienced. Following the positive match, the corresponding Person Identity Node (PIN)

is activated, which contains general semantic information held in long term memory about

the familiar person (i.e. occupation, personality, where you met, etc). The information

then activates the terminal node of the model, the Name Generation module, where the

person's name is retrieved (i.e. "This is Cary").

Unfamiliar faces and non-identity related information are processed in three

separate, independent satellite modules. The Facial Speech Analysis module facilitates

word perception by processing lip movements. The Expression Analysis Module is

responsible for emotion categorization. The Directed Visual Processing module creates a

temporary visual representation of unfamiliar faces from which information about gender,

age and ethnicity can be extracted. Making simple face judgments on unfamiliar faces,

such as in matching different representations, is thought to be mediated by this processing

module (Campbell, Brooks, deHaan & Roberts, 1996).

Functional dissociations between identity and expression judgments (Kurucz &

Feldmar, 1979) and identity and lip-reading (Campbell, Landis & Regard, 1986) are

consistent with the assumption that the processing of identity and non-identity information

are subserved by parallel routes. The existence of dissociable pathways in Bruce and
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Young's model also implies that the appreciation of non-identity related information can

occur even if the face is an unfamiliar one. For example, Mattson, Levin and Grafman

(2000) report a case of a person with prosopagnosia who had difficulty recognizing

familiar faces, even while her ability to match unfamiliar faces, her identification of

characteristics such as age and gender, and her ability to match faces on the basis of

expression all remained relatively intact.

Since its publication in 1986, Bruce and Young's model of face processing has

undergone a number of revisions and incarnations, and seems to be moving toward a more

connectionist architecture (e.g., The Interactive Activation and Competition, or IAC,

model of face identification; Burton, Bruce & Johnston, 1990; the two-route model of

face processing; Ellis & Young, 1990), but which tend to focus on later identification

routes, leaving early visual and facial emotion processing largely ignored. Adjustments to

the model were prompted by data from prosopagnosic patients who seemed to have

residual face processing abilities demonstrated by their implicit recognition of faces. For

example, De Haan, Young and Newcombe (1991) describe the case of patient P.H., who

was able to correctly match the names to the faces of famous people, despite not being

able to recall any biographical information of the faces that he was matching. This

suggests that name information can occur even if semantic (PIN) information is not

accessed. Despite a vigorous debate on the finer details, all cognitive models of face

processing support the basic premise that visual appreciation of expression and identity

information follow independent, parallel paths. Evidence for this dissociation also comes

from the distinct neural structures that are thought to underlie them.
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Haxby, Hoffman & Gobbini's (2000) Neuroanatomical Model ofFace Perception.

In 2000 Haxby and colleagues proposed a distributed neural system for face

perception which is in essence the neuroanatomical counterpart to Bruce and Young's

functional model (Figure 8), and is based on neuropsychological and neurophysiological

studies. The model is hierarchical in that it is divided into two systems: a core system for

the early perceptual analysis of visual features, and an extended system for processing the

significance of the information and that is involved in other cognitive functions. As in

Bruce and Young's model, emotion and identity-related information are processed

separately and in parallel.

According to the model, initial visual analysis takes place in three bilateral regions

in the occipitotemporal visual extrastriate cortex (cf Haxby et al., 2000). A coarse

structural representation of the face is made in the inferior occipital region, which is then

thought to project to the lateral fusiform region and superior temporal sulcal region for

processing of invariant (such as identity cues) and changeable (such as expression and eye

gaze) aspects of the face, respectively. Information then moves into the extended system

for processing of meaning. Eye gaze direction and spatial attention (shifting attention in

response to perceived gaze direction) activate intraparietal sulcal regions. Lip movements

and speech perception are associated with activity in both visual (i.e., superior temporal

sulcus) and auditory speech regions (i.e. superior temporal gyrus), which appear to act in

concert for speech comprehension (Haxby et al., 2002). Facial expression processing and

emotional response, such as assessing level of interest and intention, is mediated by a

number of structures, including orbitofrontal cortices, somatosensory regions and various

limbic structures. The retrieval of conceptually-related information based on identity cues,





16

such as name and biographical knowledge, is thought to be processed in anterior temporal

regions, including the temporal pole, and the anterior middle temporal gyrus (Haxby et al.,

2000).

Event-Related Potentials and Face Processing.

Behavioural studies investigating impairments in face processing allow only limited

conclusions to be drawn with respect to the exact nature of the deficits observed. For this

reason, electrophysiological methods are useful in providing an on-line millisecond-by-

millisecond measure of the processing of facial stimuli, although they provide little

information regarding the anatomical origins of the generated signal. Early, middle and

late components can be examined to determine how far along the visual processing stream

the stimuli have being processed. The event-related potentials (ERPs) selected for study

were specifically chosen in order to best determine at which processing stage the

difficulties experienced by head-injured individuals arise.

TheN170

One of the most reliable ERP components activated in response to visual facial

stimuli is a large negativity occurring at about 170 ms post-stimulus (Eimer, 2000). This

component, called the N170, is observed to be largest at the posterior lateral temporal

sites (P7, P8), and it is generally larger over the right hemisphere (Bentin, Allison, Puce,

Perez & McCarthy, 1996). The N170 is thought to reflect the structural encoding of faces

as it is markedly attenuated or completely absent during the presentation of non-face

objects (Eimer, 1998). However, the selectivity of the N170 to faces is a current point of

contention among cognitive psychologists. Some researchers propose that this component

is a reflection of subordinate-level expertise (e.g., Rossion, Curran & Gauthier, 2002;
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Tanaka & Curran, 2001). It just so happens that people have considerable experience

with faces, more so than with other object categories, and so process them at a more

subordinate level
4

. A high level of visual expertise within a certain domain, such as in dog

breeders or bird experts, is associated with a greater N170 amplitude as compared to

those elicited by novices (Tanaka & Curran, 2001; Eimer, 2000). It would therefore be

better to describe the N 1 70 as being face sensitive rather than face specific.

The N 170 is unaffected by face familiarity, repetition (Bentin & Deouell, 2000),

gender (Mouchetant-Rostaing, Giard, Bentin, Aguera & Pernier, 2000) and emotion

(Herrmann, Aranda, Ellgring, Mueller, Strik, Heidrich & Fallgatter, 2002). Therefore, the

structural encoding is thought to be pre-categorical, that is, prior to face recognition or

identification (Bruce & Young, 1986). The role of attention in modulating the N 170 is

unclear. While some studies report that directed spatial attention to faces enhances the

N170 (Holmes, Vuilleumier & Eimer, 2003; Eimer, 2000), others find that it has little

effect (Carmel & Bentin, 2002; Severac, Cauquil, Edmonds & Taylor, 2000).

There are a number of stimulus factors that affect the morphological and temporal

features of this negativity. For example, Eimer (1998) found that the presence or absence

of eyes in pictures of faces did not have an effect on N 170 amplitude, but evoked N170

latencies that were significantly later in the no-eyes versus the eyes-present condition.

These latency delays have also been found in response to the presence of isolated face

components (Bentin, Allison, Puce, Perez & McCarthy, 1996) and inverted faces (George,

Evans, Fiori, Davidoff, & Renault, 1 996) where the configural information is disrupted or

4
Sound familiar? The same argument has been applied to the role of the FFA in face processing,

which is also hypothesized as being one of the cortical generators of the N 1 70 (Puce, Allison, Gore

& McCarthy, 1995).
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altered. Altogether these findings suggest that longer N170 latencies may reflect the

slowing down of early face processing (Rossion, Gauthier, Tarr, Despland, Bruyer,

Linotte & Crommelinck, 2000). N170 amplitude is attenuated to faces which have their

external features masked (e.g., ears, hair; Eimer, 2000) and to scrambled faces (Bentin et

al., 1996), but it is larger to inverted faces (Rossion et al., 2000)
5

. This increase in

amplitude is thought to be an index of the difficulty, or amount of effort, involved in

processing inverted versus upright faces (Eimer, 2000).

There is very little literature on the effects of head injury on the N170, and the

literature that does exist deals only with densely prosopagnosic patients. Eimer and

McCarthy (1999) describe the case of patient PHD, an individual with both structural

encoding and face recognition deficit, who displayed a complete absence of the N170

component to faces. Another study describes an enhancedN 1 70 in a prosopagnosic

patient, FE (Bobes, Lopera, Garcia, Diaz-Comas, Galan & Vades-Sosa, 2003). Bentin,

Deoulle and Soroker (1999) report a rare case of a developmental prosopagnosic, YT,

whose visual and cognitive functions were normal but who was severely impaired in face

recognition. The authors found, however, that in YT the N170 was nonselective; that is,

an N 170 was observed not only to the presentation of faces, but also to objects. The

latency of the N170 was unaffected, although its amplitude was slightly smaller. The

authors concluded that YT's impairment in face recognition occurred earlier in the

perceptual process, in the selection and streaming of face-specific information, prior to

actual structural encoding. The basis of the contradictory findings among these studies

5
Despite some studies which show an N 1 70 to non-face objects, this "inversion effect" only occurs

to face stimuli, lending support to the notion that the N 1 70 is an index of face recognition processes

(Rossion et al., 2000; Tanaka & Farah. 1993).
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remains unclear.

The N400

The N400 was first described in a landmark study by Kutas and Hillyard (1980),

who reported that sentences with semantically incongruent endings (e.g., "He took a sip

from the transmitter") consistently evoked a negative-going component, starting at about

250 ms and peaking at 400 ms after the onset of the incongruent word. It is a fairly

robust, negative-going deflection, with a posterior (centro-parietal) scalp distribution that

tends to be larger over the right hemisphere (e.g., Curran, Tucker, Kutas & Posner, 1993,

Kutas & Iragui, 1998) and can occur from anywhere between 300 and 600 ms post-

stimulus.

Further research subsequently revealed that the N400 is elicited in relation to the

degree of mismatch between the target and the semantic prime (i.e., based on semantic

expectancy and the integration of word meaning), rather than on semantic anomaly alone

(Kutas & Hillyard, 1984). That is, it reflects the ease with which the stimulus is integrated

within the previous context (c.f. Bobes, Martin, Olivares, & Valdes-Sosa, 2000). The

N400 amplitude has been found to be sensitive to a number of lexical and contextual

factors, including repetition of the target within the same semantic context, target

expectancy based upon semantic priming, cloze probability
6
(Frisch & Schlesewsky, 2001;

Van Petten & Kutas, 1990; Kutas & Hillyard, 1984), and the difficulty or mental effort

required to integrate an item's contextual meaning (Holcomb, 1993).

Although the N400 has been thoroughly studied within a linguistic context,

6
Cloze probability refers to the likelihood or predictability of a target word to occur within a

preceeding sentence context, and where the amplitude of the N400 is inversely related to the degree

of expectancy of the target word (Kutas & Hillyard, 1984).
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comparatively few studies have been published examining the component using non-verbal

stimuli. Some researchers contend that the component is language specific, and is elicited

only within the context of lexical tasks (Besson & McCar, 1987). However, a number of

recent studies have reported a fairly robust N400-like component during tasks utilizing

non-verbal visual stimuli. For example, an N400-like component has successfully been

evoked in studies using face stimuli, such as recognition studies involving incongruent

feature completions to familiar faces (Olivares, Iglesias, & Bobes, 1998), and in semantic

matching paradigms in which familiar faces are matched to an occupation (Barret & Rugg,

1989).

The negativity evoked by non-word stimuli, however, is described as having a

slightly different topography than its linguistic analogue, with a largely parieto-occipital

distribution (Olivareset al., 1998). Both a predominantly left (Olivares et al., 1998) and

right (Bobes, Valdes-Sosa, & Olivares, 1994) scalp distribution for the N400 to faces has

been reported in the literature. The negative deflection to face stimuli has been described

as spanning between 280 and 520 ms post-stimulus, with a variable peak latency,

depending on the task parameters (e.g., Bobes et al., 1994; Olivares et al., 1998) The

N400-like amplitude, as in lexical tasks, is also reportedly susceptible to repetition effects,

resulting in the attenuation of the component upon repetition within the same context as

the original presentation (Eimer, 2000). Face matching tasks using familiar faces have

been reported to evoke larger negativities than unfamiliar faces (Bobes & Deoulle, 2000),

but this finding is not consistently found (Bobes et al., 2000).

Of the relatively few studies examining N400-like components elicited by facial

stimuli, a surprisingly small number have examined the role of this component in the
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processing of facial emotion. A left lateralized fronto-central and central parietal scalp

distribution has been reported for facial identity matching tasks (Munte, Brack, Grootheer,

Wieringa, Matzke, & Johannes, 1998; Eimer, 2000; Bobes et al., 2000). A more right

lateralized posterior occipito-temporal and temporal parietal topography for expression

matching has been reported (Munte et al, 1998, Marinkovic & Halgren, 1998; Bobes et

al., 2000), but topographical differences between emotion and identity matching tasks are

not always reported (Potter & Parker, 1997). The discrepancy in the reported topography

between studies may relate to the failure to differentiate among the emotions on the basis

of the different neuronal populations that underlie them (and hence generating different

scalp distributions depending on the particular emotion presented).

Some studies have indicated that the processing of identity occurs earlier than

emotion, as reflected by earlier N400 onset and peak latency (Munte et al., 1998;

Marinkovic & Halgren, 1998). However, Bobes et al (2000) pointed out that the

differences in the latency of the N400-like component may stem from the extra external

facial features (e.g., hair, ears, shape of the face) which may facilitate identity matching,

resulting in a shorter latency, while no such cues are present for aiding expression

judgments. Bobes et al. (2000) tried to control these extraneous cues, and additional

confounds present in other face- and emotion-matching studies, by using pictures that

consisted entirely of frontal views and were cropped with a circular border to remove any

external features that might serve as cues, such as hair, clothes, background, etc. In the

identity matching task, subjects were asked to determine whether two sequentially

presented faces depicted the same individual (despite representing different emotions). In

the expression-matching task, participants were asked if the two faces shown represented
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the same emotional expression (despite depicting different individuals). The authors

reported a predominantly left central parietal N400 scalp distribution, slightly skewed to

the left hemisphere to mismatches in identity, and a slightly more posteriorly distributed,

largely right-lateralized activation in the temporal parietal and occipital scalp sites to

mismatches in emotional expression. The waveforms associated with the identity

condition were more negative-going than those of the emotion condition. However, there

was no interaction between task and congruity, nor did the latencies for the two tasks

differ.

The few studies that have addressed the effect of head injury on the N400 have

mostly used linguistic stimuli. In general these studies report attenuated amplitudes

(Friederici, vonCramon & Kotz, 1999) and delayed latencies (Kitade, Enal, Sei & Morita,

1999) by as much as 100 ms (Miinte & Heinze, 1994) following head injury. The few that

have used face stimuli (e.g., Bobes et al., 2003) have involved single-subject, densely

prosopagnosic participants. An N400-like negativity has been reported, and this has been

interpreted as a preserved ability for the covert processing of faces.

