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Format and Outline of the Thesis
Format of Thesis
This thesis is submitted in the alternative format approved by La Trobe University
(See Appendix A). Submission via this method is possible provided the research
undertaken is along a central theme, follows a logical and linked sequence and can be
appropriately divided into a series of articles. The underlying principles for submitting
work as a series of published, in-press or in-submission manuscripts are to (i) allow
ongoing peer review at an international level during candidature and (ii) facilitate
publication and communication of results arising from the work performed during
candidature.
This thesis is presented as a series of six chapters. Chapters two, four and five
each correspond to a manuscript that has now been published (Chapter two), or has been
submitted for publication (Chapters four and five), in a peer-review journal. Chapter one
is an introduction to this thesis and presents a comprehensive review of the research base.
This thesis also contains a general method section (Chapter three), given that the methods
used in the clinical investigation are only briefly detailed within the empirical chapters
(i.e., Chapters four and five). Chapter six follows on from the series of three studies as a
general discussion that summarises and integrates the main points raised in each Study.
Each empirical chapter also includes a short preface and summary, outlining the rationale
for each Study and drawing logical links between studies in the series.
The format and style of Chapters two, four and five follow the specific
requirements set out by the particular journal to which each was submitted. The only
exception to this is that, for the sake of readability, tables and figures are presented in the
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body of the manuscript rather than at the end and are labelled according to the chapter
number in this thesis. The general introduction, methodology and discussion chapters
follow the format required by La Trobe University School of Psychological Science, the
format of the American Psychological Association.

Outline and Summary of the Thesis
The first Chapter provides a general introduction to the area by reviewing and
discussing the available literature on how the brain is lateralised to perceive positive and
negative emotions expressed in faces. Chapter two systematically integrated the available
research findings to determine how the brain is lateralised to perceive positive and
negative facial expressions, using meta-analysis. Overall, the meta-analytic results
demonstrated supported for a model whereby negative emotion is controlled by the right
hemisphere and both hemispheres process positive emotion from faces.
Chapter three included detailed methodological information of the new clinical
investigation that comprised Studies two and three reported in the papers in Chapters four
and five. Chapter four further assessed the extent to which right and left cerebral damage
impact the perception of positive and negative emotion from faces. More specifically, the
influence of potential moderators, including participant gender, injury aetiology, injury
chronicity, the number of emotions used within a task, and task type, were controlled.
Overall, no group differences in the ability to accurately perceive facial expressions
according to valence were found, which suggests that both hemispheres process positive
and negative facial expressions. Chapter five examined the contributions of configural
and featural processing strategies to the left and right hemisphere' affective perception.
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Overall, no group differences in the processing strategies used to perceive affective faces
according to valence were found, suggesting that these processing strategies do not
underlie hemispheric differences in the perception of positive and negative emotions.
While the findings from each Study are discussed in detail in the discussion of
each chapter, the final chapter provides a summary and integration of the major findings
in this thesis. The limitations of the current series of research projects and directions for
future research are also discussed.
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Chapter one

General Introduction and a Critical Review of Selected Literature

“Knowledge will forever govern ignorance; and a people who mean to be their
own governors must arm themselves with the power which knowledge gives”
~James Madison in a letter to W. T. Barry (4th of August 1822)
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A core component of social cognition is the ability to perceive emotion from facial
expressions (Darwin, 1872; Ekman, 1964; Ekman & Friesen, 1969). Emotion refers to
reactions to evocative stimuli and includes behavioural responses, expression, cognitive
appraisal, subjective feelings, and physiological experience and arousal (Ekman, 1992;
Plutchik, 1984). Emotions are thought to have evolved as an adaptive function to handle
fundamental life-tasks, such as accomplishments, losses and disappointment; they
mobilise organisms to quickly deal with important interpersonal encounters, based on
what has been adaptive in the past (Ekman, 1992). Research into the neural mechanisms
involved in emotional processing has flourished during the last 35 years, but scientific
interest in this area is much older. An early observation about the neural mechanisms of
emotional processing was made by Hughlings-Jackson (1879) who noted that patients
with left hemisphere brain-damage could swear and utter other emotional expressions in
the absence of the ability to repeat sentences, write or read, suggesting that emotion may
be processed predominantly by the right hemisphere. Thirty-three years later emotional
processing was directly linked to the right hemisphere, when patients with unilateral right
brain-damage demonstrated decreased emotional expression (Mills, 1912a, 1912b). How
the brain is lateralised to process emotion remains a key question in contemporary
research, and is the subject of the current thesis.
An introduction to the two main theories of emotion lateralisation is presented,
including the main parameters involved in this research. Support for the main theories
will then be assessed. This will include an examination of a number of potential
methodological moderator variables that may impact research findings. This chapter will
conclude with a summary and outline of the main thesis aims.
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Lateralisation of Emotion Processing: Theories
From a neuropsychological perspective there are two main theories of emotion
lateralisation: the Right Hemisphere Hypothesis (RHH) and the Valence Hypothesis
(VH). First proposed by Hughlings-Jackson (1879, 1915), the RHH asserts that the right
hemisphere dominates emotion processing regardless of emotional valence (for review
see Borod, Bloom, Brickman, Nakhutina, & Curko, 2002; Demaree, Everhart,
Youngstrom, & Harrison, 2005). Since Hughlings-Jackson’s initial observations that
patients with left hemisphere brain damage could express emotion (suggesting that the
right hemisphere may be important for emotion processing; Hughlings-Jackson, 1879), a
large number of empirical investigations have shown that the right hemisphere controls
emotion (e.g., Charbonneau, Scherzer, Aspirot, & Cohen, 2003; Kucharska-Pietura,
Phillips, Gernand, & David, 2003; Landis, Assal, & Perret, 1979; Narumoto, Okada,
Sadato, Fukui, & Yonekura, 2001). As detailed below, support for the RHH has been
demonstrated in the normal population using a number of methods, including the
intracarotid sodium amobarbital procedure, event-related potential (ERP) studies,
functional magnetic resonance imaging (fMRI), and the divided visual field technique.
Research using the intracarotid sodium amobartital procedure involves selectively
anesthetising one hemisphere at a time by injecting sodium amobarbital into the
participants’ right or left internal carotid artery (van Emde Boas, 1999). Amobarbital
injected into right internal carotid artery temporarily anaesthetizes the right hemisphere
and vice versa. Intracarotid sodium amytal procedures (e.g., Ahern et al., 1991) have
shown that patients rate emotion as less intense when shown to the anesthetised right than
left hemisphere, indicating that the right hemisphere is especially important for emotion
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processing. Event related potential (ERP) studies have shown similar findings in support
of the RHH. ERP studies provide information about the spatial localisation of emotion by
measuring patients’ electric brain activity (via scalp recordings) whilst they undertake
particular emotion-based tasks (Luck, 2005; Munte et al., 1998). Studies using ERP have
found greater right than left hemisphere activity in response to positive and negative
emotions (e.g., Laurian, Bader, Lanares, & Oros, 1991; Munte et al., 1998), indicating
right hemisphere dominance for emotion processing. Furthermore, fMRI distinguishes the
brain regions that are active during a cognitive task such as emotion perception via the
measurement of changes in blood flow (McKeown et al., 1998). fMRI studies of normal
individuals have shown greater activation in the right hemisphere than in the left
hemisphere during the perception of positive and negative face expressions (e.g.,
Narumoto et al., 2001; Sato, Kochiyama, Yoshikawa, Naito, & Matsumura, 2004). All of
these findings provide support for the RHH.
Another technique used to investigate the hemispheric asymmetry of emotion
processing with normal individuals is the divided visual field task. The divided field
technique involves half of the stimulus trials being presented to the left side of the
participants’ fixation point (i.e., projected to the right hemisphere), whilst the remaining
50% of trials are presented to the right side of the fixation point (i.e., projected to the left
hemisphere; Geffen, Bradshaw, & Wallace, 1971). The analysis of reaction time and error
rate allows inferences about functional hemispheric asymmetry; any differences between
the visual fields in the accuracy or speed of response are inferred to reflect differences
between the cerebral hemispheres (Boles, 1987). This technique takes advantage of the
contralateral innervation of the central nervous system, with functional superiority of one
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side of the body implying greater involvement of the contralateral cerebral hemisphere
(Borod, 1992). For example the left hemisphere controls the right visual field, whilst the
right hemisphere controls the left visual field. In support of the RHH, research using the
divided field technique with normal individuals has shown a left visual half-field
advantage (right hemisphere) for the recognition of affective faces across valence (e.g.,
Alves, Aznar-Casanova, & Fukusima, 2009; Landis et al., 1979; Ley & Bryden, 1979).
The above research studies have supported the RHH in the normal population,
however the RHH has also been supported by investigations with unilateral brain
damaged patients. Impaired performance by brain-damaged individuals suggests that the
brain regions damaged are important for the type of processing being tested (Borod,
1992). Similar to the above studies that used healthy individuals, patients with right-sided
brain damage have been shown to perceive negative and positive emotion less accurately
than patients with left-sided brain damage (e.g., Borod et al., 1990; Bowers, Bauer,
Coslett, & Heilman, 1985; Charbonneau et al., 2003; Etcoff, 1984; Kucharska-Pietura et
al., 2003), suggesting that the right hemisphere is dominant in the processing of emotions
irrespective of valence (i.e., RHH). Although evidence for the RHH has accumulated
since its first proposal, many studies have also found differences according to emotional
valence.
The VH holds that each hemisphere specialises in different types of emotion, with
positive emotion (e.g., happiness, surprise) predominately processed in the left
hemisphere and negative emotion (e.g., sadness, disgust) controlled by the right
hemisphere (for review see Borod et al., 2002; Demaree et al., 2005). This valence-based
theory for emotion lateralisation was prompted by the observation of depression and
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catastrophic emotional responses in patients with left hemisphere stroke (e.g., Morris,
Robinson, Raphael, & Hopwood, 1996), whereas mania, euphoria and elation have been
observed in patients with right-sided damage (e.g., Starkstein et al., 1989). Hemispheric
differences as a function of positive and negative emotions have been shown using
various methodologies including the intracarotid sodium amobarbital procedure (e.g.,
Perria, Rosadini, & Rossi, 1961; Terzian & Cecotto, 1959), fMRI (e.g., Canli, Desmond,
Zhao, Glover, & Gabrieli, 1998; Dolcos, LaBar, & Cabeza, 2004), and the divided visual
field test (e.g., Davidson, Mednick, Moss, Saron, & Schaffer, 1987; Reuter-Lorenz &
Davidson, 1981; Reuter-Lorenz, Givis, & Moscovitch, 1983).
For example, using the using the sodium amobarbital procedure Perria et al.
(1961) and Terzian and Cecotto (1959) observed a characteristic depressive emotional
reaction when the right hemisphere was anesthetised, whereas a euphoric reaction was
observed in response to left hemisphere anesthetisation. These results indicate that the
right hemisphere is important for the production of negative emotions and the left
hemisphere invokes positive emotions in accordance with the VH. Similarly, fMRI
research has shown greater levels of brain activity in the left hemisphere in response to
positive pictures (e.g., food like ice cream, puppies), whereas negative pictures (e.g.,
angry or crying people, guns) elicit higher amounts of functional brain activity in the right
hemisphere (Canli et al., 1998; Dolcos et al., 2004). Furthermore, using the divided visual
field test, Reuter-Lorenz and Davidson (1981), found that normal participants reacted
faster to happy faces that were presented to the right visual field (left hemisphere) than
the left visual field (right hemisphere). In contrast, participants’ reaction time to sad faces
was faster when presented to the left visual field compared to the right visual field
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(Reuter-Lorenz & Davidson, 1981). These findings all indicate that the left hemisphere is
specialised for positive emotion and the right hemisphere is specialised for negative
emotion, thus supporting the VH.
How the brain is lateralised to process emotion and, in turn, the extent of support
for the RHH and VH, may vary depending on the processing mode (i.e., expression,
experience, behaviour, perception; Borod et al., 2002). Indeed it has been suggested that
although the hemispheric asymmetry of the production of emotion accords with the VH
above (i.e., negative emotion processed in the right-hemisphere and positive emotion
controlled by the left hemisphere), the perception of emotion is controlled by the right
hemisphere for both valences (Hirschman & Safer, 1982; Oakes, 1986). However, as
detailed above, research with the normal population has shown that the left hemisphere is
dominant for the perception of positive emotion whereas the right hemisphere controls the
perception of negative emotion (e.g., Jansari, Tranel, & Adolphs, 2000; Reuter-Lorenz &
Davidson, 1981).
Studies assessing patients with unilateral brain-damage have also shown
differential effects according to valence, although the VH has not been fully supported.
Instead, the large majority of clinical studies that assessed valence have shown righthemisphere dominance for negative emotion perception, although they failed to find a
hemispheric difference in the perception of positive emotion (e.g., Borod, Koff, Perlman
Lorch, & Nicholas, 1986; Ehlers & Dalby, 1987; Kucharska-Pietura & Klimkowski,
2002). These clinical findings have led to a novel model according to valence for the
perception of emotion, whereby the right hemisphere is dominant in the perception of
negative emotion and the left and right hemispheres both process positive emotion
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(Adolphs, Jansari, & Tranel, 2001; Borod et al., 1986; Mandal et al., 1999). Given the
disagreement as to whether the RHH, VH, or an alternate version of the VH, holds for the
perception of emotion lateralisation, this thesis will further assess to what extent the RHH
and/or the VH account for the lateralisation of emotional perception.
The VH may reflect another dimension, the approach versus
withdrawal/avoidance model of cerebral lateralisation. Approach behaviour (i.e., drive
toward stimuli or events) is prompted by positive stimuli and has been linked to the left
hemisphere (e.g., Davidson, Ekman, Saron, Senulis, & Friesen, 1990). On the other hand,
withdrawal/avoidance behaviours (i.e., departure from / avoidance of stimuli or events)
occur in response to negative stimuli and have been linked to the right hemisphere (e.g.,
Davidson et al., 1990). This behavioural application provides an evolutionary and
biologically-based context to the simple positive – negative emotional asymmetry of the
VH. For instance, approach behaviours are prompted by positive stimuli such as food,
whereas withdrawal/avoidance behaviours are driven by negative stimuli such as threat
(e.g., predators) and pain (Rutherford & Lindell, 2011a). The two dimensions (VH versus
approach-withdrawal) substantially overlap, with most negative emotions (e.g., disgust,
fear) prompting avoidance or withdrawal behaviour (e.g., Pelled & Xin, 1999; Woody &
Tolin, 2002) and most positive emotions (e.g., happiness) eliciting approach behaviour
(e.g., Lyubomirsky, King, & Diener, 2005). However, the VH and approach-withdrawal
models differ in their predictions for the emotion of anger. Indeed, it has been argued that
the approach-withdrawal hemispheric dichotomy may provide a better solution than the
VH, given the special case of anger (for review see Carver & Harmon-Jones, 2009).
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The dimension of valence separates emotion into positive or negative types,
typically utilising the six basic emotions identified by Ekman and Friesen (1975):
happiness, surprise, sadness, fear, disgust, and anger. However, categorising anger
according to valence is contentious. Research has indicated that when considering the
subjective feel or evaluation of the emotion, anger can be considered negative or positive
(i.e., some individuals take pleasure in the experience of anger; Harmon-Jones, 2004b).
Moreover, unlike other negatively valanced emotions such as disgust, sadness, and fear,
anger often evokes approach rather than avoidance behaviour (e.g., anger motivates
offensive aggression, whereas fear motivates defensive aggression; for review see
Harmon-Jones, 2004a; Rohlfs & Ramirez, 2006; Rutherford & Lindell, 2011a). Overall,
although the question of whether anger relates to an approach or withdrawal/avoidance
motivational system remains contentious, recent research suggests that the motivational
systems of approach-withdrawal may better describe hemispheric asymmetry than
affective valence (positive-negative). At present, however, the use of the VH to interpret
how brain is lateralised to process emotion is more widely accepted than the motivational
interpretation (Carver & Harmon-Jones, 2009; Mandal et al., 1999). Due to the contention
in the literature about whether anger is an approach or avoidance emotion, anger should
not be used as a negative emotion in the assessment of hemispheric asymmetry according
to valence.
In addition to different processing modes, emotion can be communicated through
a range of channels, including facial (facial expression images), prosodic (via the melodic
and rhythmic components of speech), and lexical (via written or spoken words; Borod,
Andelman, Obler, Tweedy, & Welkowitz, 1992). Empirical research has typically focused
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on emotion lateralisation within the facial and prosodic modes of communication (for
review see Borod et al., 2002). Body language, including facial expression, plays a
fundamental role in social interactions (Ekman, 1964; Ekman & Friesen, 1969). Indeed,
the facial channel is the most powerful channel in the communication of social
information such as emotional states (Levitt, 1964; Mehrabian & Ferris, 1967; Mehrabian
& Friar, 1969; Zaidel & Mehrabian, 1969). For example, Mehrabian and Friar (1969)
showed that facial expression conferred the most communicative information (55%)
compared to voice tone (i.e., prosody; 38%) and pure language (7%). As non-verbal cues
from faces have been shown to be vital for the communication of affective information,
the current thesis will predominately focus on the lateralisation of emotion perception
within the facial modality.
Facial Expression Perception
Knowledge of the cerebral lateralisation of emotion has been advanced via
investigations of both normal and brain-damaged individuals. This thesis focuses on
research involving brain-damaged patients, thus these studies will be examined first. The
research findings of patients with unilateral brain-damage will then be compared with the
research findings from normal participants.
Clinical Research: Participants with Brain Damage
A large number of studies have investigated the RHH and VH through the
examination of unilateral brain-damaged individuals using a range of presentation and
testing methodologies to investigate hemispheric specialisation for facial expression
perception (for an overview see Table 1.1). Discrimination, identification (recognition),
labelling and matching tasks are the most common paradigms.
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Table 1.1
Affective Facial Perception Task Descriptions
Task

Participant instructions

Discrimination

Determine whether a pair of emotional stimuli are the
same or different.

Identification, or

Label the emotion presented, either verbally or by

recognition

pointing to the answer from a list.

Modified

Rate, on a likert scale from ‘not at all’ to ‘very much’,

Identification

how well an emotional label corresponds to a single facial
expression.

Labelling

Label the emotion type without a response list

Matching label

Point to the face (from a set of different emotional faces)

to face

that depicts the specific emotion labelled.

Matching faces

Match a target facial expression to the same facial
expression from a set of faces, which consist of different
identities.

Discrimination tasks require participants to determine whether a pair of emotional
stimuli are the same or different. Identification, or recognition, tasks require participants
to label the emotion presented by either verbalising their response or by pointing to their
answer from a list. Another variation of the identification task is a simple labelling task,
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where participants are required to label the emotion type without a response list. A
modified identification task has been used in a number of studies (e.g., Adolphs,
Damasio, Tranel, & Damasio, 1996; Anderson, Spencer, Fulbright, & Phelps, 2000;
Philippi, Mehta, Grabowski, Adolphs, & Rudrauf, 2009), whereby participants are
required use a Likert scale (‘not at all’ to ‘very much’) to rate how well an emotional
label corresponds to a single facial expression. In general, one adjective (e.g. ‘happiness’)
is used per block, with the alternative labels (e.g., other emotions such as ‘anger’) used in
subsequent blocks. For the matching label-to-face task, participants are required to match
a specific emotional label to the correct face from a set of facial expressions. The
matching faces-to-faces task requires the participant to match a target facial expression to
the same facial expression from a set of facial expressions that are different identities to
the target face. Thus, facial perception stimuli can range from single faces (e.g.,
identification) to sets of faces (e.g., matching). The research examining the lateralisation
of affective perception in unilateral brain-damaged patients is summarised and critiqued
below, according to the RHH and VH.
Support for the right hemisphere hypothesis.
The predominant position concerning how the cerebral hemispheres process
emotions is that the right hemisphere is preferentially involved in the processing of
affective faces (e.g., Bowers, Blonder, Feinberg, & Heilman, 1991; Charbonneau et al.,
2003; DeKosky, Heilman, Bowers, & Valenstein, 1980; Kucharska-Pietura et al., 2003).
For instance, Bowers et al. (1991) reported that patients with Right Brain Damage (RBD;
n=12) and Left Brain Damage (LBD; n=12) are less accurate than Healthy Control (HC)
patients (with orthopaedic illness; n=12) at discriminating two emotions that were
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expressed facially as the same or different. In support of the RHH, the RBD patients were
also less accurate than the LBD patients. However, Bowers et al. (1991) did not assess
valence, therefore they could not discredit the VH, and thus interpret these findings as
support for the RHH. Other studies have similarly supported the RHH in the facial
modality using discrimination, identification and/or matching tasks, although again,
without investigating valence (e.g., Benowitz et al., 1983; Blonder, Bowers, & Heilman,
1991; DeKosky et al., 1980; Harciarek, Heilman, & Jodzio, 2006; Kolb & Taylor, 1981).
One of the earliest clinical investigations of the hemispheric asymmetry for facial
expressions was conducted by DeKosky et al. (1980). Patients with RBD (n=9) performed
significantly worse than LBD (n=9) and neurology patients without hemispheric damage
(n=9) patients at discriminating emotional faces (happiness, sadness, anger, indifferent),
with no significant difference between the LBD and HC patients. RBD and LBD patients
were also worse than the HC patients at matching the correct face (from a set) to an
emotional label, whilst there was a trend towards to the RBD patients performing worse
than the LBD patients for the identification of emotional faces. Overall, these findings
lend support for the RHH; however, the results are again unable to discredit the VH,
given that the researchers did not separate their data by valence. There are also a number
of methodological limitations. Firstly, the use of patients with brainstem stroke, seizure
activity, peripheral neuropathy, and chronic alcoholism in the HC group does not allow
for a true comparison to the general population. In addition, the left and right braindamaged patients obtained their injury via a number of different causes, including stroke,
metastases, and hematoma. As discussed, in the moderators section (please refer to pp.