The Late Positivity
1

The generation of a left lateralized late positivity, or LP, has been reported in

studies using emotional words (Besson, Kutas, & Van Petten, 1 992) and facial stimuli

(Olivares et al., 1998). It is a slow wave potential that encompasses several

subcomponents, most notably the P3 and the Slow Wave (SW), and peaks from about 300

- 600 ms post-stimulus (Nielsen-Bohlman & Knight, 1999) with an amplitude of about 5 -

6 u.V. As in studies using lexical stimuli, an anterior distribution with a slight
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lateralization to the left hemisphere has been reported in response to mismatching facial

features (Olivares et al., 1998). An enhanced positivity is often observed with stimulus

repetition (Rugg & Doyle, 1994), low stimulus probability (Donchin & Coles, 1988),

perceived relevance (Picton & Hillyard, 1988) and in response to affective content in

pictures or words (Diedrich, Naumann, Maier, Becker & Bartussek, 1997; Striet, Wolwer,

Brinkmeyer, Ihl & Gaebel, 2000; Herrmann et al, 2002). This positivity is thought to

reflect increased attentive processing to salient aspects of the stimuli (Cuthbert, Schupp,

Bradley, Birbaumer, & Lang, 2000), such as the rarity of its occurrence or its emotional

content (Pollak, Klorman, Thatcher & Ciccetti, 2001). This positive shift is larger when

attention is directed specifically to the affective content of the stimuli (Naumann,

Bartussek, Diedrich & Laufer, 1992).

Some researchers report that the positivity to negative or unpleasant pictures is

larger than to positive ones (Yee & Miller, 1987), while others report the opposite effect

(Kesenbaum & Nelson, 1992), and still others report no difference at all (Cuthbert et al.,

2000). In general, however, it appears that the waveforms elicited to the presentation of

emotional stimuli, whether pleasant or unpleasant, tend to be more positive-going overall

than those to neutral stimuli (Cuthbert et al., 2000; Carretie, Iglesias & Garcia, 1997).

Although the timing and topography of this so-called emotion effect tends to vary

considerably between studies (Cuthbert et al., 2000; Naumann et al., 1992), this effect is

reported to influence ERP components as early as the N200 (Kayser, Tenke, Nordby,

Hammerborg, Hughdad; & Erdmann, 1997) and include the P3 (Naumann et al., 1992),

N3 (Carretie et al., 1997) and the slow wave component (Cuthbert et al., 2000). This

7
The late positivity is also referred to as the P600, the P450, and the late positive complex.
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inconsistency may stem from methodological differences, including stimulus repetition,

attentional demands and, in particular, the failure to distinguish stimuli in terms of valence

and arousal.

The late positivity is thought to indicate interactions between the amygdala and

other cortical regions (c.f Lane et al., 1997) and reflects sustained attentional processing

of motivationally significant stimuli (Lang, Bradley & Cuthbert, 1997). The greater

positivity observed in response to unpleasant pictures may occur because they are more

provocative or salient to the viewer than pleasant or neutral ones (Orozco & Ehlers,

1998). The early temporal aspect of the emotion effect (around the P3 time range) appears

to be affected by emotional valence, whereas the late aspect of this positivity (around the

SW time range) is not (see Diedrich et al., 1997). For example, Dolcos and Cabeza

(2002) reported that that LP amplitude at frontocentral sites varied according to valence

and arousal, whereas amplitudes at parietal sites were sensitive only to arousal.

Interestingly, inversion of emotional facial stimuli tends to attenuate this component

(Eimer & Holmes, 2002). Damage to frontal areas, particularly to the dorsolateral frontal

cortex, has been associated with attenuated LP amplitudes (Knight, 1984; Nielsen-

Bohlman & Knight, 1999).

Goals of the Current Study

The purpose of the present study was to examine the nature of the difficulties in

the perception of emotion and/or identity encountered by individuals who have sustained a

moderate-to-severe closed head injury. Participants will view sequentially presented pairs

of faces and be asked to determine whether they are the same or different according to

either emotion or identity. The N 1 70 and N400 will be examined to determine whether
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difficulties are occurring during the earlier, structural processing stage and/or during the

subsequent processing of the stimuli. The LP, typically produced in response to the

affective content of a presenting stimulus, will also be examined. Determination of

whether the difficulties lie in the structural encoding of the stimuli or in the subsequent

analyses of faces can have important clinical and rehabilitative implications for individuals

who have sustained a traumatic closed head injury, as well as provide some insight into the

processing stages involved in the recognition of facial stimuli.

Expected Results

General Cognitive Measures

For individuals with a CHI, impaired memory function, cognitive slowing and

cognitive inflexibility and perseveration are expected. Damage to the frontal areas of the

brain, particularly the orbitofrontal and ventromedial cortices, are associated with

impairments in emotion processing (Rolls et al., 1994; Hornak et al., 1996). Damage to

occipito-temporal regions are associated with deficits in face identification (Allison, Puce,

Spencer & McCarthy, 1999; Hoffman & Haxby, 2000; Puce et al., 1996; Hadjikhani,

DeGelder, 2002). Given that areas of the frontal cortex and temporal lobes are

particularly susceptible to coup damage following a head injury, irrespective of site of

impact (Adams et al., 1980; Levin & Kraus, 1994; Ommaya, 1971), it was predicted that

individuals with CHI will be less accurate in labeling facial expressions and less accurate in

matching faces on the basis of identity as compared to their control counterparts.

Matching emotional facial expressions is deemed to be more difficult than matching faces

on the basis of identity (Munte et al., 1998; Potter & Parker, 1997). Therefore, a poorer

performance on the emotion-matching than identity-matching task is expected to occur in
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the control group. This differential performance is also expected in the head injured group,

and it is further predicted that they will demonstrate a greater dissociation in their

performance between the identity and emotion-matching tasks than their control

counterparts.

Electrophysiological Measures

In general, a biphasic ERP pattern is expected to occur for both the identity

matching and expression matching ERP tasks, consisting of an N400 followed by a late

positivity. Group differences are not expected to be evident between the two groups

among the earlier, exogenous N170, but the later, endogenous N400 and LP components

are expected to show an attenuated (if not completely absent) and/or delayed pattern of

activation in the CHI group with respect to the control counterparts.

The N170

There is very little literature on the effect ofCHI on the N170. The existing

literature report conflicting results and have studies used single-subject, densely

prosopagnosic participants. Therefore, formulating a cogent theory on the effects of CHI

on the N 170 on the basis of previous research is difficult. However, given that the

participants in the current study were not identified as being prosopagnosic, it assumed

that their face recognition deficits are not total. That is, the face recognition deficits are

thought to occur later in the visual processing stream and not due to deficits in the initial

structural encoding of the stimuli. Therefore, the amplitude of the N 170 is expected to be

comparable between groups. Given that it is generally agreed that the N170 reflects

structural encoding processes that are pre-categorical and therefore insensitive to

emotional content, the amplitude of the N 170 is also expected to be comparable between
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tasks.

The N 170 is sensitive to the masking of external features (Eimer, 2000) resulting

in an somewhat attenuated amplitude (Eimer, 1998, 2000). Given that the stimuli in the

current study consist of cropped faces in which the external features have been removed, it

is expected that the N170 amplitude will be somewhat attenuated, although this trend is

expected to occur in both groups.

The N400

It is predicted that, relative to controls, the CHI group will show significantly

attenuated and delayed N400s on mismatch trials. However, because a greater impairment

in emotion perception among injured individuals is expected, the relative attenuation is

thought to be greater when the emotional expression is the focus of the task.

The Late Positivity

Directed attention (Naumann et al., 1992) and affective content of stimuli

(Cuthbert et al., 2000) have been shown to increase the amplitude of the late positivity. It

is therefore expected that, in the control group, the ERPs in the emotion-matching task

will be more positive-going, overall, than those in identity-matching task. Because

damage to frontal areas, particularly to the dorsolateral frontal cortex, has been associated

with attenuated LP amplitudes (Knight, 1984; Nielsen-Bohlman & Knight, 1999), it is

expected that participants in the head injured group will be less sensitive to the emotional

content of the face stimuli and therefore will not show a significant emotion effect. That

is, their LP amplitudes will be not as positive-going as those of their respective controls

and their waveforms for the identity and emotion matching tasks will appear similar to one

another.
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Methods

Participants

Thirteen medically stable individuals who had sustained a closed head injury (CHI:

12 male; mean age 36.0 years), defined as loss of consciousness and/or traumatic amnesia,

and 12 controls (9 male) with a mean age of 32.7 years participated in the study as paid

volunteers (Table 4). Except for one left-handed male control and one left-handed male

CHI participant, all subjects were right handed as defined by writing hand, with normal or

corrected-to-normal vision. Exclusion criteria for controls included a history of head

injury, substance abuse, learning disability, developmental disability, current use of

medication with cognitive effects and a personal history ofDSM-IV Axis I or Axis 2

disorder. Exclusion criteria for CHI participants included a history of substance abuse,

learning disability prior to the injury, developmental disability, and a personal history of

DSM-IV Axis I or Axis 2 disorder.

All of the CHI participants had sustained moderate to severe injuries according to

their medical records and were selected to be at least 2 years post-injury. Time since

injury ranged from 3.4 to 26.1 years (M = 13.03, SD = 9.22). Ten of the 13 CHI

participants had sustained their injuries as a result of a motor vehicle accident. In addition

to the original trauma, most also suffered from secondary complications of brain injury,

including intracranial hematoma, brain swelling and subarachnoidal hemorrhage.

Individuals with spatial distortion, ocular pathology or apraxia were excluded from the

study. Table 5 presents the demographic features, mechanisms of injury as well as

intracranial complications resulting from the injury.
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Experimental Tasks and Materials

Face stimuli

Stimuli for the ERP tasks consisted of 72 digitized gray-scale images portraying a

frontal view of 24 male and female faces of persons of European descent (12 male, 12

female). The photographs were taken from an existing archive of 3379 color photos from

the University of Pennsylvania face database (Gur, Sara, Hagendoorn Et al., 2002) in

which posers were instructed to model six expressions: happy, sad, fear, disgust, anger

and a neutral expression. From this original set 675 were selected by the researcher for

norming. Using Adobe Photoshop 5.0, each photograph was converted to black and

white, adjusted for size and contrast and cropped with a rectangular border on a black

background. These photographs were subsequently projected on a 15 inch screen to 16

male and 1 6 female undergraduate students for norming. Participants were instructed to

classify the emotion being modeled in each photograph. Photos which received the highest

consensus among the judges were selected for the study. Overall the consensus between

judges ranged from 66.7% to 100% (mean 91.61%). Only the posers with at least three of

the following prototypical emotions were selected to be in the final stimulus

set: anger, fear, disgust, and/or neutral
8

. A total of 12 male and 12 female posers were

selected, ranging from approximately 20 to 55 years of age, and each depicting at least

three of the possible four emotions for a total of 72 stimuli (i.e., 18 neutral, 18 disgust, 18

anger, 1 8 fear). Each face was further cropped with an oval border on a black

background in order to mask hair, clothing and other external features that may aid

8
These negative emotions were chosen as they have similar valence (unpleasant) and arousal (highly

arousing) properties. In addition, it is documented that these negative emotions tend to be the more

difficult to discriminate among (Russell, 1994; Mohanty & Koff, 1999).
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identification judgments (see Appendix A).

All facial stimuli were 4" by 6" and presented on a 1 5 inch computer screen at 70

dots per inch resolution, and subtended a visual angle of 5.8°.

General Cognitive Measures

A number of neuropsychological tests and questionnaires were selected in order to

document overall functioning and to assess abstraction, information processing, memory,

learning, and the presence of perceptual deficits related to the processing of visual facial

stimuli.

Health andMedical History Questionnaire

This questionnaire was administered to document details pertaining to the head

injury and any post-injury sequelae, as well as the presence of previous and/or ongoing

medical conditions or pharmacological treatments that may impact performance. A

comparable measure was administered to control subjects.

Smell Identification Test (SIT)

The SIT (Varney, 1999) provides a means of quantifying olfactory functioning.

The test consists of 40 strips of micro-encapsulated odourants, which respondents are

asked to "scratch-and-sniff ' and then identify the smell from 1 of 4 multiple choice items.

Loss of olfactory function is associated with damage to the olfactory bulbs, which are

located in the orbital frontal cortex. Thus, the presence of total anosmia, or mild,

moderate or severe hyposmia correlates highly with damage to the orbitofrontal region of

the cortex which surrounds the olfactory bulbs.

Benton Face Recognition Test (BFRT)

The BFRT (Benton, Hamsher, Varney & Spreen, 1983) is an un-timed visual
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discrimination task designed to assess the ability to match unfamiliar faces on the basis of

identity. Participants are asked to match a front-view target face from a set consisting of

frontal-views, three-quarter views and front-views shown in shadow. This test was

included to assess any general decline in the ability to process facial stimuli on the basis of

identity, as injuries to the frontal lobe are often accompanied by deficits in facial

recognition.

Facial Expression Identification Test (FEIT)

This un-timed test provides a measure of one's ability to identify basic emotions,

and consists of photographs of five models, each depicting one of six basic emotions

(happiness, sadness, anger, fear, disgust and neutral). These pictures were repeated twice

for a total of 60 pictures. The name of each emotion was printed on a separate sheet of

paper, and participants were asked to indicate which of the six best described the emotion

being modeled in the picture. These photographs were derived from the same archive as

those selected for the identity-matching and emotion-matching ERP tasks.

Affect Regulation and Experience Questionnaire (AREQ)

This is a 55-item self-appraisal questionnaire designed to determine the frequency,

intensity and perception with which particular emotions are experienced, as well as the

extent to which the emotions are controlled. Individuals who have sustained a head injury

often experience changes within these emotional domains. A friend or family member of

each participant was also asked to fill out a similar questionnaire and comparisons between

self- and family ratings were made in order to identify the extent of each individuals'

beliefs, insight and awareness regarding their emotional competence (Appendix D and E).
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Speed and Capacity ofLanguage-Processing (SCOLP)

The SCOLP (Baddeley, Emslie & Nimmo-Smith, 1992) provides a measure of the

rate of verbal information processing. It is composed oftwo subtests, one providing an

index of mental speed within the verbal domain and the other providing an estimate of pre-

morbid verbal ability. The Speed of Comprehension Test (SOCT) is a timed task in which

participants were asked to make true-false judgments in response to a series of general

statements. During the other sub-test, The Spot-The-Word-Test (SWT), participants

were presented with a series ofword pairs, consisting on one "real" word and one

"pseudo" word, and were instructed to indicate which word is the "real" one. This sub-

test is not timed. The number of correct answers correlates with vocabulary and verbal

intelligence, and performance is relatively resistant to the effects of brain damage (Watt &

O'Carroll, 1999; Yuspeh & Vanderploeg, 2000). The SWT provides the framework in

which the SOCT is interpreted, and together these sub-tests enable the differentiation

between pre-morbid "slow-thinkers" and cognitive slowing as a result of brain damage.

California Verbal Learning Test (CVLT)

An abbreviated version of the CVLT (Delis, Kramer Kaplan & Ober, 1987) was

included in order to assess individuals' verbal learning strategies, concept formation, recall

and source recognition memory. The abbreviated form of the test involved three

successive presentations of a list of sixteen "shopping items" containing an embedded

semantic structure (i.e., deserts, vegetables, sports equipment and office supplies), which

is read aloud to each participant (study trial), who are subsequently asked to recall in any

order as many of the items on the list as possible (test trial). Free recall is measured after a

short delay following the presentation of an interference list. After about 20 minutes,
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participants are tested on the long delay free recall, cued recall with semantic category

names and recognition of items on the original list. Cluster scores, which consists of the

number of words recalled using the embedded semantic structure of the list words, are

calculated and converted to percentages. Besides having a typically poorer level of recall

and recognition, individuals who have sustained brain damage often show characteristic

performance patterns, such as item repetition and the inability to make use of category

information in the free and cued recall portion of the task (Haut & Shutty, 1992; Crosson,

Klaus, Sartor, Jenny, Nabors, & Moberg, 1993).

Wisconsin Card Sorting Test (WCST)

The abbreviated 64-card version of the WCST was used. This test consists of

response cards which have different symbols and colors printed on them (Grant & Berg,

1948; Kongs, Thompson, Iverson & Heaton, 2000). In this task, participants are asked to

sort the response cards according to changing grouping principles (i.e., cards are matched

according to shape, color or number) based on feedback from the examiner. The number

of categories achieved and the number of perseverative errors is calculated. The WCST is

reportedly sensitive to the presence of prefrontal dysfunction (e.g., Abbruzzese, Bellodi,

Ferri, & Scarone, 1995) as performance depends on processes such as abstract reasoning,

conceptual formation and flexibility (i.e., the ability to generate hypotheses and shift

response sets during sorting) all ofwhich are thought to be mediated by frontal structures.

Performance on the WCST is particularly sensitive to dorso-lateral prefrontal cortical

dysfunction (Goldberg & Weinberger, 1988) which is characterized by excessive

perseverative errors.
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Procedure

Participants were recruited through the placement of advertisments in local CHI

newsletters and through contact with a local head injury association. Controls consisted of

volunteers from the community as well as interested family and friends of CHI

participants. Interested individuals were contacted and initially screened by phone.

Participants were tested individually during a single session that lasted between three and

four hours. Upon arrival at the lab, participants were briefed on the experimental

procedures, and informed consent was obtained from them or from their legal guardian.

The Health and Medical History Questionnaire and the SIT were administered in a private

consulting room prior to the ERP recording session. Participants were then seated in a

dimly lit, sound-attenuated and electrically shielded room for the ERP tasks. Following

electrophysiological recording, participants returned to the consulting room to complete

the remaining neuropsychological tests. All participants were given an honorarium of

$60.00 for their participation and reimbursed for any travel expenses.

ERP Task

Electrophysiological responses were collected during a modified version of a

paradigm described by Bobes et al. (2000). Participants were presented two different

target detection tasks involving discrimination of either facial identity or emotional

expression. In an effort to record a sufficient number of trials per condition while at the

same time keeping the task within a reasonable testing period, anger, fear, disgust and a

neutral expression were the only emotional facial expressions included in both the

expression-judgment and identity-judgment tasks. Order of presentation of the

discrimination tasks was counterbalanced across participants.
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Emotion Recognition Task

This task consisted of the sequential presentation oftwo photographs (SI and S2)

in which the emotional expressions modeled were either the same or different (Figure 9).

Participants were instructed to decide whether the emotions modeled within each dyad

were the same (a match, constituting 50% of the trials) or different (a mismatch,

constituting the other 50% of the trials), and to indicate their answer by key press on a

computer keyboard. The two photographs always belonged to a different model (i.e.,

identity varied on 100% of the trials). Each stimulus was displayed for 250 ms, with a

stimulus onset asynchrony between S 1 and S2 of 500 ms filled by a black field, and an

inter-trial interval of 2000 ms. A total of 96 non-repeating stimulus pairs were presented in

three blocks (32 pairs per block), preceeded by six practice trials (not repeated in the

target set) used to familiarize participants with the task. There was a 30-second rest period

between each block.

Identity Recognition Task

The identity-judgment task had the same structure as the emotion-judgment task,

with the exception that participants were instructed to decide whether the identity of the

models in each dyad were the same (a match) or different (a mismatch; Figure 10).

Different emotional expressions were modeled within each pair (i.e., emotion varied on

100% of the trials). Response key and stimulus condition were counterbalanced across

subjects.

Electrophysiological recording

Continuous electrophysiological data were collected with tin electrodes from 37

monopolar scalp electrodes using a 64-channel electrode array cap (Electro-Cap
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International) based on the international 10/20 electrode placement system (Jasper, 1958).

Active sites included frontopolar (Fpl, Fp2), frontal (Fz, F3, F4, F7, F8), frontocentral

(FC3, FC4), central (Cz, C3, C4), centroparietal (CPZ, CP3, CP4), parietal (Pz, P3, P4),

frontotemporal (FT7, FT8), temporal (T7, T8), and occipital (Oz, 01, 02). All active

sites were referenced to the left ear (Al), with the medio-frontal site (Fpz) serving as the

ground. Activity from the right ear (A2) was also recorded and used for later, offline

derivation of an averaged-ears reference. Additional bipolar derivations from two gold

electrodes situated on the supraorbital and outer canthus of the right eye were recorded to

monitor eye-blinks as well as vertical and horizontal electro-oculograms (EOG). Inter-

electrode impedances were kept below 5 kD.. EEG and EOG signals were amplified with

a hardware gain of 10,000 and digitized online at 256 FIz (3.91 msec per point) with a

±5V input, 12-bit analog-to-digital (A-D) converter (Instep systems). The signals were

digitally filtered through a 0.2 - 30 Hz analog band-pass. The data were stored on hard

disk and later re-referenced off-line to an average of the two ears, with the exception of

the N 170 in which an average reference was used. To ensure adequate signal-to-noise

ratio in the ERPs, participants who had fewer than 16 artifact-free trials per category

within each task were excluded from the final analysis.

Scorin2 ERPs

ERPs had a 2000 ms epoch, with a 100 ms prestimulus baseline obtained in each

trial, and time-locked to the presentation of the second stimulus. The post-stimulus latency

windows over specified leads for each component used in determining the peaks were

determined on the basis of relevant literature: 150 - 190 ms for N 170, 350 - 500 ms for

N400, 400 - 800 ms for LP. Peak picking for the N170 was aided by the vertex positive
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potential, or VPP, a positivity maximally recorded at Cz (Campanella et al., 2002;

Herrmann et al., 2002) and synchronized with the N170 (Jeffreys, 1996). Given the

proximity of the temporal sites to the ears, the data were re-referenced off-line to an

average reference when peak-picking for the N170 (Campanella et al., 2002; Cauquil,

2000). Prior to averaging, EEG trials in which behavioral errors occurred were rejected.

Eye-blinks and excessive activity in the electro-ocular channel were corrected using a

regression algorithm (Segalowitz, 1996). Grand averages were made for each

experimental condition across subjects.

In addition to examining the latency and amplitude of ERPs, electrophysiological

data may also be examined using average amplitude within a particular latency region,

which is an average of the amplitude and duration for various points of interest. This type

of analysis is especially useful for later components, such as the N400 and the P6 as they

tend to have a broad rise and fall pattern rather than a specific peak. In order to do this

analysis, ERPs were binned into 50 ms epochs. The bins were subjected to a series of

paired t-tests (a = .10) between matched and mismatched conditions, across stimulus type

and within electrode site. The results of the t-tests (not reported here) revealed that, for

both groups of participants, there appeared to be two regions in which the waveforms

were maximally differentiated. These will be referred to as the first late component (LCI;

350 - 450 ms) and the second late component (LC2; 500 - 900 ms).

Results

General Cognitive Measures. Group differences among the various psychometric

measures were examined using independent samples t-tests (Table 6). Appropriate

adjustments were made for any violations in the assumptions underlying parametric





38

testing. The results indicated that in the California Verbal Learning Test (CVLT) the CHI

group had poorer scores in both the short delay, t»«* 3.69, p < .001, and long-delay, t23
=

4. 10, p = .001, free recall tasks, and recalled fewer items than controls even when cues

were provided, t23 = 4.39, p < .001. They had significantly more intrusions, t23= -2.37, p

< .05, were less able to group items into semantically meaningful clusters, t23= 3.46, p <

.01, and were less able to discriminate list from nonlist items during the recognition task,

t23 = 2. 14, p < 05. The groups did not differ, however, in the number of perseverative

errors made.

A series of mixed-model ANOVAs were conducted in order to determine whether

poorer performance by the head injured group is due to an initial encoding deficit, a

problem with consolidation of the information and/or a retrieval deficit. The within-

subject factors were Trial (1, 2, 3) for evaluating an encoding deficit, Time (trial 3, short

delay free recall, long delay free recall) to evaluate consolidation of the information, and

Cue (long delay cued recall, long delay free recall) to evaluate retrieval.

The results revealed a significant interaction between trial and group, F2)46 = 3.42,

p < .05, tf— .13, indicating that the head injured group had greater difficulty encoding the

information than their control counterparts. There was no significant interaction for

Group x Time, Fi ?46
= 0.24, ns, or Group X Cue, Fi.23 = 0.21, ns,. This suggests that the

memory difficulties experienced by participants with a head injury are not primarily due to

deficits with retrieval or maintaining the information in memory as they did not differ in

their respective rate of forgetting or their use of cues (Squire, Cohen & Nadel, 1983; see

Vanderploeg, Crowell & Curtiss, 2001 for a detailed interpretation of differential

performance on the CVLT ).
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Participants who had sustained a head injury performed more poorly in the Speed

and Capacity of Language Processing (SCOLP), both on the comprehension, t» = 4.39, p

< .001, and the Spot-the-Word tasks, t23= 2.85, p < .01, indicating group differences in

current mental speed but also suggesting a difference in pre-morbid IQ. Participants in the

CHI group performed significantly worse than their control counterparts in the Smell

Identification Test (SIT; t23 = 4.49, p<001). No group differences were found for

performance on the WCST for the number of categories completed, failure to maintain set

or the number of total and perseverative errors.

Despite attempts to match groups on all demographic variables, participants with a

head injury completed significantly fewer years of education, t23 = 5.58, p < .001, than

control participants. Since education correlates with group, r = -.79, p = .01, using it as a

covariate would not be appropriate as it may act to factor out variance due to group

membership. However, to determine the degree to which educational level might be

responsible for scores on other measures, partial correlations controlling for group were

conducted in order to determine the relationship, if any, between years of education and

the various behavioural variables that were found to have significant group differences.

The only behavioural variable that correlated with years of education was the total number

correct in the short-delay recall of the CVLT, pr = .45, p = .03, suggesting that, as

expected, education had a positive relationship to one's ability to remember word lists.

More importantly, although there were group differences in educational level, they were

not the basis for group differences in the other measures.
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Identification ofFaces and Emotions.

Participants who had sustained a head injury had a poorer ability to match faces on

the basis of their identity (BFRT; t23 = 2.59, p < .01). Eight of the 13 brain-injured

participants achieved an accuracy score equal to or higher (M = 43. 1 5, SD = 4.47) than

the lowest accuracy score achieved by controls (M = 47.0, SD = 2.66; Table 7). As a

group, the CHI participants scored within the lower limits of normal performance on the

BFRT. Participants with a head injury also had significantly poorer ability to accurately

classify facial expressions (FEIT; t23
= 2.58, p < .05; M = 44.08, SD =6.95) as compared

to their control counterparts (M = 49.92, SD =2.75; see Figure 1 1). Ten of the 13

participants achieved a score equal to or higher than the lowest score achieved by

controls.

A 6 x 2 mixed ANOVA was performed, with number of errors for each type of

emotion (happy, sad, anger, fear, disgust, neutral) as the within-subject factor and group

as the between-subject factor. There was a main effect of group, Fi >23
= 10.62, p < .01, rf

= 316, such that control participants made fewer errors (M = 8.75, SD = 3.45) than head-

injured participants (M = 15.92, SD = 6.87). There was also a main effect of type of

emotion, F5)n 5
= 20.34, p < .001, rf = .47, which was superceded by an interaction

between group and type of emotion, F 5j 15 = 3.17, p < .01, rf = .12. Post-hoc analyses

revealed that in general more errors were made when identifying sadness (M = 2.48, SD =

0.41), fear (M = 2.53, SD = 0.43), anger (M = 2.61, SD = 0.38) and disgust (M = 3.83,

SD = 0.33) than when identifying happy (M = .394, SD = 0. 10) and neutral (M = .487, SD

= 0. 16) facial expressions. Participants with a head injury made more errors while

identifying sadness (M = 3.46, SD = 2.47) and disgust (M = 5.08, SD = 1.80) than control
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participants (M = 1.50, SD = 1.51; M = 2.58, SD = 1.44, respectively). Differences

between group means for anger (control: M: 1 .92, SD = 1.5; CHI: M = 3.3 1, SD = 2.2)

and fear (Control: M = 1.83, SD = 1.5; CHI: M = 3.23, SD = 2.6) approached statistical

significance as well.

Despite the CHI participants making approximately twice as many errors than their

control counterparts, the general pattern of errors made was surprisingly similar in the two

groups (Table 8). Disgust and sadness were often confused (control: 18 % of errors

made; CHI 15 %) as was disgust and anger (control: 21 %; CHI: 24 %) and neutral and

anger (control: 12 %; CHI: 1 1%). However, control participants more frequently

confused sadness and fear, comprising thirteen percent of their total errors, as opposed to

6 percent by their head-injured counterparts.

Ability to match faces on the basis of identity (BFRT) and ability to label facial

expressions (FEIT) were significantly correlated in the CHI group, r = .72, p < .01 but not

in the control group, r = . 13, ns. As these measures are thought to be functionally

independent processes (see Models ofFace Processing in the previous chapter), it is likely

that the correlation in the CHI group reflects some aspect of general visual processing

capacity. Theoretically this third variable is likely to be structural encoding ability. As the

amplitude of the N 170 is thought to reflect structural encoding processes, the relationship

between the FEIT, BFRT and the amplitude of the N170 was examined, but no reliable

relationships were observed. Alternately, the greater range in the CHI scores for the

BFRT (Range = 16) and the FEIT (Range = 25) may have inflated the correlation between

these measures, and having a smaller or restricted range may decrease the correlation,

which may explain why this relationship is not be present in the control group (Range
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BFRT = 8; FEIT = 14).