14

35-36), the various types of injury (i.e., aetiology) are each associated with different
pathophysiological changes that may have, in turn, impacted on the findings.
Subsequent to the initial clinical findings of DeKosky et al. (1980), the RHH was
also supported in a large clinical study (LBD, n=24; RBD, n=35; HC, n=20) by Kolb and
Taylor (1981). They found that RBD patients were significantly less accurate than the HC
and LBD groups at matching facial expressions (sadness, fear/terror,
happiness/amusement, anger, disgust, contempt, surprise, and interest/attention).
Although this finding provides support for the RHH, emotional valence was not assessed
and thus the VH was not discredited. In addition, although the sample sizes were
relatively large, the brain-damaged participants had undergone unilateral excision due to
recurrent epilepsy. The use of patients with a history of epilepsy is problematic as
epilepsy has been associated with neuropsychological impairments (e.g., GlikmannJohnston et al., 2008; Hermann, Seidenberg, Schoenfeld, & Davies, 1997), with a strong
likelihood that such impairments have induced abnormal patterns of lateralisation (e.g.,
Benke et al., 2006; Springer et al., 1999). Therefore, in summary, the results of this study
may have been influenced by the aetiology of the brain-damaged patients.
The RHH was also supported by Benowitz et al. (1983) who examined facial
communication in six RBD and four LBD patients, compared to normative data from
Rosenthal, Hall, Archer, Di Matteo, and Rogers (1979) and Rosenthal, Hall, Di Matteo,
Rogers, and Archer (1979). Unlike the majority of clinical studies that used still photos of
facial affect, the facial expression stimuli consisted of two-second emotional film scenes.
Patients were required to identify the correct emotion from two options. Five of the six
RBD patients were performed 1.8 standard deviations below the normative data for the
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perception of facial expressions. In contrast, all four LBD patients performed within the
normal range for the judgement of facial expressions. Although these results provide
support for the RHH, the impact of valence was not investigated and consequently the VH
was not discredited. In addition, the study did not detail the actual emotions used in the
facial expression identification task; the results are therefore unable to be directly
compared with other studies. There were also two main sample-related limitations.
Firstly, the RBD and LBD group sample sizes are extremely small, which is problematic
as non-significant results may easily be the result of Type II statistical errors (Maxwell,
Kelley, & Rausch, 2008). Hence, the results may be a product of low average statistical
power. Furthermore, the results of this study may have been impacted by the wide range
of brain-damage aetiologies (e.g., stroke, arteriovenous malformation, traumatic
encephalopathy), especially given the relatively small brain-damage sample sizes.
In the context of investigating a number of possible underlying causes for the
impairment of facial expression comprehension in patients with right hemisphere damage
(e.g., visuospatial skills and the ability to comprehend emotional meaning), Blonder et al.
(1991) compared RBD (n=10), LBD (n=10), and HC (with orthopaedic illness; n=10)
patients’ ability to discriminate, identify, and match (label-to-face and face-to-face) facial
expressions. Each task used the emotions of happiness, sadness, anger, fear and neutral.
Overall, RBD patients were significantly impaired relative to the LBD and HC groups in
the discrimination and matching (face-to-face) of facial emotions. There were no
significant group differences in the identification of facial expressions or matching an
emotional label to the correct facial expression (from a set). Together the results were
interpreted as supporting the RHH, yet the results were not separated according to valence
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and therefore the VH was again not assessed. Moreover, the findings are also limited by
the relatively small number of participants in each group, especially given the large
chronicity range of the brain-damaged patients (range of 1-159 months post stroke). Wide
chronicity ranges are problematic because LBD patients have a better long-term
functional prognosis than RBD patients (Johansson, Jadback, Norrving, Widner, &
Wiklund, 1992). The limitations associated with the use of broad chronicity ranges are
further discussed below, in the moderators section (please refer to pp 37-39).
Furthermore, although the RHH was supported by data from two tasks, the other
two tasks did not support the RHH (Blonder et al., 1991). There are a number of task
differences that may have led to these differences, as discussed in detail in the moderators
section (pp. 39-41). Each of the tasks may vary in cognitive load and the amount of verbal
information used, which in turn may influence task performance. For example, whereas
the discrimination and matching tasks require the participant to evaluate multiple facial
expressions at a time, the identification task only presents one picture at a time. Thus, the
cognitive load of these tasks is marked. Specifically, the lack of hemispheric differences
using the identification may be because this task carries a lower cognitive load than the
discrimination and matching face-to-faces tasks. In addition, the lack of hemispheric
differences for the identification and label-to-face matching tasks may also be related to
the use of verbal labels within these tasks (i.e., lexical, word-based information). The
processing of abstract and concrete word-based information has been shown to implicate
the left hemisphere (Fiebach & Friederici, 2004; Wise et al., 2000), thus the use of verbal
labels may implicate the left, as well as the right, cerebral hemispheres. Therefore the use
of word-based information in the identification and label-to-faces matching tasks may
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have implicated the left hemisphere and therefore masked any hemispheric differences
due to emotion processing per se. Overall, task differences may account for why no
significant differences were found using the identification and matching label-to-faces
tasks. Few studies have examined these task differences, hence further research is clearly
required. All of the studies reviewed above provided support for the RHH; however, their
main limitation was that they did not assess the impact of valence.
Fortunately other studies examining the RHH specifically assessed emotional
valence. For example, Bowers, Bauer, Coslett, and Heilman (1985) reported that RBD
patients (n=11) were less accurate in matching label-to-face, discriminating, and labelling
facial expressions (happiness, sadness, anger, and neutral) overall relative to LBD (n=11)
and HC (n=11) individuals. LBD patients were also impaired relative to HCs in
discriminating emotions overall. In support of the RHH, there were no differential effects
of valence according to the side of hemispheric lesion, with the RBD group performing
more poorly than the LBD patient group overall. However, the chronicity (time since
injury) and aetiology of brain-damage for the RBD and LBD groups were not reported,
thus it is impossible to evaluate the extent to which these methodological variables may
have impacted on the results.
The RHH was also supported by studies including Etcoff (1984), Borod et al.
(1990), Kucharska-Pietura and Klimkowski (2002), Kucharska-Pietura et al. (2003), and
Charbonneau et al. (2003). Etcoff (1984) found that RBD patients (n=12) were less
accurate in labelling and discriminating (via a seven-point rating scale of exact same to
most different) affective faces compared to LBD (n=12) and HC (non-neurological
hospital patients, n=12) individuals. This finding was consistent across emotional valence
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(the six basic emotions plus interest and content). The study was strengthened by the use
of an equal number of positive and negative emotions. However, it was limited by the use
of patients with brain-damage caused by multiple aetiologies, including stroke, neoplasm
resection, and traumatic brain injury. As discussed previously, different aetiologies are
associated with distinct pathological changes, which may in turn have impacted the
results.
The results of the study by Borod et al. (1990) also supported the RHH. This study
compared RBD patients with HCs on two emotion perception tasks. The RBD patient
group (n=18) was found to be significantly less accurate than the HCs (n=21) in
identifying (happiness, surprise, sadness, fear, anger, disgust, neutral) facial expressions
overall. Moreover, RBD and HC group performance did not differ according to the type
of emotion (i.e., positive or negative) in the identification task. In contrast, overall no
group differences (i.e., RBD versus HC) were found for the discrimination of facial
affect. Overall, the identification task findings support the RHH and at least partially
discredit the VH, however, the discrimination task does not support either hypothesis (i.e.,
RHH or VH). Yet, the identification task findings are unable to fully discredit the VH
given that there was not an LBD patient group. Thus, although a strength of this clinical
investigation was the inclusion of a relatively large number of RBD patients (n=18), it
was limited by the exclusion of a LBD patient group. A further limitation was that the
authors did not elaborate on the chronicity of brain-damage in the RBD group, other than
to indicate that patients were tested at least six weeks post stroke. The inclusion of anger
as a negative emotion in the analyses by valence is also problematic, given that research
has indicated that when considering the subjective feel or evaluation of the emotion,
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anger can be considered negative or positive (Harmon-Jones, 2004b). Moreover, unlike
other negatively-valanced emotions such as disgust, sadness, and fear, anger often evokes
approach rather than avoidance behaviour (Harmon-Jones, 2004a; Rutherford & Lindell,
2011a). In summary, although this study supported the RHH using the identification task
there were several important limitations that may have influenced these findings including
the exclusion of a LBD group, an undefined chronicity range, and the use of anger within
the identification task.
Although the clinical investigation by Charbonneau et al. (2003) also supported
the RHH, the right hemisphere was found to be particularly important for a specific set of
individual emotions. Of the six basic emotions tested (happiness, surprise, sadness,
disgust, anger, fear), group differences were only found for happiness, surprise, and fear.
Further analysis of these three emotions showed that the RBD (n=15) group was less
accurate than the LBD (n=17) and HC (n=16) groups in perceiving (identifying and
discriminating) positive (happy and surprise) and negative (fear) faces. The LBD and HC
groups performed similarly for all tasks. Overall, these results suggest that the right
hemisphere is important in the perception of both positive (happiness and surprise) and
negative (fear) facial emotions, supporting the RHH. However, support for the RHH is
limited by the lack of group difference found for the emotions of disgust, sadness and
anger. The results were also limited by the use of an undefined range of chronic braindamaged patients; although the minimum time since onset was 12 months, there was no
maximum range. Therefore patients with long-term brain injury were included. This is
important as the inclusion of long term brain-damaged patients may bias a study’s ability
to find hemispheric differences due to a higher likelihood for LBD compared to RBD
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recovery as a result of LBD patients having a better long term prognosis than patients
with RBD (Johansson et al., 1992). In contrast, this study is strengthened by only using
one type of injury aetiology (stroke patients).
Hemispheric specialisation for facial expression perception was also investigated
in a study of 60 brain-damaged and 50 HC participants (Kucharska-Pietura et al., 2003).
Nine emotions were utilised within each task, of which three were positive (happy,
surprise, interest) and six were negative (sad, disgust, fear, anger, contempt, shame).
Supporting the RHH, RBD patients were less accurate relative to LBD and HC
individuals in the ability to label and identify facial emotions, regardless of valence.
Although LBD patients were also initially found to be less accurate than HCs overall, this
effect was not statistically significant when age and education were taken into account
and no valence effects were found. As detailed in the earlier critique (see p. 18-19) of
Borod et al. (1990), the inclusion of anger as a negative emotion in the assessment of
valence is problematic, given that anger can be considered negative or positive (HarmonJones, 2004b) and unlike other negative emotions, often evokes approach rather than
avoidance behaviour (Harmon-Jones, 2004a; Rutherford & Lindell, 2011a). However,
this study also had a number of methodological strengths including: large sample sizes,
the use of patients with brain-damage due to a single cause (single episode stroke), and
the exclusion of patients with secondary neurological disorder (e.g., epilepsy). Finally,
support for the RHH was offered by a literature review that qualitatively examined the
percentage of studies that found affective face perception impairment in individuals with
RBD and LBD (Borod et al., 2002). The review of 23 studies found that 87% of the
studies showed emotion perception deficits in RBD individuals, 4% showed deficits in
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LBD individuals, and 9% showed no deficits. However, this review did not systematically
examine the lateralisation of emotional perception according to valence. Moreover, the
qualitative method of vote counting used does not take methodological differences or
statistical power into account, nor does it enable the presentation of effect sizes or
precision (Cooper, 2010). Indeed, vote counting, as a method for synthesising research
literature, has been heavily criticised by advocates of statistical reform (e.g.Vacha-Haase
& Thompson, 2004).
In considering the theoretical support for the RHH, it is important to consider the
conceivable contribution of the impact of visuoperceptual processing impairment in RBD
patients to the hemispheric specialisation for facial emotion perception. Visual perceptual
and spatial processing impairments have been demonstrated following right hemisphere
damage, especially right parietal lobe damage (e.g., Hasselmo, Rolls, & Baylis, 1989;
Newcombe & Russell, 1969; Warrington & James, 1967). A clinical study by Bowers et
al. (1985) directly assessed the relationship between affective face processing and nonaffective face processing (i.e., neutral faces) to determine whether the processing of
affective faces is related to right-hemisphere mediated visuospatial processing. This study
found that RBD participants performed significantly worse across affective and nonaffective face processing tasks compared to LBD and HC participants. However, the RBD
group still performed significantly worse than both the LBD and HC groups even when
the groups were statistically equated for visuoperceptual ability. These results are similar
to those found by Adolphs et al. (1996), Ley and Bryden (1979), Kucharska-Pietura et al.
(2003), and Bowers et al. (1991). Thus, overall, it is suggested that although
visuoperception disorders associated with brain injury can induce recognition impairment
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of emotional faces, the differences between the right and left hemispheres in emotional
perception judgements cannot be solely attributed to visuoperceptual deficits.
In summary, many clinical studies have indicated right hemisphere control of
emotion perception. Several of these studies did not assess valence and were therefore
unable to discredit the VH (Benowitz et al., 1983; Blonder et al., 1991; Bowers et al.,
1991; DeKosky et al., 1980; Kolb & Taylor, 1981). However, a number of other studies
did specifically examine the effect of valence with no differential effects found (Borod et
al., 1990; Bowers et al., 1985; Charbonneau et al., 2003; Etcoff, 1984; Kucharska-Pietura
et al., 2003). As such, these findings suggest that the right hemisphere is dominant for the
perception of facial expressions regardless of valence.
Support for valence-based hypotheses.
Although a number of clinical studies have shown that the right hemisphere is
primarily involved in the perception of affective faces, agreement about the role played
by the right, and left, hemispheres in the perception of facial expressions according to
valence is contentious. The VH has not been fully supported (i.e., right dominance for
negative emotion and left dominance for positive emotion) by clinical research involving
left or right brain-damage patients. Rather, a large number of clinical studies of emotion
perception support an alternative model according to valence, whereby the right
hemisphere is dominant in the perception of negative emotion and both hemispheres (left
and right) process positive emotion (Adolphs, Jansari, et al., 2001; Borod et al., 1986;
Mandal et al., 1999). Another alternative model of hemispheric asymmetry according to
specific emotions is the approach-withdrawal motivation system (Davidson et al., 1990).
At present, however, the use of the approach-withdrawal model to interpret how brain is
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lateralised to process emotion is not used as much in the literature as the VH (Carver &
Harmon-Jones, 2009; Mandal et al., 1999). Support for each of the alternative models of
hemispheric asymmetry according to valence is presented below.
Support indicating right hemisphere dominance for negative emotion and
bilateral control for positive emotion.
A number of clinical studies support a model in which the right hemisphere is
dominant for the perception of negative emotion and the right and left hemispheres both
process positive emotion (e.g., Adolphs, Jansari, et al., 2001; Borod et al., 1986; Mandal
et al., 1999). Support for this model of hemispheric asymmetry has primarily been
demonstrated by clinical studies, using identification and matching tasks. Specifically, the
importance of the right hemisphere in processing negative facial emotion was highlighted
by Borod, Koff, Perlman Lorch, and Nicholas (1986), Borod et al. (1993), Mandal,
Tandon, and Asthana (1991), Adolphs, Damasio, Tranel, and Damasio (1996), Philippi,
Mehta, Grabowski, Adolphs, and Rudrauf (2009), Mandal et al. (1999), Aldophs et al.
(2001), and Ehlers and Dalby (1987). These studies found negative emotion perception
deficits following RBD, however they did not find hemispheric differences for the
perception of positive emotion. Therefore, these results indicate that the right hemisphere
is involved in processing and recognising negatively valanced emotions whereas both
hemispheres are involved in the perception of positively valanced emotions.
The right hemisphere was also shown to be dominant for the perception of
negative facial emotion by Borod (1993). Patients with RBD (n=19) were less accurate at
identifying and discriminating facial expressions than HCs (n=21), although this effect
only remained statistically significant for the identification task when visual perception
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and face recognition were controlled. Moreover, when the effect of valence was explored,
RBD patients performed significantly less accurately than HCs for the identification of
negative emotions (sadness, disgust, anger, fear, and unpleasant surprise). There was no
statistical difference between the groups in the perception of positive (happiness, pleasant
surprise) or neutral emotions, indicating that positive emotion perception is not solely
controlled by the right hemisphere. Whereas valence-based differences were evident for
emotion identification, no valence effects were found for the discrimination task. Thus the
right hemisphere dominance for negative emotion may be mediated by the type of
perception task used. However, this study did not incorporate a LBD group and therefore
did not examine the left hemisphere role in the perception of affective faces by valence.
In addition to not examining the effect of left hemisphere damage, the results were also
limited by the inclusion of a wide range of sub-acute and chronic brain-damage patients,
which may have influenced the results, given the possibility for cognitive improvement
over time (Hochstenbach, den Otter, & Mulder, 2003) with hemispheric differences in
functional prognosis in the long-term (Johansson et al., 1992). Moreover the use of anger
as a negatively valanced emotion is problematic, as discussed earlier (see critique of
Borod et al., 1990).
Right hemisphere dominance for the perception of negative emotion has also been
supported by studies that simultaneously indicate that both hemispheres process positive
emotion (e.g., Adolphs et al., 1996; Adolphs, Jansari, et al., 2001; Borod et al., 1986;
Mandal et al., 1999; Mandal et al., 1991; Philippi et al., 2009). For example, patients with
RBD (n=12) were impaired compared to LBD (n=15) and HC (n=16) groups for the
identification of negative (sadness, anger, fear, disgust, confusion) emotions (Borod et al.,
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1986), whereas there was no statistical difference between the groups for the perception
of positive (happiness, sexual arousal, surprise) emotions. This study had a number of
methodological strengths, including the use of patients with brain-damage due to a single
cause (single episode stroke), and the exclusion of patients with secondary neurological
disorder (e.g., epilepsy). However, this study is limited by the inclusion of anger as a
negatively valanced emotion (see critique of Borod et al., 1990). Moreover, similar to
Borod (1993) above, the results were limited by the inclusion of a wide range of subacute and chronic brain-damaged patients.
Further support for the suggestion that the right hemisphere is important for
negative emotion perception and both hemispheres are involved in the perception of
positive emotion was shown by Ehlers and Dalby (1987). This study showed that RBD
(n=17) patients were less accurate in the identification of facial emotions (combination of
photos, line drawings and cartoons) relative to LBD (n=5) and HC (n=4) participants.
They also found an effect of valence, with RBD patients less accurate in recognising
negative (anger, sorrow, fear) facial expressions compared to LBD and HC individuals.
No group differences were found in the recognition of joyous faces. This study suggests
that the right hemisphere is particularly important for processing negative facial emotions,
with both hemispheres equally important in the processing of positive facial emotions.
Yet the use of anger as a negatively valanced emotion is controversial (see critique of
Borod et al., 1990). In addition, these findings are limited by the small number of LBD
and HC participants, especially in comparison to the relatively larger number of RBD
participants.
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A study of 10 right and 10 left unilateral brain-damaged patients compared to HCs
(10 left-handed and 10 right-handed) showed a right hemisphere advantage in emotional
perception (matching and identification), especially for negative emotions (Mandal et al.,
1991). Overall, left and right handed HCs were more accurate at perceiving (matching
and identification task results combined) facial expressions compared to LBD and RBD
patients, with the LBD patients in turn more accurate than the RBD patients. Further
analyses according to valence demonstrated that negative emotions (sadness, disgust,
anger, fear) were perceived (matching and identifying) less accurately by RBD patients
relative to LBD and HC participants. There were no group differences in the perception of
positive emotions (happiness and surprise). These results indicate that the right
hemisphere is particularly important in processing negative emotions whereas both
hemispheres (left and right) process positive emotion, thus supporting the alternative VH.
Yet there are a number of methodological concerns that limited these findings, as
described below.
Although Mandal et al. (1991) provided separate effect sizes for the matching and
identification tasks, their findings are limited by the use of combined matching and
identification task results for the statistical group comparisons. Given that performance
overall was significantly more accurate in the matching compared to the identification
task, separate analyses of these two tasks are required. Results were further limited by the
use of patients with brain-damage caused by multiple aetiologies (glioma, hematoma,
head injury, gliosis, proencephalic cyst, ependymoma, and abscess). As discussed earlier
(please refer to the review and critique of Kolb & Taylor, 1981) as well as in the
moderators section (pp. 35-36), different aetiologies are associated with distinct
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pathological changes that may impact the results. In addition, the inclusion of anger as a
negatively valanced emotion is controversial and may have impacted the results according
to valence (see critique of Borod et al., 1990).
Adolphs et al.'s (1996) findings again appear congruent with the alternative
valence model. They used the modified identification task, requiring participants to rate
how well an emotional label corresponded to a facial expression on a scale of one (not at
all) to five (very much). Surface lesion areas of 39 unilateral brain-damaged patients were
mapped jointly with their facial emotion identification task performance scores to form a
3D brain reconstruction image. Overall, patients with left (n=15) and right (n=24)
hemisphere damage did not significantly differ with respect to emotion recognition in
general. However, hemispheric differences were found according to the region of damage
and the type of emotion, as detailed below.
When brain-damaged patients’ mean performance scores were correlated with the
mean performance scores given by controls, all LBD patients showed very low
correlations irrespective of valence (Adolphs et al., 1996), which suggests no impairment
in emotion identification . In contrast, the right parietal cortex and right medial anterior
infracalcarine cortex correlated best with impaired identification of facial affect.
Moreover, although all brain-damaged (left and right) patients recognised happy
expressions normally, some of the RBD patients were impaired in the recognition of
negative emotions, especially fear and sadness (Adolphs et al., 1996). In summary, these
results imply that posterior regions of the right hemisphere are particularly important for
the perception of negative emotion. Thus, these results support the alternative VH,
indicating that the right hemisphere is important for negative emotion perception, whereas
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both hemispheres process positive emotion. The methodological strengths and
weaknesses of this study are reviewed below.
The use of quantitative analyses that enabled overlapping surface damage lesions
to be visualised and correlated with emotion recognition performance scores made the
study by Adolphs et al. (1996) methodologically strong. However, the findings are
somewhat limited in terms of the sampling of brain-damaged patients, particularly by the
inclusion of multiple brain-damage causes (stroke, neurosurgical lobectomies, and herpes
simplex encephalitis). Moreover, the neurosurgical lobectomy patients had a history of
epilepsy, which poses a number of problems (e.g., neuropsychological impairments that
may induce abnormal patterns of lateralisation) that have previously been discussed (e.g.,
the review and critique of Kolb & Taylor, 1981).
The same research group subsequently agreed with Mandal et al. (1999) that a
novel model is required to account for the right hemisphere preferentially processing
negative facial expressions and both hemispheres processing positive facial expressions
(Adolphs, Jansari, et al., 2001). Adolphs, Jansari, et al. (2001) administered a variation of
the discrimination task to 59 unilateral brain-damaged patients. Sad and happy facial
expressions were morphed with neutral faces to create faint expressions of sadness and
happiness. Participants were shown a neutral expression next to an emotional morph (sad
or happy), with each emotional morph presented once to the left and once to the right of
the neutral face. Faces shown in the viewers’ left visual field project to the right
hemisphere, and vice versa. Participants were then provided with the emotional label for
the morphed image and asked to choose which of the faces best corresponded to that
emotion. RBD (n=31) patients were less accurate than LBD (n=28) and HC (n=28)
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individuals in discriminating sad faces shown on the viewers’ left, however, RBD and
LBD patients were more accurate than HCs when discriminating happy faces shown on
the left. Together these results suggest that the right hemisphere preferentially processes
negative facial expressions, whereas both hemispheres process positive facial expressions.
However, neither hypothesis could account for finding that both RBD and LBD
patients performed better than HCs when discriminating happy faces shown on the left
(Adolphs, Jansari, et al., 2001). Instead, the authors suggest that this result may be due to
an active process occurring in normal brains that impairs discrimination of happy faces to
the left of the neutral face. This suggestion was based on the finding that HCs were more
accurate at discriminating happy faces shown on the right, in addition to the finding that
brain-damaged patients’ unusually good ability to discriminate happy faces shown on the
left was as accurate as HCs discrimination of happy faces shown on the right. Thus, it is
thought that when HC participants view a happy face to the left of a neutral face, the
happy and neutral faces are perceived as more similar, either because the happy face is
given a negatively valanced tone or because the neutral face is given a positive tone. This
active process, responsible for the comparatively poor discrimination in normals, has in
turn been shown to be impaired in brain-damaged patients (Dimond, Farrington, &
Johnston, 1976), which in turn may have been responsible for the superior discrimination
performance seen.
Still more recent research conducted by this laboratory further investigated the
effect of lateralised white matter tract (connections between cortical and subcortical
structures) damage on facial expression identification in a sample of 90 unilaterally braindamaged patients (Philippi et al., 2009). The modified identification task was used,
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similar to Adolphs et al. (1996) above. Compatible with the argument that the right
hemisphere is dominant for negative emotion perception whereas both hemispheres are
involved in the perception of positive emotion, this study found impaired facial emotion
recognition, specific to negative emotions (sadness, anger, and fear) following damage to
the right inferior fronto-occipital fasciculus relative to HC participants. The LBD and
RBD groups did not statistically differ for disgust, happiness, or surprise facial
recognition. Although this study included very large sample sizes, similar to the study by
Adolphs et al. (1996), the findings are to some extent limited by the inclusion of patients
with brain-damage from a wide range of causes, some of which have multiple aetiologic
mechanisms (e.g., stroke, herpes simplex encephalitis, surgical resection of focal lesions,
temporal lobectomy mostly for epilepsy). In addition, the inclusion of patients with a
history of epilepsy is also problematic, as previously discussed (e.g., the review and
critique of Kolb & Taylor, 1981).
In summary, a number of relatively large and recent investigations that examined
hemispheric differences in emotion perception according to valence support the
suggestion that a novel version of the VH may be required, whereby the right hemisphere
is dominant in the perception of negative emotion and both hemispheres (left and right)
process positive emotion. Yet, evidence for this model is far from conclusive, especially
given that some studies that support the alternative VH also show hemispheric differences
that may be better explained by the approach-withdrawal model (e.g., Mandal et al.,
1999), as described below.
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Support for hemispheric differences according to the approach-withdrawal
model.
An alternative model of hemispheric asymmetry according to specific emotion
types is the approach-withdrawal motivation system (Davidson et al., 1990). Although the
idea that the right and left cerebral hemispheres may differ according to emotions that
elicit approach and withdrawal is not new, the VH (i.e., positive versus negative) has been
more widely used than the approach-withdrawal motivational systems interpretation
(Carver & Harmon-Jones, 2009; Mandal et al., 1999). Despite its relative lack of use, a
few clinical studies have examined hemispheric asymmetry according to the approachwithdrawal and positive-negative dimensions, offering support for the approachwithdrawal motivational system (e.g., Anderson et al., 2000; Mandal et al., 1999).
Mandal et al. (1999) found support for the approach-withdrawal model as well as
the alternate VH. Patients with RBD (n=30) were less accurate in matching negative
(sadness, fear and anger) than positive (happiness) facial expressions, with no statistical
difference by valence for LBD (n=30) patients. Furthermore, the RBD patients were less
accurate than LBD patients for negative emotions. In addition to assessing the influence
of valence, Mandal et al. (1999) also examined the results according to the approachwithdrawal model. The RBD patients were less accurate at matching
withdrawal/avoidance emotions (sadness and fear) than approach emotion (happiness); no
differences according to approach-withdrawal were found for the LBD group. Moreover,
the RBD patients were less accurate at matching withdrawal emotions than LBD patients,
with no group difference for approach emotion. Overall, Mandal et al. (1999) argued that
the dimensions of valence and approach-withdrawal produced similar results, such that
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the right hemisphere appears dominant for negative and withdrawal/avoidance emotions
relative to the left hemisphere, whereas both hemispheres are involved for positive and
approach emotions.
However, although Mandal et al. (1999) excluded anger from the approachwithdrawal statistical comparisons due to the controversy surrounding its negative and
approach-related aspects, the inclusion of anger as a negative emotion in the analyses by
valence (positive versus negative) is problematic. As discussed earlier (refer to pp. 8-9),
this is due to research that has indicated that when considering the subjective feel or
evaluation of the emotion, anger can be considered negative or positive (Harmon-Jones,
2004b). Therefore the use of anger as a negatively valanced emotion is controversial and
the inclusion of anger in the valence analyses may have impacted on the results according
to valence (see critique of Borod et al., 1990). In contrast, although in this study multiple
brain-damage aetiologies were included (head injury, infarction, hematoma, abscess, cyst,
tumor, and intracranial space occupying lesion), this potential methodological limitation
was reduced by the use of large patient subgroups sample sizes that were reportedly wellmatched, with no significant group differences in respect to aetiology.
In contrast to Mandal et al. (1999) who excluded anger from their comparisons,
anger was included as an approach emotion in another clinical investigation that
specifically examined lateralisation of facial expressions according to the approachwithdrawal model. Anderson et al. (2000) used the modified identification task (i.e.,
participants rated the correspondence between a facial expression and a label, on a scale
of one ‘not at all’ to six, ‘very much’). All six basic emotions, plus neutral, were used.
Overall RBD participants (n=12) rated the facial expressions as significantly less intense
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than the LBD (n=11) and HC (n=23) participants. More specifically, the RBD group rated
sadness, disgust and happiness as less intense than the LBD and HC groups, whilst RBD
patients rated fearful faces as less intense than LBD patients. The LBD and HC groups
did not differ on any emotion. Although these results support the RHH (i.e., right
hemisphere for negative and positive emotions), hemispheric differences according to
approach (happiness, surprise, anger) versus withdrawal (fear, disgust, sadness) were also
found, with the RBD group showing a marked decline in sensitivity to the withdrawal
dimension compared to the LBD and HC groups.
These findings were interpreted as support for a differential impairment of facial
expression associated with affective states of avoidance/withdrawal with respect to the
approach-withdrawal motivation system (Anderson et al., 2000). Thus, the results provide
support for the suggestion that the motivational systems of approach-withdrawal may
better describe hemispheric asymmetry than affective valence (Carver & Harmon-Jones,
2009). However, it is important to note that the RBD group was also impaired in the
ability to identify happiness, which is inconsistent with the approach-withdrawal model,
given that happiness is an approach behaviour (Davidson et al., 1990). There are a
number of additional limitations of the study, as detailed below.
The main drawback of the study by Anderson et al. (2000) is that the braindamage participants had undergone unilateral anteromedial temporal lobectomy due to
refractory complex partial seizures (Anderson et al., 2000). This brain-damage sample
poses two limitations. Firstly, as detailed above (e.g., the review and critique of Kolb &
Taylor, 1981), the use of patients with a history of epilepsy is problematic. Indeed, this
study showed that RBD impairment for facial emotion evaluation was associated with
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developmentally early seizure onsets and supposed brain insult (Anderson et al., 2000).
Further, damage to the amygdala results in facial expression perception impairments
specific to fear (e.g., Adolphs, Tranel, Damasio, & Damasio, 1994; Broks et al., 1998).
Thus the impairment of fear perception may have been enhanced by the use of braindamaged patients with amygdala damage, which in turn may have impacted on the
approach-withdrawal analysis of emotion perception.
In summary, two clinical investigations that specifically examined the approachwithdrawal model of hemispheric asymmetry for facial expressions found support for this
model. These findings suggest that the VH may indeed reflect another dimension: the
approach versus withdrawal/withdrawal model of cerebral lateralisation. However the VH
is currently more widely accepted than the motivational interpretation (Carver & HarmonJones, 2009; Mandal et al., 1999).
Summary: Clinical research.
There remains considerable conflict within the literature on the hemispheric
specialisation of facial emotion perception. A number of clinical investigations indicate
that the right hemisphere is dominant for the perception of emotion, regardless of valence
(e.g., Bowers et al., 1991; Charbonneau et al., 2003; DeKosky et al., 1980; KucharskaPietura et al., 2003). However, many studies have also found differences according to
emotional valence. The majority of studies that have found hemispheric differences
support a VH whereby there is a right hemisphere advantage for negative emotion in the
absence of a hemispheric difference in the perception of positive emotion (Adolphs et al.,
1996; Adolphs, Jansari, et al., 2001; Borod et al., 1986; Borod et al., 1993; Mandal et al.,
1999; Philippi et al., 2009). However, there is also some evidence that the left and right
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hemispheres may be lateralised according to the approach-withdrawal motivational
system rather than by valence (Anderson et al., 2000). Overall, the clinical evidence base
provides support for three alternative models of emotion perception hemisphere
asymmetry, the RHH, the alternative VH and the approach-withdrawal model.
Potential Moderators of Facial Expression Perception: Clinical Research
There are a number of clinical participant characteristics that may moderate the
hemispheric specialisation of emotion perception in lesion studies, including injury
aetiology and injury chronicity. The perception task used by clinical studies may also
influence a study’s ability to find hemispheric differences. These three possible
moderators are each reviewed below, considering their potential importance as well as
their application within the clinical facial expression perception literature.
Aetiology.
There are a number of pathophysiological differences that vary with injury
aetiology. For example, tumours are associated with heterogeneous structural and
molecular changes that are multifactorial in nature depending on the tumour pathology,
including oedema, vascular perfusion impairment, inflammation, and metabolic changes
(Shamji, Fric-Shamji, & Benoit, 2009). Alternatively, cerebrovascular accident (CVA;
stroke) is associated with vascular pathophysiological changes (metabolic and
hemodynamic) that vary according to whether the injury is acute, subacute, or chronic
(Fagan, Hess, Hohnadel, Pollock, & Ergul, 2004). In contrast, a traumatic brain injury
includes two main stages: the primary insult (primary contact injury, mechanical damage
due to acceleration/deceleration), and secondary insult (non-mechanical, pathological
changes such as cerebral ischaemia, intracranial hypertension, impaired metabolism)
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(Werner & Engelhard, 2007). Although the secondary insult associated with traumatic
head injury is similar to that associated with a CVA, the primary mechanical stage of
injury differs. In sum, the pathophysiological changes associated with brain injury differ
depending on the aetiology thus including brain-damaged patients with various
aetiologies within an investigation may be contributing to the uncertainty evident in the
clinical literature.
A number of the previous investigations controlled aetiology by only including
patients following a unilateral CVA (e.g., Adolphs, Jansari, et al., 2001; Borod et al.,
1986; Borod et al., 1993; Bowers et al., 1985; Charbonneau et al., 2003; KucharskaPietura & Klimkowski, 2002; Kucharska-Pietura et al., 2003). However, a large
proportion of clinical studies included patients with brain-damage due to a wide range of
aetiologies within a single investigation, such as stroke, ruptured cerebral aneurysum,
vascular malformation, brain tumour, head trauma, herpes encephalitis, temporal
lobectomy, and/or cingulotomy (e.g., Adolphs et al., 1996; Ehlers & Dalby, 1987; Etcoff,
1984; Mandal et al., 1999; Mandal et al., 1991; Philippi et al., 2009). This large amount of
variation makes it difficult to determine whether injury aetiology moderates the
lateralisation of affective face perception. It is almost impossible to compare hemispheric
asymmetry according to aetiology due to small clinical sample sizes, thus whether/how
the aetiology of injury moderates the lateralisation of emotion perception remains an
unknown. Until this has been established, it is vital that the aetiology of brain-damage
should be reported and only one brain-damage aetiology should be used, to reduce the
potential impact that different causes may have on patterns of lateralisation.
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Chronicity.
There are also a number of potentially confounding effects with respect to
chronicity of brain-damage at time of testing. A traumatic brain injury or CVA can cause
diaschisis (i.e., loss of function in an undamaged portion of the brain that is connected to
the damaged area) during the acute phase (Nguyen & Botez, 1998). This raises the
possibility that recovery of function, including functions like emotion perception, may be
possible. However, little is known about the recovery of emotion perception following
cerebral insult. To date only one study has examined emotion perception recovery
following brain-damage; this study did not find any evidence of recovery over a two year
period (Zgaljardic, Borod, & Sliwinski, 2002). These findings are limited due to the
brain-damaged patients being initially tested between 2 to 49 months post onset.
Consequently, these findings do not provide information about recovery between distinct
time points (e.g., acute compared to chronic).
Despite the lack of research investigating emotion perception recovery, there is an
increasing research base examining cognitive recovery after brain injury. Studies of
cognitive recovery have shown improvement across domains, especially attention, in the
first two years post injury (Hochstenbach et al., 2003). In addition, most functional
improvement for speech and language functions has been shown to occur in the first two
to three months after injury onset (Kertesz & McCabe, 1977; Sarno & Levita, 1971).
Although spontaneous language recovery has been shown to drop off after the first six
months post injury onset (Fazzini, Bachman, & Alpert, 1986), further improvement is
possible after this time point with meaningful improvement taking place several years
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post injury (Kertesz, 1993). Given that cognitive recovery has been demonstrated,
recovery for emotion perception also appears plausible.
Moreover, the brain injury chronicity range may influence a study’s ability to find
hemispheric differences for emotion perception. Patients with long-term, left-sided brain
damage have a better functional long-term prognosis compared to patients with chronic
RBD (Johansson et al., 1992). Given that LBD patients with chronic brain damage show
evidence of greater functional prognosis than RBD patients, including patients with longterm injury in a clinical sample is likely to enhance the probability of finding larger
differences in lateralization. Overall, although further research into the recovery of
emotion perception is clearly required, it is possible that variable chronicity may be
contributing to uncertainty in the research base for emotion perception. Future research
needs to specifically assess whether there is functional improvement at specific stages of
recovery following unilateral brain injury.
The clinical literature differs markedly in the chronicity of brain-damage at time
of patient testing. Studies have tested patients in the acute phase, within a month post
injury (e.g., Braun, Traue, Frisch, Deighton, & Kessler, 2005; Mandal et al., 1999), and in
the chronic phase, at least three months post injury (e.g., Adolphs et al., 1996; Adolphs,
Jansari, et al., 2001; Anderson et al., 2000; Charbonneau et al., 2003; Philippi et al.,
2009). Many investigations include both acute and chronic patients within the one study
(e.g., Blonder et al., 1991; Borod et al., 1986; Borod et al., 1993; Bowers et al., 1985;
Etcoff, 1984), or did not provide a chronicity range (e.g., Borod et al., 1990; KucharskaPietura et al., 2003). As outlined, it is possible that patients’ chronicity may moderate
emotion perception lateralization. However, because the majority of studies used a large
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chronicity range but did not specifically assess the effect of chronicity, it is difficult to
determine the potential impact of patient chronicity on the lateralization of emotion
perception. Future research should control for the potential effect of chronicity by using a
specific chronicity range, or alternately, investigate chronicity as a potential moderating
variable.
Task.
The cognitive load and the amount of verbal information used vary with the task
administered (i.e., identification, labelling, discrimination, or matching), which may in
turn effect task performance. As outlined in Table 1.1, the emotion perception tasks vary
in the number of response options (e.g., ‘same’ versus ‘different’ for the discrimination
task, compared to a cue card of all possible response options for the identification task),
whether a response list (verbal cues) is provided (identification task) or not (labelling
task), and whether the response options are tactile (pointing) and/or verbal. Given that the
difficulty of each perception task may vary in light of these methodological differences,
empirical findings may in turn differ depending on the task used.
A small number of clinical studies have compared the results from multiple
perception tasks, with variable findings. For instance, Mandal et al. (1991) found that task
performance is more accurate for matching tasks than labelling tasks. This suggests that
matching tasks may carry a lower cognitive load than labelling tasks. In the labelling task,
participants must generate their own answers without any cues, imposing a greater
cognitive load than the matching task, which is more structured and provides specific
cues to the participant. Similar logic may be applied when considering the identification
and the discrimination tasks, with fewer response options (i.e., same versus different) for
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the discrimination task compared to the potentially larger number of response options
(e.g., happy, surprise, sad, disgust, anger, fear) for the identification task.
For example, Kucharska-Pietura et al. (2003) reported correlation analyses that
showed that all three participant groups (RBD, LBD, HC) performed more poorly on the
labelling compared to the identification task. This suggests that the labelling task is more
difficult than the identification task. Blonder et al. (1991) used four different tasks
(discrimination, identification, label-to-face matching, face-to-face matching). Although
lateralisation effects were only found for two (discrimination and face-to-face matching)
of the four tasks, the impact of task type was not examined further, nor were the potential
task differences interpreted/discussed. However, as discussed earlier in this chapter (refer
to pp. 16-17), these four emotion perception tasks differ in the level of cognitive load and
verbal information used which may have influenced task performance and led to the
different findings. For example, the discrimination and matching tasks carry a higher
cognitive load than the identification task, as they require the participant to evaluate
multiple facial expressions at once whereas only once picture is presented at a time in the
identification task. The lower cognitive load associated with the identification task may
have led to the lack of hemispheric differences found. In contrast the higher task demands
associated with the discrimination and matching face-to-faces tasks may have influenced
the hemispheric differences found. The alternative findings according to task type may
also be related to the amount of verbal information used within the emotion perception
task. Given that the left hemisphere is dominant in the processing of language (Fiebach &
Friederici, 2004; Wise et al., 2000), the use of verbal labels in an emotion perception task
may implicate the left, as well as the right, cerebral hemispheres. Therefore, using word-
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based information in the identification and label-to-faces matching tasks implicate the left
hemisphere and therefore mask any emotion processing hemispheric differences.
Most clinical investigations only used one perception task and therefore did not
assess the influence of the type of perception task on performance, or if they used
multiple tasks the similarities or differences were not explicitly examined. In sum, it is
possible that the perception task used may moderate the hemispheric specialisation of
emotion perception relationship. However, few empirical investigations have investigated
the impact of task type and thus its influence remains unknown. Consequently, more than
one task should be used to evaluate how the left and right hemispheres process affective
faces, and when multiple tasks are used, comparisons of the tasks used would be
beneficial.
Section Summary.
It is clear that injury aetiology, injury chronicity and task type may moderate the
hemispheric specialisation of emotion perception in lesion studies. These factors may be
contributing to the divergent results and conclusions obtained from investigations with
brain-damaged patients. Empirical investigations need to either limit the potential impact
of these factors by ensuring that they use stringent inclusion/exclusion criteria (e.g., use
one brain-damage aetiology), or directly assess the potential effect of these aspects (e.g.,
compare results for acute versus chronic patients).
Research with Normal Participants
Research examining the hemispheric lateralisation of emotion perception has also
been conducted on the normal population. The majority of studies have used the divided
field technique, although some have also used the chimeric face test and other methods.
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Consistent with the brain-damage literature, studies involving normal individuals have
supported both the RHH as well as hemispheric differences according to valence.
However, in contrast to the overwhelming support in the lesion literature for the
alternative VH (i.e., right hemisphere for the perception of negative emotion and both
hemispheres for positive emotion processing), research in the normal population has
predominately supported the VH (i.e., right hemisphere for negative emotion and left
hemisphere for positive emotion). Support for the RHH and VH in the normal population
is reviewed and critiqued below.
Support for the Right Hemisphere Hypothesis.
Consistent with clinical research that has shown that emotional faces are
predominately processed by the right hemisphere (e.g., Bowers et al., 1991; Charbonneau
et al., 2003; DeKosky et al., 1980; Kucharska-Pietura et al., 2003), research with normal
participants has also demonstrated support for the RHH. For example, Alves et al. (2009)
demonstrated support for the RHH via the divided visual field technique. Pairs of faces
were presented to undergraduate students (N=80) who were required to determine the side
(left or right) on which the specific target expression (happiness, surprise, fear, sadness,
or neutral) was presented compared to the distractor expression. Overall, facial
expressions of happiness and fear were identified faster when presented to the left visual
field, thus suggesting a right hemisphere advantage for these emotions, supporting the
RHH (Alves et al., 2009). However, the emotions of surprise and sadness did not show a
left visual field advantage as predicted by the RHH.
Yet a criticism of this visual field study is that when the faces were presented to
the left visual field, the left side of the face was closer to the fixation point. Given that
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facial expressions are more intense on the left of the face (Hauser, 1993; Sackeim, Gur, &
Saucy, 1978), it is possible that the proximity of the more expressive hemiface to the
fixation point in left visual field presentations benefits the perception of expressions by
the right hemisphere. However, an earlier divided field investigation of 20 undergraduate
students also supported the RHH using cartoon faces that ranged from positive to negative
(Ley & Bryden, 1979). Importantly, the use of cartoon faces, as opposed of human faces,
excludes such a left hemiface bias. Together these studies support the RHH, indicating
that positive and negative facial expressions are processed in the right hemisphere.
The RHH hypothesis has also been supported in the non-clinical population using
chimeric face stimuli (e.g., Ashwin, Wheelwright, & Baron-Cohen, 2005; Bourne, 2010;
Christman & Hackworth, 1993; Drebing, Federman, Edington, & Terzian, 1997).
Emotion perception testing with chimeric facial stimuli most commonly involves pairs of
vertically split chimeric faces, each comprised of one neutral and one emotive half face;
half the faces have the emotional expression in the left half face (i.e., left visual field)
while the other half present the expression in the right half face (i.e., right visual field).
Similar to the divided visual field task, chimeric face stimuli take advantage of the
contralateral innervation of the central nervous system with information in the left visual
field processed in the right hemisphere and vice versa (Borod, 1992). Participants are
asked to compare the intensity of emotional expression for each pair of chimeric stimuli,
which are mirror images of one another (therefore the only difference is the side of the
face in which the emotion is shown; Ashwin et al., 2005; Christman & Hackworth, 1993).
For example, using a sample of 58 right-handed, undergraduate students, Christman and
Hackworth (1993) demonstrated a left half-face bias (i.e., right hemisphere) for the
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emotions of happiness, pleasant surprise, sadness, and anger. These findings thus support
a greater right hemisphere role in the perception of emotion, irrespective of valence (i.e.,
RHH). These findings were strengthened by the use of an equal number of male and
female participants and posers (i.e., face stimuli). In summary, in support of the RHH,
right hemisphere dominance across positively and negatively valanced facial expressions
has been demonstrated in normal individuals via the divided visual field task and chimeric
face stimuli. These findings are consistent with the large number of lesion studies that
likewise demonstrated the right hemisphere to preferentially process both positive and
negative emotions (Borod et al., 1990; Bowers et al., 1985; Charbonneau et al., 2003;
Etcoff, 1984; Kucharska-Pietura et al., 2003).
Support for the Valence Hypothesis.
Empirical research with normal individuals has also found support for
hemispheric differences according to valence. In contrast to clinical research with
unilateral brain-damaged patients, the VH (i.e., right hemisphere control of negative
emotion and left hemisphere control of positive emotion) has been fully supported in the
normal population (e.g., Jansari et al., 2000; Reuter-Lorenz & Davidson, 1981).
Moreover, some research with normal participants converges with the large amount of
clinical support for the alternative VH that was outlined in the clinical research section
above (i.e., right hemisphere for negative and both hemispheres for positive; Natale, Gur,
& Gur, 1983).
The VH has been supported in the normal population via various behavioural
paradigms (e.g., Jansari et al., 2000; Reuter-Lorenz & Davidson, 1981). For example,
Reuter-Lorenz and Davidson (1981) tested 28 normal participants using the divided visual
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field test, whereby either a happy or sad expression was presented in one visual hemifield
(left or right) whilst at the same time a neutral expression was shown in the opposite
hemifield (i.e., the right hemifield if the emotional face was shown to the left hemifield).
Participants were required to judge which of two expressions showed the ‘emotional’
face. Faster response times were observed when a happy face was presented to the right
visual field (left hemisphere) compared to when a happy face when shown to the left
visual field (right hemisphere). In contrast, reaction times were faster when a sad
expression was shown to the left visual field (right hemisphere) compared to when a sad
face was presented to the right visual field (left hemisphere). The authors concluded that
the left and right hemispheres are both important in emotion perception, with the left
specialised for positive emotion and the right specialised for negative emotion (ReuterLorenz & Davidson, 1981). These findings were subsequently replicated and extended by
Reuter-Lorenz et al. (1983) and Davidson et al. (1987).
The results from a study by Jansari et al. (2000) using the divided visual field
discrimination test, administered to 28 normal individuals, also supported the VH. Facial
expressions of happiness, surprise, disgust, fear, sadness and anger were morphed with
neutral faces to create a set of linear morphs between a neutral expression and the
emotional expression. Participants were shown a neutral expression next to an emotional
morph, with each emotional morph presented once to the left and once to the right of the
neutral face. Participants were then provided with the emotional label for the morphed
image and asked to choose which of the faces best corresponded to that emotion. In
support of the VH, a left visual-field (i.e., right hemisphere) bias for negative facial
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emotion and a right visual field (i.e., left hemisphere) bias for positive facial emotion was
shown (Jansari et al., 2000). Overall, these results again support the VH.
Contrary to normal participant studies, consistent support for the VH has not been
demonstrated in the clinical literature. Rather, the majority of clinical investigations that
found effects by valence supported an alternative VH, whereby the right hemisphere is
dominant in the perception of negative emotion and both hemispheres process positive
emotion (e.g., Adolphs et al., 1996; Adolphs, Jansari, et al., 2001; Borod et al., 1986;
Borod et al., 1993; Mandal et al., 1999; Philippi et al., 2009). Some support for this
alternate VH model has also been demonstrated in the normal population. For example,
using the divided visual field technique, Natale et al. (1983) showed that undergraduate
student participants (n=90) rated negatively valenced stimuli more negatively when
presented to the left visual field (right hemisphere) compared to the right visual field. No
lateralisation effects were found for positive emotion perception. As such, these results
suggest that the right hemisphere controls negative emotion perception and both
hemispheres control positive emotion. However, these results have not yet been replicated
and as such, should be interpreted cautiously.
In summary, full support of the VH (i.e., right hemisphere controls negative
emotion and left hemisphere controls positive emotion) has been shown in the normal
population, using the divided visual field test and a variation of the discrimination task
(e.g., Jansari et al., 2000; Reuter-Lorenz & Davidson, 1981). Some support has also been
shown in the normal population for an alternative version of the VH, whereby the right
hemisphere dominates negative emotion perception and both hemispheres control positive
emotion perception (Natale et al. (1983). Overall, contrary to the lesion literature that
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predominately supported the alternative VH, most of the normal population research
studies that found hemispheric differences in emotion perception according to valence
supported the traditional VH.
Summary: Normal research.
The non-clinical research generally corresponds with the clinical literature in that
there is inconsistent evidence for the lateralisation of affective face perception. Many
studies have suggested that the right hemisphere has a greater role in the perception of
emotion than the left hemisphere, irrespective of valence (e.g., Alves et al., 2009; Ashwin
et al., 2005; Bourne, 2010; Christman & Hackworth, 1993; Drebing et al., 1997; Ley &
Bryden, 1979), supporting the RHH. However hemispheric differences according to
valence have also been shown (Davidson et al., 1987; Jansari et al., 2000; Natale et al.,
1983; Reuter-Lorenz & Davidson, 1981). The majority of these studies demonstrated that
the left hemisphere controls positive emotion and the right hemisphere is dominant for
negative emotion (Davidson et al., 1987; Jansari et al., 2000; Reuter-Lorenz & Davidson,
1981). Overall, research in the normal population mainly provides support for the RHH
and VH, with limited support for the alternative VH.
Potential Moderators of Facial Expression Perception: Clinical and Normal
Research
There are a number of variables that may moderate both clinical and normal
population findings concerning the lateralisation of facial expression perception. The first
possible factor is the gender of the participant. The second variable is the gender of the
facial stimuli used. The third potential factor is the number of different emotions used
within each task. Each of these factors will be reviewed in turn, considering their
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potential importance as well as their application within both the clinical and normal
population facial expression perception literature.
Participant gender.
Participant gender may add to uncertainty within the clinical and normal literature
because men and women show different patterns of lateralization for emotion processing
(Wager, Phan, Liberzon, & Taylor, 2003). Thus, the proportion of male and female
participants may influence whether a study finds lateralization effects for facial
expression perception. The effect of emotional valance and gender on brain lateralization
was examined in a meta-analysis (MA) of 65 healthy participant neuroimaging studies
(Wager et al., 2003). To examine the effect of gender on emotion processing lateralization
the difference in the number of right versus left hemisphere peak (i.e., activations) counts
was calculated for each gender. Males demonstrated a more lateralised distribution of
peaks compared to females, indicating a greater degree of lateralization. Given that males
show evidence of greater functional lateralization in the normal population, including a
greater proportion of male patients in a clinical sample is likely to enhance the probability
of finding larger lateralization differences.
The majority of normal individual studies reviewed tested an equal number of
male and female participants (Bourne, 2010; Christman & Hackworth, 1993; Davidson et
al., 1987; Drebing et al., 1997; Jansari et al., 2000; Natale et al., 1983). However, Ashwin
et al. (2005) only used male participants and Ley and Bryden (1979) used a larger
proportion of male participants. On the other hand Alves et al. (2009) tested a larger
proportion of female participants. In contrast to the majority of normal studies, a number
of the clinical studies cited tested either only male participants (Borod et al., 1986;
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Mandal et al., 1999), or a substantially higher proportion (>70%) of male participants
(Benowitz et al., 1983; Blonder et al., 1991; Bowers et al., 1991; DeKosky et al., 1980;
Etcoff, 1984). In addition, many studies failed to report participant gender (Adolphs et al.,
1996; Bowers et al., 1985; Mandal et al., 1991; Peper & Irle, 1997; Philippi et al., 2009).
Interestingly, the only studies to find no hemispheric effects tested an equal number of
males and females (Braun et al., 2005; Cancelliere & Kertesz, 1990). Given that males
show greater lateralization of activity than females while interpreting emotional
expressions (Wager et al., 2003), including an equal number of female participants may
have reduced the likelihood of finding hemispheric differences for emotion perception.
Future studies should control for the potential impact of participant gender by using an
equal number of males and females, and determining whether any effects observed in the
experimental task are affected by participant gender.
Gender of stimuli.
Research examining the hemispheric specialisation of facial emotion perception
may also be confounded by the gender of the facial stimuli used. Studies have shown that
facial expressions are recognised more accurately when displayed by females than by
males (e.g., Brody & Hall, 1993; Palermo & Coltheart, 2004). This suggests that
participants may have higher perceptual accuracy levels in response to female facial
expressions. This finding may be due to females being more facially expressive than
males (Kring & Gordon, 1998; Schwartz, Brown, & Ahern, 1980).
In addition, a number of recent empirical investigations have shown that males
and females process emotion differently when the stimulus is male compared to when the
stimulus is female, with differences in lateralisation (e.g., Rahman & Anchassi, 2012;
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Stafford & Brandaro, 2010; Williams & Mattingley, 2006). For example, male
participants were more lateralised in the recognition of happiness, sadness, anger, and
surprise expressed by male faces relative to female faces, and compared to female
participants on a chimeric faces test (i.e., faces with one half showing a neutral expression
and one half showing an emotional expression; Rahman & Anchassi, 2012). Furthermore,
Stafford and Brandaro (2010) found that female participants were differentially lateralised
to perceive emotion according to the gender of the facial stimuli. This study showed a left
hemisphere advantage for male faces and a right hemisphere advantage for female faces
for the emotions of surprise and anger. Unfortunately this study only tested female
participants. Together these studies suggest that the gender of the face stimuli may
moderate the lateralisation of face perception, in addition to the overall impact that the
sex of the stimuli may have on face perception accuracy (i.e., increased accuracy for
female faces).
Most normal population studies used an equal number of male and female posers
as stimuli (Alves et al., 2009; Ashwin et al., 2005; Bourne, 2010; Christman &
Hackworth, 1993; Natale et al., 1983; Reuter-Lorenz & Davidson, 1981). However a
number of studies did not report the gender of their stimuli (Davidson et al., 1987;
Drebing et al., 1997; Jansari et al., 2000; Reuter-Lorenz et al., 1983) and Ley and Bryden
(1979) only used male face stimuli. Contrary to the bulk of normal individual studies and
despite the potential confounding influence of stimulus gender, many of the lesion studies
that examined the lateralisation of facial expression perception did not report the gender
of their stimuli (e.g., Charbonneau et al., 2003; Ehlers & Dalby, 1987; Harciarek &
Heilman, 2009; Harciarek et al., 2006; Kucharska-Pietura et al., 2003; Philippi et al.,
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2009). While, a number of the studies reviewed used a mixture of female and male face
models (e.g., Adolphs et al., 1996; Borod et al., 1993; Mandal et al., 1999; Mandal et al.,
1991), Borod et al. (1986) and Bowers et al. (1985) only used male face stimuli, and only
female faces were used by Etcoff (1984). Given that facial expressions are recognised
more accurately when displayed by females than by males (e.g., Brody & Hall, 1993;
Palermo & Coltheart, 2004) and that a males and females process emotion differently
when the stimulus is male compared to when the stimulus is female, with differences in
lateralisation (e.g., Rahman & Anchassi, 2012; Stafford & Brandaro, 2010; Williams &
Mattingley, 2006), the use of only male or female models may be accounting for the
mixed results found within the literature. Moreover, for the same reasons, it is concerning
that the majority of clinical investigations have failed to indicate the gender of their
stimuli. Overall, the majority of studies in the normal population incorporated a mixture
of male and female facial stimuli, however although several lesion studies similarly used
a mixture of male and female stimuli many did not report the gender of the facial stimuli
used. Research studies should control for the potential effect of stimuli gender by using an
equal number of male and female pictures.
Number of emotions.
In addition to the influence of stimuli gender, the number of emotions used within
an emotion perception task may also contribute to the uncertainty in the literature. The
number of emotions used may be important for reasons that relate to cognitive load, as
task demand is likely to be higher with a greater number of emotional options. This may
be especially pertinent for recognition based tasks (i.e., identification) that involve the
participant choosing their response from a cue card that lists all of the emotion options; a
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large number of response options may be quite overwhelming for a participant, especially
a brain-injured participant.
There are two lines of evidence supporting the notion that the cognitive load of a
facial expression task may moderate a study’s ability to find hemispheric differences.
Firstly, cognitive impairment following brain-damage is common (Hochstenbach,
Mulder, van Limbeek, Donders, & Schoonderwaldt, 1998; Lesniak, Bak, Czepiel,
Seniow, & Czlonkowska, 2008; Tatemichi et al., 1994). In one study of 200 stroke
patients 12-months post onset, the most common cognitive impairments were attention
(48.5%), short-term memory (24.5%) and executive functions (18.5%). Patients with
these impairments are in turn more likely to become easily overwhelmed by tasks that use
a large number of emotions.
Secondly, the cognitive load of emotional prosody (i.e., emotion communicated
via voice tone) appears to be the primary mediator of the hemispheric lateralisation for
affective prosody perception (for review see Kotz, Meyer, & Paulmann, 2006). When a
prosodic task carries a high cognitive load (i.e., sentence stimuli), prosodic perception
involves both hemispheres, whereas the right hemisphere is dominant for non-demanding
(i.e., mono- or asyllabic stimuli) prosodic tasks (Lalande, Braun, Charlebois, & Whitaker,
1992; Pell, 2006; Ross & Monnot, 2008; Schlanger, Schlanger, & Gerstman, 1976;
Tompkins & Flowers, 1985). Facial expression perception tasks may be similarly
influenced by their cognitive load, given the empirical support for common cognitive
mechanisms underlying prosodic and facial expressions of emotion (de Gelder, Bocker,
Tuomainen, Hensen, & Vroomen, 1999; Pell, 2005).
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The number of emotions used varied across the normal population studies. Several
studies utilised all six basic emotions (i.e., happiness, surprise, sadness, fear, anger,
disgust; Bourne, 2010; Jansari et al., 2000; Natale et al., 1983). A considerable number of
studies used four emotions, although the emotion types used varied: Reuter-Lorenz and
Davidson (1981) used sadness, happiness, anger and disgust; Alves et al. (2009) used
sadness, happiness, surprise, and fear; Christman and Hackworth (1993) used happiness,
pleasant surprise, sadness and anger. Two emotions were used by a number of studies:
generally these studies used happiness and sadness (Davidson et al., 1987; Drebing et al.,
1997; Reuter-Lorenz et al., 1983), although anger and happiness were used by Ashwin et
al. (2005). On the other hand, Ley and Bryden (1979) used cartoon faces to depict five
different emotion expressions that ranged from extremely positive, mildly positive,
neutral, mildly negative and extremely positive rather than defined emotions.
The large majority of lesion studies reviewed used the six basic emotions:
happiness, surprise, sadness, fear, anger, disgust (e.g., Adolphs et al., 1996; Borod et al.,
1993; Charbonneau et al., 2003; Mandal et al., 1991; Philippi et al., 2009). However a
number of investigations used fewer exemplars. Adolphs, Jansari, et al. (2001) used two
emotions (happiness and sadness), whereas Bowers et al. (1985) and Harciarek et al.
(2006) used three emotions (happiness, sadness and anger). Four emotions (happiness,
sadness, fear, and anger) were used by both Mandal et al. (1999) and Ehlers and Dalby
(1987). Several studies used a number of complex emotions in addition to the usual six
basic emotions: Borod et al. (1986) and Etcoff (1984) used eight emotions, whereas nine
emotions were used by Kucharska-Pietura and Klimkowski (2002) and Kucharska-Pietura
et al. (2003). Overall, many normal population and lesion studies used all six emotions,
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although a number of studies used less or more emotional options. The wide range of
emotional options used in previous investigations may be influencing the conflicting
results within the literature for reasons that relate to cognitive load, as participants’
performance is likely to decrease when there are a greater number of emotional options
and increase with fewer emotional options. This is especially likely for brain-damaged
patients who are highly likely to have cognitive impairment (Hochstenbach et al., 1998;
Lesniak et al., 2008; Tatemichi et al., 1994). Moreover, it is difficult to compare studies
that have used different numbers of emotional options.
It is important to examine how the cerebral hemispheres are involved in the
perception of emotion across a number of positive and negative emotions to ensure that
any conclusions reached about the hemispheric asymmetry of emotion is not simply an
artefact of the specific type of positive and negative emotion expression. However, the
number of emotions used at any one time within a task may influence the results due to
the increased likelihood for a task to carry a higher cognitive load when more emotions
are used. To date, the impact of the number of emotions used during any one task has not
been examined in the clinical literature, thus investigation is required. However, to reduce
this potential confound, each task should aim to use the smallest number of emotion types
possible or have multiple blocks within a task with a different emotion used per block
(e.g., block one for happiness and neutral, block two for sadness and neutral etc). In
summary, the number of emotions used may be an important moderator, as task demand
is likely to be higher with a greater number of emotional options, especially for braininjured patients. To date, the effect of the number of emotions used during any one task
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has not been examined in the clinical literature. Thus, future research needs to examine
the impact of the number of emotions used within an emotion perception task.
Section Summary.
A number of methodological variables may moderate the hemispheric
specialisation of emotion perception in both lesion and normal participant studies,
including the gender of the participants, the gender of the facial stimuli, and the number
of emotions used within each task. Each of these factors is potentially contributing to the
divergent results and conclusions obtained in the lateralisation of emotion perception
literature. Studies need to either limit the potential impact of these factors by ensuring that
they use an equal number of male and female participants, and male and female stimuli,
and/or directly assess the potential influence of these aspects (e.g., assess whether the
number of emotions used impacts results).
Potential Underlying Strategies for Affective Face Perception: Configural and
Featural Processing
Two main processing strategies are thought to underlie face perception and may
also influence affective face perception: configural and featural processing (for review see
Collishaw & Hole, 2000). The configural processing strategy encompasses a holistic
approach, whereby the spatial relation between facial features is used. In contrast, the
featural processing strategy is a piecemeal, analytic approach (i.e., processing specific
facial detail such as the eyes; Collishaw & Hole, 2000).
Research examining both normal and unilateral brain-damaged individuals
demonstrates that the right hemisphere processes configural facial information, whereas
the left hemisphere processes facial information featurally (e.g., Bliem, 1998; Bourne,
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Vladeanu, & Hole, 2009; Rossion et al., 1999; Uttner, Bliem, & Danek, 2002; Yin, 1970).
For example, Yin (1970) found that upright face recognition (configural) was impaired in
patients with posterior RBD compared to HC and LBD participants. In contrast, patients
with other (bilateral or unilateral left-sided) brain damage showed impaired recognition of
inverted faces (featural) compared to HC and cerebral posterior RBD patients. Research
testing non-clinical participants also indicates that the left and right hemispheres are
differentially specialised for configural and featural processing (e.g., Bourne et al., 2009;
Leehey, Carey, Diamond, & Cahn, 1978; Rhodes, 1993). For example Leehey et al.
(1978) and Rhodes (1993) found a right visual field response bias for inverted faces
suggesting left hemisphere expertise for processing faces based on featural information. A
similar hemispheric pattern has also been shown using fMRI, indicating that the left
fusiform area shows greater activation than the right fusiform area in response to inverted
faces (Passarotti, Smith, DeLano, & Huang, 2007). Overall, clinical and non-clinical
research using various methods has largely supported the suggestion that the right
hemisphere is specialised to process faces configurally, whereas the left hemisphere is
specialised to process faces featurally.
Although the hemispheric specialisation for configural and featural face
processing strategies has been established, only one study to date has investigated the
relationship between configural and featural processing strategies and the perception of
facial expressions according to valence (Bourne, 2011). This study administered a
chimeric face test incorporating the six basic emotions to normal participants, with pairs
of chimeric faces presented either upright (configural) or inverted (featural). Left visual
field performance was superior for all emotions when the faces were presented upright,
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whereas right visual field performance was superior when the faces were inverted. The
magnitude of the inversion effect varied across the six emotions: the right visual field was
superior at processing positive inverted facial expressions, but no clear lateralisation
effect was found for the negatively valanced inverted faces. Overall, Bourne (2011)
concluded that the right hemisphere is specialised for processing configural facial
information and the left hemisphere specialised to process featural facial information.
However, Bourne’s (2011) results did not consistently support either the RHH or
the VH. Although the upright condition clearly supports the RHH, given the right
hemisphere bias for positive and negative emotions, the inverted condition lends support
to the VH, with hemispheric differences in the processing of positive and negative
emotions. The author was unable to adequately reconcile these opposing findings.
However, given that previous research has shown that negative expressions are more
affected by configural manipulations (Chambon, Baudouin, & Franck, 2006; Prkachin,
2003), it was suggested that while positive emotions can be processed on the basis of both
configural and featural information, the processing of negative emotions may be more
reliant on configural information. Thus, differences in the underlying strategies involved
in the processing of positive versus negative emotions may account for the hemispheric
differences observed in the inverted condition.
In summary, it has been established that configural and featural information
processing underlie the hemispheric specialisation of face perception. Initial research in
the normal population indicates that the contributions of configural and featural processes
may also underlie left and right hemispheric emotion recognition. Yet, to date no clinical
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studies with unilateral brain-damaged patients have assessed the strategies behind the
lateralisation of emotion perception according to valence.
Chapter Summary
The literature remains divided as to how the brain is lateralised to perceive facial
expressions according to valence. Much research with brain-damaged and normal
participants provides evidence for a right hemisphere advantage irrespective of valence
(e.g., Alves et al., 2009; Bourne, 2010; Bowers et al., 1985; Charbonneau et al., 2003).
However, many other studies testing brain-damaged and normal participants have found
hemispheric differences according to emotional valence. Interestingly, full support for the
VH (i.e., right hemisphere dominance for negative and left hemisphere superiority for
positive) has only been found in the normal population (e.g., Jansari et al., 2000; ReuterLorenz & Davidson, 1981). In contrast, the majority of studies using brain-damaged
participants support an alternative VH whereby negative emotions are predominately
processed in the right hemisphere and both hemispheres process positive emotions
(Adolphs et al., 1996; Adolphs, Jansari, et al., 2001; Adolphs, Tranel, & Damasio, 2001;
Borod et al., 1986; Borod et al., 1993; Mandal et al., 1999; Philippi et al., 2009). To date
most of the studies that have explored the effect of valence on the lateralisation of
emotion perception have compared positive versus negative emotions. However, the VH
may reflect another dimension: the approach versus withdrawal/avoidance model of
cerebral lateralisation. Indeed, Anderson et al. (2000) demonstrated support for the
approach-withdrawal motivational system rather than by VH. Further research is clearly
required to examine how specific facial emotions are lateralised.
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It is possible that some of the uncertainty in the literature may be due to
methodological differences. Potential variables that may moderate the perception of facial
expressions in clinical studies include injury aetiology, injury chronicity, or the type of
task used to assess facial emotion perception. Other variables may moderate the
lateralisation of emotion perception in both clinical and normal population studies,
including participants’ gender, the sex of the stimuli, and the number of emotions used
within each task.
Furthermore, the right and left hemispheres may process emotion in faces using
different strategies. The configural and featural information processing strategies are two
potential underlying strategies that may underlie the lateralisation of affective face
perception. Yet to date no clinical study has investigated whether the use of configural
and featural processing strategies during emotional face perception is differentially
affected by left and right hemisphere damage.
Thesis Aims
The aim of this thesis was to further investigate how facial emotion perception is
lateralised according to valence. There were three studies. Study one is a MA that aimed
to estimate the effect size and precision of hemispheric differences in the perception of
facial emotion according to valence. Further, the MA examined the extent to which
valence, testing paradigm, and various sample characteristics moderate the hemispheric
specialisation of emotional processing. Uncovering moderators is an important feature of
MA. Indeed, Cooper (2010) emphasised the importance of interpreting the MA effect size
in regard to moderators, stating that “the choice of contrasting elements is critical in
interpreting the magnitude of an effect” (p. 207).
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The neural substrates involved in the affective perception of facial expression
were further investigated in Study two and Study three, via a clinical investigation using
unilateral stroke patients. These studies were guided by the outcomes of the MA (Study
one). Potential moderator variables and/or methodological weaknesses identified by the
MA were further examined and controlled for within Study two and Study three.
The literature review raised a number of potential methodological moderators,
including injury aetiology and chronicity, participant and stimuli gender, the type of
perception task used, and the number of emotions used within a task. Studies two and
three therefore investigated how the left and right hemispheres process positive and
negative emotions with these potential moderators taken into account. This was achieved
either by limiting the potential for these factors to influence the results, or by directly
assessing the potential impact of these aspects. Further, Study three examined the
influence of configural and featural processing on how the right and left hemispheres
process positive and negative emotions.
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Chapter two