Affect Regulation and Experience Questionnaire: Self-ratings

In order to examine whether the control group and CHI group differed in their

responses on the Affect Regulation and Experience Questionnaire (AREQ), responses

were analyzed using a 5 X 2 repeated measures ANOVA with emotion (happy, sad, anger,

fear, disgust) as the within subject factor and group (CHI, control) as the between subject

factor (see left two columns of Table 9). Note that a high score on frequency, intensity

and perception indicates that the individuals report experiencing the emotion in question to

a greater degree (i.e., greater frequency, greater intensity, or, with respect to perception,

being more likely to perceive it in others). A high rating on the control measure, for

example, indicates a greater ability to control the expression of that emotion.

Frequency. There was a main effect of emotion for self-reported frequency, F4;88
= 13.78,

p = .001, rf = .39, indicating that the experience of happiness (M = 3.67 , SD =
. 13) was

reported significantly more frequently than anger (M = 2.46, SD = .18), sadness (M =

2.79, SD = .15) and fear (M = 2.29, SD = .15), with sadness being reported significantly

more frequently than fear. There was no main effect of group and no interaction between

group and self-ratings of emotion.

Intensity. There was a main effect for emotion intensity, F4,g8 = 6.78, p < .001, rf = .26,

such that happiness (M = 2.41, SD = .12) was reported to be experienced with greater

intensity than sadness (M = 1.75, SD = .15), fear (M = 1.54, SD = .17) and disgust (M =

1 .58, SD =
. 1 8). There was no main effect of group or group by emotion interaction.

Control. Analyses of participant's self-rated ability to control their emotions revealed no

significant main effects or interactions.





43

Perception. There was a significant main effect for self-reported ability to perceive

emotions in others, F4
,
84 = 6.59, p < .001, rf ~ .24, in which the self-reported ability to

perceive anger (M = 3.78, SD = .09) was rated significantly higher (reflecting a greater

ability to do so) than the ability to perceive fear (M = 3.21, SD = .16) or disgust (M =

3.24, SD = .16). There was no main effect for group or interaction. Thus, it appears that,

based on self-ratings, the groups do not differ when rating themselves on their subjective

experience or perception of any particular emotion.

Affect Regulation and Experience Questionnaire: Collateral Ratings

In order to determine whether the groups differed with respect to their collateral

ratings (i.e., the ratings made by others of their ability), the ratings were analyzed using a 5

X 2 repeated measures ANOVA with emotion (happy, sad, anger, fear, disgust) as the

within-subject factor and group (CHI collateral ratings, control collateral ratings) as the

between-subject factor. Table 9 (right two columns) presents the collateral ratings for

both groups.

Frequency. There was a main effect of emotion for the collaterally-reported frequency

with which participants experienced emotions, F4
,
84 = 10.66, p < .001, rf = .34. Overall,

collaterals rated their respective persons as experiencing happiness (M = 3.57, SD = .59)

significantly more frequently than sadness (M = 2.65 SD = .83), fear (M = 2.30 SD = .82)

and disgust (2.70, SD = .77). Anger (M = 2.91, SD = .85) was rated as occurring more

frequently than fear. There was no main effect of group but there was a significant group

by emotional frequency interaction, F4i84
= 3.38, p < .05, rf = . 14. Independent samples t-

tests revealed a significant difference in the collaterals' ratings of sadness, t23 = -2.57, p <

.01, such that collateral ratings of the CHI group (M = 3.00, SD = .82) were significantly
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higher than collateral ratings for the control group (M =2.25, SD = .62), indicating that

they were perceived as being sad more frequently.

Intensity. There was a main effect of emotion, F4)g4
= 6.26, p = .001, rf - .23, indicating

that collaterals described anger (M = 2.26, SD = .15) and happiness (M = 2.13, SD = .15)

as being experienced by participants with greater intensity than fear (M = 1.52, SD = .14).

There was no main effect of group or interaction.

Control. Collateral ratings ofCHI and control participant's ability to control their

emotions revealed no main effects or interactions.

Perception. There was a group effect, F4>84 = 1 1.41, p < .05, rf = .22, in which, overall,

participants in the CHI group (M = 2.93, SD = .17) were rated lower than the control

group (M = 3.55, SD =
. 17) by their respective collaterals, reflecting a poorer ability to

perceive the emotions of others. There was a main effect for emotion, F4;84 = 9. 13, p <

.001, if = .29, such that collateral ratings of the participants' ability to perceive anger (M

= 3.5, SD = .15), sadness (M = 3.25, SD = .17) and happiness (M = 3.63, SD = .12) were

rated significantly higher (reflecting a greater ability to do so) than their ability to perceive

fear (M = 2.67, SD = .17). There was also an emotion by group interaction, F4>84 = 5.40,

p < .01, if = .20. Post-hoc comparisons revealed a significant difference, t22 = 4.33, p <

.001, in collateral ratings of the perception of fear between groups, such that participants

in the CHI group were rated as being less perceptive of fear (M = 1.92, SD = .69) than

those in the control group (M = 3.42, SD = .67).

Affect Regulation and Experience Questionnaire: Collateral versus Self-Ratings

As CHI individuals may not be fully aware of their ability to regulate and perceive

emotions, paired samples t-tests were conducted in order to determine any significant
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differences in the self and collateral ratings on the AREQ for each group.

Collateral versus Self-Ratings: Control Group. There was a significant difference in the

self and collateral ratings for the control of disgust, tn = 2.63, p = .025, such that self-

ratings of control participants (M = 3.45, SD = .52) tended to be higher than the

respective ratings from their family and friends (M = 2.91, SD = .70).

Collateral versus Self-Ratings: CHI Group. The results indicated that there was a

significant difference in the self and collateral ratings of the intensity, tn = -2.89, p = .016,

and frequency, tn = -3.14, p < .05, experienced for anger, such that respective collateral

ratings tended to be greater (intensity: M = 2.36, SD = .67; frequency: M = 3.45, SD =

.82) than self-ratings (intensity: M = 1.45, SD = .31; frequency: M = 2.27, SD = 1.10).

Therefore it appears that CHI participants tend to underestimate the frequency and

intensity with which they experience anger. Self-ratings for their perception of fear (M =

2.80, SD = .92) were significantly higher, t« = 2.33, p = .045, than ratings by their family

and friends (M = 2. 10, SD = .99), indicating that CHI individuals tend to overestimate, or

their friends and family members tend to underestimate, their ability to perceive fear in

others.

Behavioural data from ERP session

During the ERP session participants were asked to indicate, by key press, whether

two sequentially presented pictures of faces were the same or different along a particular

dimension. During one task, this dimension was emotion, and during the other task, it was

identity. Behavioural accuracy (i.e., whether the participant answered correctly or not)

and response time (i.e., the amount of time elapsed from the onset of the second stimulus

to the key press made by the respondent) were examined.
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In order to examine any differences in the behavioural accuracy and reaction time

data between groups, repeated measures ANOVAs were conducted with a between

subject factor of Group (CHI, control) and a within subject factor of Task (identity,

emotion) and Congruity (match, mismatch).

Analysis of the number of correct trials revealed a significant effect of group, Fi,23

= 8.58, p = .008, rf = .29, such that individuals in the control group were more accurate

responders (M = 32.52, SD = 4.33) than those in the CHI group (M = 28.0, SD = 4.29;

Table 10; Figure 12). One-sample t-tests of the percent of correct responses were

conducted for the CHI group, with the chance level of performance set at 50% for each

task. The results revealed that performance on the emotion-matching task did not differ

from chance, t n = 1.60, ns, whereas performance on the identity task was above chance

levels, tH = 5.09, p<. 01.

There was also a main effect of congruity, Fi,23 = 5.86, p = .025, rf = .22,

indicating that participants tended to have a greater number of correct responses in the

match (M = 32.50, SD = 7.65) than mismatch (M = 28.03, SD = 6.85) conditions. There

was also a task by group interaction, Fi,23 = 5.71, p = .026, rf = .21, such that individuals

in the CHI group performed better in the identity (M = 29.88, SD = 4.00) than emotion

condition (M = 26. 13, SD = 4.59), whereas control participants performed equally well in

the identity (M = 32.18, SD = 4.31) and emotion (M = 32.86, SD - 4.23) conditions.

Analysis of the reaction time data revealed that, in general, CHI individuals were

slower in responding in both tasks. Although this did not reach statistical significance

(Fi,23 = 3.91, p = .06, rf — .15; Table 11; Figure 13) it could be considered a trend. There

was a significant main effect for task, F ]>23
= 9.38, p = .006, rf = .29, and congruity, Fi,23
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= 4.26, p - .05, rf . 16. Overall, participants tended to have a longer response time on

the emotion (M = 755.48 ms, SD = 1 19.43) than the identity discrimination task (M =

683.99 ms, SD = 97.36; see Table 16), and a longer response time in the mismatch (M =

736.34 ms, SD = 1 18.31) versus match condition (M = 700.37 ms, SD = 1 15.68; Figure

13). There were no significant interactions.

Correlations Among General Measures of Frontal Function, Face Processing Ability

and ERP Behavioural Measures

The relationship between general measures of frontal function and face processing

ability with the behavioural measures on the ERP task was also examined. Within the

control group (Table 13) no significant correlations of interest were found among the

various measures.

Within the CHI group (Table 14), the amount of time passed since the injury was

sustained correlated with the number correct on both the emotion matching, r = -.84, p <

.01, and identity matching, r = -.74, p < .01, ERP tasks, such that performance tended to

be poorer in those in which more time has passed since the injury was sustained.

Performance on the BFRT also correlated with performance on the FEIT, r = .72, p < .01,

such that individuals who were more able to accurately label facial expressions were also

better at matching faces on the basis of their identity.

Electrophysiological Data
9

Only trials in which participants answered correctly were used for ERP analyses.

Figures 14 through 17 represent the grand average ERPs for each group with the match

9 Some participants had corrupted data and/or did not meet the minimum number of correct trials

within stimulus conditions. Therefore degrees of freedom may vary between analyses.
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and mismatched conditions superimposed. These averages are also represented as

topographical maps (Figures 18 through 21) and display differences in task-related

topographical activity in which the match waveforms were subtracted from their

corresponding mismatch waveforms for each group and task.

Peak Analysis

Within and between group analyses were undertaken using separate ANOVA

procedures for each component, with Group (CHI, control) as the between-subject factor

and Task (identity, emotion) and Congruity (match, mismatch) as the within-subject

factors. Additional within-subject factors included Site for the N400 (Cz, Pz) and LP (Fz,

Cz, Pz) and Laterality using P7 (left hemisphere) and P8 (right hemisphere) for the N170.

Average amplitude data (LCI, LC2) were subjected to several separate ANOVAs using

task, congruity and site as the within-subject factors. Peak latencies and amplitudes are

presented in Table 12 and 13, respectively.

N170 10
. There were no significant group effects, main effects or interactions for N170

latency. However, there appeared to be a general trend toward delayed peak latencies in

the CHI group (Fu, = 3.16, p = .09, if = .15; Figure 22).

N170 amplitudes in the control group were generally smaller than those reported

elsewhere in the literature (e.g., Bentin & Deouell, 2000), likely due to the masking of

external features thus providing fewer structural cues (Eimer, 2000). There were no

significant group effects, main effects or interactions for N170 amplitude measurements

for laterality, congruity or task. Although N170 amplitudes appeared to be reduced in the

CHI group (Figure 23), this difference did not approach statistical significance.
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N400. An analysis ofN400 peak latencies (Figure 24) revealed a task by congruity

interaction, FU8 = 6.81, p < .05, rf = .27, such that the mean latency was greater for the

emotion mismatch (M = 428.85 ms, SD = 4.92) than the match condition (M = 418.72 ms,

SD = 6. 17), whereas in the identity task the mean latency was greater in the match (M =

430.99 ms, SD = 6.79) than the mismatch condition (M = 420.75 ms, SD - 6.25).

Although there was no main effect of group, general trends in ERP waveforms indicate

that the N400 in the head-injured group peaked later than in the control group, FM8 =

4.09, p =
. 06, rf = .19.

For the amplitude of the N400, there was a task x congruity interaction, Fijs =

5. 107, p = .036, rf = .22, such that the amplitudes in the emotion mismatch (M = .910

uV, SD = .78) and match conditions (M = .378 uV , SD = .67) did not differ, whereas in

the identity condition there was a more negative going amplitude for the mismatch (M =

.260 uV, SD = .74) than match condition (M = 1.249 uV, SD = .64; Figure 25). There

was no main effect of group, task, congruity or site for N400 amplitude.

LP. There were no main effects or interactions for peak latency of the LP. An analysis of

LP amplitudes revealed a significant interaction between task and site, F234 = 3.59, p =

.046, rf— .17, such that for the emotion task the greatest amplitude was at Pz, followed

by Cz and Fz (Figure 27). For the identity task, Cz had the greatest amplitude, followed

by Pz then Fz. There were no main effects for group, task or congruity.

Area Measurementsfor LCI. Analyses for averaged ERP amplitude within the 350 - 450

ms time window revealed a main effect for site, F1.20 = 4.837, p < .05, rf = . 19. Pairwise

10
Note that N 1 70 amplitudes in the grand average waveforms appear reduced due to referencing

issues. Unattenuated amplitudes are presented in Table 13.
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comparisons indicated a more positive average amplitude at Pz (M = 2.84 uV, SD = 0.59)

followed by Cz (M = 1.49 uV, SD = 0.49) then Fz (M = 0.014 uV, SD = 0.43; Figure 28).

There were no main effects, group effects or interactions for LC 1 amplitude.

Area Measurementsfor LC2. The average amplitude data within the 500 - 900 ms time

window there was a main effect for site, F ];4o
= 4.78, p = .024, rf = .\9, such that there

was a more positive average amplitude at Pz (M = 2.02 uV, SD = .50) followed by Cz (M

= 1.05 uV, SD = .52) and Fz (M = .174 uV, SD = .59). There was a significant

interaction between task and congruity for LC2, F ])2o
= 1 1.45, p = .003, rf = .36, such

that there was a greater positive amplitude for the mismatch (M = 1.21 uV, SD = 0.55)

than the match (M = 0.57 uV, SD = .48) condition for the emotion task. In the identity

task, the match condition (M = 1.67 uV, SD = 0.43) had a greater positive amplitude than

the mismatch condition (M = 0.88 uV, SD = 0.45; Figure 29)".

Frontal and Posterior Effects

In order to investigate the frontal/posterior and lateral patterns of activation that

were illustrated in the grand average scalp voltage maps, and any differences in these

patterns between groups that the previous analyses did not capture, an exploratory series

of quasicontinuous F-tests
12
were performed on the ERP average amplitudes from - 800

ms using 50 ms epochs. Within-subject factors for the frontal analysis included task

(emotion, identity), congruity (match, mismatch) and laterality (F3 for left, F4 for right).

Within-subject factors for posterior analyses included task (emotion, identity), congruity

(match, mismatch) and site (Cz, Pz, Oz). Greenhouse-Geisser adjustments were made

" Since no group effects were found, average area data will not be addressed in the discussion.
12
Quasicontinuous F-tests are simply a series of sequential F-tests where, in this instance, the

amplitudes of ERPs were analyzed in 50 ms time-steps across an 800 ms recording epoch.
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where appropriate to control Type I error in repeated measures designs. Post-hoc t

statistics with Bonferroni corrections were used for multiple comparisons. Only relevant

patterns and any effects involving group differences will be reported and discussed.

Frontal Effects

Table 14 provides the outcome of corresponding F-tests. Results indicated a main

effect of group at 50 - 100 ms, F^o = 5.51, p = .029, rf - .22, and 100 - 150 ms, FUo
=

8.79, p = .007, rf = .31, reflecting a pattern of significantly greater negativity in the

control group within these two epochs irrespective of task or congruity (Figures 31 and

32).

From - 50 ms there was a significant interaction between congruity and group,

Fi,2o = 4.66, p = .043, rf = .19, such that the control group exhibited a greater negativity

in the match (M = -0.60 uV, SD = .30) than mismatch condition (M = -0.27 uV, SD =

.29) whereas individuals in the CHI group appear to exhibit the opposite pattern (match:

M = 0.002 uV, SD = .21; mismatch: -0.54 uV, SD = .26. This interaction also reached

significance at 50 - 100 ms, Fi j2o
= 12.37, p = .039, rf = .20, and the pattern remained the

same in the control group, with a greater negativity in the match (M = -2.03 uV, SD =

.29) than mismatch condition (M = -1.18 uV, SD = .35). The pattern in the CHI group,

however, appears to have reversed where there is a greater negativity in the mismatch

condition (M = -0.86 uV, SD .32) than in the match (M = -0.65 uV, SD = .27; Figure

30). There was also a group x laterality interaction at 100 - 150 ms, Fi >2o
= 4.41, p =

.049, rf = . 18, in which the control group showed greater negativity in the right

hemisphere (M = -3.59 uV, SD = .60) than the left (M = -2.19 uV, SD = .41), whereas

the CHI group displayed similar negativities in the left (M = -1 .09 uV, SD = .33) and right
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(M = -1.07 uV, SD = .55) hemispheres (Figure 32).

There was also a main effect of laterality across almost the entire 800 ms epoch

under study. Initially there is a pattern of greater negativity in the right hemisphere than in

the left from 0-100 ms. Later, at 200 - 250 ms and from 300 - 800 ms there is an

overall pattern of greater positivity in the right hemisphere.

Posterior Effects

Table 15 provides the outcome of the quasicontinuous F-tests. Results indicate a

main effect of site at 100 - 150 ms, 250 - 400 ms and 500 - 650 ms. Generally speaking,

within these latency regions there is a greater positivity at Oz followed by Pz then Cz

(Table 25). At 300 to 350 ms a greater positivity was recorded at Pz, followed by Oz and

Cz. At 550 - 650 ms Pz again has a greater positivity, followed by Cz, then Oz,

suggesting a predominately centro-posterior maximum.

There were several task x congruity interactions at 400 - 450, 500 - 600, and 650

- 750 ms, where there are slightly greater positive amplitudes in the emotion mismatch

condition, whereas greater positive amplitudes were recorded in the identity match

condition.

Discussion

Over 90% of affective information is communicated through non-verbal means

(Mehrabian, 1973; Blair, 2003). Therefore, accurate perception and judgment of facial

stimuli play an important role in understanding one's social environment and in guiding

appropriate social behaviour in daily life. Damage to the frontal lobe, particularly the

orbitofrontal and ventromedial regions (Bechara et al, 1994, Damasio et al., 1994) is often

accompanied by a reduced social awareness (Stuss, Gow, & Heatheringtom, 1992) and
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maladaptive changes in social and emotional behaviour (Jackson & Moffat, 1987), both of

which are thought to stem from an impaired ability to recognize emotional expressions

(Hornak et al., 1996).

The assessment of the cognitive and social sequelae after CHI is generally

performed by means of neuropsychological testing. ERPs can provide a valuable adjunct

to standard assessments, as they can also monitor other processes, such as attention and

semantic processing, over and above that which can be measured by neuropsychological

tests (Cobianchi & Giaquinto, 2000).

The main question addressed in this thesis was whether individuals who have

sustained a head injury show greater impairments in facial identification and expression

perception and whether there are concomitant changes in electrophysiological responses.

Electrophysiological responses were recorded from individuals who had sustained a

traumatic head injury and their control counterparts as they made emotion and identity

match decisions.

General Cognitive Measures

As would be expected following a closed brain injury, general deficits were evident

across various cognitive domains. As indicated by their performance on the CVLT, a

measure of episodic memory, participants with a head injury were slower to learn the

word lists, were less able to group items into semantically meaningful clusters and had

greater difficulty discriminating list from nonlist items during the recognition task. They

were also more sensitive to interference effects indicating that they had a harder time

dealing with competing and distracting information.

The CHI groups' poorer performance on the Speed of Comprehension (SOC) test
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of the SCOLP indicates that they had a slower rate of information processing than their

control counterparts. They also scored significantly lower on the Spot-the-Word test

(SWT), which is considered an estimate of pre-morbid IQ. Participants with a head injury

were found to have a greater degree of anosmia relative to controls, suggesting olfactory

bulb damage with, presumably, orbitofrontal involvement. The orbito-frontal region is

particularly susceptible to damage following acceleration-deceleration type closed head

injuries, regardless of site of impact (Ommaya, et al., 1971; Leven & Kraus, 1994).

Surprisingly, no significant differences were found between groups on the

Wisconsin Card Sort Test, which measures cognitive flexibility and the ability to form

concepts, both of which are sensitive to prefrontal damage. However, The WCST has

typically been associated with functions of the dorsolateral regions of the frontal lobe

(Milner, 1 964), whereas CHI is more specifically associated with damage to the orbital

and ventro-medial regions (Bigler, 1990). In addition, the WCST is a standard measure of

executive function in neuropsychological assessments, and those individuals in the CHI

group (but not the control participants) have likely been exposed to this test on more than

one occasion. Repeated administration of the WCST-64 card version has been associated

with statistically significant improvements in test performance (Basso, Lowery, Ghormley,

& Bornstein, 2001), so practice effects may also account for the normative level of

performance of the CHI group.
13

When individuals rated themselves on the Affect Regulation and Experience

Quesionnaire (AREQ) there were no significant group effects or interactions. However,

13
There is also a growing body of literature suggesting that the WCST is not a reliable marker of

prefrontal dysfunction (see Barcelo, 200 1 for a review), and performance can be affected with or

without any obvious frontal pathology (Anderson, Bigler & Blatter, 1995; Gregory et al., 1999).
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impairments in awareness often accompany CHI (Stuss et al., 1992; Damasio, 1994),

particularly when the injury involves the frontal lobe, and therefore these individuals may

have reduced insight into their actual emotional experience. This was evident in the

collateral ratings where, overall, CHI participants received lower collateral ratings than

those received by controls, suggesting greater impairment in the regulation of emotions

and limited awareness of this impairment. Such results are consistent with reports of

reduced self and social monitoring of emotions following a head injury (Hornak et al.,

1996). More specifically, individuals with a head injury tended to underestimate the

intensity and frequency with which they experience anger, and overestimate their ability to

perceive fear in others.

Identification of Faces and Emotions

It appears that individuals with a head-injury had significantly greater difficulty

than their control counterparts in accurately matching faces on the basis of identity on a

standard face matching task (i.e., BFRT). However, despite this significant difference

between groups, the individuals with a head injury, as a group, still scored within the

normal range of performance, with only two participants scoring in the mildly impaired

range according to clinical criteria. This indicates that their perceptual analysis of

simultaneously-presented faces in an un-timed task is sufficiently intact, such that one

would be unlikely to conclude that there were any face processing deficits in a standard

clinical assessment.

Overall, individuals with a head injury were significantly impaired in their ability to

identify facial emotion. Participants with a head injury had particular difficulty identifying

disgust, which comprised approximately 32% of their errors. These individuals also made
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a large number of errors in when identifying sadness, anger and fear. These data are

characterized by a combination of both selective and general impairments in the processing

of emotional stimuli. A selective impairment in the perception of disgust is a common

observation following focal damage to the insula and basal ganglia (Calder et al., 2000), a

brain region often damaged following severe trauma (Onaya, 2002). A selective

impairment in the recognition of sadness and fear is observed following damage to the

amygdala (Fine & Blair, 2000). General impairments in the processing of emotional

stimuli are often observed following damage to the orbitofrontal and ventromedial areas of

the frontal lobe (George, Ketter, Gill, Haxby, Ungerleider, Herscovitch & Post, 1993;

Sprengelmeyer et al., 1997). This pattern of results once again raises the issue of whether

there are dedicated neural systems for each basic emotion or whether the processing of all

emotions is subserved by a single system (Calder et al., 1996), although these two

hypotheses need not be mutually exclusive (see Sprengelmeyer et al., 1998).

Despite the observation that participants with a head injury, as a group, made

twice as many errors as their non-injured counterparts when labeling facial expressions,

ten of the 13 participants achieved a score equal to or greater than the lowest score

achieved by their control counterparts. In addition, the general pattern of the mistakes

made between groups was surprisingly similar. Both had a similar proportion of errors

when attempting to classify expressions of disgust, sadness, anger and fear. Both groups

also had a similar pattern ofwhich emotions were mistaken for another: disgust and

sadness were often confused with each other as were disgust and anger. This is consistent

with research indicating that certain emotions, particularly negative ones, are more

difficult to recognize and differentiate from one another (Russell, 1994; Mandal, Borod,
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Asthana, Mohanty, Mohanty & Koff, 1 999). It would appear, then, that these difficult

discriminations become even more difficult following a head injury with frontal lobe

involvement (Rapcsak, Galper, Comer et al., 2000).

In addition, consistent patterns emerge when one examines which emotions were

confused with each other. For example, emotions can be placed along a continuum of

"confusability", where each emotion is placed next to the one which it is most likely to be

confused with. Using Ekman and Friesen's (1972) norms, Calder and colleagues (1996)

mapped the six prototypical emotions along a continuum of confusability as follows
14

:

happiness - surprise - fear - sadness - disgust - anger. The order of the mean

percentages of errors, from most to least confusability, between particular emotions

reported corresponds directly to the order found in the current study
15

. That is, the

pattern of errors made for each emotion is consistent with its placement on the

confusability continuum. This suggests that individuals with a head injury simply reach

these thresholds of difficulty more readily than their non-injured controls.

Unlike their control counterparts, CHI individuals' ability to match faces on the

basis of identity was significantly positively correlated with their ability to label facial

expressions. According to cognitive and neuroanatomical models of face processing (i.e.,

Bruce and Young, 1986; Haxby and Gobbini, 2002), matching on the basis of identity

characteristics and labeling emotions are thought to be functionally independent processes.

14
This continuum is typically used in morphing studies where prototypical expressions are blended

with one another. Surprise is included, whereas neutral expressions are not. However, the basic

principles can be easily adapted here for descriptive purposes.

The percentages for confusability between prototypical expressions were: happiness and surprise

0.8%; surprise and fear 5.8%; fear and sadness 2.5%; sadness and disgust 2.7%; disgust and anger

6.4%; Calder etal., 1996).
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It may be that both processes are affected by a reduction in the structural encoding of the

stimuli. Although the amplitude of the N170, considered an index of structural encoding,

was not reliably reduced in the injured group, a trend towards a delayed latency of the

N 1 70 in the CHI group was noted, suggesting some inefficiency at this level of processing.

Alternately, the greater variance in the scores of those with a head injury on the BFRT

and FEIT may account for the correlation of these measures in the CHI group but not in

the controls.

Behavioural ERP Measures.

The behavioural response time data from the ERP tasks indicated an overall trend

(p = .06) for those with a CHI to take longer to initiate a behavioural response than

control individuals. This finding is not unexpected, as greater behavioural response times

are commonly observed after head-injury (Ponsford & Kinsella, 1992). There was also a

main effect of congruity, with longer response times being recorded for the mismatch

condition across both tasks. Mismatch trials are reported to be more difficult than match

trials (Munte et al., 1998) as it is thought that recognition judgments are facilitated, and

responses are subsequently more speeded, when the target is preceeded by a similar

picture (a prime). In addition, during mismatch trials, one must extract and take into

account the changes in the face that are due to the expression from the identity-related

information of the face and vice versa (Bobes et al., 2003).

In both groups response latency was significantly longer in the emotion matching

task than in the identity matching task. This effect has been reported elsewhere in the

literature (Munte et al., 1998; Potter & Parker, 1997) and it has been suggested that this

difference in reaction time may indicate that emotion matching is more difficult than
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identity matching (Bobes et al., 2000). Although the reason for this differential difficulty

is unclear, there is some evidence that changes in identity interfere with making expression

judgments, whereas changes in expression does not appear to interfere with making

identity judgments (Schwienberger, 1999; Schweinberger, 1988).

In general, however, the behavioural accuracy achieved by control participants

during the ERP task is similar to that reported elsewhere in the literature under similar

testing procedures (Bobes et al., 2000; 2003). Individuals in the CHI group made

significantly fewer errors in the identity matching task than in the emotion matching task.

In addition, performance in the emotion matching task for those with a CHI was at chance

levels, indicating that during this task CHI participants may have been guessing. This

suggests that those with a head injury have greater difficulty extracting and/or

differentiating changes due to emotion from those due to changes in identity. It has been

postulated that selective attentional processes are required to make this dissociation

(Baudouin et al., 2002), a point which will be revisited shortly.

The discrepancy in performance between and within groups for the facial

expression identification test (i.e., FEIT) and matching on the basis of identity (i.e., BFRT)

was not as marked as that observed between the behavioural responses on the ERP

identity and emotion-matching tasks. Bobes and colleagues (2003) report that

prosopagnosics tend to exhibit less deficit in the Benton Facial Recognition test than they

do during the sequential presentation of faces based on identity. They attribute this result

to inefficient structural encoding processes "that is compensated by slow-feature-to-

feature matching with simultaneous presentations, but that is unveiled by speeded

sequential presentations of the faces" (cf, Bobes et al., 2003). This would explain that,
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during un-timed tasks such as the BFRT and FEIT, performance, although significantly

poorer than in controls, is relatively intact (based on clinical norms). However, when a

time-pressure element is added, as during the ERP task, these strategies are less efficient,

revealing a significant decrement in performance.