The Perception of Positive and Negative Facial Expressions in Unilateral Braindamaged Patients: A Meta-Analysis

“…the meta-analysis of research. The term is a bit grand, but it is precise and apt.”
~ Gene Glass (1976, p. 3), who first coined the term ‘meta-analysis’
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Chapter Introduction
As discussed in Chapter one, non-verbal cues from faces are fundamental for the
communication of social information such as emotion (Levitt, 1964; Mehrabian & Ferris,
1967; Mehrabian & Friar, 1969; Zaidel & Mehrabian, 1969). Therefore, numerous studies
have investigated how the brain is lateralised to process affective facial expressions.
However, despite the large amount of research, the contributions of the right and left
hemispheres to affective face perception remain controversial.
A number of studies examining patients with unilateral brain damage have shown
that both positive and negative emotion are predominately controlled by the right
hemisphere (Borod et al., 1990; Bowers, Bauer, Coslett, & Heilman, 1985; Charbonneau,
Scherzer, Aspirot, & Cohen, 2003; Etcoff, 1984; Kucharska-Pietura, Phillips, Gernand, &
David, 2003). However, other clinical studies have shown that the right hemisphere
controls negative emotion perception, with no hemispheric difference in the perception of
positive emotion (Adolphs, Jansari, & Tranel, 2001; Borod, Koff, Perlman Lorch, &
Nicholas, 1986; Mandal et al., 1999). These findings suggest that the right hemisphere is
dominant for the perception of negative emotion and both hemispheres (left and right)
process positive emotion. Chapter one provided a detailed overview of the previous
research, incorporating a critical evaluation of the studies' methodological strengths and
weaknesses.
As discussed in Chapter one, there are two main participant-related limitations
that may contribute to the contradictory findings concerning the lateralisation of emotion
processing. Firstly, the proportion of male participants tested in a study may influence
findings because male brains are more lateralized than female brains when processing
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emotion (Wager, Phan, Liberzon, & Taylor, 2003). The inclusion of a greater proportion
of male patients may therefore enhance the probability of finding lateralized differences.
A number of the clinical studies cited in Chapter one tested either only male participants
(e.g., Borod et al., 1986; Mandal et al., 1999), or a substantially higher proportion (>70%)
of male participants (e.g., Benowitz et al., 1983; Blonder, Bowers, & Heilman, 1991;
Bowers, Blonder, Feinberg, & Heilman, 1991; DeKosky, Heilman, Bowers, &
Valenstein, 1980; Etcoff, 1984). Thus, it is important to examine the extent to which
participant gender moderates emotion lateralization.
Variability in injury chronicity may also contribute to uncertainty in the literature
due to the possibility of recovery. Little is known about how emotion processing recovers
following cerebral insult, however, given that research shows recovery of cognitive
function (Hochstenbach, den Otter, & Mulder, 2003), including language (Kertesz &
McCabe, 1977; Sarno & Levita, 1971), over time, recovery of emotion functions may also
be possible. This possibility is important, given that the chronicity of brain damage at the
time of testing varies markedly across studies. Some studies have tested patients in the
acute phase, within a month post onset (e.g., Braun, Traue, Frisch, Deighton, & Kessler,
2005; Mandal et al., 1999), whereas other studies have tested chronic patients, at least
three months post injury (e.g., Adolphs, Damasio, Tranel, & Damasio, 1996; Adolphs et
al., 2001; Anderson, Spencer, Fulbright, & Phelps, 2000; Charbonneau et al., 2003;
Philippi, Mehta, Grabowski, Adolphs, & Rudrauf, 2009). Some studies have also tested
both acute and chronic patients (e.g., Blonder et al., 1991; Borod et al., 1986; Borod,
Martin, Alpert, Brozgold, & Welkowitz, 1993; Bowers et al., 1985; Etcoff, 1984). Given
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the possibility of emotion processing recovery, the extent to which injury chronicity
moderates emotion lateralization needs to be examined.
Uncovering potentially important moderators, such as participant gender and
injury chronicity, is a critical feature of MA. Cooper (2010) emphasised the importance of
interpreting the MA effect size in regard to moderators, stating that “the choice of
contrasting elements is critical in interpreting the magnitude of an effect” (p. 207). MA
will help shed light on the influences of participant gender and injury chronicity on the
lateralisation of emotion perception.
In addition to uncovering potential moderating variables, MA of the current
literature is also required because it increases statistical power. Increasing power is
important because previous studies have often included small numbers of brain-damaged
participants (e.g., sample size of 11 for each group, Bowers et al., 1985; sample size of 12
per group, Etcoff, 1984; sample size of 10 in LBD and RBD groups and 20 in HC group,
Mandal, Tandon, & Asthana, 1991). The use of small sample sizes is problematic as nonsignificant results may be the result of Type II statistical errors (Maxwell, Kelley, &
Rausch, 2008). Hence, apparent inconsistencies in the literature may be a product of low
average statistical power; this can be resolved with a MA of the clinical studies of
emotion perception lateralization that specifically examine the effect of valence.
The aim Chapter two was to conduct a MA to estimate the effect size and
precision of hemispheric differences in the emotional perception of faces according to
valence. A further aim was to examine the extent to which variables such as participant
gender and injury chronicity moderate the hemispheric specialisation of emotional
processing.
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Abstract
How the brain is lateralised for emotion processing remains a key question in
contemporary neuropsychological research. The right hemisphere hypothesis asserts that
the right hemisphere dominates emotion processing, whereas the valence hypothesis holds
that positive emotion is processed in the left hemisphere and negative emotion is
controlled by the right hemisphere. A meta-analysis was conducted to assess unilateral
brain-damaged individuals’ performance on tasks of facial emotion perception according
to valence. A systematic search of the literature identified seven articles that met the
conservative selection criteria and could be included in a meta-analysis. Twelve metaanalyses of facial expression perception were constructed assessing identification and
labelling tasks according to valence and the side of brain damage. The results
demonstrated that both left and right hemisphere damage leads to impairments in emotion
perception (identification and labelling) irrespective of valence. Importantly, right
hemisphere damage prompted more pronounced emotion perception impairment than left
hemisphere damage, across valence, suggesting right hemisphere dominance for emotion
perception. Furthermore, right hemisphere damage was associated with a larger tendency
for impaired perception of negative than positive emotion across identification and
labelling tasks. Overall, the findings support Adolphs et al. (2001) model whereby the
right hemisphere preferentially processes negative facial expressions and both
hemispheres process positive facial expressions.
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‘Emotion’ refers to reactions to evocative stimuli and includes behavioural
responses, expression, cognitive appraisal, subjective feelings, and physiological
experience and arousal (Ekman, 1992; Plutchik, 1984). Emotions are thought to have
evolved as an adaptive function to handle fundamental life-tasks, such as
accomplishments, losses and disappointment; they mobilise organisms to quickly deal
with important interpersonal encounters, based on what has been adaptive in the past
(Ekman, 1992).
Research into the neural mechanisms involved in emotional processing has
flourished during the last 35 years, but scientific interest in this area is much older. An
early observation about the neural mechanisms of emotional processing was made by
Hughlings-Jackson (1879). He noted that patients with left hemisphere brain damage
could swear and utter other emotional expressions in the absence of the ability to repeat
sentences, write or read, suggesting that emotion may be processed pre-dominantly by the
right hemisphere. Thirty-three years later emotional processing was directly linked to the
right hemisphere, when patients with unilateral right brain-damage demonstrated
decreased emotional expression (Mills, 1912a, 1912b). Precisely how the brain is
lateralised to process emotion remains one of the key questions in contemporary research,
and is the subject of the current Meta-Analysis (MA).
The lateralisation of emotion processing, two main theories
From a neuropsychological perspective, the debate is centred on two main
theories: the Right Hemisphere Hypothesis (RHH) and the Valence Hypothesis (VH). The
RHH asserts that the right hemisphere dominates emotion processing regardless of the
emotional valence (for review see Borod, Bloom, Brickman, Nakhutina, & Curko, 2002;
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Demaree, Everhart, Youngstrom, & Harrison, 2005). In contrast, the VH holds that each
hemisphere specialises in processing different types of emotion, with positive emotion
predominately processed in the left hemisphere and negative emotion controlled by the
right hemisphere (for review see Borod et al., 2002; Demaree et al., 2005). The dimension
of valence separates emotion into positive or negative types, typically utilising the six
basic emotions identified by Ekman and Friesen (1975): happiness, surprise, sadness,
fear, disgust, and anger. However, categorising anger according to valence is
controversial. Though anger is negative, research has shown anger perception to differ
from fear and sadness perception (Lerner & Keltner, 2001; Rutherford & Lindell, 2011a).
How the brain is lateralised to process emotion and, in turn, the extent of support for the
RHH and VH may vary depending on the mode of emotion processing and the
neuroanatomical structures involved.
The RHH and the VH address all modes of emotional processing (i.e., expression,
experience, arousal, behaviour, perception). A modification of the RHH and VH is that
the VH may hold for the experience and expression of emotion, however the RHH may
describe emotion perception (for review see Borod et al., 2002; Demaree et al., 2005).
Research has also indicated that the mode of emotional processing may reflect
independent neuroanatomical mechanisms (Borod, Andelman, Obler, Tweedy, &
Welkowitz, 1992; Borod et al., 1993; Borod et al., 1990), with emotion expression
associated with anterior structures, and emotional perception associated with posterior
structures (Ross, 1981). This meta-analytic study will assess to what extent the RHH
and/or the VH account for the lateralisation of emotional perception.
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Emotion perception testing methods
Previous research has used a range of presentation and testing methodologies to
investigate the hemispheric specialisation of facial expression perception using braindamaged individuals (e.g. Adolphs et al., 2001; Borod et al., 1998; Kucharska-Pietura et
al., 2003). This includes discrimination, identification, labelling, categorisation and a
range of matching tasks. In the discrimination task participants are required to determine
whether a pair of emotional stimuli are the same or different. For the identification (or
recognition) task, participants are required to recognise the emotion presented, either
verbally or by pointing to their answer from a list. The labelling task requires participants
to label the emotion type without a response list. The categorisation task requires
participants to sort facial expression stimuli into defined emotional categories. The
matching task generally requires the participant to match a target facial expression to the
same facial expression from a set of faces, which have different identities and/or
emotional expressions.
Research findings concerning the RHH and VH
Research involving brain-damaged participants has found support for the RHH
using identification and discrimination tasks with both positive and negatively valenced
facial stimuli (Anderson et al., 2000; Borod et al., 1998; Bowers et al., 1985;
Charbonneau et al., 2003; Etcoff, 1984; Harciarek & Heilman, 2009; Harciarek, Heilman,
& Jodzio, 2006; Kucharska-Pietura et al., 2003). The importance of the right hemisphere
in processing negative facial emotion has been highlighted by numerous researchers (e.g.,
Adolphs, Damasio, Tranel, Cooper, & Damasio, 2000; Adolphs et al., 1996; Adolphs et
al., 2001; Borod et al., 1986; Borod et al., 1993; Ehlers & Dalby, 1987; Kucharska-
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Pietura & Klimkowski, 2002; Mandal et al., 1999; Philippi et al., 2009). However, the
above studies failed to find a hemispheric difference in the perception of positive
emotion, suggesting that both hemispheres are important in the perception of positive
faces. Adolphs, Jansari, and Tranel (2001) suggested that a novel model is required to
account for the right hemisphere preferentially processing negative facial expressions and
both hemispheres process positive facial expressions. This suggestion has also been
considered by other researchers whose primary finding was that the right hemisphere is
dominant in the perception of negative emotion (Mandal et al., 1999).
Furthermore, the left-hemisphere has been reported to be important in the
perception of positive emotion by Shamay-Tsoory, Lavidor, and Aharon-Peretz (2008).
This study showed Left Brain Damaged (LBD) participants to be statistically less
accurate in identifying positive versus negative emotion from facial photos of the eye
region using null hypothesis testing procedures. No statistically significant differences by
valence were found according to valance within the Right Brain Damaged (RBD) group.
However, these results do not necessarily imply that the lateralisation of emotion differs
according to valence due to the effect sizes not being reported and the absence of a direct
comparison of the LBD and RBD groups.
Researchers have also reported outcomes that contradict both the RHH and the
VH. Although Cicone, Wapner, and Gardner (1980) demonstrated an overall right
hemisphere advantage in a study of 39 unilateral brain-damaged patients, their results by
valence were in the opposite direction to that predicted by the VH. Participants with RBD
were poorer at matching happy facial expressions relative to the LBD and normal control
(NC) groups, indicating that the right hemisphere is important for perceiving positive
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facial expressions. On the other hand, neither Rapcsak et al. (2000) nor Braun et al.
(2005) found statistically significant differences between RBD and LBD individuals’
ability to identify positive (happiness, surprise) or negative (anger, fear, sadness, disgust)
facial emotions. Given that Rapcsak et al. (2000) and Braun et al. (2005) sampled 45 and
24 brain-damaged patients as well as 80 and 29 NCs, respectively, these results are
unlikely to be due to low power. Their methods were comparable to those used by other
studies (e.g., Adolphs et al., 1996; Borod et al., 1993) that found significant hemispheric
differences, thus it is difficult to account for the discrepancy between these nonsignificant results and those that showed hemispheric specialisation.
Overall, there remains considerable conflict within the literature on the
hemispheric specialisation of facial emotion perception. A number of studies have not
found a statistically significant effect of valence (e.g., Braun et al., 2005; Rapcsak et al.,
2000), whereas a right hemisphere advantage for negative emotion in the absence of a
hemispheric difference in the perception of positive emotion has been demonstrated by a
number of studies (e.g., Adolphs et al., 2000; Borod et al., 1986; Borod et al., 1993), and
a left hemisphere advantage for positive emotion has also been reported (Shamay-Tsoory
et al., 2008). The uncertainty in the research base regarding valence may be due to
methodological differences, including the participants’ gender and injury chronicity, as
well as variations in sample size and the task used to assess facial emotion perception.
The great majority of studies within the research field used small sample sizes, which
reduce power and lead to an increase in Type II statistical errors and an increased chance
of important results being missed (Maxwell et al., 2008).
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Potential moderating variables: gender and brain-damage chronicity
A higher proportion of male participants may bias a study’s ability to find
lateralisation effects for facial expression perception in general, irrespective of valence. A
MA of 65 healthy participant neuroimaging studies of emotion showed males to be more
lateralised than females while decoding facial expressions, indicating that females have
more bilateral representation of function (Wager et al., 2003). However, the lateralisation
of emotion for males compared to females according to valence may be more complex
and region-specific.
Few studies have assessed the effect of gender on the processing of emotion by
valence, however an fMRI study of the effect of gender on the processing of emotion by
valence (happy versus sad) showed males and females to have rather different sets of
neural correlates (Lee et al., 2002). In response to happy facial stimuli, both genders
showed bilateral frontal and left parietal activation, yet only female subjects showed left
thalamic and right occipital and temporal activation. In contrast, when sad faces were
being processing males demonstrated bilateral frontal, right temporal and lentiform
activation, whereas females showed left parietal and lentiform as well as right occipital
activation (Lee et al., 2002). These results suggest that the pattern of emotion processing
activation according to gender and valence is complicated with region-specific neural
areas involved.
A large number of the studies reviewed tested either only male participants (Borod
et al., 1986; Mandal et al., 1999), or a considerably larger proportion of male participants
(Adolphs, Damasio, & Tranel, 2002; Adolphs et al., 2001; Anderson et al., 2000;
Benowitz et al., 1983; Blonder et al., 1991; Borod et al., 1998; Borod et al., 1993; Borod
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et al., 1990; Bowers et al., 1991; Charbonneau et al., 2003; DeKosky et al., 1980; Ehlers
& Dalby, 1987; Etcoff, 1984; Kucharska-Pietura et al., 2003; Schmitt, Hartje, & Willmes,
1997; Shamay-Tsoory et al., 2008). Although a number of studies did not report
participant gender (Adolphs et al., 1996; Bowers et al., 1985; Cicone et al., 1980; Mandal
et al., 1991; Peper & Irle, 1997; Philippi et al., 2009; Rapcsak et al., 2000), it was
interesting to note that the only studies that found no hemispheric effects used an equal
number of males and females (Braun et al., 2005; Cancelliere & Kertesz, 1990).
The literature also differs in the chronicity of brain-damage at time of testing.
Mandal et al. (1999), Braun et al.,(2005), and Peper and Irle (1997) tested patients in the
acute phase, within a month post injury. Cancelliere and Kertesz (1990) assessed acute
patients 3-12 weeks post stroke-onset. Whilst a number of studies tested chronic patients
at least three months post injury (Adolphs et al., 1996; Adolphs et al., 2001; Anderson et
al., 2000; Philippi et al., 2009; Shamay-Tsoory et al., 2008) and several investigations
assessed both acute and chronic patients within the one study (Blonder et al., 1991; Borod
et al., 1986; Borod et al., 1993; Bowers et al., 1985; Etcoff, 1984), or did not provide a
chronicity range (Borod et al., 1990; Kucharska-Pietura et al., 2003). Patients’ chronicity
may be an important moderator for emotion perception lateralisation, however due to the
majority of studies using a large chronicity range it is difficult to assess the effect that
chronicity has on previous research findings.
Rationale for a meta-analysis
There remains controversy concerning the lateralisation of affective perception.
Borod et al. (2002) performed a literature review that examined facial emotional
perception in individuals with RBD and LBD (23 studies). The vote-counting review
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found that 87% of studies showed emotion perception deficits in RBD individuals, 4%
showed deficits in LBD individuals, and 9% showed no deficits. However, this review did
not consider the effect of valence. Vote counting, as a method for synthesising research
literature, has been heavily criticised by advocates of statistical reform (e.g.Vacha-Haase
& Thompson, 2004) because it does not take methodological differences or statistical
power into account, nor does it enable the presentation and discussion of effect sizes or
precision (Cooper, 2010). A MA is clearly required.
Further, all of the aforementioned studies based their conclusions on qualitative
significance findings, without consideration of statistical power or effect sizes. This is
problematic as non-significant results may easily be the result of Type II statistical errors
(Maxwell et al., 2008). Hence, the apparent inconsistencies in the literature may be a
product of low average statistical power, which can be resolved with a MA of the clinical
studies that have examined the lateralisation of emotional perception. A MA will also
estimate the effect size and precision of any hemispheric differences in emotional
perception. Further, the extent that valence, testing paradigm, and various sample
characteristics moderate the hemispheric specialisation of emotional processing can be
examined.
Materials and Methods
Study selection
We performed a computer-based search on the 12th of October, 2010,
using the PsychInfo and Pubmed databases to retrieve clinical studies of unilateral braindamaged participants that investigated the lateralisation of emotion perception within the
facial expression communication channel. There was no exclusion criterion for the year
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that the study was published. The key words used in these database searches were:
“emotion” AND “lateralisation”; “emotion” AND “lateralization”; “emotion” AND “right
hemisphere hypothesis”; “emotion” AND “valence hypothesis”; “right hemisphere
emotion”; “left hemisphere emotion”; “valence” AND “hemispheres”. Further to this, to
address the ‘file drawer’ problem we emailed all of the first authors who were the first
author for two or more articles recovered in the database searches.
This search yielded 3590 articles from which a subset were selected with the
following inclusion requirements: (1) the study must have behaviourally measured
emotion perception in the facial modality, (2) studies must have examined unilateral
brain-damaged participants and compared them to a healthy control group, (3) the
behavioural results must have been separated by valence, which is related to criterion (4)
that if multiple tasks were used the results must also be separated for each task (e.g.,
identification task results separated from discrimination task results), (6) the study must
not have included only sub-cortical brain-damaged patients, (7) the study must not have
included any epilepsy patients, and finally (8) each study had to provide data from which
an effect size could be extracted. Patients with epilepsy were excluded (criterion 7) due to
the neuropsychological impairments associated with epilepsy (e.g., Glikmann-Johnston et
al., 2008; Hermann, Seidenberg, Schoenfeld, & Davies, 1997), and the likelihood that
such impairments have induced abnormal patterns of lateralisation (e.g., Benke et al.,
2006; Springer et al., 1999). These studies were additionally inspected to verify that they
reported results from independent samples. If overlapping samples were found, data from
only one study was included (for example Kucharska- Pietura & Klimkowski, 2002 was
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not included because the participants and results were the same as those within
Kucharska-Pietura et al., 2003).
The conservative set of criteria identified nine studies that investigated facial
emotion perception across a range of behavioural perception tasks. Five of these studies
used the identification task, three studies used the labelling task, and one study used the
categorisation task. The eighth study by Mandal, Asthana, Tandon, and Asthana (1992)
used two matching tasks with hemifacial stimuli, where participants had to match the
target hemiface with the hemifacial counterpart. Due to its research design, the eighth
study could not be included in the MA. Table 2.1 provides design details for each of the
remaining seven studies and Table 2.2 provides the original effect size statistics for each
study. Although the study that measured categorisation is included in Table 2.1 and 2.2, it
was not included in the MA as no other studies measured categorisation. Therefore,
overall, a total of seven studies were included in the present meta-analysis.
A number of studies were excluded from the MA, because although they were
relevant on many of the inclusion criteria, they did not meet all eight criteria. One study
was excluded due to the inclusion of bilaterally damaged patients in both the RBD and
LBD groups. Three studies were excluded because they did not separate their results
according to valence. One study was excluded because it did not separate the results for
each of the tasks used. Finally, six studies were excluded because although they met all of
the other selection criteria, they did not provide enough statistical data for an effect size to
be calculated. These studies generally did not include a separate Standard Deviation (SD)
for each group, and if they reported an overall SD this was unable to be used to estimate
separate SDs per group due to the statistical designs used.
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Coding
In addition to effect sizes, in accordance with Cooper (2010) we coded numerous
clinical and demographic variables including: age, the amount of time between injury
onset and testing (i.e., chronicity), gender, intra-hemispheric lesion details, the participant
exclusion criteria utilised, information about the nature of the facial stimuli, the number
of emotional stimuli used, and the type of task. However, studies generally differed too
greatly for most variables to be entered as moderators (e.g., chronicity). Five of the nine
studies that were included in the final MA were double coded by two trained coders, with
an inter-coder agreement of 95.8%. The coders critically reviewed all problematic codes
together until an agreement was reached. The trained coders were current postgraduate
neuropsychology students; the first author was one of these.
Statistical method
We used the Comprehensive Meta-Analysis (CMA) version 2.0 software program
to conduct statistical analyses. Means, standard deviations and sample sizes were entered
into CMA 2.0 and the standardised mean difference was computed as the mean percent
correct score for the unilateral brain-damaged group (either RBD or LBD) minus the
mean percent correct score for the NC group, divided by the pooled within-groups
standard deviation. For the RBD versus LBD groups comparisons, the standardised mean
difference was computed as the mean percent correct score for the RBD group minus the
mean percent correct score for the LBD group. For the brain-damaged (i.e. RBD or LBD)
versus NC group MAs, negative effect sizes represent a larger degree of emotion
impairment for the brain-damaged group compared to the NC group. For the RBD versus
LBD group MAs, negative effect sizes represent a larger degree of emotion impairment
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for the RBD group than for the LBD group.
Means and standard deviations were generally available for all seven studies
included in the MAs. However, Borod et al. (1993) did not report separate SDs per group;
rather they reported an overall SD (s). In order to include this study in our MA, we
estimated conservative separate SDs for the RBD and NC group from the s with two
assumptions: (1) that the RBD and NC groups have the same SD, and (2) that the
correlation between the RBD and NC groups is the same. To ensure that our estimate of
the SD for the separate measures is a good estimate, we adjusted the s by increasing it by
an amount that depends on the correlation. In practice r is likely to be approximately .5 to
.8 (Cumming, 2012). Therefore, in the absence of specific information about the likely r
in this research field we increased the SD on the average (s) by 22% (the adjustment
factor for r=.5). Finally, our analyses are not independent in regards to the use each group
(i.e., RBD, LBD, and NC) in multiple MAs (e.g., the NC group was the comparison for
the LBD and the RBD group MAs).
We used random effects models which assume that other features of studies, such
as experimenters and measures, are sampled as well, creating additional random
influences. Thus the results produced by random effects models are typically more
conservative. In random effects models, a random effects variance component (derived
from the residual homogeneity value) is estimated and added to the standardised error
associated with each effect size, and inverted variance weights are calculated.

Table 2.1
Design Characteristics for the Eight Studies that Matched the Meta-analysis Selection Criteria.
First
Author
Braun
Harciarek
Harciarek
Borod
Kucharska
-Pietura
Borod

Year

Number of
participants (N)

2005
2006
2009
1993
2003

NC LBD
29
11
31 NA
31 NA
21 NA
50
30

1986

16

15

% male participants
per group

Days since
injury

RBD
13
30
27
19
30

NC
62
45
NR
52
48

LBD
55
NA
NA
NA
57

RBD
46
47
NR
63
60

Mean(SD)#
52.9(4.6)
306(NR)
276(124.6)
1065(1854)
>28(NR)

12

100

100

100

Brain damage
aetiology
Stroke
Stroke
Stroke
Stroke
Stroke

Tasks
performed
ID
ID
ID
ID
ID/L

Number of emotions
used

Stimuli
gender

Positive
2
1
1
2
3

Mixture
NR
NR
Mixture
NR

Negative
4
2
4
4
6

761; range
Stroke
L
3
5
Male
of 30-2640
Etcoff
1984 12
12
12
75
92
83
495; range
Mixed1
L
4
4
Female
of 30-2400
Adolphs 2001 28
28
31
50
68
54
NR
Stroke
C
1
1
NR
Legend: NR = not reported; NA = not assessed; # = unless otherwise stated; ID -= identification; L = labelling; C = categorisation.
* refers to those that met inclusion criteria (i.e., only the tasks that met inclusion criteria are listed).
1

stroke, neoplasm, resection, hematoma evacuations, TBI.
100
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Table 2.2
Original Statistics for the Eight Studies that Matched the Meta-analysis Selection
Criteria, by Task Type.
First

Year

Task

Mean Percentage Correct (SD)

Author
Positive Emotion

Negative Emotion

RBD

LBD

NC

RBD

LBD

NC

Braun

2005

ID

77.9
(8.1)

80.7
(8.8)

85.0
(6.7)

44.0
(13)

45.0
(14.2)

65.4
(10.7)

Borod

1993

ID

77.0
(19)

NA

89.0
(10.4)

52.0
(19)

NA

74.0
(10.4)

Harciarek

2006

ID

88.6
(6.5)

NA

98.0
(2)

51.3
(26.8)

NA

91.3
(12.2)

Harciarek

2009

ID

87.2
(13.9)

NA

98.0
(1.5)

50.2
(5.6)

NA

87.9
(3.2)

Kucharska 2003
-Pietura

ID

66.6
(17)

82.6
(9.9)

86.1
(10.6)

39.3
(17)

67.3
(11.7)

74.3
(11.9)

Kucharska 2003
-Pietura

L

62.2
(18.2)

79.7
(9.7)

83.1
(10.5)

33.9
(18.2)

62.7
(10.8)

69.7
(12)

Borod

1986

L

83.0
(25)

79.0
(26)

94.0
(20)

38.0
(28)

76.0
(19)

71.0
(26)

Etcoff

1984

L

72.7
(34.4)

77.3
(34.9)

83.4
(24.6)

69.1
(40.9)

87.3
(24.2)

91.7
(15.6)

Adolphs

2001

C

87.5
(3)

91.0
(3)

84.0
(2.5)

71.5
(6)

89.5
(3)

87.0
(3)

Legend: ID = identification; L = labelling; C = categorisation. RBD = right brain
damaged; LBD = left brain damaged; NC = normal control
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Results
Identification task meta-analyses
Six random effects model MAs were computed based on those studies that
measured the identification of emotion. There were three negative valence MAs (please
refer to Figure 2.1) The first MA showed a cumulative standardized mean difference (d)
of -3.02 95% Confidence Intervals (CIs) [-4.36, -1.68] in favour of the RBD group being
more impaired than the NC group in the identification of negative emotion. The second
random effects MA showed a cumulative d of -1.12 [-2.24, 0.00], indicating that the LBD
group is more impaired than the NC group in the identification of negative emotion. The
third random effects MA showed a cumulative d of -1.02 [-2.82, 0.79], indicating that the
RBD group is more impaired than the LBD group in the identification of negative
emotion.
The heterogeneity calculations for the negative valence, RBD vs. NC groups,
identification task MA revealed a significant (p>0.01) I2 value of 93.71 (Q=63.61,
τ2=2.12). The heterogeneity calculations for the negative valence, LBD vs. NC groups,
identification task MA revealed a significant (p=0.01) I2 value of 83.44 (Q=6.04,
τ2=0.55). The heterogeneity for the negative valence, RBD vs. LBD groups, identification
task MA found a significant (p>0.01) I2 value of 92.21 (Q=12.83, τ2=1.57).
There were also three positive valence MAs (please refer to Figure 2.2). The first
positive valence, identification task MA showed a cumulative standardized mean
difference (d) of -1.33 95% Confidence Intervals (CIs) [-1.68, -0.98] in favour of the
RBD group being more impaired than the NC group in the identification of positive
emotion. The second positive valence, random effects MA showed a cumulative d of 0.41 [-0.80, -0.03], indicating that the LBD group is more impaired than the NC group in
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the identification of positive emotion. The final random effects MA
demonstrated a cumulative d of -0.80 [-1.59, -0.01], indicating that the RBD group is
more impaired than the LBD group at identifying positive emotion.
The heterogeneity calculations for the positive valence, RBD vs. NC groups,
identification task MA revealed a non-significant (p=0.15) I2 value of 41.06 (Q=6.79,
τ2=0.07). The heterogeneity calculations for the positive valence, LBD vs. NC groups,
identification task MA revealed a non-significant (p=0.56) I2 value of 0.00 (Q=0.35,
τ2=0.0). Finally, the heterogeneity for the positive valence, RBD vs. LBD groups,
identification task MA found a non-significant (p=0.10) I2 value of 62.35 (Q=2.66,
τ2=0.21).

Figure 2.1.
Three random effects MAs for negative facial emotion identification, with separate MAs according to group comparisons (i.e., RBD vs. NC; LBD vs.
NC; RBD vs. LBD). The size of the study marker corresponds to study weight. 95% confidence interval (CI) is represented by error bars. The weighted
standard difference in the means (d) values are represented by the diamonds. Negative effect sizes represent a larger degree of negative emotion
impairment than positive emotion impairment for the brain-damaged group compared to the NC group. For the RBD versus LBD group MA, negative
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effect sizes represent a larger degree of negative emotion impairment than positive emotion impairment for the RBD group than for the LBD group.

Figure 2.2.
Three random effects MAs for positive facial emotion identification, with separate MAs according to group comparisons (i.e., RBD vs. NC; LBD vs.
NC; RBD vs. LBD). The size of the study marker corresponds to study weight. 95% confidence interval (CI) is represented by error bars. The weighted
standard difference in the means (d) values are represented by the diamonds. Negative effect sizes represent a larger degree of negative emotion
impairment than positive emotion impairment for the brain-damaged group compared to the NC group. For the RBD versus LBD group MA, negative
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effect sizes represent a larger degree of negative emotion impairment than positive emotion impairment for the RBD group than for the LBD group.
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Labelling task meta-analyses
Six more random effects model meta-analyses were computed based on those
studies that measured the labelling of emotion. Again, there were three negative emotion
MAs (please refer to Figure 2.3) and three positive emotion MAs (please refer to Figure
2.4). The first negative emotion, labelling MA showed a cumulative standardized mean
difference (d) of -1.51 [-2.58, -0.44] in favour of the RBD group being more impaired at
labelling of negative facial expressions than the NC group. The second random effects
MA showed a cumulative d of -0.26 [-0.77, 0.25], indicating that the LBD group is more
impaired than the NC group in the labelling of negative emotion. The third random
effects MA showed a cumulative d of -1.40 [-2.22, -0.57], indicating that the RBD group
is more impaired than the LBD group at labelling negative emotion.
The heterogeneity calculations for the negative valence, RBD vs. NC groups,
labelling task MA revealed a significant (p=0.02) I2 value of 83.83 (Q=12.37, τ2=0.75).
The heterogeneity calculations for the negative valence, LBD vs. NC groups, labelling
task MA revealed a non-significant (p=0.15) I2 value of 46.60 (Q=3.75, τ2=0.10). The
heterogeneity for the negative valence, RBD vs. LBD groups, labelling task MA found a
significant (p=0.03) I2 value of 70.60 (Q=6.80, τ2=0.37).
The first labelling task MA of positive emotion showed a cumulative standardized
mean difference (d) of -0.84 [-1.63, -0.05] in favour of the RBD group being more
impaired at labelling of positive facial expressions than the NC group. The second
random effects MA showed a cumulative d of -0.38 [-0.73, -0.03], indicating that the
LBD group is more impaired than the NC group in the labelling of positive emotion. The
final random-effects MA demonstrated a cumulative d of -0.43 [-0.33, 0.47], in favour of
the RBD group being more impaired than the LBD group at labelling positive emotion.
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The heterogeneity calculations for the positive valence, RBD vs. NC
groups, labelling task MA revealed a significant (p=0.02) I2 value of 74.45 (Q=7.83,
τ2=0.36). The heterogeneity calculations for the positive valence, LBD vs. NC groups,
labelling task MA revealed a non-significant (p=0.69) I2 value of 0.0 (Q=0.75, τ2=0.0).
The heterogeneity for the negative valence, RBD vs. LBD groups, labelling task MA
found a significant (p=0.01) I2 value of 79.14 (Q=9.59, τ2=0.49).

Figure 2.3.
Three random effects MAs for facial emotion negative labelling, with separate MAs according to group comparisons (i.e., RBD vs. NC; LBD vs. NC;
RBD vs. LBD). The size of the study marker corresponds to study weight. 95% confidence interval (CI) is represented by error bars. The weighted
standard difference in the means (d) values are represented by the diamonds. Negative effect sizes represent a larger degree of negative emotion
impairment than positive emotion impairment for the brain-damaged group compared to the NC group. For the RBD versus LBD group MA, negative
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effect sizes represent a larger degree of negative emotion impairment than positive emotion impairment for the RBD group than for the LBD group.

Figure 2.4.
Three random effects MAs for facial emotion positive labelling, with separate MAs according to group comparisons (i.e., RBD vs. NC; LBD vs. NC;
RBD vs. LBD). The size of the study marker corresponds to study weight. 95% confidence interval (CI) is represented by error bars. The weighted
standard difference in the means (d) values are represented by the diamonds. Negative effect sizes represent a larger degree of negative emotion
impairment than positive emotion impairment for the brain-damaged group compared to the NC group. For the RBD versus LBD group MA, negative
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effect sizes represent a larger degree of negative emotion impairment than positive emotion impairment for the RBD group than for the LBD group.
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Publication bias
Due to each MA being based on between two and five studies it is impossible to
get any clear indication of publication bias. However, we carried out assessments of bias
for each of the above meta-analyses using Egger’s test of the intercept (Egger, Davey
Smith, Schneider, & Minder, 1997) and Tweedie’s trim-and-fill procedure using a
random effects model where missing studies were looked for on the left side of the
cumulative point estimate (Duval & Tweedie, 2000). An examination of the results found
no clear evidence of bias.
Moderator meta-regressions for gender
Meta-regression was used to assess the relationship between the percentage of
male participants and d for each of the meta-analyses that included three or more studies,
using the random effects model. Meta-regressions were performed for the two RBD vs.
NC identification meta-analyses, and for all six labelling task meta-analyses. The
regression slope for the negative emotion, RBD vs. NC group identification task metaregression was 0.03 [-0.03, 0.09], although it was not a statistical significant difference
from zero (p=.29). The regression slope for the positive valence, RBD vs. NC,
identification task meta-regression was in the same direction, 0.06 [0.01, 0.11],
suggesting a decrease in d in studies with a higher percentages of male participants. This
slope was statistically different from zero (p=0.02).
The regression slopes were generally in the same direction for the labelling task
meta-regressions of male participant percentage, although they failed to reach statistical
significance. The regression slope for the negative valence, RBD vs. NC group labelling
task meta-regression was 0.01 [-0.03, 0.05], yet it failed to reach significance (p=0.63).
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The regression slope for the negative valence, LBD vs. NC group labelling task metaregression was 0.02 [-0.00, 0.03]. This slope was a trend towards statistical significance
(p=0.06). The regression slope for the negative valence, RBD vs. LBD group labelling
task meta-regression was -0.01 [-0.04, 0.03]. This slope was not statistically significantly
different from zero (p=0.77). The regression slope for the positive valence, RBD vs. NC
group labelling task meta-regression was 0.01 [-0.01, 0.04]. Again, this slope was not
statistically significant (p=0.35). The regression slope for the positive valence, LBD vs.
NC group labelling task meta-regression was -0.01 [-0.02, 0.01], and it failed to reach
statistical significance (p=0.60). Finally, the regression slope for the positive valence,
RBD vs. LBD group labelling task meta-regression was 0.03 [0.01, 0.05]. This slope was
a trend towards a statistical significant difference from zero (p=0.03).
Discussion
Our twelve MAs explored the lateralisation of affective facial expression
perception according to valence in unilateral brain-damaged participants. The MAs, based
on seven studies of facial expression perception using identification and labelling tasks,
showed an association between the side of the unilateral brain-damage and emotion
perception according to valence. For the identification of facial expressions, very large
effects were found in the direction of the RBD group being more impaired than the NC
group for the perception of negative (d=-3.02) and positive (d=-1.33) emotion. Large (d=1.12) and moderate (d=-0.41) effects were also found in the direction of the LBD group
being more impaired than the NC group for the identification of negative and positive
emotion, respectively. However the confidence intervals for these two effects included
zero. Large effects were also found in the direction of the RBD group being more
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impaired than the LBD group at identifying negative (d=-1.02) and positive (d=-0.80)
emotion, respectively. However, again the confidence intervals for these two effects
overlapped zero.
Similar effects were found in the labelling task MAs. Very large (d=-1.51) and
large (d=-0.84) effects were found in the direction of the RBD group being more impaired
than the NC group at labelling negative emotions. On the other hand, small (d=-0.26) and
moderate (d=-0.38) effects were found in the direction of the LBD group being more
impaired than the NC group at labelling negative and positive emotion, respectively. The
confidence intervals overlapped zero in the labelling of negative emotion task above. Not
surprisingly, given the above four MAs, a very large (d=-1.42) effect was found for the
RBD versus LBD group meta-analysis, in the direction of the RBD group being more
impaired than the LBD group at labelling negative emotion. Whilst a moderate (d=-0.43)
effect was found in the direction of the RBD group being more impaired than the LBD
group at labelling positive emotion, although the confidence intervals overlapped zero.
Examination of the results found no clear evidence of bias. However given that each MA
was based on between two and five studies, it is impossible to get any clear indication of
publication bias. Thus there is a possibility of bias due to the limited number of studies
included.
In sum, the results of both the identification and labelling task MAs suggest that
right and left hemisphere damage negatively impact on emotion processing, irrespective
of valence. Importantly, right hemisphere damage is associated with a larger tendency for
negative and positive emotion perception impairment compared to left hemisphere
damage. The finding that right hemisphere damage leads to impairments in positive and
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negative emotion perception provides support for the majority of past research (e.g.,
Anderson et al., 2000; Borod et al., 1998; Bowers et al., 1985; Charbonneau et al., 2003;
Etcoff, 1984; Harciarek & Heilman, 2009; Harciarek et al., 2006; Kucharska-Pietura et
al., 2003). Yet the finding that left hemisphere damage also negatively impacts on
emotion processing is contrary to the majority of previous studies that have generally
failed to identify emotion processing difficulties following left hemisphere damage (e.g.,
Adolphs et al., 2000; Borod et al., 1986; Borod et al., 1993). This finding may be a
product of the increased statistical power provided by a MA. However, interpretation of
the association between left hemisphere damage and emotion perception impairment in
the current analyses is limited by the wide confidence intervals that cross zero in all four
LBD versus NC group MAs. This limitation combined with the indication that both
hemispheres appear to be involved in emotion processing merit future studies with larger
sample sizes and therefore increased power to address the laterality hypotheses; the
results of future studies could in turn be added to the current MA.
Furthermore, right hemisphere damage appears to be particularly associated with
a larger tendency for negative than positive emotion identification and labelling
impairment. This finding supports the great majority of the literature that has shown the
right hemisphere to be particularly important in the processing of negative emotion
(Adolphs et al., 2000; Adolphs et al., 1996; Borod et al., 1986; Borod et al., 1993; Ehlers
& Dalby, 1987; Kucharska-Pietura & Klimkowski, 2002; Mandal et al., 1999; Mandal et
al., 1991; Philippi et al., 2009). Overall, the results indicate support for the suggestion
made by Adolphs et al. (2001) that a new model may be required to explain the
hemispheric specialisation of emotion perception according to valence, whereby the right
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hemisphere preferentially processes negative facial expressions and both hemispheres
process positive facial expressions (Adolphs et al., 2001; Mandal et al., 1999).
There have been a number of speculations about how the right hemisphere may be
specialised for the perception of emotion according to valence (for a review see Borod et
al., 1992). Our aim was to examine the extent that a number of methodological variables
may moderate the hemispheric specialisation of emotion perception. We coded each study
for emotional valence, time since brain-damage, intra-hemispheric lesion details, and the
age and gender of the participants. Unfortunately however, most of these variables could
not be examined within the MAs. Time since damage was frequently not reported or
included extremely large ranges, thus this potential moderator could not be formally
assessed. Likewise, the intra-hemispheric location of lesion was also highly variable both
within and between most studies. The majority of studies used the same age range,
therefore the effect of different ages could not be evaluated. However, the majority of
studies reported the gender of the participants, thus this variable was examined further.
A review of the current literature indicated that a large number of the studies
tested only male participants or a considerably larger proportion of male participants (see
Table 2.1 for details). Meta-regressions examined the effect of the percentage of male
participants for the RBD versus NC identification task MAs and for all six labelling task
MAs. Overall, the results of these gender meta-regressions were inconsistent. This
indicates that the relationship between the percentage of male participants and the
perception of facial expressions by valence may be complex. This idea is supported by
fMRI evidence for complex and region-specific patterns of emotion processing activation
according to gender and valence (Lee et al., 2002). In response to happy facial stimuli,
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both genders showed bilateral frontal and left parietal activation, yet only female subjects
showed left thalamic and right occipital and temporal activation. In contrast, when sad
faces were being processing male participant’s demonstrated bilateral frontal, right
temporal and lentiform activation, whereas females showed left parietal and lentiform as
well as right occipital activation (Lee et al., 2002).
The results of the twelve MAs presented in the current article are limited by the
number of studies included (seven). Eleven studies were excluded because although they
were relevant on many of the criteria, they did not meet all eight inclusion criteria. Of
these 11 studies, six were rejected because they did not provide enough statistical
information to calculate an effect size for each group (i.e., a mean and SD). A further
three studies were excluded because they did not separate the behavioural results by
valence. However, meta-analysis does not require large numbers of studies to be useful. It
is important to note that combining even two studies in a meta-analysis can give a useful
increase in precision of an effect. Indeed small-scale meta-analyses are generally
considered more beneficial and reliable than a single stand-alone study (Cumming, 2012;
Lipsey & Wilson, 2001). The present meta-analysis included seven highly relevant
studies and thus provides results that give a much stronger, more reliable conclusion than
any one of the studies is able to provide alone. Moreover, narrative reviews of the
research base rely on qualitative summaries and vote-counting, methods that have been
heavily criticised (e.g., Vacha-Haase & Thompson, 2004). In contrast, the present metaanalysis provides quantitative estimations of the effect and precision of the lateralisation
of emotion perception according to valence. Therefore despite its relatively small-scale,
the present meta-analytic findings are both important and significant to the research field
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because the results of the combined analysis of seven individual studies provide stronger,
more reliable conclusions than data from a single investigation or a narrative review.
The exclusion of five studies due to insufficient reporting of statistical information
demonstrates the methodological limitations within the facial emotion perception
lateralisation literature base. It signifies the need for future literature in this area to report
their results in a manner that will allow inclusion in a MA. Future research should refer to
the Journal Article Reporting Standards (JARS) within the Publication Manual of the
American Psychological Association (2010).
Within the field of emotion perception, quantitative effect size and precision
values should be reported separately for each task and valence. Potential moderators of
the lateralisation of emotion perception should also be reported, including participant
gender and age, the time since damage, aetiology of brain damage, and intra-hemispheric
lesion locations for each participant group. Further, given that no research using matching
or discrimination tasks of emotion perception by valence were included in the current
MAs, future research is also required to investigate the extent that emotion discrimination
and matching is lateralised by valence. Overall, the seven studies that were included in
the current MAs were selected on the basis of a conservative set of selection criteria.
Therefore, these seven studies are believed to have fewer confounding influences than
those studies not selected (e.g. no confounding effects of epilepsy or sub-cortical braindamage).
Conclusions
The present MAs aimed to address the current debate about how the brain is
lateralised for emotion perception. We estimated the effect size and precision of any
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hemispheric differences in emotional perception by valence. The present MAs
demonstrated emotion perception (identification and labelling) impairment following left
and right hemisphere damage irrespective of valence. Importantly, right hemisphere
damage prompted more pronounced emotion perception impairment than left hemisphere
damage, across valence, which suggests right hemisphere dominance for emotion
perception. Furthermore, right hemisphere damage was associated with a larger tendency
for negative compared to positive emotion perception impairment. Overall, the findings of
the present conservative MAs support the idea that both hemispheres are involved in
emotion perception, although the right hemisphere is more dominant. Further, the right
hemisphere is particularly important in the perception of negative emotion. This supports
Adolphs et al. (2001) model to explain the hemispheric specialisation of emotion
perception according to valence, whereby the right hemisphere preferentially processes
negative facial expressions and both hemispheres process positive facial expressions.
Given that no research using matching or discrimination tasks of emotion perception by
valence were able to be included in the current MAs, future research is also required to
investigate the extent that emotion discrimination and matching is lateralised by valence.
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Chapter Summary
Chapter two aimed to perform a MA of the clinical literature in order to estimate
the effect size and precision of hemispheric differences in the emotional perception of
faces according to valence. The MA further aimed to examine the potential moderators of
participant gender and injury chronicity. The meta-analytic results demonstrated that
emotion perception was impaired following both left and right hemisphere damage,
irrespective of valence. However, right hemisphere damage prompted more prominent
emotion perception impairment across valence, suggesting right hemisphere dominance
for emotion perception. Furthermore, right hemisphere damage was associated with a
larger tendency for impaired perception of negative than positive emotions. Overall, these
findings supported an alternative valence model whereby the right hemisphere
preferentially processes negative facial expressions and both hemispheres process positive
facial expressions (Adolphs et al., 2001).
However, this meta-analysis was unable to examine a number of clinical
participant characteristics that may moderate hemispheric specialisation for emotion
perception. Although participant gender was assessed as a moderator variable, the results
of the gender meta-regressions were inconsistent. This suggests that the relationship
between gender and facial expression perception is complex, in line with fMRI evidence
for region-specific patterns of emotion activation according to gender and valence (Lee et
al., 2002). Furthermore, the MA was unable to reliably assess the influence of injury
chronicity due to insufficient reporting (e.g., no chronicity range provided; Harciarek et
al., 2006; Kucharska-Pietura et al., 2003), as well as the use of very large chronicity
ranges in previous studies (e.g. a standard deviation of 1854 days, Borod, 1993; a range of
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30 to 2640 days, Borod et al., 1986; a range of 30 to 2400 days, Etcoff, 1984). Thus, a
large clinical study that controls and/or examines potential moderators such as participant
gender and injury chronicity is clearly required.
As discussed, future research must also address whether affective face perception
lateralisation is moderated by the perception task used. This MA indicated a similar
pattern of hemispheric specialisation for facial emotion identification and labelling.
However, discrimination and matching tasks of affective face perception were unable to
be included in the MA. This was because none of the studies that used these types of
emotion perception tasks met the MA inclusion/exclusion criteria. Therefore, future
clinical research is required to assess whether the discrimination and matching tasks show
a similar pattern of lateralisation.
Furthermore, given that six studies were not included in the MA because they did
not provide enough information (e.g. means and standard deviations) to calculate an
effect size for each group (e.g., Denes, Caldognetto, Semenza, Vagges, & Zettin, 1984;
Mandal et al., 1999), it is recommended that future studies report their results in a manner
that will allow inclusion in a MA (i.e., provide effect sizes and precision values per group,
such as the means and standard deviations). More generally, the inclusion of effect sizes
will assist readers in understanding how conclusions are reached. In addition, it would be
beneficial if future clinical research reported quantitative effect sizes and precision values
separately for each face perception task (e.g., identification, labelling, discrimination) and
valence (i.e. positive and negative emotions) to allow for the direct comparison of the
results for these variables between studies.
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In sum, the MA conducted in Chapter two demonstrated that the right hemisphere
preferentially processes negative facial expressions and both hemispheres process positive
facial expressions. However, the impact of injury chronicity and aetiology on the
lateralisation of emotion were unable to be examined. Moreover, the effect of gender was
found to be complex, which suggests that future studies should control this variable by
including both males and female participants. It is also unknown whether discrimination
and matching tasks elicit similar patterns of emotion lateralisation. A large clinical study
is required to control or examine the impact of these participant and task related variables.
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Chapter three

General Methodology for Studies two and three

“Research is to see what everybody else has seen, and to think what nobody else
has thought”
~ Albert Szent-Györgyi in Irving John Goods (1962, p. 80)
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Chapter Introduction
The MA (Study one) findings were followed up with a clinical investigation,
which formed Studies two and three. As these two studies are written in publication
format in the following two Chapters (four and five), the method section of these two
papers is succinct and only contains the information as necessary for the studies to be
replicated. Therefore the purpose of this general method chapter is to provide a more
detailed account of the methodology of the clinical investigation that forms Studies two
and three.
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Participants
Seventy-two participants were recruited for Studies two and three. Eighteen
participants had sustained a right-sided cerebrovascular accident (CVA; i.e., RBD), 18
participants had sustained a left-sided CVA (i.e., LBD), and 36 participants were healthy
volunteers (i.e., HC). Each stroke participant was demographically (age and education)
matched to one of the HC participants. All participants were recruited in Australia and
came from a diverse range of multicultural backgrounds. Twenty-one participants were
first generation Australians who originated from Malta (5.6%), Italy (4.2%), Greece
(4.2%), India (2.8%), Sri Lanka (2.8%), Tonga (2.8%), Germany (1.4%), Austria (1.4%),
Poland (1.4%), Vietnam (1.4%), and the Philippines (1.4%). Consequently, 29% of the
participants were not native English speakers. The great majority of these participants
demonstrated good English language skills.
In the event that a participant was not fluent in English (9.7%), a family member
assisted with translation. The main affective perception tasks are not linguistically
mediated, thus testing participants who are not native English speakers is unlikely to
negatively impact the experimental results. Testing participants with English as a second
language is likely to have had a greater influence on the screening measures that involve
language, especially the 21 item depression anxiety and stress scale (DASS21; i.e.,
reading each statement) and the mini mental state examination (MMSE; i.e., language
skills involved in the domains of orientation, writing, verbal learning and memory, and
reading), and this was taken into account during the screening process, as described below
in the Materials section.
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The stroke participant selection criteria required that participants: must have been
medically stable; must have experienced a left- or right- sided unilateral stroke between 3
to 14 months ago; must have a cerebral lesion with minimal sub-cortical involvement; and
must be cognitively able to provide consent and understand instructions (patients were
excluded if they had residual speech comprehension difficulties at the time of testing).
Additional selection criteria for both the stroke and HC participants required that: all
participants must be right hand dominant; must have vision that enables them to see A4
pictures and recognise faces; and must not have any previous and/or secondary
psychiatric diagnosis, neurological disease or habitual drug or alcohol use. The presence
or absence of the exclusionary criteria was determined by interviewing patients as well as
by reviewing the stroke participants’ medical records and the administration of screening
measures (detailed below in the Materials and Procedure sections).
CT and/or MRI brain scan reports were obtained for the stroke patients. The site
and size of the lesion was confirmed via CT scan for 10 RBD and 10 LBD patients and by
MRI scan for three RBD patients. Both CT and MRI scans were used to confirm the
lesion site and size for four RBD and seven LBD patients. Two patients (one per group)
were assigned to the RBD or LBD groups based on the clinical evidence gathered by the
attending neurologists at the time of hospital admission, as no infarct area was marked
identifiable using the early CT scans that were obtained. The site and size of the lesion in
these two patients were therefore unable to be obtained. The size of the lesion for two
additional patients (one RBD and one LBD) was also unable to be measured, due to these
patients having brain scans at institutions other than the Western or Austin Health
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services. Thus, although the site of these patients lesion was identified from their imaging
report, the size could not be calculated.
It was noted that 17 patients sustained left-sided localised cerebral infarctions and
one patient sustained a left-sided localised cerebral haemorrhage. Similarly, 17 patients
sustained right-sided localised cerebral infarctions and one patient sustained a right-sided
localised cerebral haemorrhage. Of those with a left-sided stroke, 14 implicated the
middle cerebral artery territory, three implicated the posterior cerebral artery territory, and
one implicated the watershed area of the middle cerebral artery and posterior cerebral
artery. Of those with a right-sided stroke, one implicated the anterior cerebral artery
territory, 14 implicated the middle cerebral artery territory, and three implicated the
posterior cerebral artery territory. Tables 3.1 (RBD patients) and 3.2 (LBD patients)
characterise the stroke participants’ pathological and clinical profiles, including the
vascular territory and brain areas involved, lesion size, neurological signs, number of days
in hospital (acute and/or rehabilitation ward), and chronicity. The mean number of days
between injury onset and testing (i.e., chronicity) was 201 (range 101-334 days) for the
RBD group and 213 (range 112-418 days) for the LBD group. Most stroke patients (15
RBD and 13 LBD) had motor deficits on the contralateral side of their lesions when
assessed during their hospital admission.
The mean age of the LBD participants was 67.9 (SD = 13.3) with ages ranging
from 39 to 80, whilst the mean age of the RBD participants was 63.7 (SD = 17.0) with
ages ranging from 19 to 88. The LBD sample consisted of 13 males and 5 females,
whereas the RBD sample consisted of 11 males and 7 females. The mean years of
education in the LBD sample was 10.6 (SD = 3.9) and the mean years of education in the
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RBD sample was 9.2 (SD=3.6). A total of 36 HC participants were recruited and
demographically matched to the stroke participants for age and education level. The mean
age of the control participants was 64.0 (SD = 14.3) with ages ranging from 19 to 89. The
control participant sample consisted of 15 males and 21 females and the mean years of
education in the control group was 11.1 (SD = 3.2).
The equivalence of the stroke and control groups was investigated, with
comparisons across demographic measures of gender, age, and years of education. A chisquare analysis revealed no significant differences between the groups on counts of
gender χ2 (2, N=72) = 4.98, p = .08. Equivalence in participant group ages and levels of
education were investigated using separate one-way analysis of variance (ANOVA);
results confirmed that there was no significant difference between the three groups in
either age, F(2, 69) = .49, p = .61, η2 = .01, or years of education, F(2, 69) = 1.80, p =
.17, η2 = .05. Table 3.3 provides an overview of the participants’ demographic variables.