Electrophysiological Data

N170

The N 170 is thought to be an index of pre-categorical structural encoding of faces,

where configural information is gleaned for later use in making facial identity and

recognition judgments. This process is thought to be expression-independent and is

presumably disrupted when configural aspects of the stimuli are disrupted. As expected,

overall N170 amplitudes were smaller overall than those reported elsewhere in the

literature (Bentin & Deouell, 2000), a finding attributed to the masking of external

features which tends to attenuate the amplitude of this component (Eimer, 2000).

Participants in the head injured group showed N170 deflections that were comparable to

that of their control counterparts, suggesting that structural representation of the facial

stimuli is taking place.

Participants with a head injury presented with an overall trend of delayed peak

latencies (p = .09) as compared to their control counterparts. Latency delays in the N170

have been reported to occur in response to facial stimuli in which the configural

information has been disrupted (Bentin et al., 1996; George et al., 1996) and are thought

to reflect the "slowing down" and/or increased effort required to process the stimuli

(Rossion et al., 2000). Individuals with a head injury may have greater difficulty encoding

complex visual stimuli, such as faces, and therefore may have to work harder and take
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longer in order to process visual facial stimuli.

The impact of a head injury on the N 1 70 has not been well studied, and the few

studies that exist report contradictory findings (Eimer & McCarthy, 1999; Bentin et al.,

1999). It is difficult to determine whether the delayed N170 latency is a reflection of sub-

optimal processing of face components, increased processing effort, or general cognitive

slowing that typically occurs following a head injury.

N400

The N400 is thought to reflect the ease with which a stimulus is integrated with the

previous context (cf, Bobes et al., 2000) such that the amplitude of its negative deflection

is proportional to the degree of mismatch between two sequentially presented stimuli

(Olivares et al., 1998). This component was of particular interest in this study as it

provided an electrophysiological index of the ability to detect differences in identity or

emotion, and whether either, or both, of these processes are compromised following a

closed head injury.

There was no main effect of task for N400 peak latency in either group across both

congruity conditions. However, both the latency values and the lack of latency differences

between tasks are consistent with results described elsewhere (Bobes et al., 2000; Olivares

et al., 1998). For controls, the peak latency for the N400 was earlier in the identity

mismatch condition than in the emotion mismatch condition, a finding that is also

consistent with previous reports (Miinte et al., 1998). The participants in the CHI group

did not show this tendency, as their peak latencies for the emotion and identity mismatch

conditions were virtually identical, perhaps indicating that they are using the same

processing strategies for both tasks. No differences between groups in N400 peak
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latencies were found.

In contrast to the findings of Bobes et al. (2000), there was neither a main effect of

congruity nor a main effect of task for N400 amplitude. There was an interaction between

congruity and task, indicating a differential modulation of this component between

conditions. Specifically, more negative-going waveforms were reported for the identity

mismatch than match condition, whereas in the emotion condition the amplitude was

similar across congruity conditions. One explanation for this pattern of activation is that

changes in identity are thought to interfere with making expression judgments, whereas

the reverse does not appears to be true (Schweinberger, 1998; 1999). That is, in the

emotion match condition, mismatches in identity were perceived as being mismatches in

emotion, resulting in a similar negative-going waveform under both congruity conditions.

In the identity match condition, however, there is no cross-domain interference from

mismatches in emotion and therefore an N400 is not elicited.

The absence of amplitude differences between groups seems to suggest that

individuals in the CHI group are able to detect differences on the basis of facial identity

and emotional expression. However, overall, across both groups, the N400 deflections

appeared significantly attenuated and, in some subjects, were not observed. This "washing

out" of the N400 may be the result of an overall emotion effect (discussed later), which

can exert an influence as early at the N2 (Kayser et al, 1997) making both positive and

negative deflections more "positive going". Why this effect on the N400 has not been

observed in similar face matching paradigms using emotional stimuli is unclear. Given

that, in the current study, control participants did not produce the expected

electrophysiological response, it would not be prudent to draw any conclusion regarding
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face processing by CHI individuals based on this component.

LPC

The Late Positivity is elicited in response to a number of stimulus properties and

parameters, particularly its affective content (Diedrich, et al., 1997). Overall the LP

amplitudes were quite similar across all conditions and stimuli. This enhanced positivity

may be accounted for by nonspecific repetition effects, as the categorical emotions used

were repeated more often than the identity stimuli (i.e., 24 posers, each presented three

times, but only four categorical emotions; Bobes et al., 2000). The enhanced positivity,

however, may also be due to the affective salience of the stimuli (i.e., the emotion effect),

which tends to evoke a larger positivity to emotional stimuli (Cuthbert et al., Carretie et

al., 1997) particularly when they are overtly attended (Diedrich, Naumann, Maier &

Becker, 1997). As significant differences between groups was not found, this may

indicate that CHI are as sensitive to particular aspects of the presenting stimulus, whether

to its repetition or its affective content.

General Morphological Features

The general morphological characteristics of the electrophysiological data

generated by the participants in the control group appear to correspond to the trends

reported in the literature. The participants in the CHI group, however, presented with

early latency components that were considerably different from those of their control

counterparts. Although they showed a similar N-P sequence, the constituent components

generally appeared shallower and peaked later.

A series of experimental quasi-continuous F-tests using 50 ms epochs was

conducted in order to statistically capture the qualitative differences observed in the grand
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average waveforms. Group differences were found 50 - 150 ms post-stimulus onset at

frontal sites. Topographical maps based on voltage distribution indicates that in the

control group this corresponds to a broadly distributed, centro-frontal negativity across all

tasks and conditions, significantly lower in amplitude in participants with a head injury.

This finding was unexpected as group differences in earlier components, other than the

N170, were not predicted.

The presentation of visual stimuli elicits an obligatory sequence of early

components (i.e., PI, Nl, P2), and late components (e.g., N2, P3) labeled by their

temporal order and polarity, whose latencies and amplitudes can be modulated by stimulus

properties and task demands. The PI (80 - 145 ms) and Nl (100 - 190 ms) are thought to

reflect both automatic attention and attention allocation (Hillyard, Vogel & Luck, 1 998),

as overtly directed attentional selection, either by the presence of cues or through verbal

instructions, results in enhanced Pl/Nl amplitudes (Hillyard et al., 1998; Anllo-Vento,

1995). For example, peripherally presented faces tend to evoke significantly reduced NTs

than those to centrally presented faces (Eimer, 2000). The spatial distribution and

position in the N-P temporal sequence suggests that the robust negativity peaking at 1 17

ms in control waveforms is the Nl. The Nl 17 observed in control participants for both

the identity and emotion tasks was similar in topography and timing to that reported by

Olivares et al. (1998) and Bobes et al., (2000). Reduced Nl/Pl amplitudes have been

reported following frontal damage (Barcelo, Suwazono & Knight, 2000). The virtual

obliteration of this component in the head injured group suggests an impairment in early

attentional mechanisms, resulting in a less effective selection of information required for

later processing. However, early processing deficits related to the evaluation of the
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physical features of the presenting stimuli can also attenuate Nl amplitudes (Cremona-

Meteyard & Geffen, 1994; Heinze et al, 1992), but separating these two factors is

difficult. Nevertheless, a dysfunction at this stage is likely to have "down-stream" effects

on later stimulus processing.

The P2 to faces has been reported (Jeffreys, 1989; Olivares et al., 1998; Bentin et

al., 2000), and is thought to be related to attentional selection based on stimulus relevance

during early processing stages (Carretie & Iglesias, 1995) and to decision making

(McCarley, Faux, Shenton, Nestor & Adams, 1991). In the head injured-group the P2

appeared to have delayed latency and attenuated amplitude, particularly in the mismatch

conditions, compared to control counterparts, suggesting slowed processing and/or

impaired decision-making ability. Interestingly, there also appear to be smaller amplitudes

in the mismatch (compared to the match) conditions for the control group as well. This

may be a reflection of the increased difficulty of mismatch trials compared to match trials

(Miinte et al., 1998), which may be related to cross-domain interference. For example,

when trying to determine whether two faces are different (regardless of whether it is based

on emotion or identity), one must first extract and separate the differences that are due to

mismatches in identity and to mismatches in expression

The N2 (250 - 450) is evoked regardless of whether the stimulus is overtly

attended to or not (Kubova, Kremlacek, Szanyi, Clubnova & Kuba, 2002; Giger-Mateeva,

Riemslag, Reits, Schellart, & Spekreijse, 1999). The functional significance of the N2 in

visual processing, however, is unclear. It may be associated with stimulus complexity

(Carretie & Iglesias, 1995) and perhaps early processing of facial information (Allison et

al., 1994). The N2 amplitude is modulated by the rareness of the stimulus and the degree
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of physical deviance from a previous stimulus in a sequence (e.g., see Naatanen &

Gaillard, 1983) but not by facial expression (Carretie & Iglesias, 1995) or arousal or

valence properties of the stimulus (Carretie, Iglesias & Garcia, 1997). Small but

significant latency delays have been reported following mild CHI (Reinvang, Nordby &

Nielsen, 2000), but damage to the prefrontal cortices has been found to abolish the N2

(Barcelo, Suwazono & Knight, 2000). This is consistent with the observation that the N2

in the head-injured group is virtually absent.

The Role of Attention in Visual Processing

Several studies have demonstrated that perception and awareness can be

considered two separate phenomena, such that perception of information can take place

even without conscious awareness (Merikle, Smilek & Eastwood, 2001; Farah, 1994).

Given the large amount of information that the brain is bombarded with, a mechanism is

needed in order to selectively attend to information for conscious awareness that is

immediately relevant for current goals, and to discard information that is not (Vuilleumier,

2002). Selective attention can be conceptualized as both an inhibitory process, where

irrelevant information and information in unattended channels is discarded, and as a

facilitory process for processing selected or target information (Cowan, 1988; Woods,

1990). This discarding of irrelevant information appears to operate at a partly automatic

level, in contrast to the more active, endogenously controlled voluntarily-directed

attention (Kok, 2000). However, attention can also be involuntarily captured by stimuli

that are immediately significant, deviant or particularly salient (Kok, 2000). Faces, given

their ecological significance, present one of these caveats to the automatic filtering

process, and it appears that stimuli with emotional significance are processed at a pre-
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attentive or unconscious level for subsequent orientation of attention (Vuilleumier, 2002).

This has been demonstrated in paradigms examining involuntary attentional

capture by negative or threatening facial expressions. For example, brain imaging studies

have shown activation in neural areas known to be involved in processing emotion, even

though emotion processing is irrelevant to the task (Vuilleumier, Armony, Driver &

Dolan, 2001; Critchley, Daly, Phillips et al., 2000). Individuals with spatial neglect
16

demonstrate activity in neural substrates involved in emotion processing, such as the

amygdala and orbitofrontal cortices, despite a lack of conscious perception of the

emotional stimuli presented in their neglected visual field (Vuilleumier, Armony, Clarke,

Hussain, Drover & Dolan, 2002). Damage to the frontal cortices of the brain, which are

thought to mediate selective attentional processes, has been observed to lead to difficulty

disregarding information that is irrelevant to the current task and focusing attention to

relevant stimuli.

It appears, then, that the selective or focused aspect of attention appears to be

relatively well preserved as participants with a head injury were able to perform within

normal limits on the facial identification matching and expression labeling task. This

suggests that performance is facilitated with active engagement in a time-unlimited task.

Thus, these individuals may compensate later in the information processing sequence, but

there may be a cost with respect to efficiency as discrimination becomes increasingly

difficult.

16
Spatial neglect typically results from damage to the right inferior parietal area, resulting in a lack of

awareness of stimuli in the contralateral hemispace (Heilman, Watson & Valenstein, 1993).
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Emotion, Attention, and Autonomic Arousal

Attention can be manifested both electrophysiologically, as in amplitude of the Nl,

or autonomically, such as through heart rate or skin-conductance responses. Numerous

studies have shown that affective stimuli produce larger autonomic nervous system

responses than neutral stimuli, including cardiovascular changes (Spence, Shapiro &

Zaidel, 1996; Greenwald, Cook & Lang, 1989) and skin conductance responses (Heilman,

Schwartz & Watson, 1978). The pattern of peripheral physiological responses has also

been found to vary with emotion (Levenson, 1992; Mandal et al, 1999). For instance,

fear and anger tend to be associated with higher physiological arousal, whereas sadness is

associated with a lower activity (Pilowsy & Bassett, 1980; Mandal, 1986).

Damage to the prefrontal cortices, particularly the ventral medial areas, has been

associated with a failure to produce an anticipatory psychophysiological response to

affectively charged stimuli, likely due to disruption of the bi-directional projections to and

from central autonomic control structures (Damasio, Tranel & Damasio, 1 990; Damasio,

1996). Such individuals also demonstrate concomitant impairments in the discrimination

between and the recognition of emotions (Damasio et al., 1990; Hopkins, Dywan and

Segalowitz, 2002). For example, in research using electrodermal activity as a measure of

autonomic responsivity, individuals who had sustained either focal (Damasio et al., 1990;

Tranel et al., 1994) or diffuse (Hopkins et al., 2002) damage to the ventromedial frontal

cortex demonstrated hypo-responsivity to pictures to negatively-valenced stimuli. As the

more negative emotions tend to be the most physiologically arousing (Pilowsy & Bassett,

1980; Mandal, 1986), discrimination among these emotions would be difficult without

appropriate autonomic cues to facilitate this process. Somatic state knowledge is thus
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thought to influence appropriate social behaviour via the perception and interpretation of

emotional cues. Individuals with damage to the orbitofrontal and ventromedial regions are

observed not to respond, or to respond inappropriately, to visual affective information,

which ultimately affect their ability to make appropriate social decisions (Bechara et al.,

1997).

In the current study, participants with a head injury may not have deficits in their

attentional capacity per se, but they may have difficulty appropriately orienting their

attention to salient stimuli. Future studies are needed in order to further examine the

relationship between somatovisceral and electrophysiological measures of attention and

their role in emotion processing.

Conclusion

Overall the results of the present study indicate that, among participants with a

head injury, a spectrum of deficits is evident in both nonspecific cognitive factors and

specific factors related to face processing, which may collectively contribute to an overall

deficit in facial processing. These include a combination of nonspecific and specific face

processing deficits, general cognitive slowing, reduced attentional capacity, inefficient

structural encoding processes, and susceptibility to interference effects from competing

sources of information. In addition, the differential impairment in the behavioural

performance by the participants with a head injury in the identity and emotion matching

tasks indicate a specific deficit in emotion processing over and above that which can be

accounted for by a more global face processing deficit.