Table 3.1
Right Brain Damage Participant Data
Vascular
Territory

Cerebral
Lobe(s)
involved

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

Residual
neurologic signs
at time of testing#

Days in
hospital (A
and R)

Chronicity
(days since
onset)

RBD1

MCA

Frontal,
parietal,
temporal

Striatocapsular
(caudate and
putamen)

L

Left hemiplegia

Minor left-sided
limb weakness
(but mobile)

A=11;
R=29

216

RBD2

MCA

Temporal,
parietal

Subcortical
white matter,
internal capsule

L

Slurred speech, leftsided weakness and
facial droop, nystagmus

None

A=10; R=1
(patient
requested
discharge)

330

RBD3

MCA

Frontal,
parietal

Subcortical
white matter

S

Left arm weakness and
facial droop, and
slurred speech

None

A=2

201

RBD4

MCA

Frontal,
parietal

Subcortical
white matter,
operculum

L

Dense left hemiparesis,
left-sided neglect, right
gaze preference

Left hemiparesis
(not mobile)

A=10;
R=49

155

RBD5

MCA

Frontal,
parietal

External capsule

M

Left arm weakness and
facial droop

None

A=8

120
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Patient
ID
Number

Vascular
Territory

Cerebral
Lobe(s)
involved

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

Residual
neurologic signs
at time of testing#

Days in
hospital (A
and R)

Chronicity
(days since
onset)

RBD6

PCA

Occipital

M

Left hemianopia

334

MCA

NA

NA

Left limb and facial
weakness

No deficit found
by consultant
neurologist
None

A=4

RBD7

Optic radiations,
subcortical
white matter
NA

A=5

294

RBD8

PCA

Occipital

Optic radiations

L

Left hemianopia

Left hemianopia

A=5

120

RBD9

MCA

Frontal,
parietal,
temporal

Lentiform
nucleus, internal
capsule

L

Dense left hemiplegia,
left neglect

Dense left
hemiplegia, left
neglect

A=31

294

RBD10

MCA

Frontal,
temporal,
parietal

External capsule

L

Left weakness
(arm/leg/face), facial
droop, slurred speech

None

A=8; R=13
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RBD11

MCA

Frontal

Centrum
semiovale,
corona radiata

S

Left arm weakness

None

A=5

231

RBD12

MCA

Frontal,
parietal

Centrum
semiovale

L

Left weakness, facial
droop, slurred speech,
right gaze diversion

Arm and leg
weakness (able to
walk with limp)

A=17;
R=23

113
138

ID
Number

ID
Number

Vascular
Territory

Cerebral
Lobe(s)
involved

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

Residual
neurologic signs
at time of testing#

Days in
hospital (A
and R)

Chronicity
(days since
onset)

RBD13

PCA

Temporal,
occipital

Optic radiations

L

Left face numbness,
dysarthria, disturbed
gait

None

A=2

105

RBD14

MCA

Frontal

External capsule

S

Left hand weakness

None

A=6

162

RBD15

MCA

Frontal

Genu of internal
capsule, corona
radiata

L

Left arm and face
weakness, facial droop

None

A=5

292

RBD16

ACA

Frontal

None

M

Left weakness

None

A=46

300

RBD17

MCA

Frontal,
parietal

None

NA

Left weakness with no
sensory loss

Residual loss of
power in left arm

A=7; R=28

101

RBD18

MCA

Frontal,
parietal

Corona radiata,
external capsule

M

Left arm weakness,
None
A=3
115
facial droop,
paraesthesia, dysarthria
ID = Identification; ACA = Anterior Cerebral Artery; MCA = Middle Cerebral Artery; PCA = Posterior Cerebral Artery; S = Small; M = Moderate; L =
Large; A = Acute admission; R = Rehabilitation admission; NA = Not Available.
*Based on cm3 volume sizes: Small = < 2cm3 volume, Moderate = 2cm3 to 30cm3in volume, Large = > 30cm3 in volume.
#
Based on qualitative observations made at time of testing by a provisional neuropsychologist.
139

Table 3.2
Left Brain Damage Participant Data
ID
Number

Vascular
Territory

Cerebral
Lobe(s)
involved
Occipital,
medial
temporal

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

LBD1

PCA

LBD2

Residual
neurologic signs
at time of testing#
Right upper
quadrant
hemianopia

Days in
hospital (A
and R)
A=9; R=23

Chronicity
(days since
onset)
327

Thalamus
(minor), lateral
geniculate body,
optic radiations

L

Right-sided weakness
and altered sensation,
expressive dysphasia,
mild ataxia in right
upper limb and rightsided hemianopia

MCA

Frontal,
parietal
(especially
Broca’s area)

None

S

Expressive dysphasia,
right-sided weakness,
ataxia

None

A=6

365

LBD3

MCA

Occipital,
temporal,
parietal

Posterior limb of M
internal capsule

Right weakness and
facial droop,
hemianopia

Right weakness
(mobile with a
significant limp)

A=9; R=55

147

LBD4

MCA

Frontal,
parietal

Subcortical
white matter

Dysphasia (expressive
and receptive)

None (no obvious
impairment)

A=5

210

M
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Vascular
Territory

Cerebral
Lobe(s)
involved

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

Residual
neurologic signs
at time of testing#

Days in
hospital (A
and R)

Chronicity
(days since
onset)

LBD5

MCA

NA

NA

NA

Right weakness and
dysphasia (expressive
and receptive)

None

A=5; R=7

152

LBD6

MCA

Frontal

None

S

Expressive akinesia,
right facial droop

None

A=5

208

LBD7

PCA

Occipital

None

M

Right hemianopia, right
neglect

Right hemianopia

A=9; R=16

245

LBD8

MCA

Frontal

Lentiform
nucleus

M

Right weakness
(arm/leg/face), slurred
speech

None

A=12

112

LBD9

MCA

Frontal,
temporal

External capsule

L

Right facial droop,
aphasia

Very minor
expressive
aphasia

A=9; R=19
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LBD10

MCA

Frontal

Lentiform
nucleus

M

Dense right hemiplegia,
dysphagia, expressive
dysphasia, facial droop

Expressive
dysphasia and
hemiplegia (not
mobile)

A=7; R=92

182

LBD11

MCA

Frontal

None

M

Expressive dysphasia

None

A=5

154
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ID
Number

ID
Number

Vascular
Territory

Cerebral
Lobe(s)
involved

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

Residual
neurologic signs
at time of testing#

Days in
hospital (A
and R)

Chronicity
(days since
onset)

LBD12

MCA/
PCA

Temporal,
parietal

Optic radiations

L

Right weakness, facial
droop, expressive
dysphasia

Right weakness
(but mobile) and
expressive
dysphasia

A=10;
R=10

167

LBD13

MCA

Frontal

None

NA

Right leg and face
weakness

None

A=3

115

LBD14

MCA

Parietal

Basal ganglia
(minor)

S

Expressive dysphasia,
right weakness, facial
droop

None

A=4

357

LBD15

MCA

Frontal,
parietal

Internal capsule, L
external capsule,
lentiform
nucleus

Right weakness, facial
droop, mixed dysphasia
(receptive and
expressive), apraxia.

Right weakness
(walks with a
limp), expressive
dysphasia

A=26;
R=18

418

LBD16

MCA

Frontal,
parietal

Internal capsule,
caudate,
lentiform
nucleus

Right weakness, slurred
speech

None

A=8; R=26

118

S
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ID
Number

Vascular
Territory

Cerebral
Lobe(s)
involved

Subcortical
areas involved

Lesion
extent*

Initial neurologic signs
at time of onset

Residual
neurologic signs
at time of testing#

Days in
hospital (A
and R)

Chronicity
(days since
onset)

LBD17

MCA

Parietal

None

S

Right arm and leg
numbness

Self-reported arm
numbness

A=5

282

LBD18

PCA

Occipital,
Thalamus
M
Right arm weakness,
Residual small
A=2
146
medial
dysarthria, right
right quadrant
temporal
hemianopia
hemianopia
ID = Identification; ACA = Anterior Cerebral Artery; MCA = Middle Cerebral Artery; PCA = Posterior Cerebral Artery; S = Small; M = Moderate; L =
Large; A = Acute admission; R = Rehabilitation admission; NA = Not Available.
*Based on cm3 volume sizes: Small = < 2cm3 volume, Moderate = 2cm3 to 30cm3 in volume, Large = > 30cm3 in volume.
#
Based on qualitative observations made at time of testing by a provisional neuropsychologist.
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Table 3.3
Demographic and Preliminary Test Data for the Three Participant Groups: RBD, LBD, and HC
Variable

Gender (No. male/female)

RBD
N=18
[M(SD)]*
11/7

LBD
N=18
[M(SD)]*
13/5

HC
N=36
[M(SD)]*
15/21

RBD vs. HC
Mean Diff
(95% CIs)*
.1 (-.2, .4)#

LBD vs. HC
Mean Diff
(95% CIs)*
-.2 (-.4, .1) #

RBD vs. LBD
Mean Diff
(95% CIs)*
-.3 (-.5, 0) #

Age

63.7 (17.0)

67.9 (13.3)

64 (14.3)

-.3 (-10.5, 10.0)

3.9 (-6.4, 14.1)

-4.2 (16.0, 7.7)

Education

9.2 (3.6)

10.6 (3.9)

11.1 (3.2)

-1.9 (-4.3, .5)

-.5 (-2.9, 1.9)

-1.4 (-4.2, 1.4)

Mini-Mental State Examination

27.3 (3.1)

27.5 (3.2)

29.4 (0.9)

-2.0 (-3.6, -.4)

-1.9 (-3.5, -.3)

-.2 (-2.0, 1.7)

Benton Facial Recognition Test

45 (2.9)

46.8 (3.5)

48 (3.3)

-2.8 (-5.0, -.5)

-1.0 (-3.2, 1.3)

-1.8 (-4.4, .8)

Edinburgh Handedness Laterality

84.5 (18.3)

91.1 (14.7)

92.3 (12.9)

-7.8 (-18.1, 2.5)

-1.2 (-11.5, 9.1)

-6.6 (-18.5, 5.2)

DASS21 – Anxiety Scale

3.3 (3.3)

3.9 (3.0)

2.8 (2.6)

.5 (-1.5, 2.5)

1.1 (-.9, 3.1)

-.6 (-2.9, 1.7)

DASS21 – Depression Scale

4.6 (4.7)

4.2 (3.5)

3.3 (3.4)

1.2 (-1.4, 3.8)

.9 (-1.7, 3.5)

.3 (-2.7, 3.4)

DASS21 – Stress Scale

7.2 (8.1)

6.8 (4.3)

8.7 (6.8)

-1.5 (-6.1, 3.1)

-1.9 (-6.6, 2.7)

.4 (-4.9, 5.8)

Quotient
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M=Mean; SD= Standard Deviation; RBD = right brain damage; LBD = left brain damage; HC = healthy control; CIs = confidence intervals; DASS21
Depression Anxiety and Stress Scale 21. * For all variables unless stated otherwise. # Difference between the proportion of male to female
participants, with 95% CIs.
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Materials
The neuropsychological assessment focused on facial emotion perception, as well
as screening cognitive capacity, handedness, face recognition ability, and mood state. The
tests selected for these purposes were as follows.
General cognitive status
The MMSE (Folstein, Folstein, & McHugh, 1975) was used to assess participants’
general cognitive status. Domains assessed were: orientation, attention, working memory
and calculation, naming, repetition, comprehension, reading, writing, copying, learning,
and delayed memory. A total score out of 36 is obtained. A recent investigation of the use
of the MMSE as a screening test for cognitive impairment and dementia found an
adequate internal consistency coefficient of .78 (McDowell, Kristjansson, Hill, & Hebert,
1997).
Generally, individuals who scored lower than 24/30 are considered too cognitively
impaired to participate (Folstein et al., 1975). However the present study included three
stroke patients who scored beneath this cut-off as their low scores were due to specific
residual neurological impairments that prevented them from attempting some of the tasks
and/or English being their second language. One LBD patient scored 17/36, primarily due
to residual expressive dysphasia impacting on the orientation and naming domains and
residual right arm weakness preventing her from performing the written tasks (writing,
copying). Two RBD patients scored 20 and 22 out of 36, primarily due to English being
their second language, which impacted on their performances on linguistically-related
tasks (spelling backwards, reading, and writing). The presence of physical problems is
known to interfere with the interpretation of the MMSE (Folstein et al., 1975) and the
MMSE is also heavily reliant on verbal response and reading and writing, so patients with
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low English literacy may perform poorly even when cognitively intact
(Folstein et al., 1975). Given these test limitations, the inclusion of the three patients
above was deemed appropriate, given that their low scores were predominantly due to
purely physical problems and/or linguistic difficulties related to English being their
second language.
Demographic and clinical questions
Participants were asked three demographic questions during a short initial
interview, including their date of birth, their highest level of education, and their
occupational history. They were also asked seven clinical questions. Patients with any
history of mental illness, neurological lesions, or drug/alcohol dependence were excluded
prior to testing. The short interview detailed the following:
•

Psychiatric history (i.e., any history of depression or anxiety)

•

Neurological history, including whether they had had more than one stroke
in the past

•

Drug and alcohol history

•

Current vision ability; whether their (corrected) vision allows them to
recognise people and read forms

•

Hand preference

•

Face perception and emotion perception changes; whether they had
subjectively noticed any difficulties perceiving faces or emotions since the
stroke

Handedness
Left-handed people have an increased incidence of atypical language lateralisation
(Knecht et al., 2000; Szaflarski et al., 2002). Thus, to limit the potential impact that left-
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handed participants may have on patterns of emotion lateralisation, the
participant selection criteria were restricted to right handed people. To assess handedness
the Edinburgh handedness inventory (EHI; Oldfield, 1971) was administered. The
inventory has 10 items and participants were required to indicate their hand preference for
each of the 10 activities, such as writing and using a spoon. For each item/activity
participants circled whether they usually used their left hand, their right hand, or both
hands prior to their stroke. Contralateral weakness is common following a unilateral
cerebral stroke. Thus, pre-stroke hand preference was used as residual upper limb
weakness may influence the hand that stroke patients were using at the time of their
assessment.
A handedness laterality quotient was calculated by subtracting the total number of
“left hand” responses from the total number of “right hand” responses; this number was
then divided by the sum of the total number of right and left hand responses. The total
was multiplied by 100 [(R-L)/(R+L))*100]. The laterality quotient needed to be >50 for
the participant to be classified as right-handed and able to participate in the study
(Oldfield, 1971). A principal component analysis of the 10 items that constitute the EHI
extracted one factor that was able to explain 63% of the variance, with factor loadings for
the items ranging from .76 to .89 for eight of the items (writing, drawing, throwing,
scissors, toothbrush, knife, spoon, sticking match) and factor loadings of .56 (opening lid
of box) and .60 (upper hand on broom) for two items (Williams, 1986). Overall, these
findings indicate an adequate level of internal consistency for the 10 items that form the
EHI.
Face Recognition
The short form of the facial recognition test (FRT-SH) was used to screen
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participants for their ability to recognise photographs of unfamiliar human
faces (Levin, Hamsher, & Benton, 1975). The short form is an abbreviated version of the
long form FRT, consisting of 27 items. The FRT-SH consists of three parts. In part one, a
single front-view target face was presented and the participants were instructed to identify
the face that was an identical match from a display of six options. Part two also consisted
of the presentation of a single front-view target face photograph. However, this time
participants were instructed to identify the three profiles (i.e., side-on faces) that matched
the identity of the target face from six options. Part three was identical to part two, except
that the six options were front-view faces, presented under alternative lighting conditions.
In all three parts of the FRT-SH, the clothing and hair are shaded so that only the facial
features can be used as recognition cues. The total score reflects the number of correct
responses for the three different item types. For the FRT-SH the maximum score is 27.
This score is then converted to a long form score using a conversion table in the manual.
The score is also corrected according to age and education (with corrections based on
performances of 286 subjects within the age range of 16 to 76). The converted and
corrected score is then compared to normative data (Benton, Sivan, Hamsher, Varney, &
Spreen, 1994). Christensen et al. (2002) found internal consistency coefficients of .72 for
the long form and .53 for the short form. Correlations between the long and short forms
range from r = .88 in normal subjects to r = .92 in brain-damaged subjects (Benton et al.,
1994). These findings suggest that responses on the long form are strongly associated
with responses on the short form for both normal and brain-damaged individuals, with
low scores on the long form associated with low scores on the short form and vice versa.
Affective facial perception
Participants were assessed on three tasks (Identification; Whole Faces
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Discrimination; Whole versus Partial Face Discrimination) that measure their
ability to perceive facial emotions according to valence. Moreover, the Whole versus
Partial Face Discrimination task was chosen to assess hemispheric differences in two
strategies thought to underlie face perception: configural (i.e., holistic) and featural (i.e.,
piecemeal) processing (Collishaw & Hole, 2000).
All three tasks used Ekman and Friesen’s (1976) pictures of facial affect. A total
of ninety pictures of facial affect were selected and used because they had the highest
percentage of correct judgements of the intended emotion (i.e., most reliable), based on
the data published by Ekman and Friesen (1976). The facial stimuli were presented as
black and white photographs mounted on A4 white cards. In all three tasks, the clothing
and hair of the facial stimuli are shaded so that only the facial features can be used as
recognition cues. For each task 50% of the photos were male models and 50% were of
female models. Full faces were used in the identification task and in the whole faces
discrimination task. A mixture of full and partial (eyes or mouth) faces was used in whole
versus partial face discrimination task. Each whole face measured approximately 15cm
(height) x 11cm (width) in the identification task and 8cm (height) x 6.5cm (width) in the
discrimination tasks. The partial faces in the whole versus partial face discrimination task
measured approximately 3cm (height) x 6.5cm (width). When more than one photograph
was presented simultaneously, the photos were vertically arranged to minimise the
possible confounding effects of hemispatial neglect. In each task the accuracy rate
(number of correct trials) was scored.
Identification task.
Each trial presented one affective facial expression and the participant was asked
to identify the emotion from a response card that listed the response options vertically.
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This task assessed participants' ability to identify single facial emotions. By
varying the number of emotions used across three separate blocks of trials, this task also
assessed how the number of emotions used within the task impacts participants’ ability to
correctly identify the emotion.
Participants were first presented with six familiarisation trials (one trial of each of
the six basic emotions: happiness, sadness, surprise, disgust, fear, anger; see Figure 3.1
for an example of each emotion type), with feedback provided. Three blocks of 24
experimental trials followed the familiarisation trials. In each of the three blocks a
different number of emotions (two, four, six) was included. For all three blocks, the
participant needed to identify the emotion from a response card that listed the response
options vertically. For each block the cue card only consisted of the emotions presented,
thus the cue card differed between blocks, depending on the emotions tested. There was
no time limit for the stimulus exposure, and each trial ended after the participant
responded. There was a rest interval of at least 2 minutes between blocks.
Block 1 consisted of 12 trials of one positive emotion (happiness) and 12 trials of
one negative emotion (sadness). Block 2 consisted of 12 trials of two positive emotions (6
trials of happiness; 6 trials of surprise) and 12 trials of two negative emotions (6 trials of
sadness; 6 trials of disgust). Block 3 consisted of 8 trials of two positive emotions (4 trials
of happiness; 4 trials of surprise) and 16 trials of four negative emotions (4 trials of
sadness; 4 trials of disgust; 4 trials of fear; 4 trials of anger). The stimuli for each block
were presented in a fully random order for each participant. Consult Figure 3.1 for an
example of six stimulus presentation trials demonstrating each of the six basic emotions
used in block three of the identification task.
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Figure 3.1
Example stimuli for each of the six basic emotions (happiness, surprise, sadness, anger,
disgust, fear) used in block three of the identification task, presented as single trials, from
Ekman and Friesen’s (1976) pictures of facial affect.
Block one used all of the sad and happy models from Ekman and Friesen’s (1976)
pictures of facial affect, therefore a single version of this block was created and
administered to all of the participants. However, to control for the possible influence of
different models (identities) on facial emotion perception, five versions of block two and
block three were created (refer to Tables 1-3 in Appendix B for a break-down of the
photographs used in each of version for blocks 1-3). The five versions counterbalanced
the 12 models (six females and six males) presented for each emotion type. Stimulus
presentation was randomised for each participant.
Whole faces discrimination task.
This task assessed participants' ability to discriminate facial emotions. For each
trial, participants were presented with one face pair and were required to distinguish
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whether the pair of faces expressed the same emotion by verbalising or
pointing to their response from a response card that listed the two response options (same,
different) vertically.
Participants were assessed over two blocks of 24 trials, with each block preceded
by four familiarisation trials (one example from each category type). Feedback was
provided for the familiarisation trials. The positive emotion block utilised happy and
neutral emotional stimuli. The negative emotion block utilised sad and neutral emotional
stimuli. The order of the positive and negative blocks was counterbalanced. There was a
rest interval of approximately 2 minutes between blocks.
Within each block there were four categories of face pairs as shown by the
positive emotion block example in Figure 3.2: category A included six face pairs that
have the same identity and emotion; category B included six face pairs that have a
different identity and same emotion; category C consisted of six face pairs that have the
same identity but display different emotions; and category D consisted of six face pairs
that have different identities and different emotions.
To control for the possible impact of different models (identities) on facial
emotion perception, five versions of each discrimination task block (positive and
negative) were created. Twelve pictures of facial affect (six females and six males) were
selected for each emotion (happiness, sadness and neutral). For each block, five versions
that counterbalanced the models that were presented within each of the four categories
were created. (Refer to Tables 4 and 5 within Appendix B for a break down of the
photographs used in each version of each block of trials.) Moreover, the four categories
were randomised within both blocks and the stimuli were presented in random order for
each participant for each block.
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Happiness

Happiness

Happiness

Neutral

Happiness

Happiness

Neutral

Happiness

A

B

C

D

Category
Figure 3.2
Example stimuli for each category (A-D) for the whole faces discrimination task, positive
emotion block (Happiness).
Whole versus partial face discrimination task.
The whole versus partial faces discrimination task assessed the impact of
configural versus featural aspects of facial expression on the ability to perceive pairs of
faces as the same or different in regards to emotion. To elicit featural (piecemeal)
processing partial faces were used (e.g., categories B, D and E within Figure 3.3),
whereas wholes faces were used to provoke configural (holistic) processing (e.g.,
categories A and C within Figure 3.3).
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A

B

C

D

E

Category
Figure 3.3
Example stimuli for each category (A-E) of the whole versus partial faces discrimination
task, block one (Happiness).
In the whole versus partial faces discrimination task, participants were assessed
for their ability to perceive emotion portrayed by partial faces (by either the eyes or the
mouth) compared with their ability to perceive emotion portrayed by whole faces. As
described for the whole faces discrimination task, in each trial the participant was
presented with one pair of stimuli and was required to distinguish whether the pair
expressed the same or different emotions by verbalising or pointing to a response card
that listed the two response options (same, different) vertically.
Participants were assessed over two blocks of 30 trials. Each block was preceded
by five familiarisation trials, with feedback provided. Again, the positive emotion block
utilised happy and neutral emotional stimuli. The negative emotion block utilised sad and
neutral emotional stimuli. The order of the positive and negative emotion blocks was
counterbalanced. Within each block there were five categories of face pairs; Table 3.4 and
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Figure 3.3 outline the facial pair characteristics for each of these five
categories. Five categories are used to cover all of the possible options according to the
facial configuration (i.e., whole versus partial; whole versus whole) and emotion (i.e.,
emotive versus neutral; emotive versus emotive) of the face pairs. Within categories B, D
and E, 50% of the partial face stimuli consisted of eyes and 50% consisted of mouths.
Only half of the face was shown for partial face stimuli (see Figure 3.3 for stimuli
examples). The five categories were randomised within each block, for each participant.
Table 3.4
Example of Facial Emotion Discrimination Task Two Stimuli used in Block One.
Facial pairs
Category

Face 1

Face 2

A

Whole face happy

Whole face happy

B

Whole face happy

Partial face happy

C

Whole face happy

Whole face neutral

D

Whole face happy

Partial face neutral

E

Whole face neutral

Partial face happy

Again, as per the whole faces discrimination task, five versions of each block in
the full versus partial face discrimination task were created that counterbalanced the
models that were presented within each of the five categories (refer to Tables 6 and 7 in
Appendix B for a break-down of the photographs used in each version for each block).
This was to control for the possible effect of different models (identities) on facial
emotion perception. The five categories were randomised within each block, for each
participant. Moreover, the order that the stimuli were presented in was randomised for
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each participant. There was approximately a two-minute break between
blocks. For all five categories, each pair of stimuli used the same model (i.e., same
identity).
Mood state
The DASS21 (Lovibond & Lovibond, 1995) is a 21-item questionnaire that was
used retrospectively to assess the participants' level of depression, anxiety and stress over
the preceding week. It contains three scales that each have seven items. The participant
rated their experience of each item from 0 (“did not apply to me at all”), through to 3
(“applied to me very much or most of the time”). A score from zero to 21 is obtained for
each of the three sub-scales. The score is then multiplied by two and compared to
normative data that rated the severity of each scale into the domains of “normal”, “mild”,
“moderate”, “severe”, and “extremely severe” symptomology. Internal consistency
coefficients of .88, .82 and .90 have been reported across the three profile scores the test
generates (Henry & Crawford, 2005), which indicates a strong association between the
seven items that measure each of the three profile scores.
Group Comparisons for the Screening Tasks
Participants’ current levels of depression, anxiety and stress were measured using
the DASS21 questionnaire. There was no significant difference between stroke and
control groups in the levels of depression [F(2, 69) = 0.73, p = .48, η2 = .02], anxiety [F(2,
69) = 0.96, p = .39, η2 = .03], or stress [F(2, 69) = 0.62, p = .54, η2 = .02; Table 3.3].
There was also no significant difference between stroke and control groups in their
Edinburgh Handedness Inventory laterality quotients [F(2, 69) = 1.72, p = .19, η2 = .11;
Table 3.3].
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Mean values of MMSE differed significantly between the groups, F =
6.4 (2, 69), p < .01, η2 = .16. Post hoc Tukey test revealed the RBD group scored
significantly lower than the HC (p < .01) and LBD (p = .02) groups [RBD, M(SD) = 27.3
(3.1), HC, M(SD) = 29.4 (0.9); LBD, M(SD) = 27.5 (3.2)]. The RBD and LBD groups did
not differ (p = .98). The effect sizes for these group comparisons are provided in Table
3.3.
The mean values of the FRT-SH also differed between the groups, F = 4.3 (2, 69),
p = .02, η2 = .02. Post hoc Tukey test revealed that the RBD group scored significantly
lower than the HC group [RBD, M(SD) = 45 (2.9), HC, M(SD) = 48 (3.3); p = .02]. The
LBD group [M(SD) = 46.8 (3.5)] did not differ from the RBD (p = .24) or HC group (p =
.56). Table 3.3 provides an overview of the effect sizes for the FRT-SH.
Procedure
Between August 2011 and February 2013, patients who had sustained a unilateral
stroke in the last 3 to 14 months and were treated within Austin Health (Austin Hospital,
the Royal Talbot Rehabilitation Centre, and the Austin Repatriation Centre) and within
Western Health (Western Hospital) were invited to participate in the clinical study.
Ethical approvals were obtained from La Trobe University, Austin Health and Melbourne
Health (on behalf of Western Health) with Western Health governance. Refer to
Appendix C for each institution’s Participant Information and Consent forms.
Participants were recruited according to the protocol for each institution. At
Austin Health, potential stroke participants were identified via examination of the stroke
database with the stroke liaison nurse and review of patient health records. Participants
were invited to participate in the study via a letter in the mail, which included a copy of
the participant information and consent form. The letter gave participants the option of

158
opting out immediately if they wished (via letter, email or telephone). For
those who did not opt out (after 10 days of posting the letter), the researcher clarified
whether participation was desired via telephone contact, during which participants were
able to ask any questions that they had. At the Western Hospital potential stroke
participants were identified via the neurology out-patient clinic. On a weekly basis the
researcher attended the clinic and reviewed the medical records of the patients listed for
the day. Those participants who met the inclusion/exclusion criteria were invited to
participate. The researcher provided potential participants with the participation and
consent form and responded to any questions that they had. In addition, volunteer control
participants (HC) were recruited through a range of avenues, including via social
networks of the researcher and advertising at the Western Hospital. Each HC participant
was matched to a stroke participant according to age and education.
Participant exclusion according to the selection criteria (as detailed in the
Participant section) generally occurred prior to testing, with the exception of four cases
that were excluded post testing; one LBD patient was excluded due to speech
comprehension difficulties, two patients (one LBD and one RBD) were excluded as they
were not found to have had any cortical damage upon further examination of their brain
imaging scans by the consultant neurologist, and one HC participant who had been
matched to one of the excluded brain-damaged patients was also subsequently excluded.
Data from all of the remaining participants who were tested was included in the data
analysis.
For each stroke patient, the brain areas involved were identified and the size of the
lesion was assessed by two senior neurologists from the Austin and Western Health
services. CT and/or MRI brain scans were used to measure the volume (cm3) of the
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lesion. Post hoc analysis of the neurologists' classifications indicated that
small lesions measured < 2cm3 in volume, medium lesions ranged from 2cm3 to 30cm3,
and large lesions were >30 cm3. Stroke severity was also indicated by the number of days
each patient remained in hospital, which was separated into the number of days spent in
the acute and rehabilitation wards, respectively.
The testing session for each participant involved the researcher either conducting a
home visit, arranging to meet the participant at the La Trobe University Bundoora
campus, or completing the assessment at the Western Hospital neurology clinic for
Western hospital patients. Each participant was able to choose the most convenient venue
option. The testing session generally took place at the participant’s home; three
assessments were conducted at the Western hospital and two at La Trobe University. The
testing session took between 45 and 90 minutes. Two RBD participants required two
assessment sessions due to cognitive fatigue; both of these patients had experienced large
strokes with residual dense hemiparesis.
The assessment administered to both stroke and control participants was identical
and the order of the test battery was the same for each participant. Each assessment
session commenced with the researcher detailing the participant information and consent
form with the participant. Following from this, participants who met the criteria were
screened for eligibility at the start of the assessment session using the MMSE (Folstein et
al., 1975) to ensure they had sufficient cognitive capacity to provide informed consent
and to participate in the study. Provided that the participants were deemed cognitively
able and had signed an informed consent form, the one-on-one assessment session
continued. The tests then were administered in the following order: the screening tasks
(MMSE, interview, EHI, FRT-SH) were performed first to ensure that the participants
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met the inclusion/exclusion criteria; the three face perception tasks were then
administered; the DASS21 was administered at the conclusion of the assessment. The
DASS21 was administered last to counter for the possible risk of participant distress
following its administration. Therefore the order of the test battery was as follows:
•

Mini Mental Status Examination (MMSE)

•

Demographic and clinical questions

•

Edinburgh Handedness Inventory (EHI)

•

Short form Benton Facial Recognition Test (FRT-SH)

•

Facial Emotion Perception, Identification task

•

Facial Emotion Perception, Whole Faces Discrimination task

•

Facial Emotion Perception, Whole versus Partial Faces Discrimination task

•

Depression Anxiety and Stress Scale (DASS21)

As detailed in the Participants and Materials sections respectively, each stroke
patient was demographically matched to a control participant and there were five versions
of the affective face perception task. All of the demographically matched stroke-control
pairs were tested using the same version (e.g., both participants in the pair used version
one), with the exception of seven pairs that were tested using different versions (e.g., the
stroke participant used version one, while the HC participant used version three).
Unfortunately the demographically matched design that required each stroke-control pair
to be tested using the same version was implemented after these 14 participants had
already been tested using alternative versions. Refer to Table 3.5 for the exact number of
RBD, LBD and HC participants that were tested using each of the five versions; due to
seven of the stroke-control pairs being tested using different versions, the number of
RBD, LBD and HC participants tested on each affective perception task version varies
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slightly.