Traditional neuropsychological assessment tools tend to provide only a limited

conception of the nature of the processing deficit, as they indicate what the impairment is,
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but not necessarily what underlies it. These tests may also lack the sensitivity needed to

measure more subtle deficits. Performance based on the simultaneously presented faces in

an un-timed task revealed what could be considered only a borderline or mild impairment

in facial identity and expression processing in the context of a standard clinical assessment.

Behavioural performance on the ERP task, which, with its speeded presentation of

stimuli, is likely more representative of real-time interactions, revealed more salient

deficits in facial identity and emotion processing than did untimed tasks. This decrement in

performance could be indicative of a breakdown of compensatory but inefficient

processing strategies, attentional deficits, etc. This also underlines the significance of

differences in methodology, such as presentation rate, which can reveal striking

decrements in performance that may be related to impairments in other cognitive domains.

Future studies are needed in order to examine the relationship between attention,

autonomic responsivity and the processing of facial identity and emotional stimuli. For

example, it is possible that facial expression and identity processing deficits following CHI

are secondary to (or exacerbated by) an underlying attentional or autonomic dysfunction.

Understanding the precise nature of these processing deficits can have important clinical

and rehabilitative implications.
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Table 3.

Frequency and Type of Traumatic Brain Injury in Ontario and Canada.
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Table 4.

Demographic features of study participants.

95

Variable CHI Control Satistical Result

N 13 12

Age (years)

M (SD)

Range
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Table 7.

Mean Number of Errors in the Facial Expression Identification Task. (FEIT)

99

Variable
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Table 8.
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Table 9.

Means and Standard Deviations of the Affect Regulation and Experience Questionnaire

(AREQ) Self-Report and Collateral Ratings for Control and CHI Participants.
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Table 10.

Mean, Standard Deviation and Percentage of Correct Behavioural Responses Made During

the ERP Session.

Task and Condition
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Table 11.

Mean Reaction Time (ms) for Match and Mismatch Faces for the ERP Session.

Task and Condition CHI Control

Reaction time (ms)

Emotion

Match 774.67(122.64) 704.89(124.34)

Mismatch 791.89 (121.60) 745.81(126.24)

Total 783.28(115.09) 725.35(121.51)

Identity

Match 727.27(102.41) 594.65(114.02)

Mismatch 717.74 (113.25) 689.89(111.42)

Total 722.50 (74.27) 642.27 (104.94)

Note: Correct trials only. Standard deviation indicated in brackets. Reaction time is measured as the

time elapsed from the onset of the second stimulus to the key press made by the respondent.
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Table 12.
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Table 13.
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Figures
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Figure 1 . Forces acting on the brain during a closed head injury: (1) direct (coup)

contusion at site of impact; (2) direct contusion from bony ridges at base of skull; (3)

indirect (contrecoup) contusion opposite point of impact; (4) shearing forces causing

DAI; (5) stretching and tearing resulting in subdural hematomas. Frontal systems are

particularly prone to injury from forces 1 ,2 and 4 (from Malloy & Aloia, 1 998).
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Figure 2. The bony ridges of the interior of the human skull (from Gray, H. Anatomy

of the human body. Philadelphia: Lea & Febiger, 1918; Bartleby.com/1070/2000).
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Figure 3. The biomechanics of diffuse axonal injury (from Bigler, 1990)
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Figure 4. Brain regions particularly susceptible to diffuse axonal injury (A) and

cortical contusions (B; Adapted from Auerbach, 1986).
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Figure 5. Cortical regions involved in analyses of visual stimuli. Sulci are indicated by

darker shades of gray. The lower images are flattened, two dimensional representations to

show the entire temporal cortical area. Regions highlighted in blue were activated more to the

houses than to faces, whereas regions highlighted in red and yellow were responded more to

faces than objects (from Haxby et al., 1999, cf. Haxby et al., 2000).
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Figure 6. The orbitofrontal cortex (yellow), insular cortex (purple), anterior and

posterior cingulate cortices (blue and green, respectively) are thought to be involved

in the processing of emotional stimuli. The amygdala, implicated in the processing of

fear, is highlighted in red (from Dolan, 2002).
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Figure 7. Bruce and Young's (1986) cognitive model of face processing (Adapted

from Bruce & Young, 1 986).
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1000 ms

250 ms 500 ms ISI 250 ms

Figure 9. Sample of stimuli in the emotion task; the first picture represents the

semantic prime. The two others represent the emotion match and mismatch

categories, respectively.





Mismatch

1 000 ms
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Figure 1 0. Sample of stimuli in the identity task; the first picture represents the

semantic prime. The two others represent the identity match and mismatch

categories, respectively.
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Figure 22. Mean N 1 70 latency across sites for each condition for control (top) and

CHI (bottom) participants.
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Figure 25. Mean N400 amplitude across sites for each condition for control (top) and

CHI (bottom) participants.
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Figure 26. Mean LP peak latency at Pz for each condition for control (top) and CHI
(bottom) participants.
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Figure 27. Mean LP amplitude at Pz for each condition for control (top) and CHI
(bottom) participants.
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Figure 28. Mean LCI amplitude at Pz for each condition for control (top) and CHI
(bottom) participants.





134

Identity Emotion

Task

2.5

O 1.5
3

a.

E
<

0.5

I Match

I Mismatch

Identity Emotion

Task

Figure 29. Mean LC2 amplitude at Pz for each condition for control (top) and CHI

(bottom) participants.
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Figure 30. Frontal congruity x group interaction at - 50 ms.





136

-2.5

Congruity

•0.5

<

-2.5

Match Congruity Mismatch

--Control
-— TBI

Figure 3 1 . Frontal group x congruity interaction at 50 - 1 00 ms.
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Figure 32. Frontal group x laterality interaction at 1 00 - 1 50 ms.
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Appendix B
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Appendix C
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Version 1A

AFFECT REGULATION AND EXPERIENCE

The following questions deal with five emotions: happiness, sadness, anger, disgust and

fear. I will ask you some very detailed questions about how you experience each of these

emotions, and whether the way you experience them has changed from before the accident.

ANGER

The first emotion that I'd like to ask you about is anger. Can you think of an occasion when you

felt angry? (Probe: try to think about the last time)

•Frequency

How often do you usually feel angry?

1- never 2- rarely 3- sometimes 4- often

Would you say that you feel angry the same, less often or more often now than before the

accident?

1- less often 2 - same 3- more often

•Intensity

When you get angry, how intensely or strongly do you feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that your angry feelings are the same, less or more intense than before your injury?

1- less intense 2- same 3- more intense 4- N/A

•Control

When you do feel angry, how well are you able to control your angry feelings?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A
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Would you say that there is no change, or that you are more able or less able to manage or control

your angry feelings now than before your injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling angry?

1- not at all 2- rarely 3- sometimes 4- usually

Since your accident, would you say that there is no change, or that you are less able or more able

to notice when someone is getting angry?

1- less able 2- same 3- more able

Notes:
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SADNESS

Next I am going to ask you about sadness. Try to think about a time when you were sad.

•Frequency

How often do you usually feel sad?

1- never 2- rarely 3- sometimes 4- often

Do you feel sad the same, less often or more often now than before the accident?

1- less often 2 - same 3- more often

•Intensity

When you get sad, how intensely or strongly do you feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that your sad feelings are the same, less or more intense than before your injury?

1- less intense 2- same 3- more intense 4- N/A

•Control

When you are feeling sad, how well are you able to control your sad feelings? For example, do

you become overwhelmed or can you keep the feelings under control?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your sad

feelings now than before your injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling sad?

1- not at all 2- rarely 3- sometimes 4- usually
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Since your accident, would you say that there is no change, that you are less able or more able to

notice when someone is feeling sad?

1- less able 2 - same 3- more able

Notes:
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HAPPINESS

The next emotion that I would like to ask you about is happiness. Try to think about a time or

instance when you were happy.

•Frequency

How often do you feel happy?

1- never 2 - rarely 3- sometimes 4 - often

Would you say that you feel happy the same, less often or more often now than before the

accident?

1- less often 2 - same 3- more often

•Intensity

When you feel happy, how intensely or strongly do you feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that your happy feelings are the same, less or more intense than before your

injury?

1- less intense 2- same 3- more intense 4- N/A

•Control

During the times when you feel very happy, how well are you able to control your happy feelings?

For instance, do you feel yourself getting carried away? Are you able control those feelings when

the situation requires it?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your

happy feelings now than before your injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you are able to recognize when other people are feeling happy?

1- not at all 2- rarely 3- sometimes 4- usually
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Since your accident, would you say that there is no change, that you are less able or more able to

notice when someone is feeling happy?

1- less able 2 - same 3- more able

Notes:
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FEAR

The next emotion that I'd like to ask you about is fear. Can you think of a time or times when you

felt afraid?

•Frequency

How often do you usually feel afraid?

1- never 2 - rarely 3- sometimes 4 - often

Would you say that you feel afraid the same, less often or more often now than before the

accident?

1- less often 2 - same 3- more often

•Intensity

When you are afraid, how intensely or strongly do you feel it
9

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that you feel afraid the same, less or more intensely than before your injury

1- less intense 2- same 3- more intense 4- N/A

•Control

When you are feeling afraid, how well are you able to control your fear?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your fear

now than before your injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling afraid*7

1- not at all 2- rarely 3- sometimes 4- usually
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Since your accident, would you say that there is no change, that you are less able or more able to

notice when someone is feeling afraid?

1- less able 2 - same 3- more able

Notes:
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DISGUST

Finally, I'd like to ask about the feeling of disgust, like when you get disgusted with something.

Try to think of a time when you have felt disgust.

•Frequency

How often do you usually feel disgust?

1- never 2 - rarely 3- sometimes 4 - often

Do you experience feelings of disgust the same, less often or more often now that before the

accident?

1- less often 2 - same 3- more often

•Intensity

When you feel disgust, how intensely or strongly do you tend to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that you feel disgust the same, less or more intensely than before your injury9

1- less intense 2- same 3- more intense 4- N/A

•Control

During the times when you feel disgust, how well are you able to control those feelings9

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your

feelings of disgust now than before your injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling disgust?

1- not at all 2- rarely 3- sometimes 4- usually
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Since your accident, would you say that there is no change, that you are less able or more able to

notice when someone is feeling disgust?

1 - less able same 3- more able

Notes:
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Version IB

AFFECT REGULATION AND EXPERIENCE

The following questions deal with five emotions: happiness, sadness, anger, disgust and

fear. I will ask you some very detailed questions about how experiences each of

these emotions, and whether the way that he/she experiences them has changed from before the

accident.

ANGER

The first emotion that I'd like to ask about is anger.

•Frequency

How often does usually feel angry?

1- never 2- rarely 3- sometimes 4- often

Would you say that he/she feels angry the same, less often or more often now than before the

accident?

1- less often 2 - same 3- more often

•Intensity

When gets angry, how intensely or strongly does he/she tend to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that his/her angry feelings are the same, less or more intense than before his/her

injury?

1- less intense 2- same 3- more intense 4- N/A

•Control

When feels angry, how well is he/she able to control his/her angry feelings?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A
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Would you say that there is no change, or that is more able or less able to manage or

control his/her angry feelings now than before the injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to notice when other people are feeling angry?

1- not at all 2- rarely 3- sometimes 4- usually

Since the accident, would you say that there is no change, or that he/she is less able or more able

to notice when someone is getting angry?' - »

1- less able 2- same 3- more able

Notes:





SADNESS

Next I am going to ask you about sadness.

'Frequency

How often does usual|y fce, sa(J ,

'" """ 2 " ""'» 3- sometiraes

2td

JZfy tha
*^ ""» »«- <•*-* less often
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4 " often

or more often now than before

2 - same t _ „J - more often

gets sad, how intensely or strongly does he/she seem to feel it?

»- not very intense 2 - somewhat intense 3 - very int.

'

J very intense 4. ^/^
Would you say that ^a e v
his/her injury?

S3d fee,,ngS are the sa™, less or more intense than before

1_ less intense

•Control

When

same 3- more intense 4. N/A

i- not at all 2- a Wttl* 1a httle 3- pretty well 4- very well 5. N/A
Would you say that there is no chanae, or that u
his/her sad feelings now than before the injury?

' aWe °r ,ess ab,e t0 contr°l

2
- Same 3- more able

able to notice when other people are feeling sad.?

2- rarely 3.

N/A

sometimes 4- usually
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Since the accident, would you say that there is no change, or that he/she is less able or more able

to notice when someone is feeling sad?

1- less able 2 - same 3- more able

Notes:
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HAPPINESS

The next emotion that I would like to ask you about is happiness.

•Frequency

How often does seem to feel happy?

1- never 2- rarely 3- sometimes 4- often

Would you say that he/she feels happy the same, less often or more often now than before the

accident?

1- less often 2 - same 3- more often

•Intensity

When is feeling happy, how intensely or strongly does he/she tend feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that happy feelings are the same, less or more intense than before

his/her injury?

1- less intense 2- same 3- more intense 4- N/A

• Control

During the times when is feeling very happy, how well is he/she able to control

his/her happy feelings? For instance, does he/she get carried away? Is he/she able control those

feelings when the situation requires it?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that is more able or less able to control

his/her happy feelings now than before the injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to recognize when other people are feeling happy?

1- not at all 2- rarely 3- sometimes 4- usually
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Since the accident, would you say that there is no change, that he/she is less able or more able to

notice when someone is feeling happy?

1- less able 2 - same 3- more able

Notes:
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FEAR

The next emotion that I'd like to ask you about is fear.

•Frequency

How often does usually seem to feel afraid?

*" never 2- rarely 3- sometimes 4- often

Would you say that he/she feels afraid the same, less often or more often now than before the
accident?

1- less often 2- same 3- more often

•Intensity

When
.

is afraid, how intensely or strongly does he/she seem to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that feels afraid the same, less or more intensely than before his/her
injury?

1- less intense 2- same 3- more intense 4- N/A

•Control

Wnen is feeling afraid, how well is he/she able to control his/her fear?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that is more able or less able to control
his/her fear now than before the injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to notice when other people are feeling afraid?

1_ not at all 2- rarely 3- sometimes 4- usually
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Since the accident, would you say that there is no change, or that he/she less able or more able to

notice when someone is feeling afraid?

1- less able 2 - same 3- more able

Notes:





Page 9 of 10

DISGUST

Finally, I'd like to ask about the feeling of disgust, and how
particular emotion.

experiences this

•Frequency

How often does

1 - never

usually seem to feel disgust?

2 - rarely 3- sometimes 4- often

Would you say that he/she experience feelings of disgust the same, less often or more often now
that before the accident?

2 - same more often1- less often

•Intensity

When feels disgust, how intensely or strongly do you think he/she fends to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

feels disgust the same, less or more intensely than before the

2- same j- more intense N/A

Would you say that

injury?