Table 3.5
Proportion of RBD, LBD and HC Participants’ Tested on each Version of the Affective
Perception Task
Group

Version 1

Version 2

Version 3

Version 4

Version 5

RBD

4

3

4

4

3

LBD

4

3

3

4

4

HC

7

8

7

7

7

Statistical Analysis
Effect sizes for the power analysis were calculated from several research studies
that investigated facial emotion perception in unilateral brain-damaged participants.
Kucharska-Pietura et al.’s (2003) effect size for their facial expression recognition task
was extremely large at 2.87, with an effect size of 2.61 for negative emotion recognition
and an effect size of 1.56 for positive emotion recognition. In addition, Braun et al. (2005)
had a very large effect size of 1.31 for facial affect recognition, with an effect size of .95
for negative emotion and an effect size of .44 for positive emotion. Furthermore, Blonder
et al. (1991) found an effect size of 2.30 for the overall discrimination of facial emotion.
To be conservative the lowest of these effect sizes (d = .44) was used for the power
analysis.
A 3 group (RBD, LBD, HC) x 2 valence (positive, negative) mixed design
ANOVA power analysis using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007) was
computed. The most conservative effect size calculated from previous investigations (d =
.44), a sample size of 72 (N: RBD = 18, LBD = 18, HC = 36), and a two-tailed level of
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.05 were entered into the power analysis. The power depends on the
correlation between the levels of the repeated measures (Faul et al., 2007); a medium
sized correlation among the repeated measures of 0.7 was assumed, although of note there
was little change in the power when small (.06) or large (.08) correlations were assumed.
A technical point to add is that G*Power automatically computes the population
correlation (rho) between the repeated measures (non-sphericity correction of 1). On the
basis of these parameters, the power estimate for the primary research interest (i.e., the
group x valence interaction effect) provided a power estimate of .99 (Faul et al., 2007).
The independent variables were participant group (RBD, LBD, HC), valence
(positive, negative), the number of emotion options (two, four, six), and processing
strategy (configural, featural). The dependent variable was the percentage correct
(accuracy). To compare the right-hemisphere hypothesis to the valence hypothesis, the
affective perception tasks were analysed using mixed-design ANOVAs. For the
identification task, a 3 group (RBD, LBD, HC) x 2 gender (male, female) x 2 valence
(positive, negative) x 3 number of emotion options (two, four, six) mixed design ANOVA
was conducted. A 3 group (RBD, LBD, HC) x 2 gender (male, female) x 2 valence
(positive, negative) repeated measures ANOVA was also conducted for whole faces
discrimination task. Finally, a 3 group (RBD, LBD, HC) x 2 gender (male, female) x 2
valence (positive, negative) x 2 strategy (configural, featural) repeated measures betweensubjects ANOVA was conducted for the whole versus partial face discrimination task.
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Chapter Summary
This chapter provided a detailed description of the methodology employed in the
clinical investigation that formed Studies two and three, including extensive detail about
the participants, materials and procedure. The methodology for Studies two and three was
based on the main research questions raised in Chapter one, with further guidance
provided by the outcomes of the MA in Chapter two. For example, potential moderator
variables and/or methodological weaknesses identified in Chapters one and two were
examined or controlled within Studies two and three. As detailed in the methodology
Chapter, the aetiology and chronicity of the brain-damage patients was limited to stroke
patients tested 3 to 14 months post injury. In addition, the potential influence of
participant gender was countered by including both male and female participants.
Moreover, an equal number of male and female affective face stimuli were used to control
stimuli gender.
In addition to generally investigating the hemispheric specialisation of emotion
perception according to valence, the affective perception tasks used in Study two
(identification and whole face discrimination) were designed to examine two main task
type moderator variables. The influence of task type was examined in Study two by using
two different affective perception tasks (identification and whole face discrimination).
Furthermore, the influence of the number of emotion options was examined through the
use of three blocks of trials in the identification task, which varied according to the
number of emotion options (two, four, six). Study three further investigated the extent to
which patients with right and left hemisphere damage rely on featural and configural
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information to discriminate affective face pairs. The whole versus partial face
discrimination task was designed to examine these processing strategies by using partial
faces to elicit featural information processing and whole faces to provoke configural
information processing. Studies two and three are presented in publication format in
Chapters four and five, respectively.
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Chapter four

An Empirical Investigation: The Perception of Positive and Negative Facial
Expressions by Unilateral Stroke Patients

“The greater our knowledge increases, the greater our ignorance unfolds”
~ John F. Kennedy (Rice Stadium Moon Speech, September 12, 1962)
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Chapter Introduction
In light of the controversy about the contributions of the right and left hemispheres
to affective face perception, a MA of the clinical literature was conducted, as reported in
Chapter two. The MA aimed to estimate the effect size and precision of hemispheric
differences in the emotional perception of faces according to valence. Overall, the
findings supported an alternative valence model whereby the right hemisphere
preferentially processes negative facial expressions and both hemispheres process positive
facial expressions (Adolphs, Jansari, & Tranel, 2001).
The MA further aimed to examine the extent to which a number of factors
moderate the cerebral lateralisation of emotion processing. As discussed in Chapter one,
injury aetiology and chronicity (i.e., time since damage), participant gender, and the type
of perception task administered all potentially influence the pattern of hemispheric
differences observed in a clinical study.
Unfortunately however, the MA was unable to reliably examine the influence of
injury aetiology and injury chronicity because previous studies did not report enough
information to include them in the MA, and/or the studies included extremely large
ranges for the variable(s). For example, injury chronicity could not be reliably examined
as it was either not reported (Harciarek, Heilman, & Jodzio, 2006; Kucharska-Pietura,
Phillips, Gernand, & David, 2003) or the studies included extremely large chronicity
ranges (e.g. a standard deviation of 1854 days, Borod, 1993; a range of 30 to 2640 days,
Borod, Koff, Perlman Lorch, & Nicholas, 1986; a range of 30 to 2400 days, Etcoff,
1984). Only participant gender could be assessed in the MA. The meta-regression results
for participant gender were inconsistent, which suggests a complex relationship between
participant gender and facial expression lateralisation (Lee et al., 2002). Overall, a clinical
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study that controls and/or examines potential moderators such as injury
chronicity, injury aetiology and participant gender is clearly required.
In addition, the MA only examined performance on tasks assessing the
identification and labelling of emotional faces. Discrimination and matching tasks were
unable to be included in the MA, because no studies that met the MA selection criteria
used these tasks. Yet, as discussed in Chapter one, the perception task used may moderate
affective lateralisation due to differences in cognitive demand. Few empirical
investigations have used more than one task type and the impact of task type is
subsequently unknown. Further research is required to determine whether discrimination
and matching tasks show a similar pattern of emotion lateralisation.
The aim of Chapter four was thus to conduct a large clinical investigation testing a
carefully-controlled sample of unilateral brain-damaged patients to investigate how the
left and right hemispheres process positive and negative emotion. Most importantly, this
study aimed to limit or examine potential moderator variables, such as aetiology, injury
chronicity, and participant gender, that may be contributing the uncertainty evident in the
clinical literature.
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Abstract
There remains conflict in the literature about the lateralization of affective face
perception. Some studies have reported a right hemisphere advantage irrespective of
valence, whereas others have found a left hemisphere advantage for positive, and a right
hemisphere advantage for negative, emotion. Differences in injury aetiology and
chronicity, proportion of male participants, and the number of emotions used within a
perception task may contribute to these contradictory findings. The present study
therefore controlled or directly examined the impact of these possible moderators. Right
brain-damaged (RBD; n = 18), left brain-damaged (LBD; n = 18), and healthy control
(HC; n = 36) participants completed two face perception tasks (identification and
discrimination). No group differences in facial expression perception according to valence
were found. Across emotions, the RBD group was less accurate than the HC group,
however RBD and LBD group performance did not differ. The lack of difference between
RBD and LBD groups indicates that both hemispheres are involved in positive and
negative expression perception. The well-defined chronicity range of the brain-damaged
participants may have moderated these findings. Participant gender did not impact
performance. Furthermore, while the RBD group was less accurate than the LBD group
when the identification task tested two emotions, performance of the two groups was
indistinguishable when the number of emotions increased (four or six). This suggests that
task demand moderates a study’s ability to find hemispheric differences in the perception
of facial emotion.
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A fundamental aspect of social interaction is the ability to perceive
emotion from facial expressions (Darwin, 1872; Ekman, 1964; Ekman & Friesen, 1969).
Indeed, the facial channel is the most powerful channel for the communication of social
information such as emotional states (Levitt, 1964; Mehrabian & Ferris, 1967; Mehrabian
& Friar, 1969; Zaidel & Mehrabian, 1969). For example, Mehrabian and Friar (1969)
showed that facial expression (55%) conferred more communicative information than
either voice tone (i.e., prosody: 38%) or pure language (7%). Consequently, an increasing
body of research has examined how the brain is lateralised to process affective facial
expressions.
There are two main theories of how the brain is lateralised to process emotion: the
Right Hemisphere Hypothesis (RHH) and the Valence Hypothesis (VH). First proposed
by Hughlings-Jackson (1879, 1915), the RHH suggests that emotion is processed
predominately in the right hemisphere, regardless of valence (for review see Borod et al.,
2002; Demaree et al., 2005). In contrast with the RHH, the VH asserts that the left and
right hemispheres are specialised to process different types of emotion: the left
hemisphere processes positive emotion (e.g., happiness, surprise) and the right
hemisphere controls negative emotion (e.g., sadness, disgust; for review see Borod et al.,
2002; Demaree et al., 2005). Empirical support for the RHH and VH are reviewed in turn.
Since Hughlings-Jackson’s initial observation that patients with left hemisphere
brain-damage could express emotion (suggesting that the right hemisphere may be
important for emotion processing; Hughlings-Jackson, 1879), a large number of empirical
investigations have shown that the right hemisphere controls the perception of emotion
from faces (e.g., Charbonneau et al., 2003; Kucharska-Pietura et al., 2003; Landis et al.,
1979; Narumoto et al., 2001). Support for the RHH has been demonstrated in normal
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individuals using a number of methods, including the divided visual field
technique and functional magnetic resonance imaging (fMRI), as detailed below.
The divided field technique involves half of the stimulus trials being presented to
the left side of the participants’ fixation point (i.e., projected to the right hemisphere),
whilst the remaining 50% of trials are presented to the right side of the fixation point (i.e.,
projected to the left hemisphere; Geffen et al., 1971). In support of the RHH, research
using the divided field technique with normal individuals has shown a left visual halffield advantage (right hemisphere) for the recognition of affective faces (e.g., Alves et al.,
2009; Landis et al., 1979; Ley & Bryden, 1979). For instance, positive and negative
cartoon faces were identified more accurately when presented to the left visual field
(right hemisphere) than the right visual field (Ley & Bryden, 1979).
Functional magnetic resonance imaging of normal individuals has also shown that
the right hemisphere plays a special role in facial emotion recognition (e.g., Narumoto et
al., 2001). A non-invasive technique, fMRI distinguishes the brain regions that are active
during a cognitive task such as emotion perception via the measurement of changes in
blood flow (McKeown et al., 1998). For instance, Narumoto et al. (2001) examined the
neural network for facial emotion processing using an emotion-matching task that tested
happiness and fear as well as neutral facial expressions. For this task, participants were
presented with a single target face and instructed to choose the face that expressed the
same emotion from two options. In support of the RHH, the right superior temporal
sulcus was specifically found to activate during the facial emotion task (Narumoto et al.,
2001).
Clinical studies with unilateral brain-damaged patients have also shown that the
right hemisphere controls facial emotion perception. A range of behavioural paradigms
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have been used to demonstrate right hemisphere dominance in the clinical
population. For example, the discrimination task requires participants to determine
whether a pair of emotional faces are the same or different. Several clinical studies have
shown that right brain damaged (RBD) participants discriminate facial expressions less
accurately than left brain damaged (LBD) and healthy control (HC) participants,
suggesting right hemisphere dominance for emotion processing (e.g., Blonder et al., 1991;
Bowers et al., 1985; Bowers et al., 1991; Charbonneau et al., 2003; DeKosky et al.,
1980).
The RHH has similarly been supported in the clinical literature using
identification, labelling, and matching tasks. Identification (recognition) tasks require
participants to label the emotion presented in a single face by either verbalising their
response or by pointing to their answer from a list, whereas in the labelling task,
participants are required to label the emotion type without a response list. Participants
with RBD are less accurate than LBD and HC participants for both the identification (e.g.,
Borod et al., 1990; Charbonneau et al., 2003) and labelling (e.g., Bowers et al., 1985;
Kucharska-Pietura et al., 2003) of facial emotions. The face-to-face matching task
requires participants to match a target facial expression to the same facial expression from
a set of facial expressions. Right brain damaged participants are also less accurate than
LBD and HC participants when matching emotional faces (e.g., Kolb & Taylor, 1981),
again indicating that the right hemisphere is dominant for facial emotion perception.
Although several of the above clinical studies did not specifically assess valence
and were therefore unable to discredit the VH (Benowitz et al., 1983; Blonder et al., 1991;
Bowers et al., 1991; DeKosky et al., 1980; Kolb & Taylor, 1981), a number of
investigations have assessed the effect of valence and found similar patterns of
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performance in response to both positive and negative emotions (Borod et al.,
1990; Bowers et al., 1985; Charbonneau et al., 2003; Etcoff, 1984; Kucharska-Pietura et
al., 2003). As such, these findings suggest that the right hemisphere is dominant for
perception of facial emotion regardless of valence, consistent with the RHH.
However, although evidence for the RHH has continued to accumulate since its
first proposal, other studies have reported hemispheric differences according to emotional
valence. The valence-based theory for emotion lateralization was prompted by the
observation of depression and catastrophic emotional responses in patients with left
hemisphere stroke (e.g., Morris et al., 1996), whereas mania, euphoria and elation have
been observed in patients with right-sided damage (e.g., Starkstein et al., 1989). Since
these observations, hemispheric differences as a function of positive and negative
emotions have also been shown in the normal population (e.g., Alves et al., 2009; Bourne,
2010; Canli et al., 1998; Reuter-Lorenz & Davidson, 1981). For example, research using
fMRI has shown greater levels of functional brain activity in the left hemisphere in
response to positive pictures (e.g., a happy couple, food like ice cream, puppies), whereas
negative pictures (e.g., angry or crying people, animals like spiders, guns) elicit higher
amounts of functional brain activity in the right hemisphere (Canli et al., 1998). These
findings suggest that the right hemisphere is important for negative emotion perception,
whereas the left hemisphere controls positive emotion perception, consistent with the VH.
Support for the VH has also been demonstrated in the normal population using the
divided visual field task (e.g., Davidson et al., 1987; Reuter-Lorenz & Davidson, 1981;
Reuter-Lorenz et al., 1983). Reuter-Lorenz and Davidson (1981), for example,
simultaneously presented participants with pairs of faces (one emotional and one neutral):
one in the left visual field and the other in the right visual field. Normal participants
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responded faster to happy faces presented to the right visual field (left
hemisphere) than to the left visual field (right hemisphere). In contrast, participants’
reaction time to sad faces were faster when presented to the left visual field (right
hemisphere) than to the right visual field (left hemisphere) As such, these findings
indicate that the left hemisphere is specialised for positive emotion and the right
hemisphere is specialised for negative emotion, thus supporting the VH.
Interestingly, full support for the VH (i.e., right hemisphere dominance for
negative and left hemisphere superiority for positive) has only been found in the normal
population (e.g., Alves et al., 2009; Bourne, 2010; Reuter-Lorenz & Davidson, 1981). In
contrast, the majority of studies using brain-damaged participants support an alternative
VH whereby negative emotions are predominately processed in the right hemisphere and
both hemispheres process positive emotions (e.g., Adolphs, Jansari, et al., 2001; Borod et
al., 1986; Mandal et al., 1999). Support for this model of hemispheric asymmetry has
primarily been demonstrated using identification and matching tasks. The importance of
the right hemisphere for processing negative facial emotions has been highlighted in a
number of investigations (e.g., Adolphs et al., 1996; Adolphs, Jansari, et al., 2001; Borod
et al., 1986; Borod et al., 1993; Mandal et al., 1999; Mandal et al., 1991; Philippi et al.,
2009). Each of these studies found that RBD participants perceived negative faces less
accurately than LBD and HC participants. However, they did not find evidence of
hemispheric differences for the perception of positive emotion. Together, these results
indicate that the right hemisphere is involved in processing and recognising negativelyvalanced emotions whereas both hemispheres are involved in the perception of positivelyvalanced emotions.
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Further support for this alternative model was offered in a recent MA
(Abbott, Cumming, Fidler, & Lindell, In Press). The MA demonstrated that the right
hemisphere controls emotion perception (identification and labelling), across valence.
Moreover, right hemisphere damage was associated with a larger tendency for negative
compared to positive emotion perception impairment. The latter finding indicates that the
right hemisphere might be particularly important in the perception of negative emotion,
consistent with an alternative VH whereby the right hemisphere controls negative
emotion perception but both hemispheres mediate the perception of positive emotion.
In summary, there is conflict in the literature as to the hemispheric specialisation
of emotion perception for faces. Some research has provided support for the RHH (e.g.,
Charbonneau et al., 2003; Kucharska-Pietura et al., 2003; Landis et al., 1979; Narumoto
et al., 2001), however other evidence suggests hemispheric differences according to
valence (e.g., Abbott et al., In Press; Adolphs, Jansari, et al., 2001; Alves et al., 2009;
Canli et al., 1998; Reuter-Lorenz & Davidson, 1981). Moreover, the hemispheric
specialisation of emotion perception according to valence differs depending on the sample
population (i.e., normal or clinical). Research with normal individuals has shown that the
right hemisphere controls negative emotion whereas the left hemisphere is important for
positive emotion (i.e., the VH; Alves et al., 2009; Reuter-Lorenz & Davidson, 1981). On
the other hand, the majority of clinical studies support a revised version of the VH
whereby the right hemisphere dominates negative, and both hemispheres control positive,
emotion perception (e.g., Adolphs, Jansari, et al., 2001; Borod et al., 1986; Mandal et al.,
1999).
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1.1 Potential Moderators of Facial Expression Perception in Clinical
Studies
The contradictory findings in the clinical literature could be attributed to a number
of clinical participant characteristics that may moderate hemispheric specialisation for
emotion perception. The divergence in results and conclusions in the clinical literature
may be due to heterogeneity in injury aetiology and chronicity (i.e., time elapsed since
injury onset) of the brain-damage patients, as well as participant gender. The perception
task used by clinical studies, as well as the number of emotions used within a task, may
also impact on a study’s ability to find hemispheric differences due to differences in
cognitive demand. These moderators will now be considered in turn.
1.3.1 Aetiology.
There are a number of pathophysiological differences that vary with injury
aetiology. For example, stroke is associated with vascular pathophysiological changes
(metabolic and hemodynamic) that vary according to whether the injury is acute,
subacute, or chronic (Fagan et al., 2004). In contrast, a traumatic brain injury includes two
main stages: the primary insult (primary contact injury, mechanical damage due to
acceleration/deceleration), and secondary insult (non-mechanical, pathological changes
such as cerebral ischaemia, intracranial hypertension, impaired metabolism; Werner &
Engelhard, 2007). In sum, the pathophysiological changes secondarily associated with
brain injury differ depending on the aetiology, thus including brain-damaged patients with
various aetiologies within an investigation may contribute to the conflict evident in the
clinical literature.
A number of the previous investigations only included patients following a
unilateral stroke (e.g., Adolphs, Jansari, et al., 2001; Borod et al., 1986; Borod et al.,
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1993; Bowers et al., 1985; Charbonneau et al., 2003; Kucharska-Pietura &
Klimkowski, 2002; Kucharska-Pietura et al., 2003). However, a considerable proportion
of clinical studies has included patients with brain-damage due to a wide range of
aetiologies within a single investigation, such as stroke, ruptured cerebral aneurysm,
vascular malformation, brain tumour, head trauma, herpes encephalitis, temporal
lobectomy, and/or cingulotomy (e.g., Adolphs et al., 1996; Ehlers & Dalby, 1987; Etcoff,
1984; Mandal et al., 1999; Mandal et al., 1991; Philippi et al., 2009). In sum, although
several previous studies only included stroke patients, a number of other studies used a
range of aetiologies. To reduce the possible confound of brain damage aetiology, future
clinical investigations should use a single aetiology, such as stroke, or investigate
aetiology as a possible moderator.
1.3.2 Chronicity.
There are also a number of potentially confounding effects with respect to
chronicity of brain damage at time of testing. A traumatic brain injury or stroke can cause
diaschisis (i.e., loss of function in an undamaged portion of the brain that is connected to
the damaged area) during the acute phase (Nguyen & Botez, 1998), raising the possibility
that recovery of function, including functions like emotion perception, may be possible.
However, little is known about the recovery of emotion perception following cerebral
insult. To date only one study has examined emotion perception recovery following brain
damage; this study did not find any evidence for recovery of emotional perception over a
two year period (Zgaljardic et al., 2002). Yet the findings from this study are limited due
to the brain-damaged patients being initially tested between 2 to 49 months post onset.
Thus, their findings do not provide information about recovery between distinct time
points (e.g., acute compared to chronic, or different chronic stages).
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Despite the lack of research investigating emotion perception recovery,
there is an increasing research base on language and cognitive recovery after brain injury.
Studies of cognitive recovery have shown improvement occurs in the first two years post
injury across cognitive domains, especially attention (Hochstenbach et al., 2003). In
addition, most functional improvement for speech and language function occurs in the
first two to three months after injury onset (Kertesz & McCabe, 1977; Sarno & Levita,
1971). Although spontaneous language recovery drops off after the first six months post
injury onset (Fazzini et al., 1986), further improvement is possible after this time point
(Kertesz, 1993). Given that recovery has been shown for cognition and language,
recovery for emotion perception may also occur. Although further research into the
recovery of emotion perception is clearly required, it is possible that variable chronicity
may be contributing to uncertainty in the research base for emotion perception. Future
research needs to specifically assess whether there is functional improvement at specific
stages of recovery.
The clinical literature varies markedly in the chronicity of brain damage at time of
patient testing. Studies have tested patients in the acute phase, within a month post injury
(e.g., Braun et al., 2005; Mandal et al., 1999), and in the chronic phase, at least three
months post injury (e.g., Adolphs et al., 1996; Adolphs, Jansari, et al., 2001; Anderson et
al., 2000; Charbonneau et al., 2003; Philippi et al., 2009). Many investigations include
both acute and chronic patients within the one study (e.g., Blonder et al., 1991; Borod et
al., 1986; Borod et al., 1993; Bowers et al., 1985; Etcoff, 1984), or did not provide a
chronicity range (e.g., Borod et al., 1990; Kucharska-Pietura et al., 2003). It is possible
that patients’ chronicity may moderate emotion perception lateralization. However,
because the majority of studies used a large chronicity range but did not specifically
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assess the effect of chronicity, it is difficult to determine the potential impact
of patient chronicity on the lateralization of emotion perception. Future research should
control for the potential impact of chronicity by using a specific chronicity range, or
investigate chronicity as a potential moderating variable.
1.3.3 Participant gender.
Participant gender may also add to uncertainty within the clinical literature
because men and women show may show different patterns of lateralization in emotion
processing (Wager et al., 2003). Thus, the proportion of male and female participants may
impact a study’s ability to find lateralization effects for facial expression perception. The
effect of emotional valance and gender on brain lateralization was examined in a MA of
65 healthy participant neuroimaging studies (Wager et al., 2003). To examine the effect
of gender on emotion processing lateralization the difference in the number of right
versus left hemisphere peak (i.e., activations) counts were calculated for each gender.
Males demonstrated a more lateralised distribution of peaks compared to females,
indicating a greater degree of lateralization. Given that males show evidence of greater
functional lateralization in the normal population, including a greater proportion of male
patients in a clinical sample is likely to enhance the probability of finding larger
lateralization differences.
A large number of clinical studies cited tested either only male participants (Borod
et al., 1986; Mandal et al., 1999), or a substantially higher number (>70%) of male
participants (Benowitz et al., 1983; Blonder et al., 1991; Bowers et al., 1991; DeKosky et
al., 1980; Etcoff, 1984). In addition, many studies failed to report participant gender (e.g.,
Adolphs et al., 1996; Bowers et al., 1985; Mandal et al., 1991; Peper & Irle, 1997;
Philippi et al., 2009). Interestingly, the only study that found no valence-based
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hemispheric effects tested an equal number of males and females (e.g., Braun
et al., 2005). Given that males show greater lateralization of activity than females while
interpreting emotional expressions (Wager et al., 2003), including female participants
may have reduced the likelihood of finding hemispheric differences for emotion
perception. Future studies should control for the potential impact of participant gender by
using an equal number of males and females, and determining whether any effects
observed in the experimental task are affected by participant gender.
1.3.4 Task.
The cognitive load and the amount of verbal information used can also vary with
the task administered (i.e., identification, labelling, discrimination, or matching), which
may in turn impact task performance. Tasks vary in the number of response options (e.g.,
‘same’ versus ‘different’ for the discrimination task, compared to a cue card of all
possible response options for the identification task), whether a response list (verbal cues)
is provided (identification task) or not (labelling task), and whether the response options
are tactile (pointing) and/or verbal. Given that the difficulty of each perception task may
vary in light of these methodological differences, empirical findings may in turn differ
depending on the task used.
A small number of clinical studies have compared the results from multiple
perception tasks, with variable findings. For instance, Mandal et al. (1991) found that task
performance is more accurate for matching tasks than labelling tasks. This suggests that
matching tasks may carry a lower cognitive load than labelling tasks. In the labelling task,
participants must generate their own answers without any cues, imposing a greater
cognitive load than the matching task, which is more structured and provides specific
cues to the participant. Similar logic may be applied when considering the identification
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and the discrimination tasks, with fewer response options (i.e. same versus
different) for the discrimination task compared to the potentially larger number of
response options (e.g., happy, surprise, sad, disgust, anger, fear) for the identification
task.
It is possible that the task used may moderate the hemispheric specialisation of
emotion perception relationship. However, few empirical investigations have used more
than one task type and the impact of task type is thus unknown. Consequently, more than
one task should be used to evaluate how the left and right hemispheres process affective
faces to control for the impact of cognitive load.
1.3.5 Number of emotions.
The number of emotions used within an emotion perception task may also
contribute to the uncertainty in the literature because task demand increases with a greater
number of emotional options, thus increasing cognitive load. This may be especially
pertinent for recognition based tasks (i.e., identification) that involve the participant
choosing their response from a cue card that lists all of the emotion options; a large
number of response options may be quite overwhelming, especially for a brain-injured
participant.
There are two lines of evidence supporting the notion that the cognitive load of a
facial expression task may moderate a study’s ability to find hemispheric differences.
Firstly, cognitive impairment following brain damage is common, especially in the
domains of attention, short-term memory and executive functions (e.g., Hochstenbach et
al., 1998; Lesniak et al., 2008; Tatemichi et al., 1994). Patients with these impairments
are in turn more likely to become easily overwhelmed by tasks that use a large number of
emotions.
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Secondly, the cognitive load of emotional prosody (i.e., emotion
communicated via voice tone) appears to be the primary mediator of the hemispheric
lateralisation for affective prosody perception (for review see Kotz et al., 2006). When a
prosodic task carries a high cognitive load (i.e., sentence stimuli), prosodic perception
involves both hemispheres, whereas the right hemisphere is dominant for non-demanding
(i.e., mono- or asyllabic stimuli) prosodic tasks (Lalande et al., 1992; Pell, 2006; Ross &
Monnot, 2008; Schlanger et al., 1976; Tompkins & Flowers, 1985). Facial expression
perception tasks may be similarly influenced by their cognitive load, given the empirical
support for common cognitive mechanisms underlying prosodic and facial expressions of
emotion (de Gelder et al., 1999; Pell, 2005)
The large majority of lesion studies reviewed used the six basic emotions:
happiness, surprise, sadness, fear, anger, disgust (e.g., Adolphs et al., 1996; Borod et al.,
1993; Charbonneau et al., 2003; Mandal et al., 1991; Philippi et al., 2009). However a
number of investigations used fewer exemplars (e.g., Adolphs, Jansari, et al., 2001;
Harciarek et al., 2006; Mandal et al., 1999) or used a number of complex emotions in
addition to the usual six basic emotions (Borod et al., 1986; Etcoff, 1984; KucharskaPietura et al., 2003). In summary, the number of emotions used may be an important
moderator, because task demand is likely to be higher with a greater number of emotional
options, especially for brain-injured patients. To date, the impact of the number of
emotions used during any one task has not been examined in the clinical literature. Thus,
future research needs to examine the impact of the number of emotions used within an
emotion perception task.
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1.4 Summary and Rationale for Current Study
The literature concerning the lateralization of emotional face perception remains
divided. Some research with brain-damaged and normal participants provides evidence
for a right hemisphere advantage irrespective of valence (e.g., Borod et al., 1986; Etcoff,
1984; Kucharska-Pietura et al., 2003; Landis et al., 1979; Laurian et al., 1991), consistent
with the RHH. However, other studies examining brain-damaged and normal participants
have found differences according to emotional valence (e.g., Alves et al., 2009; Borod et
al., 1986; Bourne, 2010; Mandal et al., 1999), supporting the VH.
A number of clinical participant characteristics could potentially influence
whether a study finds support for the RHH or the VH. Heterogeneity in injury aetiology
and chronicity, as well as variability in the proportion of male participants, may be
influencing the divergence in results and conclusions obtained from investigations with
brain-damaged patients. In addition, methodological differences, such as the type of
perception task used and the number of emotions tested within a task, may moderate the
hemispheric specialisation of emotion perception, primarily due to differences in
cognitive demand.
In light of these factors, the present study was designed to investigate the
lateralization of emotion perception in a clinical population, with potential moderators
including injury aetiology, injury chronicity, participant gender, task type, and the number
of emotions used within a task taken into account. These potential moderators were either
held constant or their impact was directly examined, as detailed below.
The primary objective of this study was to assess deficits in the perception of
emotional information from faces following right or left cerebral damage across two tasks
(identification and discrimination), and whether the magnitude of deficit differs according
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to the lesioned hemisphere. The impact of the number of emotions used in the
identification task was examined, and the number of emotions used in the discrimination
task was limited to reduce any impact of cognitive load on performance. To achieve these
aims, three participant groups were recruited: a RBD patient group, a LBD patient group,
and a healthy control group. To control for the potential impacts of brain-damage
aetiology and chronicity on patterns of lateralization, the brain-damaged sample (i.e., the
RBD and LBD groups) was limited to stroke patients (i.e., one aetiology) tested between
3 to 14 months post injury onset. To limit the impact of participant gender on patterns of
lateralization, both male and female participants were tested within each group (i.e., LBD,
RBD and HC)
2 Method
2.1 Participants
Thirty-six brain-damaged patients were recruited from the Austin Health or
Western Health, which each comprise of acute, rehabilitation and out-patient services; 18
had sustained a right-sided cerebrovascular accident (CVA; i.e., RBD), and 18 had
sustained a left-sided CVA (i.e., LBD). Stroke participants were limited to those who
were medically stable and had experienced a left or right-sided unilateral cerebral stroke
with minimal sub-cortical involvement, between 3 to 14 months ago (Mean days
chronicity: RBD = 201, range 101-334 days; LBD = 213, range 112-418 days).
A further 36 HC participants were recruited through a range of avenues, including
via social networks of the researcher and advertising at the Western Hospital. Each HC
participant was demographically matched for age and education to one of the stroke
participants. The equivalence of the stroke and control groups across demographic
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measures is presented in Table 11. A chi-square analysis revealed no
significant differences in the gender composition of the groups, χ2 (2, N=72) = 4.98, p =
.08. One-way analysis of variance (ANOVA) confirmed that the three groups did not
differ in age, or years of education, F(2, 69) = .49, p = .61, η2 = .01, F(2, 69) = 1.80, p =
.17, η2 = .05.
Stroke patients were excluded if they had residual speech comprehension
difficulties, or severe cognitive deficits as indicated by a score lower than 24/30 on the
mini mental status examination (MMSE; Folstein et al., 1975). However three stroke
patients were included despite scoring beneath this cut-off because their low scores (17,
20, 22) were due to specific residual neurological impairments that prevented them from
attempting some of the tasks and/or English being their second language. Including these
patients was deemed appropriate as the presence of physical problems and low English
literacy are known to cause patients to perform poorly on the MMSE, even when the
patient is cognitively intact (Folstein et al., 1975). Mean values of MMSE differed
significantly between the groups, F(2, 69) = 6.4, p < .01, η2 = .16. Table 11 reports the
mean differences with their 95%. Post hoc Tukey test revealed that the RBD (p < .01) and
LBD (p = .02) groups scored significantly lower than the HC group. The RBD and LBD
groups did not differ (p = .98).
Additional selection criteria for both the stroke and HC participants included the
following: all participants were right hand dominant as determined by the Edinburgh test
of handedness, with a laterality quotient cut-off of >50 (Oldfield, 1971), had vision that
enabled them to see A4 pictures and could recognise unfamiliar face as per the short form
Benton facial recognition task (Levin et al., 1975), and did not have any previous and/or
1

This table is presented in Chapter 3 of this thesis; please refer Table 3.3, p. 144.
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secondary psychiatric diagnosis, neurological disease or habitual drug or
alcohol use as determined by an initial interview. In addition the DASS21 was used
retrospectively to assess the participant’s level of depression, anxiety and stress over the
preceding week (Lovibond & Lovibond, 1995).
The mean differences and 95% CIs between the groups for the three DASS scales
(anxiety, depression, stress), the Edinburgh handedness test, and the Benton facial
recognition test are reported in Table 11. There was no significant difference between
stroke and control groups for the mean levels of depression, F(2, 69) = 0.73, p = .48, η2 =
.02, anxiety, F(2, 69) = 0.96, p = .39, η2 = .03, or stress, F(2, 69) = 0.62, p = .54, η2 = .02.
There was also no significant difference between stroke and control groups in
handedness, F(2, 69) = 1.72, p = .19, η2 = .11. However, the mean values of the Benton
facial recognition test differed between the groups, F = 4.3 (2, 69), p = .02, η2 = .02. Post
hoc Tukey test that the RBD group scored significantly lower than the HC group (p =
.02). The LBD group did not differ from the RBD (p = .24) or HC group (p = .56).
The brain areas involved were identified and the size of the lesion was assessed
for each stroke patient by two senior neurologists (please refer to Tables 22 and 33). CT
and/or MRI brain scans were obtained from the Austin or Western hospitals and used to
confirm the site of the lesion for 34/36 patients and to measure the volume (cm3) of the
lesion for 32/36 patients. Two senior neurologists classified each patient's lesion into one
of three categories (small, medium, large), based on scan volume. Post hoc analysis of the
neurologists' classifications indicated that small lesions measured < 2cm3 in volume,
medium lesions ranged from 2cm3 to 30cm3, and large lesions were >30 cm3. Two

2

This table is presented in Chapter 3 of the thesis; please refer Table 3.1, pp. 137-139.
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This table is presented in Chapter 3 of the thesis; please refer Table 3.2, pp. 140-143.
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patients (one per group) were assigned to the RBD and LBD groups based on
the clinical evidence gathered by the attending neurologists at the time of hospital
admission, because no infarct area was identifiable using the early CT scans obtained.
The site and size of the lesion in these two patients was therefore not confirmed. In
addition, the size of the lesion for two additional patients (one RBD and one LBD) was
also unable to be measured. This was because the brain scans for these two patients were
not performed at the Austin or Western hospitals, thus the scans used to measure lesion
volume were not available. However, their imaging reports were available and used to
identify the site of these patients' lesions.
It was noted that 17 LBD and 17 RBD patients sustained localised cerebral
infarctions, whereas one LBD and one RBD patient sustained a localised cerebral
haemorrhage. Tables 22 (RBD patients) and 33 (LBD patients) characterise the stroke
participants’ pathological and clinical profiles, including the vascular territory and brain
areas involved, lesion size, neurological signs, number of days in hospital (acute and/or
rehabilitation ward), and chronicity. Most stroke patients (15 RBD and 13 LBD) had
motor deficits contralateral to their lesions when assessed during their hospital admission.
Stroke severity was indicated by the number of days each patient remained in hospital,
which was separated into the number of days spent in the acute and rehabilitation wards,
respectively.
2.2 Materials
Participants were assessed on an identification and a discrimination task that
measured their ability to perceive facial emotions according to valence. Both tasks used
Ekman and Friesen’s (1976) pictures of facial affect. The 90 pictures of facial affect that
were selected and used had the highest percentage of judgements of the intended emotion
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(i.e., most reliable), based on the data published by Ekman and Friesen (1976).
The identification task used the six basic emotions: happiness, surprise, sadness, fear,
disgust, and anger. However, the number of emotions used in the identification task
varied across the three blocks (consult section 2.2.1 for more detail about the three
blocks). The discrimination task used two of the six basic emotions (happiness and
sadness) in addition to neutral faces. Full faces were used in the both tasks.
For each task 50% of the photos were male models and 50% were of female
models. The facial stimuli were presented as black and white photographs mounted on A4
white cards. Each face measured approximately 15cm (height) x 11cm (width) in the
identification task and 8cm (height) x 6.5cm (width) in the discrimination task. In both
tasks, the clothing and hair of the facial stimuli were shaded so that only the facial
features could be used as recognition cues. When more than one photograph was
presented simultaneously, the photos were vertically arranged to minimise the possible
confounding effects of hemispatial neglect. For each task the number of correct responses
was recorded.
2.2.1 Identification task.
Each trial presented one affective facial expression and the participant was asked
to identify the emotion from a response card that listed the response options vertically.
Participants were first presented with six familiarisation trials (one trial of each of the six
basic emotions: happiness, sadness, surprise, disgust, fear, anger), with feedback
provided. Three blocks of 24 experimental trials followed the familiarisation trials. In
each of the three blocks a different number of emotions was included. Block one
consisted of 12 trials of one positive emotion (happiness) and 12 trials of one negative
emotion (sadness). Block two consisted of 12 trials of two positive emotions (six trials of
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happiness; six trials of surprise) and 12 trials of two negative emotions (six
trials of sadness; six trials of disgust). Block three consisted of eight trials of two positive
emotions (four trials of happiness; four trials of surprise) and 16 trials of four negative
emotions (four trials of sadness; four trials of disgust; four trials of fear; four trials of
anger). For each block the cue card only consisted of the emotions presented, thus the cue
card differed between blocks, depending on the emotions tested. There was a rest interval
of approximately two minutes between blocks.
Block one used all of the sad and happy models from Ekman and Friesen’s (1976)
pictures of facial affect, therefore a single version of this block was created and
administered to all of the participants. However, to control for the possible impact of
different models (identities) on facial emotion perception, five versions of block two and
block three were created. The five versions counterbalanced the 12 models (six females
and six males) presented for each emotion type. Stimulus presentation was randomised
for each participant.
2.2.2 Discrimination task.
For each trial, participants were presented with one face pair and were asked to
distinguish whether the pair of faces expressed the same emotion by verbalising or
pointing to their response from a response card that listed the two response options (same,
different) vertically. Participants were assessed over two blocks of 24 trials. Each block
was preceded by the presentation of four familiarisation trials (one trial of each of the four
discrimination categories basic emotions, as described below and shown in Figure 14),
with feedback provided. The positive emotion block utilised happy and neutral emotional
stimuli. The negative emotion block utilised sad and neutral emotional stimuli. The order
4
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of the positive and negative blocks was counterbalanced. There was a rest
interval of approximately two minutes between blocks.
As illustrated in Figure 14, there were four categories of face pairs within each
block: category A included six face pairs that have the same identity and emotion;
category B included six face pairs that have a different identity and same emotion;
category C consisted of six face pairs that have the same identity but display different
emotions; and category D consisted of six face pairs that have different identities and
different emotions. To control for the possible impact of different models (identities) on
facial emotion discrimination, five versions of the discrimination task (block one and two)
were created, counterbalancing the models (six females and six males) presented for each
of the four categories. The four categories were randomised within each block and the
stimuli for each block were presented in a fully random order for each participant.
2.3 Procedure
The assessment was administered identically to both stroke and control
participants and the order of the test battery was the same for each participant. Each
assessment session commenced with the researcher detailing the participant information
and consent form. Participants who met the criteria were screened for eligibility at the
start of the assessment session using the MMSE (Folstein et al., 1975) to ensure they had
sufficient cognitive capacity to provide informed consent and to participate in the study.
Provided that the participants were deemed cognitively able and had signed an informed
consent form, the one-on-one assessment session continued. The tests then were
administered, as follows: MMSE, interview (demographic and clinical questions),
Edinburgh Handedness Inventory, Benton facial recognition test (short form), facial
emotion perception tasks (identification followed by discrimination), DASS21. There was
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no time limit for the stimulus exposure during the facial emotion percepion
tasks, and each trial ended after the participant responded. There was a rest interval of
approximately two minutes between each task.
3 Results
3.1 Identification Task
Facial identification performance by participant group and gender is shown in
Table 4.4. Affective faces were identified most accurately by the HC group, followed by
the LBD group, with the RBD group the least accurate. All three groups identified
positive faces more accurately than negative faces.
The influences of emotional valence (positive, negative), participant group (RBD,
LBD, HC), and participant gender (male, female) on identification accuracy were
explored using a mixed-design ANOVA. There was no interaction between participant
group and valence, F(2, 66) = .76, p = .47, partial η2 = .02, gender and valence, F(1, 66) =
1.92, p = .17, partial η2 = .03, or participant group, gender and valence, F(2, 66) = 1.05, p
= .36, partial η2 = .03. However there was a main effect for valence, F(1, 66) = 124.17, p
< .01, partial η2 = .65. Participants in all three groups were more accurate (p < .01) in
identifying positive than negative emotion. There was also a main effect for participant
group, F(2, 66) = 7.65, p < .01, partial η2 = .19. Facial expressions were identified most
accurately by the HC group, followed by the LBD group, with the RBD group the least
accurate. Indeed, facial expressions were identified with significantly (p < .01) more
accuracy by the HC group compared to the RBD group. Yet, the LBD group did not differ
from the HC (p = .13) or RBD (p = .22) groups. There was no main effect for gender (p =
.74). Given that no gender differences were found, all of the data from male and female
participants were pooled for the remaining identification task analyses.
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Table 4.4
Descriptive Statistics for the Identification (Blocks 1, 2 and 3 Combined) of Positive and
Negative Faces by Participant Group and Gender.
Group

Gender

Positive Emotion

Negative Emotion

Mean Percentage correct (SD)
RBD

LBD

HC

Male

90.4 (9.9)

79.9 (10.6)

Female

85.9 (10.2)

78.1 (11.0)

Male

93.9 (6.1)

79.7 (7.3)

Female

95.0 (4.7)

86.1 (6.8)

Male

95.4 (6.3)

86.6 (9.7)

Female

97.0 (3.9)

87.6 (7.0)

3.1.1 Number of emotions tested
Table 4.5 further demonstrates facial identification performance for two, four and
six emotion options by group. All three groups identified emotion from two options with
the most accuracy, followed by four options, then six options.
Another mixed-design ANOVA was conducted to examine the influence of
emotional valence (positive, negative) and the number of emotions tested (two, four, six)
on identification accuracy for the three groups of participants (RBD, LBD, HC). There
was no interaction between participant group and valence, F(2, 69) = 1.86, p = .16, partial
η2 = .05, nor was there a three-way interaction between participant group, valence, and
the number of emotions, F(4, 136) = .69, p = .60, partial η2 = .02. However, there was an
interaction between valence and the number of emotions, F(2, 68) = 57.91, p < .01, partial
η2 = .63. Three post hoc one-way repeated measures ANOVAs further explored this
interaction.

Table 4.5
Descriptive Statistics for the Identification of Positive and Negative Faces from Two, Four and Six Options by Participant Group.
Two options

Four options

Six options

Positive

Negative

Positive

Negative

Positive

Negative

Emotion

Emotion

Emotion

Emotion

Emotion

Emotion

Group

Mean Percentage correct (SD)

RBD

96.3 (6.5)

97.7 (4.8)

88.4 (12.5)

83.3 (17.2)

81.3 (17.3)

56.6 (20.4)

LBD

100 (0)

99.1 (2.7)

93.1 (7.2)

82.9 (13.3)

89.6 (12.3)

62.5 (15.8)

HC

100 (0)

99.3 (2.3)

97.2 (6.0)

91.0 (10.8)

91.7 (12.0)

71.4 (15.9)
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There was no difference according to valence when there were two
emotions, F(1, 71) = .15, p = .70, partial η2 < .01. As indicated in Table 4.5 and Figure
4.2, accuracy was high for both valences. However, a significant difference was found
when four emotions were used, F(1, 71) = 20.9, p < .01, partial η2 = .23. As shown in
Table 4.5 and Figure 4.3, positive facial expressions were identified with more accuracy
than negative expressions. A significant difference was also found when there were six
emotions, F(1, 71) = 130.8, p < .01, partial η2 = .65. As demonstrated in Table 4.5 and
Figure 4.4, positive facial expressions were again identified with more accuracy than
negative expressions.

Positive

Negative

Mean % correct

100
90
80
70
60
50
40
RBD

LBD
Participant group

HC

Figure 4.2.
Mean % correct (Mean + SEM) for block 1 (two emotions used) of the identification task
as a function of participant group (LBD = left brain damaged, RBD = right brain
damaged, HC = healthy control) and emotional valence (positive: happy; negative: sad).
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Figure 4.3.
Mean % correct (Mean + SEM) for block 2 (four emotions used) of the identification task
as a function of participant group (LBD = left brain damaged, RBD = right brain
damaged, HC = healthy control) and emotional valence (positive: happy, surprise;
negative: sad, disgust).
There was also a significant interaction between the number of emotions and
participant group, F(4, 136) = 2.99, p = .02 partial η2 = .08. Three post hoc one-way
between groups ANOVAs examined this interaction further. A large (η2 = .25) difference
between the participant groups was found when there were two emotions, F(2, 69) = 11.5,
p < .01. As illustrated in Table 4.5 and Figure 4.2, the HC and LBD groups were more
accurate in identifying facial expressions than the RBD group. Indeed, post hoc
comparisons using the Tukey HSD test indicated that the HC and LBD groups were
significantly more accurate (p < .01) than the RBD group. The LBD and HC groups did
not differ (p = .98). A large (η2 = .15) difference was also found between the three
participant groups when there were four emotions, F(2, 69) = 6.02, p < .01. As shown in
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Table 4.5 and Figure 4.3, the HC group was the most accurate, followed by the
LBD group, with the RBD group the least accurate. Tukey HSD post hoc comparisons
found the HC group to be significantly (p < .01) more accurate compared to the RBD
group, with a tendency (p = .05) for the HC group to be more accurate than the LBD
group. The RBD and LBD groups did not differ (p = .77).
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Figure 4.4.
Mean % correct (Mean + SEM) for block 3 (six emotions used) of the identification task
as a function of participant group (LBD = left brain damaged, RBD = right brain
damaged, HC = healthy control) and emotional valence (positive: happy, surprise;
negative: sad, disgust, anger, fear).
Another large (η2 = .15) difference between the participant groups was found
when there were six emotion options, F(2, 69) = 5.85, p < .01. Again, as indicated in
Table 4.5 and Figure 4.4, the HC group was the most accurate in identifying facial
expressions, closely followed by the LBD group, and then the RBD group. Post hoc
comparisons using Tukey HSD found the HC group to be significantly (p < .01) more
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accurate than the RBD group. The LBD group did not differ from the RBD (p
= .23) or HC (p = .31) groups
3.2 Discrimination Task
Facial discrimination performance by participant group and sex is shown in Table
4.6 and Figure 4.5. Affective faces were discriminated most accurately by the HC group,
followed by the LBD group, with the RBD group the least accurate. All three groups
discriminated positive faces more accurately than negative faces.
Table 4.6
Descriptive Statistics for the Discrimination of Positive and Negative Faces by
Participant Group and Gender.
Group

Gender

Positive Emotion

Negative Emotion

Mean Percentage Correct (SD)
RBD

LBD

HC

Male

90.9 (6.7)

70.1 (8.5)

Female

89.9 (9.9)

64.3 (12.5)

Male

92.6 (5.7)

69.9 (10.2)

Female

95.8 (5.9)

81.7 (8.6)

Male

95.0 (5.0)

74.4 (10.1)

Female

96.8 (4.1)

73.6 (10.6)

The influences of emotional valence (positive, negative), participant group (RBD,
LBD, HC), and participant gender (male, female) on discrimination accuracy were
explored using a mixed-design ANOVA. There was no interaction between valence and
participant group, F(2, 66) = .77, p = .47, partial η2 = .02, valence and gender, F(1, 66) =
.02, p = .89, partial η2 < .01, or valence, gender and participant group F(2, 66) = 1.69, p =
.19, partial η2 < .05. However, in line with the identification task findings, there was a
main effect of valence, F(2, 66) = 210.33, p < .01, partial η2 = .76. As shown in Table 4.6
and Figure 4.5, all three groups were more accurate (p < .01) at discriminating positive
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compared to negative facial expressions. There was also a main effect for
participant group, F(2, 66) = 6.36, p < .01, partial η2 = .16. Affective faces were
discriminated most accurately by the HC group, followed by the LBD, with the RBD
group the least accurate. The HC group was found to be significantly (p < .01) more
accurate than the RBD group. The LBD group did not differ from the RBD (p = .13) or
HC (p = .63) groups. No main effect for gender was found (p = .35)
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Figure 4.5.
Mean % correct (Mean + SEM) for the discrimination task as a function of participant
group (LBD = left brain damaged, RBD = right brain damaged, HC = healthy control)
and emotional valence (positive: happy; negative: sad).
4 Discussion
The present study investigated the hemispheric lateralization of facial expression
perception according to valence (i.e., positive versus negative) in a large sample of rightand left-brain damaged patients (N = 36). Reasoning that conflicting findings in the
literature may be partially attributable to differences in chronicity, aetiology, and gender
splits of the brain damaged samples tested, the present sample was limited to unilateral
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cerebral stroke patients tested between 3 to 14 months post injury, with both
male and female patients recruited in each group. Overall, the results showed that all
participants (i.e., RBD, LBD, and HC) were more accurate in identifying and
discriminating positive than negative emotional expressions. There were no group
differences in the ability to accurately perceive facial expressions according to valence.
The RBD group was less accurate than the HC group in the perception of facial emotion
across emotions, however, no hemispheric differences (i.e., RBD versus LBD) were
found. Overall, these findings conflict with the predictions of both the RHH and VH, as
discussed in detail below.
The finding that positive emotion was perceived more accurately than negative
emotion is compatible with the clinical research base (e.g., Braun et al., 2005;
Charbonneau et al., 2003; Kucharska-Pietura et al., 2003). Research with normal
individuals has also consistently shown that facial expressions of happiness are
recognised faster than sad (Crews & Harrison, 1994), angry (Hugdahl, Iversen, &
Johnsen, 1993), disgusted (Leppanen & Hietanen, 2004; Stalans & Wedding, 1985), or
neutral (Hugdahl et al., 1993; Leppanen & Hietanen, 2004) expressions. Whilst it is not
clear why positive emotions are easier to perceive than negative emotions, there are two
main contending theories. The positive face processing advantage may merely be due to
greater physical changes in the configuration of positive compared to negative
expressions (Leppanen & Hietanen, 2004). For example a smiling mouth and creases in
corner of the eyes are features that distinguish a happy face, whereas negative emotions
of sadness and disgust are expressed through more similar, subtle facial changes such as a
slightly downturned mouth. Schematic (i.e., line drawn) faces have been used to explore
this theory, because they allow for the removal of certain distinctive features (e.g., the
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creases in the eye region) that consequently may cause happy faces look less
happy (Leppanen & Hietanen, 2004). Consistent with positive faces having a processing
advantage due to distinctive physical differences, positive emotion is recognised faster
than negative emotion for real face stimuli (i.e., all distinctive features present) but not for
schematic faces (only the mouth, upturned or downturned distinguished happiness from
sadness; Leppanen & Hietanen, 2004).
Yet, lower level facial expression configuration differences as an explanation for
the positive emotion processing advantage are countered by evidence indexing higherlevel cognitive processing involvement. The suggestion that positive signals may be more
efficiently processed than negative signals due to a higher-level asymmetry (Leppanen &
Hietanen, 2004) is indicated by the evidence that the positive emotion processing
advantage is not limited to faces. Rather, a positive emotion processing advantage has
been found across modalities including prosodic (i.e., voice tone) words (Stenberg,
Wiking, & Dahl, 1998) and visual objects other than faces (Lehr, Bergum, & Standing,
1966). Such a higher-level positive emotion processing bias may originate from our
tendency to form positive biases about ourselves and others (Cummins & Nistico, 2002;
Peeters & Czapinski, 1990). In sum, the finding that positive expressions were perceived
with greater accuracy than negative expressions is consistent with the clinical and normal
population studies, although the cause of this positive emotion processing advantage
remains unclear, with both lower order (i.e., distinctive features for happiness) and higher
order (i.e., a positive emotion processing advantage across modalities) cognitive
processes potentially implicated.
Importantly, the present study did not find significant group differences in the
ability to accurately identify or discriminate facial expressions according to valence. This
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lack of hemispheric differences according to valence is contrary to the
findings of several clinical studies (e.g., Adolphs et al., 1996; Adolphs, Jansari, et al.,
2001; Borod et al., 1986; Borod et al., 1993; Mandal et al., 1999; Mandal et al., 1991;
Philippi et al., 2009) that support a VH model whereby the right hemisphere is specialised
in the perception of negative emotion and both hemispheres process positive emotion.
However, although there was no interaction between group and valence, main effects for
participant group in the identification and discrimination of affective faces were found.
The HC group identified (M = 91.8, SD = 5.8) and discriminated (M = 85.0, SD = 5.5)
facial expressions more accurately than the RBD group (M = 83.9, SD = 9.9 and M =
79.2, SD = 7.3, respectively), whereas LBD group performance (identification, M = 87.8,
SD = 5.3; discrimination, M = 83.3, SD = 7.0) did not significantly differ from either the
HC or RBD groups. Reduced facial expression perception accuracy following RBD
compared to HC conforms with much of the clinical literature base in supporting the
RHH (i.e., right hemisphere dominance of emotion, regardless of valence; Borod et al.,
1990; Bowers et al., 1985; Charbonneau et al., 2003; Etcoff, 1984; Kucharska-Pietura et
al., 2003). However, interpretation of the association between emotion perception
accuracy and right hemisphere damage in the present study is limited by the nonsignificant differences when the RBD was compared with the LBD group, which in turn
did not differ from HC. The lack of hemispheric specialisation (i.e., right versus left
hemisphere damage) for the perception of affective faces indicates that both hemispheres
may contribute to emotion perception irrespective of valence. As such, the results do not
fully support the RHH.
Although the lack of hemispheric differences overall suggests that the current
results do not support the RHH, it is also important to note that the LBD group did not
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significantly differ from the HC group (identification task, Mean difference,
with 95% CIs = -3.91 [-8.72, 0.90]; discrimination task, Mean difference, with 95% CIs =
-1.68 [-6.07, 2.71]). These non-significant results comply with the results of the recent
meta-analysis of the clinical literature (Abbott et al., In Press). The meta-analysis showed
that although the LBD group perceived facial expressions less accurately than HCs, the
two groups did not differ due to wide confidence that crossed zero (Abbott et al., In
Press). The possible reasons for this lack of difference are discussed below.
One other clinical study did not find any significant hemispheric difference (i.e.,
RBD versus LBD) in the perception of affective faces of either valence (Braun et al.,
2005). This study tested RBD (n = 13), LBD (n = 11) and HC (n = 29) participants’
ability to perceive facial expressions via a computer-based identification task that used
colour photographs of the six basic emotions. Overall, Braun et al. (2005) found that
RBD and LBD patients were less accurate in identifying positive (happiness) and
negative (anger, fear, sadness, disgust) facial expressions compared to HCs, with no
significant differences between RBD and LBD patients. Thus, Braun et al. (2005) found
that both brain damaged patient groups performed less accurately than HCs. In contrast
the present results found that only the RBD group performed less accurately than the HC
group overall, and that the LBD and HC groups did not differ. Braun et al. recruited acute
stroke patients (26+5 days post onset), whereas the present investigation tested chronic (3
to 14 months post onset) stroke patients. Given that RBD patients have shown less
functional improvement than LBD patients six month after injury (Denes, Semenza,
Stoppa, & Lis, 1982), with a poorer long-term rehabilitation prognosis for RBD patients
(Johansson et al., 1992), the variability in the results between the two studies may be
attributed to differences in the injury chronicity of the stroke patients. Thus, although the
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LBD and RBD patients may have been similarly impaired at the acute stage
(Braun et al., 2005), at 3 to 14 months post injury the LBD patients in the current study
may have made greater recovery than the RBD patients, which in turn may have led to the
lack of difference between the LBD and HC groups in the present study contrary to Braun
et al.
The chronicity of brain damage may also explain why both the present study and
Braun et al. (2005) did not find any hemispheric differences (i.e., RBD versus LBD) in
contrast to the majority of clinical studies that either supported the RHH (i.e., RBD less
accurate than LBD and NC across valence; Borod et al., 1990; Charbonneau et al., 2003;
Kucharska-Pietura et al., 2003) or the alternative VH model (i.e., RBD less accurate than
LBD and NC for negative emotion, no group differences for positive emotion; Adolphs,
Jansari, et al., 2001; Borod et al., 1993; Mandal et al., 1999; Mandal et al., 1991). The
RHH and alternative VH were supported by clinical studies that generally used broad or
undefined chronicity ranges, whereas the present study and Braun et al. (2005)
incorporated well-defined chronicity ranges. As specified below, controlling the braindamage participant chronicity range may account for the lack of hemispheric differences
found in these two studies.
The present study incorporated a well-defined chronicity range of 3 to 14 months
post onset. However, in contrast, none of the previous clinical studies assessed chronic
patients within a well-defined chronicity range. Rather, previous investigations either
used a very broad chronicity span (e.g., chronicity M =35.5, SD = 61.8 months, Borod et
al., 1993; a range of 12 to 50 months post injury with a mean of 33.4 months,
Charbonneau et al., 2003) or did not define their chronicity range (e.g., at least three
months post onset with no maximum range provided, Adolphs et al., 1996; at least four
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weeks post injury with no maximum range provided, Kucharska-Pietura et al.,
2003). Thus, in contrast with the present study and Braun et al. (2005) who tested acute
patients (26+5 days post onset), most of the previous studies included brain-damaged
patients with long-term injury. The inclusion of very chronic (i.e., long term) brain
damaged patients may bias a study’s ability to find hemispheric differences due to a
higher likelihood for the left- compared to right-brain damage recovery as a result of LBD
patients having a better long term prognosis than patients with RBD (Johansson et al.,
1992). Therefore, the broad chronicity ranges used by most of the previous studies that
incorporated patients with long term injury may explain why these studies found
significant differences between the RBD and LBD groups in contrast with the current
study and Braun et al. (2005).
Furthermore, given that neuroimaging research has demonstrated alternative
patterns of emotion processing lateralization according to gender, with males shown to be
more lateralised than females while decoding facial expressions (Wager et al., 2003),
participant gender may also impact a study’s ability to find hemispheric differences for
emotion perception. It was therefore reasoned that studies that test only, or predominately
more, male participants may be more likely to find hemispheric differences in emotion
perception (e.g., Blonder et al., 1991; Borod et al., 1986; Mandal et al., 1999). In contrast,
studies that test a similar number of females and males may be less likely to find
hemispheric differences for emotion processing (e.g., Braun et al., 2005). Previous
investigations have generally not examined the interaction between participant gender and
experimental task performance (e.g., Blonder et al., 1991; Borod et al., 1986; Braun et al.,
2005; Charbonneau et al., 2003; Kucharska-Pietura et al., 2003; Mandal et al., 1999). Yet,
despite the potential for participant gender to moderate the lateralization of emotion
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perception, the present study did not find gender to interact with performance
on either of the facial emotion perception tasks. This indicates that participant gender is
unlikely to explain why the present results conflict with the majority of the literature.
The present study also specifically aimed to examine the impact of the number of
emotions used in the identification task on participants’ ability to perceive emotion. In
parallel with the finding that positive emotion was perceived more accurately than
negative emotion overall, all three groups (RBD, LBD, HC) perceived positive emotion
more accurately than negative emotion when there were four or six emotion options. As
discussed above, it is currently not clear why positive emotions are generally perceived
more accurately than negative emotions. Interestingly, no differences by valence were
found when there were only two emotion options (i.e., happy or sad), with very high
accuracy levels for the identification of both happiness (M = 99.1, SD 3.6) and sadness
(M = 98.8, SD = 3.2). It is likely that the large number of physical differences between
the emotions of happiness and sadness (e.g., distinctive smiling mouth for happiness
versus downturned mouth for sadness) contributed to these high accuracy scores
(Leppanen & Hietanen, 2004).
As demonstrated across Figures 4.2, 4.3 and 4.4, all three groups (RBD, LBD,
HC) performed less accurately on the identification task when there were more emotion
options (greater cognitive load). In addition to this overall pattern, a number of group
differences (i.e., RBD, LBD, HC) were found according to the number of emotion options
used. The RBD group identified facial expressions less accurately than the HC group
when there were two, four, and six emotion options. These results correspond in the
identification and discrimination task findings overall. However, although the RBD
participants identified facial expressions less accurately than LBD participants from two
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options, no hemispheric differences (i.e., right versus left brain damage) were
found when four or six emotions were used. This indicates that the number of emotions
used within the identification task may moderate the ability to find hemispheric
differences due to differences in cognitive demand. When the identification task carried a
high cognitive load (four or six options), affective face perception involved both
hemispheres, whereas only the right hemisphere was involved when the identification
task was not cognitively demanding (two options). Given the common cognitive
mechanisms underlying prosodic and facial expressions of emotion (de Gelder et al.,
1999; Pell, 2005), the suggestion that facial expression lateralisation may be moderated
by the cognitive load of the task is supported by research that has likewise demonstrated
that cognitive load moderates the hemispheric lateralisation for emotional prosody (for
review see Kotz et al., 2006).
Given the above findings, future research should be mindful of the impact of
cognitive load on the hemispheric lateralisation of emotion perception. In particular, the
number of emotions used within a facial emotion perception task needs to be considered
at the planning stage as well as when interpreting the results. More specifically, further
research is needed to examine how task demand may moderate hemispheric specialisation
of emotion perception. Cognitive load may underlie the emotion perception difficulties
following right- and left-brain damage, however alternatively, the lack of hemispheric
difference for a higher number of emotions may reflect different underlying problems in
each hemisphere. While task demand may moderate deficits in emotion processing
following left hemisphere damage (i.e., increased difficulty when demand is high),
impaired emotion processing following RBD may simply reflect a general deficit in
emotion processing (i.e., impaired emotion perception regardless of task demand). Thus,
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further investigation of how cognitive demand may moderate hemispheric
lateralisation of emotion perception is warranted.
The current study additionally examined whether task type moderated the ability
to find hemispheric differences for affective emotion perception by using two different
face perception tasks (i.e., identification and discrimination). Importantly, the current
finding of no hemispheric difference applied across both tasks, with a similar pattern of
results found according to group and valence in both the identification and discrimination
tasks. The present findings conform to the pattern of lateralization shown by
Charbonneau et al. (2003) on the identification and discrimination tasks. Together, these
findings suggest that the identification and discrimination tasks elicit a similar pattern of
performance, thus either task may be used to examine hemispheric differences of facial
emotion perception.
5 Conclusion
The present clinical study aimed to investigate the hemispheric specialisation of
facial expression perception according to valence whilst carefully controlling a number of
potential participant moderator variables. Chronicity and aetiology were limited in the
brain damaged sample to unilateral cerebral stroke patients tested between 3 to 14 months
post injury. Testing both male and female participants controlled participant gender. In
addition, two tasks (identification and discrimination) were used to examine the potential
impact of task type on the lateralization of emotion perception, and the number of
emotions used (two, four or six) within the identification task was examined to assess the
whether hemispheric specialisation was dependent on the number of emotions tested (i.e.,
changes to cognitive load). The present results showed that all participants (i.e., RBD,
LBD, and HC) were more accurate in identifying and discriminating positive than
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negative emotion from faces, with no evidence of between-group differences
in the ability to accurately perceive facial expressions according to valence. Across
emotions the RBD group was less accurate in perceiving facial emotion than the HC
group, however, the RBD group did not differ from the LBD group, which did not differ
from HC. Together these findings contradict both the RHH and VH. The results instead
suggest that both hemispheres are involved in the perception of both positive and negative
facial expressions. Results also indicated that although RBD and LBD groups did not
differ when there were four or six emotion options, the RBD performed significantly less
accurately than the LBD group when there were only two options. These findings suggest
that the number of emotion options used within the identification task may moderate
hemispheric differences in the perception of facial emotion due to changes in cognitive
demand. The gender of the participants was not found to moderate the facial emotion
processing. However, the general lack of hemispheric differences in this study may be
due to the use of stringent selection criteria, especially the use of a well-defined, shortterm chronicity range. Given that the long-term prognosis is reportedly poorer following
RBD than LBD (Johansson et al., 1992), testing patients 3 to 14 months post onset in the
present study is likely to have limited the impact that the inclusion of patients with very
chronic brain damage may have had on emotion perception lateralisation findings for
many of the previous studies.
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Chapter Summary
The primary objective of Chapter four was to assess the extent to which right and
left cerebral damage impact the perception of positive and negative emotion from faces,
and whether the magnitude of deficit differs according to the hemisphere damaged. More
specifically, Chapter four aimed to control or directly examine the influence of a number
of potential moderators on patterns of performance, including participant gender, injury
aetiology, injury chronicity, the number of emotions used within a task, and task type.
Overall, this carefully controlled clinical study showed no group differences in the
ability to accurately perceive facial expressions according to valence. In addition,
although the RBD group was less accurate than the HC group in the perception of facial
expressions across emotions, the LBD group did not differ from the RBD or the HC
groups. These findings suggest that both hemispheres process positive and negative facial
expressions, which conflicts with both the RHH (i.e., right hemisphere dominance) and
the VH (i.e., hemispheric differences according to valence).
These new clinical findings are particularly important, given the stringent
selection criteria and the assessment of the influences of potential moderator variables.
The well-defined, short-term chronicity range of 3 to 14 months post onset may have
influenced the lack of hemispheric differences found. This is because the reportedly
poorer long-term prognosis following RBD compared to LBD (Johansson et al., 1992)
may have biased previous studies to find hemispheric differences due to their inclusion of
very chronic brain-damaged patients as a results of broad or undefined chronicity ranges.
In contrast to the majority of past studies, the present study limited the potential for
patients with long-term injury to bias the results by excluding patients with very chronic
brain-damage. Overall, the chronicity range used may have led to the lack of hemispheric
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differences found in the present investigation. In contrast, neither the gender
of the participants, nor the perception task used, moderated the hemispheric specialisation
of emotion. This suggests that future studies can use either an identification or
discrimination task and expect that the pattern of results will generalise. Finally, the
present results demonstrate that when the identification task carried a high cognitive load
(four or six options), affective face perception involved both hemispheres (i.e., left and
right), whereas only the right hemisphere was involved when the identification task was
not cognitively demanding (two options). Thus, these findings suggest that the number of
emotion options used within a perception task may moderate hemispheric differences in
the perception of facial emotion due to differences in cognitive demand.
These new clinical results contrast with the results of the MA reported in Chapter
two, which indicated that the right hemisphere preferentially processes negative facial
expressions and both hemispheres process positive facial expressions. These contrasting
findings may be attributed to the stringent selection criteria used in the new clinical study;
in contrast, as discussed in Chapter two, the MA was unable to reliably assess the impact
of most clinical participant characteristics. For example, chronicity unable to be examined
in the MA because the range was frequently not reported or it was very broad. Other
potential moderator variables (e.g., intra-hemisphere lesion location and participant age)
were also unable to be assessed for similar reasons. The only potential moderator variable
that could be assessed in the MA was participant gender, with inconsistent results found.
Importantly, participant gender was not found to moderate the emotion lateralisation in
the new clinical study, which corresponds with the inconsistent meta-regression results
for gender in the MA. These findings are consistent with fMRI research that indicates that
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participant gender influences the lateralisation of affective face perception in a
complex and region-specific manner (Lee et al., 2002).
The current clinical study did not find any hemispheric differences in the ability to
accurately identify or discriminate facial expressions according to valence. It is possible
that the apparently equivalent hemispheric performance may reflect the implementation
of alternative processing strategies. No clinical study to date has investigated whether the
left and right hemispheres use the same or different processes to perceive positive and
negative facial expressions. Yet it is well established that the right hemisphere is
specialised to process configural facial information, whereas the left hemisphere
specifically processes facial information featurally (e.g., Bliem, 1998; Bourne, Vladeanu,
& Hole, 2009; Jacques & Rossion, 2007; Leehey, Carey, Diamond, & Cahn, 1978;
Rhodes, 1993; Rossion et al., 1999; Uttner, Bliem, & Danek, 2002; Yin, 1970). This
suggests that following left or right hemisphere damage, patients may process faces via
different strategies. As such, there is clearly a need for further clinical research to
determine whether patients with left and right hemisphere damage are relying on
configural and/or featural information to the same extent, or whether the RBD and LBD
patients are relying on different strategies to produce the same outcome.
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Chapter five

An Empirical Investigation:
The Influence of Left and Right Hemisphere Brain Damage on Configural and
Featural Processing of Affective Faces