1- less intense

•Control

During the times when _

feelings?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

is more able or less able to control

feels disgust, how well is he/she able to control those

Would you say that there is no change, or that

his/her feelings of disgust now than before the injury?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to notice when other people are feeling disgust?

1- not at all 2- rarely 3- sometimes 4- usually
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Since the accident, would you say that there is no change, or that he/she is less able or more able

to notice when someone is feeling disgust?

1- less able 2 - same 3- more able

Notes:
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Version 2A

AFFECT REGULATION AND EXPERIENCE

The following questions deal with five emotions: happiness, sadness, anger, disgust and

fear. I will ask you some very detailed questions about how you experience each of these

emotions, and whether the way you experience them has changed from an earlier time in your

adulthood, such as over the last five years or so.

ANGER

The first emotion that I'd like to ask you about is anger. Can you think of an occasion when you

felt angry? (Probe: try to think about the last time)

•Frequency

How often do you usually feel angry?

1- never 2- rarely 3- sometimes 4- often

Would you say that you feel angry the same, less often or more often now than five or so years

ago?

1- less often 2- same 3- more often

•Intensity

When you get angry, how intensely or strongly do you feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that your angry feelings are the same, less or more intense than from an earlier

time in your adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

When you do feel angry, how well are you able to control your angry feelings?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A
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Would you say that there is no change, or that you are more able or less able to manage or control

your angry feelings than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling angry?

1- not at all 2- rarely 3- sometimes 4- usually

Would you say that, as compared to five or so years ago, there is no change, or that you are less

able or more able to notice when someone is getting angry?

1- less able 2- same 3- more able

Notes:
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SADNESS

Next I am going to ask you about sadness. Try to think about a time when you were sad.

•Frequency

How often do you usually feel sad?

1- never 2 - rarely 3- sometimes 4 - often

Do you feel sad the same, less often or more often now than five or so years ago?

1- less often 2 - same 3- more often

•Intensity

When you get sad, how intensely or strongly do you feel it
9

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that your sad feelings are the same, less or more intense than from an earlier time

in your adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

When you are feeling sad, how well are you able to control your sad feelings? For example, do

you become overwhelmed or can you keep the feelings under control?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to manage or control

your sad feelings than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling sad9

1 -not at all 2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, that you are less able

or more able to notice when someone is feeling sad?

1- less able 2 - same 3- more able

Notes:
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HAPPINESS

The next emotion that I would like to ask you about is happiness. Try to think about a time or

instance when you were happy.

•Frequency

How often do you feel happy?

1- never 2- rarely 3- sometimes 4- often

Would you say that you feel happy the same, less often or more often now than five or so years

ago?

1- less often 2 - ' same 3 - more often

•Intensity

When you feel happy, how intensely or strongly do you feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that your happy feelings are the same, less or more intense than from an earlier

time in your adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

During the times when you feel very happy, how well are you able to control your happy feelings?

For instance, do you feel yourself getting carried away? Are you able control those feelings when
the situation requires it?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your

happy feelings than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you are able to recognize when other people are feeling happy?

1- not at all 2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, that you are less able

or more able to notice when someone is feeling happy?

1- less able 2 - same 3- more able

Notes:
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FEAR

The next emotion that I'd like to ask you about is fear. Can you think of a time or times when you

felt afraid?

•Frequency

How often do you usually feel afraid?

1- never 2 - rarely 3- sometimes 4 - often

Would you say that you feel afraid the same, less often or more often now than five or so years

ago9

1- less often 2- same 3 - more often

•Intensity

When you are afraid, how intensely or strongly do you feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that you feel afraid the same, less or more intensely than from an earlier time in

your adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

When you are feeling afraid, how well are you able to control your fear?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your fear

than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling afraid?

1- not at all 2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, that you are less able

or more able to notice when someone is feeling afraid?

1- less able 2 - same 3- more able

Notes:
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DISGUST

Finally, I'd like to ask about the feeling of disgust, like when you get disgusted with something.

Try to think of a time when you have felt disgust.

•Frequency

How often do you usually feel disgust?

1- never 2- rarely 3- sometimes 4- often

Do you experience feelings of disgust the same, less often or more often now than five or so years

ago9

1- less often 2-same 3- more often

•Intensity

When you feel disgust, how intensely or strongly do you tend to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that you feel disgust the same, less or more intensely than from an earlier time in

your adulthood?

1- less intense 2- same 3- more intense 4- N/A

• Control

During the times when you feel disgust, how well are you able to control those feelings?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that you are more able or less able to control your

feelings of disgust than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well are you able to notice when other people are feeling disgust?

1- not at all 2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, that you are less able

or more able to notice when someone is feeling disgust?

1 - less able 2 - same 3- more able

Notes:
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Version 2B

AFFECT REGULATION AND EXPERIENCE

The following questions deal with five emotions: happiness, sadness, anger, disgust and

fear. I will ask you some very detailed questions about how experiences each of

these emotions, and whether the way that he/she experiences them has changed from and earlier

time in his/her adulthood, such as over the last five years or so.

ANGER

The first emotion that I'd like to ask about is anger.

•Frequency

How often does usually feel angry?

1- never 2- rarely 3- sometimes 4- often

Would you say that he/she feels angry the same, less often or more often now than five or so

years ago?

1- less often 2- same 3- more often

•Intensity

When gets angry, how intensely or strongly does he/she tend to feel it
9

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that his/her angry feelings are the same, less or more intense than from an earlier

time in his/her adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

When feels angry, how well is he/she able to control his/her angry feelings9

1- not at all 2- a little 3- pretty well 4- very well 5- N/A
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Would you say that there is no change, or that is more able or less able to manage or

control his/her angry feelings than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to notice when other people are feeling angry?

1- not at all 2- rarely 3- sometimes 4- usually

Would you say that, as compared to five or so years ago, there is no change, or that he/she is less

able or more able to notice when someone is getting angry?

1- less able 2 - ' same 3- more able

Notes:
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SADNESS

Next I am going to ask you about sadness.

•Frequency

How often does usually feel sad?

1- never 2- rarely 3- sometimes 4- often

Would you say that he/she seems to feel sad the same, less often or more often now than five or

so years ago?

1- less often 2 - same 3- more often

•Intensity

When gets sad, how intensely or strongly does he/she seem to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that sad feelings are the same, less or more intense than from an

earlier time in his/her adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

When is feeling sad, how well is he/she able to control his/her sad feelings? For

example, does he/she become overwhelmed or can he/she keep the feelings under control?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that is more able or less able to control

his/her sad feelings than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to notice when other people are feeling sad.?

1- not at all 2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, or that he/she is less

able or more able to notice when someone is feeling sad?

1- less able 2 - same 3- more able

Notes:
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HAPPINESS

The next emotion that I would like to ask you about is happiness.

•Frequency

How often does seem to feel happy

1- never 2- rarely 3- sometimes 4- often

Would you say that he/she feels happy the same, less often or more often now than five or so

years ago?

1- less often 2 - same 3- more often

•Intensity

When is feeling happy, how intensely or strongly does he/she tend feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that happy feelings are the same, less or more intense than from an

earlier time in his/her adulthood?

1- less intense 2- same 3- more intense 4- N/A

•Control

During the times when is feeling very happy, how well is he/she able to control

his/her happy feelings? For instance, does he/she get carried away? Is he/she able control those

feelings when the situation requires it?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that is more able or less able to control

his/her happy feelings than five or so years ago?

1- less able 2- same 3- more able 4- N/A

•Perception

How well is able to recognize when other people are feeling happy?

1- not at all 2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, that he/she is less

able or more able to notice when someone is feeling happy?

1- less able 2 - same 3- more able

Notes:
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FEAR

The next emotion that I'd like to ask you about is fear.

•Frequency

How often does usually seem to feel afraid?

1- never 2- rarely 3- sometimes 4- o ft en

Would you say that he/she feels afraid the same, less often or more often now than five or so

years ago?

1 less often 2 - same more often

•Intensity

When is afraid, how intensely or strongly does he/she seem to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that

time in his/her adulthood9

1- less intense

•Control

feels afraid the same, less or more intensely than from an earlier

2- same 3- more intense 4- N/A

When is feeling afraid, how well is he/she able to control his/her fear?

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

is more able or less able to controlWould you say that there is no change, or that

his/her fear than five or so years ago?

1 - less able

•Perception

How well is

same 3- more able N/A

1- not at al

able to notice when other people are feeling afraid?

2- rarely 3- sometimes 4- usually
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Would you say that there, as compared to five or so years ago, there is no change, or that he/she

less able or more able to notice when someone is feeling afraid?

1- less able 2 - same 3- more able

Notes:
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experiences this

DISGUST

Finally, I'd like to ask about the feeling of disgust, and how
particular emotion.

•Frequency-

How often dees usually seem to feel disgust?

1- never 2- rarely 3- sometimes 4- often

Would you say that he/she experience feelings of disgust the same, less often or more often now
than five or so years ago?

2 - same 3- more often1- less often

•Intensity

When feels disgust, how intensely or strongly do you think he/she tends to feel it?

1- not very intense 2- somewhat intense 3- very intense 4- N/A

Would you say that

time in his/her adulthood?

1- less intense

> Control

During the times when

feelings?

feels disgust the same, less or more intensely than from an earlier

2- same 3- more intense 4- N/A

feels disgust, how well is he/she able to control those

1- not at all 2- a little 3- pretty well 4- very well 5- N/A

Would you say that there is no change, or that

his/her feelings of disgust than five or so years ago?

1- less able 2- same 3

is more able or less able to control

more able 4- N/A

•Perception

How well is

1- not at all

able to notice when other people are feeling disgust9

2- rarely 3- sometimes 4- usually
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Would you say that, as compared to five or so years ago, there is no change, or that he/she is less

able or more able to notice when someone is feeling disgust?

1- less able 2 - same 3- more able

Notes:
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Appendix E
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Table E-l

2 (Group) x 5 (Emotion) Analysis of Variance for Emotional Frequency on the Affect

Regulation and Experience Questionnaire (AREQ).

ANOVA Summary
Source





Table E-2.

2 (Group) x 5 (Emotion) Analysis of Variance for Emotional Control on the Affect

Regulation and Experience Questionnaire (AREQ).
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ANOVA Summary
Source
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Table E-3.

2 (Group) x 5 (Emotion) Analysis of Variance for Emotional Intensity on the Affect

Regulation and Experience Questionnaire (AREQ).

ANOVA Summary
Source
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Table E-4.

2 (Group) x 5 (Emotion) Analysis of Variance for Perception of Emotion on the Affect

Regulation and Experience Questionnaire (AREQ).
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Table E-5.

2 (Group) x 5 (Emotion) Analysis of Variance for Collateral Ratings of Emotional Frequency

on the Affect Regulation and Experience Questionnaire (AREQ).
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Table E-6.

2 (Group) x 5 (Emotion) Analysis of Variance for Collateral Ratings of Emotional Control on

the Affect Regulation and Experience Questionnaire (AREQ).
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Table E-7

2 (Group) x 5 (Emotion) Analysis of Variance for Collateral Ratings of Emotional Intensity

on the Affect Regulation and Experience Questionnaire (AREQ).
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Table E-8.

2 (Group) x 5 (Emotion) Analysis of Variance for Collateral Ratings of Perception of

Emotion on the Affect Regulation and Experience Questionnaire (AREQ).

ANOVA Summary
Source SS df

Within-Subject Effects

Emotion

Emotion x Group

Group

Error

Error

13.200
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Table E-9.

2 (Group) x 2 (Task) x 2 (Congruity) Repeated Measures ANOVA for Proportion of Correct

Behavioural Responses on the ERP Matching Task.
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Table E- 10.

2 (Group) x 2 (Task) x 2 (Congruity) Repeated Measures ANOVA for Mean Behavioural

Reaction Time (RT) to Correct Trials on the ERP Matching Task.

ANOVA Summary
Source
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Table E- 11

2 (Group) x 2 (Task) x 2 (Congruity) x 2 (Laterality) Repeated Measures ANOVA for Mean
Latency of the N 170.
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Error 601.99 18

Between Subject Effects

Group 550,7124.10 1 3.16 .092 .15

Error 14,417.31 18
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Table E-12.

2 (Group) x 2 (Task) x 2 (Congruity) x 2 (Laterality) Repeated Measures ANOVA for Mean
Amplitude of the N 170.

ANOVA Summary
Source SS df F P

Within-Subject Effects





Error 18.98 18
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Between Subject Effects

Group 29.50 1 .99 .334 .05

Error 537.94 18





Table E-13.

2 (Group) x 2 (Task) x 2 (Congruity) x 2 (Site) Repeated Measures ANOVA for N400
Latency
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ANOVA Summary
Source SS df

Within-Subject Effects

Task
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Error 896.872 18

Between Subject Effects

Group 10,988.503 1 4.088 .058 .185

Error 48,380.118 18
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Table E- 14.

2 (Group) x 2 (Task) x 2 (Congruity) x 2 (Site) Repeated Measures ANOVA for N400
Amplitudes.
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Error 5.786 18

Between Subject Effects

Group 19.763 1 .385 .543 .021

Error 923.105 18
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Table E-15.

2 (Group) x 2 (Task) x 2 (Congruity) Repeated Measures ANOVA for LP Latency at Pz.

ANOVA Summary
Source
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Table E-16.

2 (Group) x 2 (Task) x 2 (Congruity) x 3 (Site) Repeated Measures ANOVA for LP
Amplitude.

ANOVA Summary
Source SS df F

Within-Subject Effects

Task

Task x Group

Congruity

Congruity x Group

Site

Site x Group

Task x Congruity

Task x Group x Congruity

Task x Site

Task x Site x Group

Congruity x Site

Congruity x Site x Group

Task x Congruity x Site

Task x Congruity x Site x

Group

Error

Error

Error

Error

Error

Error

6.323
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Error 25.049 34

Between Subject Effects

Group 125.318 1

Error 1,710.150 17

1.246 .280 .068
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Table E- 17.

2 (Group) x 2 (Task) x 2 (Congruity) x 2 (Site) Repeated Measures ANOVA for LCI Average

Area Measurements.
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Error 18.945 40

Between Subject Effects

Group 28.337 1 .815 .377 .039

Error 695.691 20
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Table E- 18.

2 (Group) x 2 (Task) x 2 (Congruity) x 3 (Site) Repeated Measures ANOVA for LC2 Average

Area Measurements.
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Error 57.66 40

Between Subject Effects

Group 11.44 1 .26 .618 .01

Error 893.68 20
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Table E-20.

Means and Standard Deviations of Average Amplitudes at F3 (Left Frontal) and F4 (Right

Frontal).

Epoch (ms)
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Table E-22.
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