“Nature shows us only the tail of the lion. But there is no doubt in my mind that the lion
belongs with it even if he cannot reveal himself to the eye all at once because of his huge
dimension”
~ Albert Einstein (Letter to H. Zangger, 1914, quoted in The Curious History of
Relativity by Jean Eisenstaedt, 2006, p. 126)
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Chapter Introduction
In response to conflict concerning the involvement of the right and left
hemispheres in affective face perception, this thesis conducted a MA of the clinical
literature (Chapter two), followed by an empirical investigation that controlled for a
number of potential moderator variables (Chapter four). These studies had two primary
aims: to assess the extent to which right and left cerebral damage impact the perception of
positive and negative facial expressions, and to examine the influence of potential
moderator variables (e.g., participant gender, injury aetiology, injury chronicity, and task
cognitive load) on patterns of lateralization.
The results of the MA (Study one) and the new clinical investigation (Study two)
were conflicting. The findings from the MA indicated that the right hemisphere
preferentially processes negative facial expressions and both hemispheres process
positive facial expressions. In contrast, the findings from the Study two demonstrated that
both hemispheres are involved in processing both positive and negative facial
expressions. It is possible that these conflicting findings are due to the stringent selection
criteria used in the Study two, which the MA was unable to reliably control or assess.
Regardless of how the brain is lateralised for emotion processing, the right and left
hemispheres may process emotion in faces using different strategies. Faces can be
processed using configural information processing (i.e., a holistic approach that involves
the spatial relations between the features of the face) and featural information processing
(i.e., individual details such as the eyes and the mouth are processed using a piecemeal
approach; Collishaw & Hole, 2000). Examination of the strategies underlying left and
right hemisphere emotion processing could assist in clarifying how the brain is lateralised
to process facial expressions.
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It is well established that the right hemisphere is specialised to process
configural facial information, whereas the left hemisphere processes facial information
featurally (e.g., Bliem, 1998; Bourne, Vladeanu, & Hole, 2009; Jacques & Rossion, 2007;
Leehey, Carey, Diamond, & Cahn, 1978; Rhodes, 1993; Rossion et al., 1999; Uttner,
Bliem, & Danek, 2002; Yin, 1970). To date no clinical study has investigated whether the
use of configural and featural processing strategies during emotional face perception is
differentially affected by left and right hemisphere damage. As such, the aim of Chapter
five was to conduct a large clinical investigation to examine the extent to which RBD and
LBD patients rely on configural and featural information when processing positive and
negative facial expressions.
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Abstract
The literature about the lateralisation of facial emotion perception according to
valence (positive, negative) is conflicting; investigating the underlying processes may
shed light on why some studies show right hemisphere dominance across valence and
other studies demonstrate hemispheric differences according to valence. This is the first
clinical study to examine whether the use of configural and featural cues underlie
hemispheric differences in affective face perception. Right brain-damaged (RBD; n = 18),
left brain-damaged (LBD; n = 18), and healthy control (HC; n = 36) participants
completed an affective face discrimination task that tested configural processing using
whole faces and featural processing using partial faces. No group differences in
expression perception according to valence or processing strategy were found. However,
positively valenced partial faces were perceived more accurately from the mouth than the
eyes, whilst the opposite effect was found for negatively valenced partial faces. Across
emotions, the RBD group was less accurate than the HC group in discriminating whole
faces, whilst the RBD and LBD groups were less accurate than HCs in discriminating
partial faces. This suggests that the right hemisphere processes facial expressions from
configural and featural information, whereas the left hemisphere relies more heavily on
featural facial information.
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It has been well documented that facial expressions are a core
component of social cognition (e.g., Ekman & Friesen, 1969; Mehrabian & Ferris, 1967;
Mehrabian & Friar, 1969). As such, there has been considerable research into how the
brain is lateralised to process emotion from faces. Yet despite over three decades of
research, the nature of emotion lateralisation remains contentious. Research examining
normal and clinical populations has supported two main theories: the Right Hemisphere
Hypothesis (RHH) and the Valence Hypothesis (VH). The RHH was first proposed by
Hughlings-Jackson (1879, 1915) and posits that the right hemisphere dominates all
emotion processing irrespective of valence (for review see Borod et al., 2002; Demaree et
al., 2005). In contrast, the VH suggests that negative emotion is preferentially processed
in the right hemisphere and positive emotion is primarily processed in the left hemisphere
(for review see Borod et al., 2002; Demaree et al., 2005). Evidence supporting each of
these theories is summarised below.
Research studies have indicated that emotion perception is dominated by the right
hemisphere (i.e., RHH) in the normal population using a number of techniques, including
behavioural paradigms using chimeric stimuli (e.g., Bourne, 2010; Christman &
Hackworth, 1993) and functional magnetic resonance imaging (fMRI, e.g., Narumoto et
al., 2001; Sato, Kochiyama, Yoshikawa, Naito, & Matsumura, 2004b). Chimeric face
perception tasks commonly involve pairs of vertically split chimeric faces, each
comprised of one neutral and one emotive half face; half the faces have the emotional
expression in the left half face (i.e., left visual field) while the other half present the
expression in the right half face (i.e., right visual field). Participants are asked to compare
the intensity of emotional expression for each pair of chimeric stimuli, which are mirror
images of one another (therefore the only difference is the side of the face in which the

235
emotion is shown; Ashwin et al., 2005; Christman & Hackworth, 1993).
Chimeric face studies testing normal individuals take advantage of the contralateral
innervation of the central nervous system. A left-biased response (i.e., right hemisphere)
is indicated when the chimera with the emotion to the viewer’s left is judged as being
more emotive, and vice versa for right-biased responses (e.g., Christman & Hackworth,
1993). For instance, Christman and Hackworth (1993) and Drebing et al. (1997)
demonstrated a left half-face bias for both positive and negative emotions. These findings
thus support a greater right hemisphere role in the perception of emotion, irrespective of
valence, consistent with the RHH.
The RHH hypothesis has also been supported in the normal population in fMRI
investigations (e.g., Narumoto et al., 2001; Sato et al., 2004b). fMRI is a non-invasive
technique that identifies the brain regions active during a cognitive task by measuring
blood flow changes in the brain (McKeown et al., 1998). Narumoto et al. (2001) used a
matching task that required participants to match a target facial expression (happiness,
fear or neutral) to the face that showed the same emotion, from two options. fMRI data
showed activation in the right superior temporal sulcus during this task, across valences,
consistent with the RHH (Narumoto et al., 2001). These findings were essentially
replicated by Sato et al. (2004b). This study demonstrated increased activity in the
occipital and temporal lobes, especially in the right hemisphere, during the perception of
dynamic positive and negative facial expressions, in support for the RHH.
Clinical studies assessing unilateral brain-damaged participants have also
supported the RHH using a range of behavioural emotion perception tasks (e.g., Borod et
al., 1990; Bowers et al., 1985; Charbonneau et al., 2003; Kucharska-Pietura et al., 2003).
For instance, the discrimination task requires participants to decide whether pairs of facial
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expressions express the same or different emotion. Consistent with the RHH,
investigations indicate that right brain damaged (RBD) participants discriminate positive
and negative facial expressions less accurately than either left brain damaged (LBD) or
healthy control (HC) participants (Blonder et al., 1991; Bowers et al., 1985; Charbonneau
et al., 2003). Results from studies using identification and labelling tasks are consistent.
The identification task presents participants with one emotional face at a time and
participants use a response list to identify the emotion expressed. The labelling task also
involves the presentation of a single affective face, however there is no cue card of
options; participants must generate their own response. Results from these tasks confirm
that participants with RBD are less accurate than LBD and HC participants in both
identifying (Borod et al., 1990; Charbonneau et al., 2003) and labelling (Bowers et al.,
1985; Kucharska-Pietura et al., 2003) negative and positive facial emotions, suggesting
right hemisphere dominance for emotion processing.
Although these studies have shown primary involvement of the right hemisphere
in the perception of affective faces irrespective of valence, other research indicates that
the hemispheres' involvement in emotion processing differs with emotional valence (e.g.,
Canli et al., 1998; Jansari et al., 2000; Reuter-Lorenz & Davidson, 1981). For example,
fMRI research has shown higher levels of brain activity in the left hemisphere in response
to positive pictures (e.g., puppies and food like ice cream) and more activity in the right
hemisphere for negative pictures (e.g., spiders, people who are angry; Canli et al., 1998;
Dolcos et al., 2004). The findings indicate that the right hemisphere processes negative
emotions and the left hemisphere controls position emotion processing, consistent with
the VH.
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Behavioural paradigms administered to normal individuals have also
supported the VH (e.g., Davidson et al., 1987; Jansari et al., 2000; Reuter-Lorenz &
Davidson, 1981). For example, Jansari et al. (2000) used a divided visual field
discrimination test. The divided field technique involves half of the stimulus trials being
presented to the left visual field (i.e., projected to the right hemisphere), whilst the other
half are presented to the right visual field (i.e., left hemisphere; Geffen et al., 1971).
Jansari et al. (2000) used facial expressions of happiness, surprise, disgust, fear, sadness
and anger morphed with neutral faces to create a set of linear morphs between a neutral
expression and each emotional expression. Participants were shown a neutral expression
next to an emotional morph, with each emotional morph presented once to the left and
once to the right of the neutral face. Participants were then provided with the emotional
label for the morphed image and asked to choose which of the faces best corresponded to
that emotion. A left visual-field (right hemisphere) bias for negative facial emotion and a
right visual field (left hemisphere) bias for positive facial emotion was shown (Jansari et
al., 2000), consistent with the VH. These results are consistent with the findings of earlier
studies that also supported the VH in the normal population using the divided visual test
(e.g., Davidson et al., 1987; Reuter-Lorenz & Davidson, 1981).
In contrast with the findings in the normal population, clinical research involving
left or right brain-damage patients has not fully supported the VH. Rather, a large number
of clinical studies support an alternative valence model, whereby the right hemisphere is
dominant for the perception of negative emotion but both hemispheres (left and right)
process positive emotion (e.g., Abbott et al., In Press; Adolphs, Jansari, et al., 2001;
Borod et al., 1986; Mandal et al., 1999). For example, a recent meta-analysis of the
clinical literature (Abbott et al., In Press) indicated that both RBD and LBD were
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associated with emotion perception (identification and labelling) impairment
across emotional valences, although patients with RBD demonstrated a greater tendency
for negative compared to positive emotion perception impairment. Together these
findings indicate the right hemisphere is particularly important for the perception of
negative faces, whereas both hemispheres mediate the perception of positive facial
expressions. Thus, these meta-analytic results offer support for the alternative valence
hypothesis.
On the other hand, other clinical studies have failed to find any hemispheric
differences (i.e., RBD versus LBD) in the perception of facial expressions according to
valence (e.g., Abbott, Wijeratne, Hughes, & Perre, Submitted; Braun et al., 2005). For
example, patients with acute right and left hemisphere damage did not significantly differ
in the identification of facial expressions, irrespective of valence (Braun et al., 2005).
Abbott et al. (Submitted) similarly did not find any hemispheric differences in the ability
to accurately identify or discriminate facial expressions according to valence. Given that
long-term outcomes are poorer following RBD than LBD (Johansson et al., 1992),
differences in studies' sample chronicity may lead to conflict in research findings.
As this brief review indicates, the literature is divided and it is unclear whether the
right hemisphere preferentially processes all emotion (i.e., RHH; e.g., Christman &
Hackworth, 1993; Kucharska-Pietura et al., 2003; Narumoto et al., 2001), the right and
left hemispheres are differentially lateralised to process emotion according to valence
(i.e., VH or alternative VH; e.g., Abbott et al., In Press; Borod et al., 1986; Canli et al.,
1998; Jansari et al., 2000), or whether both hemispheres are involved in emotion
processing (e.g., Abbott et al., Submitted; Braun et al., 2005). Regardless of how the brain
is lateralised for emotion processing, the right and left hemispheres may process positive
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and negative emotion from faces via alternative strategies. Further knowledge
about the strategies that underlie hemispheric processing of facial emotion may assist in
clarifying how the cerebral hemispheres are lateralised to process facial expressions
according to valence.
There are two main processing strategies thought to underlie facial emotion
perception: the configural processing strategy and the featural processing strategy (for
review see Collishaw & Hole, 2000). The configural processing strategy encompasses a
holistic approach, whereby the spatial relation between the facial features is used. In
contrast, the featural processing strategy is a piecemeal, analytic approach (i.e.,
processing specific facial detail such as the eyes;Collishaw & Hole, 2000). Research
examining both normal and unilateral brain-damaged individuals has demonstrated that
the right hemisphere is specialised to process configural facial information, whereas the
left hemisphere specifically processes facial information featurally (e.g., Bliem, 1998;
Bourne et al., 2009; Rossion et al., 1999; Uttner et al., 2002; Yin, 1970), this difference
may contribute to the observed differences in emotion perception lateralisation.
A number of clinical investigations have involved patients with prosopagnosia
(e.g., Bliem, 1998; Stephan, Breen, & Caine, 2006; Uttner et al., 2002; Yin, 1970), a face
perception disorder whereby patients are unable to recognise faces (Hecaen &
Angelergues, 1962). Upright and inverted faces are often used to assess configural versus
featural face processing (e.g., Leehey et al., 1978; Yin, 1970) because faces presented in
the upright orientation are processed primarily on the configural information contained
within them, whereas inverted faces are processed on the basis of their featural
information due to a disruption in configural processing (Leder & Bruce, 1998; Searcy &
Bartlett, 1996). For example, Yin (1970) used face inversion to investigate hemispheric
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differences in face processing in brain-damaged patients. This study found that
upright face recognition was impaired in patients with cerebral posterior RBD compared
to HC and LBD participants. In contrast, patients with other (bilateral or unilateral leftsided) brain damage showed impaired recognition of inverted faces compared to healthy
controls and cerebral posterior RBD patients. Yin's (1970) findings suggest right
hemisphere specialisation for configural information and left hemispheric specialisation
for featural information, consistent with the findings of other clinical investigations with
RBD patients with prospagnosia (e.g., Bliem, 1998; Stephan et al., 2006; Uttner et al.,
2002).
Research testing non-clinical participants also indicates that the left and right
hemispheres are differentially specialised to process information from faces (e.g., Bourne
et al., 2009; Leehey et al., 1978; Rhodes, 1993). Bourne et al. (2009) specifically linked
the right hemisphere to configural face information processing and the left hemisphere to
featural face information processing. This study used a divided visual field task that
followed a lateralised repetition-priming paradigm with configurally degraded (displaced
features) and featurally degraded (i.e., blurred) face stimuli. The results showed that
configurally degraded prime faces produced a negative priming effect (i.e., participants
were slower to respond) when presented to the left visual field (right hemisphere) and a
positive priming effect (i.e., faster to respond) when presented to the right visual field
(left hemisphere). In contrast, the featurally degraded prime faces produced the opposite
pattern of hemispheric effects. These results indicate that the right hemisphere
experiences difficulty in perceiving faces when configural processing is interrupted,
whereas an interruption to featural processing negatively impacts on face perception in
the left hemisphere. Together these findings suggest that the right hemisphere is
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specialised for configural face processing and the left hemisphere
predominately processes featural information. Other non-clinical studies have encouraged
featural processing via the use of face inversion using the divided visual field technique.
These studies found a right visual field response bias for inverted faces (Leehey et al.,
1978; Rhodes, 1993), which again suggests left hemisphere expertise for processing faces
based on featural information.
A similar hemispheric pattern has also been shown using fMRI, with research
showing that the left fusiform area activates to a larger extent than the right fusiform in
response to inverted faces (Passarotti, Smith, DeLano, & Huang, 2007), indicating left
hemisphere (fusiform area) specialisation to process featural information from faces.
Another fMRI study measuring neural adaptation similarly demonstrated the left fusiform
area to adapt in response to part-based (misaligned face halves and asymmetrically
manipulated faces) facial information (Harris & Aguirre, 2010), indicating that the left
fusiform area primarily uses featural information to process faces. However, this study
also showed neural adaption in the right fusiform gyrus in response to face parts (i.e.,
featural information), as well as whole faces (i.e., configural information; Harris &
Aguirre, 2010), suggesting that the right fusiform area is able to process configural as
well as featural face information. These findings suggest that although the right fusiform
area relies heavily on configural processing, it is also capable of processing featural
information from faces, whereas the left hemisphere primarily processes featural
information from faces. Overall, clinical and non-clinical research using various methods
has largely supported the suggestion that the right hemisphere is specialised to process
faces configurally, whereas the left hemisphere is specialised to process faces featurally.
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However, there is some evidence to suggest that the right hemisphere is also
capable of processing featural information from faces.
Although the hemispheric specialisation for configural and featural face
processing strategies has been established, only one study to date has investigated the
relationship between configural and featural processing strategies and the perception of
facial expressions according to valence (i.e., positive versus negative; Bourne, 2011).
This study administered a chimeric face test incorporating the six basic emotions of
anger, fear, happiness, sadness, surprise, and anger to normal participants, with pairs of
chimeric faces presented either upright or inverted. Participants were required to identify
which of the two faces presented looked more emotive (e.g., happier). Left visual field
performance was superior for all emotions when the faces were presented upright,
whereas right visual field performance was superior when the same faces were inverted.
However, the magnitude of the inversion effect varied across the six emotions: the right
visual field was only found to be significantly superior at processing positive inverted
facial expressions. No clear lateralisation effect was found for the negatively valanced
inverted faces. Overall, on the basis of the upright versus inverted face results, Bourne
(2011) concluded that the right and left hemispheres are differentially specialised for
processing facial expressions, with the right hemisphere specialised for processing
configural facial information and the left hemisphere specialised to process featural facial
information (Bourne, 2011).
However, Bourne’s (2011) results did not consistently support either the RHH or
the VH. Although the upright condition clearly supports the RHH, given the right
hemisphere bias for positive and negative emotions, the inverted condition lends support
to the VH, with hemispheric differences in the processing of positive and negative
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emotions evident. The author was unable to adequately reconcile these
opposing findings. However, given that previous research has shown that negative
expressions are more affected by configural manipulations (Chambon, Baudouin, &
Franck, 2006; Prkachin, 2003), it was suggested that while positive emotions can be
processed on the basis of both configural and featural information, the processing of
negative emotions may be more reliant on configural information. Thus, differences in the
underlying strategies involved in the processing of positive versus negative emotions may
account for the hemispheric differences observed in the inverted condition. To date no
clinical studies with unilateral brain-damaged patients have assessed the underlying
strategies behind the lateralisation of emotion perception according to valence. Future
research is clearly required.
Given the contention in the literature concerning a) the lateralisation of emotion
perception, and b) the contributions of configural and featural processes to left and right
hemisphere emotion recognition, the present study was designed to determine whether the
left and right hemispheres use the same or different processes to perceive positive and
negative facial expressions. As such this study aims to investigate the extent to which
patients with right and left hemisphere damage rely on configural and/or featural
processing strategies when processing positive and negative facial emotions. To achieve
this aim, three participant groups were recruited: a RBD patient group, a LBD patient
group, and a healthy control group. An affective face discrimination task was used to
elicit configural processing via the use of pairs of whole faces and featural processing
through the use face pairs that included partial (i.e., only eyes or only mouth) stimuli.
This task was chosen because other studies have used whole and part based facial stimuli
to investigate configural and featural information processing (e.g., Harris & Aguirre,
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2010; Stephan et al., 2006). It is expected that RBD patients will process
positive and negative expressions from whole faces (i.e., configural) less accurately than
LBD and HC participants, in support of the RHH. In contrast, it is predicted that LBD
patients will process positively valenced partial faces (i.e., featural) less accurately than
RBD and HC participants, in support of the VH, with no hemispheric difference in how
negatively valenced partial faces are processed, contrary to the RHH, VH, and alternative
VH.
Method
Participants
Thirty-six patients who had sustained a unilateral stroke were recruited from the
Austin Health or Western Health services; 18 had suffered right-sided brain-damage
(RBD), and 18 had suffered left-sided brain-damage (i.e., LBD). All stroke participants
were medically stable and had experienced a cerebral stroke between 3 to 14 months ago
(Chronicity range: RBD = 101-334 days; LBD = 112-418 days). In addition, 36 healthy
control (HC) participants were recruited via the social networks of the researcher as well
as through advertising at the Western Hospital. Each HC participant was demographically
matched for age and education to one of the stroke participants. Please refer to Abbott et
al. (Submitted) for detailed demographic information for the stroke and control groups1.
Briefly, no significant differences in the gender composition of the groups were found, χ2
(2, N=72) = 4.98, p = .08. Furthermore, the three groups did not differ in age (F(2, 69) =
.49, p = .61, η2 = .01) or years of education (F(2, 69) = 1.80, p = .17, η2 = .05).

1

This table is presented in Chapter 3 of this thesis; please refer Table 3.3, p. 144.
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Stroke patients with severe residual cognitive deficits as indicated by
scores lower than 24/30 on the mini mental status examination (MMSE; Folstein et al.,
1975) were excluded. However three stroke patients were included despite scores of 17,
20 and 22 (beneath the 24/30 cut-off) because their low scores were due to specific
residual neurological impairments and/or English being their second language, which
prevented them from attempting some of the MMSE tasks. Physical difficulties and low
English literacy are known to lower a patient’s performance on the MMSE, even though
they may be cognitively intact (Folstein et al., 1975), thus the inclusion of these three
patients was deemed appropriate. Mean values on the MMSE for the three groups were
shown to significantly differ (F = 6.4 (2, 69), p < .01, η2 = .16); The HC group scored
significantly higher than the RBD (p < .01) and LBD (p = .02) groups. There was no
difference between the RBD and LBD groups (p = .98). Further participant details (i.e.,
group means with their 95% CIs) are detailed in Abbott et al. (Submitted).5
Further selection criteria for all participants (stroke and HC) included the
following: right hand dominance as decided by the Edinburgh test of handedness
(laterality quotient cut-off of >50; Oldfield, 1971), adequate (assisted) vision to see A4
pictures and the ability to recognise unfamiliar faces as determined by the short form
Benton facial recognition task (Levin et al., 1975), and no previous and/or secondary
psychiatric diagnosis, neurological disease or habitual drug or alcohol use as per the
participants answers that were provided during an initial interview. The DASS21 was also
retrospectively used to test each participant’s level of depression, anxiety and stress
during the preceding week (Lovibond & Lovibond, 1995). Please refer to Abbott et al.
(Submitted) for the mean differences and 95% CIs between the groups for the three
DASS scales (anxiety, depression, stress), the Edinburgh handedness test, and the Benton
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facial recognition test.5 There were no significant group differences in mean
levels of depression (F(2, 69) = 0.73, p = .48, η2 = .02), anxiety (F(2, 69) = 0.96, p = .39,
η2 = .03), or stress (F(2, 69) = 0.62, p = .54, η2 = .02). The three groups did not
significantly differ in handedness (F(2, 69) = 1.72, p = .19, η2 = .11). However, group
differences in the mean values of the Benton facial recognition test were found, (F = 4.3
(2, 69), p = .02, η2 = .02), with the HC group scoring higher than the RBD group (p =
.02); the LBD group did not differ from either the HC (p = .56) or RBD (p = .24) groups.
For each stroke participant, two senior neurologists identified the brain regions
involved, as well as the size of the lesion (please refer to Tables 2 and 3 in Abbott et al.,
Submitted).2 Brain scans (CT and/or MRI) were obtained from the Austin or Western
hospitals. The site of the lesion was confirmed using the brain scans for 34/36 patients.
The scans were also used to measure the lesion volume (cm3) for 32/36 patients. Each
patient's lesion was classified into one of three categories (small, medium, large) by two
senior neurologists, based on scan volume. Post hoc analysis of the neurologists'
classifications showed that small lesions measured less than 2cm3, medium lesions
measured between 2cm3 and 30cm3, and the volume of large lesions was greater 30 cm3.
Two patients (one RBD and one LBD) were allocated based on the clinical evidence
collected by the attending neurologists at the time of hospital admission because the early
CT scans obtained did not show any identifiable infarct area. The site and size of the
lesion in these two patients was subsequently unable to be confirmed. In addition, the
lesion size for two extra patients (one RBD and one LBD) could also not be measured
because the brain scans used to measure the lesion volume were not available as their
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scans were not performed at the Austin or Western hospitals. However their
imaging reports were available and were used to identify lesion site.
Finally, 34/36 of the stroke patients sustained localised cerebral infarctions, and
one LBD and one RBD sustained a localised cerebral haemorrhage. Refer to Tables 26
(RBD patients) and 36 (LBD patients) in Abbott et al. (Submitted) for further information
about the stroke participants’ pathological and clinical profiles, including the lesion size,
vascular territory, brain regions involved, initial and residual neurological signs, number
of days in hospital, and chronicity.
Materials
Participants were assessed on an affective face discrimination task that measured
two processing strategies that are thought to underlie facial expression perception:
configural and featural information processing (Collishaw & Hole, 2000). The
discrimination task elicited featural processing through the use of partial faces (only the
eyes or only the mouth; e.g., categories B, D and E within Figure 1) and configural
(holistic) processing via whole faces (e.g., categories A and C within Figure 13).
Thirty-six of Ekman and Friesen’s (1976) pictures of facial affect were selected
(12 for happiness, 12 for sadness and 12 for neutral) and used because they had the
highest percentage of judgements of the intended emotion (i.e., most reliable), based on
the data published by Ekman and Friesen (1976). For each category, 50% of the photos
were male models and 50% were of female models. All facial stimuli were presented as
black and white photographs attached to A4 white cards. The clothing and hair of the
facial stimuli were shaded so that only the facial features could be used as recognition
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cues. The same model (i.e., identity) was used in each face pair. Each of the
whole faces measured approximately 8cm (height) x 6.5cm (width). The partial faces
measured about 3cm (height) x 6.5cm (width). The face pairs were vertically arranged to
minimise the possible confounding effects of hemispatial neglect. The number of correct
responses was recorded for each task.
For each trial, participants were presented with one face pair and were required to
distinguish whether the pair of faces expressed the same or different emotion(s) by
verbalising or pointing to their response from a response card that listed the two response
options (same, different) vertically. Participants were assessed over two blocks of 30
trials: the positive emotion block utilised happy and neutral emotional stimuli, whereas
the negative emotion block utilised sad and neutral emotional stimuli. Each block was
preceded by the presentation of five familiarisation trials (one trial for each of the five
different discrimination categories, as detailed in Figure 17), with feedback provided. The
sequence of the positive and negative blocks was counterbalanced between participants.
Within each block there were five categories of face pairs, as outlined in Figure 17. For
each block there were 12 whole face stimuli trials (i.e., configural information) and 18
partial face stimuli trials. A higher proportion of partial face trials was used because two
partial face stimuli categories were required for the discrimination of different emotions:
partial neutral and whole emotional faces in category D and partial emotive and whole
neutral faces in category E. Within categories B, D and E, 50% of the partial face stimuli
consisted of eyes and 50% consisted of mouths. A rest interval of approximately two
minutes was provided between the two blocks.
Five versions of each block were created to counterbalance the models presented
within each of the five categories. This was to control for the possible impact of different

249
models (identities) on facial emotion perception. The five categories were
independently randomised within each block for each participant. Moreover, stimulus
order was randomised for each participant.
Procedure
All stroke and HC participants were administered an identical assessment. Each
assessment session began with the researcher detailing the participant information and
consent form with the participant. Participants who met the selection criteria were
screened with the MMSE (Folstein et al., 1975) at the start of the assessment session to
ensure that they had sufficient cognitive capacity to provide informed consent to
participate. If deemed cognitively able and the participant had signed an informed consent
form, the remaining tests were administered. The tests were administered in the following
order: MMSE, interview (demographic and clinical questions), Edinburgh Handedness
Inventory, Benton facial recognition test (short form), whole versus partial face
discrimination task, DASS21. There was no time limit for the stimulus exposure during
the discrimination task, and each trial ended after the participant responded. There was a
rest interval of approximately two minutes between each of the different tests.
Results
Whole versus Partial Face Discrimination
As illustrated in Figure 5.2, for all three participant groups (RBD, LBD, HC) the
mean percentage correct was highest for the discrimination of positive whole faces,
followed by the discrimination of positive partial faces, then the discrimination of
negative whole faces, with the lowest accuracy levels for the discrimination of negative
partial faces.

250
The influences of emotional valence (positive, negative), stimulus type
(whole, partial), participant group (RBD, LBD, HC), and participant gender (male,
female) on discrimination accuracy were explored using a mixed-design ANOVA. There
was a significant interaction between stimulus type and participant group [F(2, 66) =
3.72, p = .03, partial η2 = .10]. Two post hoc one-way between participant groups
ANOVAs examined this interaction further. A large difference (η2 = .14) between the
participant groups was found in response to whole face stimuli [F(2, 69) = 5.58, p < .01].
The HC group (M = 91.4, SD = 6.4) was the most accurate in discriminating facial
expressions based on whole faces, followed by the LBD group (M = 88.7, SD = 5.1), and
the RBD group (M = 84.5, SD = 10.1). Tukey HSD post hoc comparisons indicated that
the HC group was significantly (p < .01) more accurate than the RBD group. The LBD
group did not significantly differ from the RBD (p = .20) or HC (p = .38) groups. A large
(η2 = .18) difference was also found between the three participant groups in response to
partial face stimuli [F(2, 69) = 7.55, p < .01]. The HC group was the most accurate at
processing facial emotion based on partial faces (M = 84.4, SD = 6.1), followed by the
RBD (M = 78.1, SD = 9.5) and LBD (M = 75.8, SD = 10.8) groups. Tukey HSD post hoc
comparisons found the HC group to be significantly more accurate compared to the LBD
(p < .01) and RBD (p < .01) groups, however, the RBD and LBD groups did not
significantly differ (p = .69).
There was also a significant three-way interaction between valence, group, and
gender [F(2, 66) = 4.68, p =.01, partial η2 = .12]. A post hoc mixed ANOVA further
examined this interaction. Positive facial expressions were discriminated more accurately
than negative expressions for female RBD, male LBD, female LBD, male HC and female
HC participants. However, there was no significant difference by valence in the
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discrimination of facial expressions for male RBD participants. Please refer to
Table 5.1 for statistical data according to valence, participant group and gender. All other
interactions proved non-significant.
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Figure 5.2.
Mean % correct with 95% Confidence Intervals (CIs) for the discrimination of affective
faces as a function of participant group (LBD = left brain damaged, RBD = right brain
damaged, HC = healthy control), emotional valence (positive: happy; negative: sad), and
processing strategy (configural, featural).

Table 5.1
Statistics for the Discrimination of Positive and Negative Faces by Participant Group and Gender.
Group

Gender

Whole faces vs. Partial faces
Positive

Negative

Positive

Negative

Emotion Emotion

Emotion

Emotion

Mean Percentage

F

p

correct (SD)
RBD

Male

Female

LBD

Male

Female

HC

Male

Female

Partial faces: Eyes vs. Mouth

86.9

78.4

(10.1)

(13.1)

90.5

67.9

(4.2)

(17.3)

90.5

73.8

(7.5)

(9.0)

89.4

75.3

(8.9)

(9.3)

94.4

79.4

(2.9)

(9.5)

93.4

83.9

(5.1)

(8.4)

2.93

2.93

49.70

18.77

35.38

25.90

.12

.01

< .01

.01

< .01

< .01

Partial

Mean Percentage

η2

correct (SD)

.23

.75

.81

.82

.72

.52

F

P

Partial
η2

81.3

77.3

(10.0)

(9.1)

85.7

66.7

(8.4)

(19.2)

82.9

68.4

(12.9)

(12.9)

82.2

68.9

(16.4)

(13.9)

90.0

73.3

(4.8)

(11.5)

90.7

82.0

(5.9)

(8.2)

1.32

.28

.12

9.55

.02

.61

9.61

.01

.45

10.29

.03

.72

28.64

< .01

.67

15.92

< .01

.44
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Partial Face Discrimination: Eyes versus Mouth
As illustrated in Figure 5.3, all three participant groups (RBD, LBD, HC) were
most accurate for the discrimination of positive emotion from the mouth, followed by the
discrimination of negative emotion from the eye region, then the discrimination of
positive emotion from the eye region, with the least accurate performance for the
discrimination of positive emotion from the mouth.

Mean % correct with 95% CIs
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Figure 5.3.
Mean % correct with 95% Confidence Intervals (CIs) for the discrimination of affective
partial faces (i.e., featural processing) as a function of participant group (LBD = left brain
damaged, RBD = right brain damaged, HC = healthy control), emotional valence
(positive: happy; negative: sad), and partial stimulus type (mouth, eyes).
The influences of emotional valence (positive, negative), partial stimulus type
(eyes, mouth), participant group (RBD, LBD, HC), and participant gender (male, female)
on discrimination accuracy from partial stimuli (i.e., featural processing) were explored
using a mixed-design ANOVA. A significant interaction was found between valence and
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partial stimulus type [F(1, 66) = 62.0, p < .01, partial η2 < .48]. Two post hoc
one-way repeated measures ANOVAs further examined this interaction. A significant
difference was found according to the type of partial stimulus for the perception of
positive emotion [F(1, 71) = 5776.31, p < .01, partial η2 = .99]. Participants were more
accurate in discriminating positive emotions from the mouth (M = 93.7, SD = 11.3) than
from the eyes (M = 79.6, SD = 14.4). A significant difference in the type of partial
stimulus was also found for the perception of negative facial expressions [F(1, 71) =
2494.53, p < .01, partial η2 = .97]. Participants were more accurate in discriminating
negative facial expressions from the eye region (M = 81.8, SD = 16.5) than from the
mouth (M = 67.4, SD = 16.0).
In addition, there was a significant three-way interaction between valence,
participant group and gender [F(2, 66) = 4.64, p = .01, partial η2 = .12]. A post hoc mixed
ANOVA further explored this interaction. Positive partial affective faces were
discriminated more accurately than negative partial faces for female RBD, male LBD,
female LBD, male HC and female HC participants. However, there was no significant
difference by valence in the discrimination of partial facial expressions for male RBD
participants. Refer to Table 5.1 for statistical data according to valence, participant group
and gender. All other interactions proved non-significant.
Discussion
This is the first study to investigate the processing strategies (configural and
featural) that underlie the hemispheric lateralization of facial expression perception
according to valence (i.e., positive versus negative) in a clinical sample of right- and leftbrain damaged patients. Overall, there were no group differences in the processing
strategies used to perceive facial expressions according to emotional valence. There were,
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however, hemispheric differences in the type of face information being
processed. The RBD group was less accurate than the HC group in the discrimination of
whole face pairs (i.e., configural processing), while both the RBD and LBD groups were
less accurate than the HC group in discriminating partial faces (i.e., featural processing).
The former finding is compatible with the literature (e.g., Bourne et al., 2009; Uttner et
al., 2002; Yin, 1970) that suggests that configural information is processed in the right
hemisphere. However, the finding that both LBD and RBD patients were impaired in
discriminating faces based on partial information (and presumably thus are impaired in
implementing featural processing strategies) contrasts with much of the literature (e.g.,
Bourne et al., 2009; Leehey et al., 1978; Passarotti et al., 2007). In addition, there were
differences according to valence for the type of partial stimulus. Although all participant
groups perceived positively valenced partial faces more accurately from the mouth
compared to the eyes, negatively valenced partial face performance was better from the
eyes than the mouth. These findings and their implications are discussed in detail below.
Although there was no three-way interaction between participant group,
processing strategy (whole, partial), and valence (positive, negative), there was an
interaction between processing strategy and participant group. The RBD group
discriminated faces based on configural information (i.e., whole faces) with less accuracy
than the HC group, whereas both brain-damaged groups (RBD and LBD) discriminated
faces that provided featural information (i.e., partial faces) less accurately than the HC
group. These results firstly suggest that affective face perception on the basis of both
configural and featural information is impaired following damage to the right hemisphere,
indicating that the right hemisphere uses both of these processes to perceive facial
expressions. On the other hand, given that LBD only resulted in reduced face processing
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from featural information compared to HCs, these results suggest that the left
hemisphere primarily uses featural information to perceive faces. The indication that the
right hemisphere processes facial emotions using configural information is supported by
much of the past literature with normal individuals and patients with prosopagnosia as a
result of RBD (e.g., Bourne et al., 2009; Uttner et al., 2002).
However, the present results also suggest that both hemispheres (right and left)
use featural information to discriminate facial emotion. This finding is in contrast to much
of the clinical and imaging research which suggests that the left hemisphere is primarily
involved in featural processing of faces (e.g., Passarotti et al., 2007; Rossion et al., 2003;
Uttner et al., 2002; Yin, 1970). For instance, Yin (1970) found that patients with bilateral
brain damage or LBD were impaired in recognising inverted faces (i.e., featural
processing) compared to healthy controls and patients with cerebral posterior RBD.
Moreover, fMRI research with normal individuals demonstrated a larger reduction in
brain activation in the right compared to the left fusiform area in response to inverted
faces (Passarotti et al., 2007), suggesting that the left hemisphere is particularly important
for processing faces from featural information. Together these previous findings suggest
that the left hemisphere preferentially processes featural information from faces. In
contrast, the present findings did not find any hemispheric differences in the
discrimination of partial face stimuli, suggesting that both hemispheres process featural
information from faces.
In contrast, a recent fMRI study measuring neural adaptation found that the right
fusiform gyrus is capable of processing face parts (i.e., featural information) as well as
wholes (i.e., configural information; Harris & Aguirre, 2010). This study showed neural
adaptation occurs in the right fusiform area in response to both whole and part-based

257
(misaligned face halves and asymmetrically manipulated faces) facial
information (Harris & Aguirre, 2010), suggesting that the right fusiform area is able to
process configural as well as featural face information. In contrast, the left fusiform area
only adapted in response to part-based facial information (Harris & Aguirre, 2010),
indicating that the left fusiform area primarily uses featural information to process faces.
Rather than suggesting that these findings are in direct contrast to the previous literature
(e.g., Uttner et al., 2002; Yin, 1970), Harris and Aguirre (2010) argue that although the
right fusiform area relies heavily on configural processing, it is also capable of processing
featural information from faces. Their results and conclusions align with the current
findings in suggesting that the right hemisphere uses both configural and featural face
processing strategies, whereas the left hemisphere preferentially processes faces from
featural information.
However, the above interpretations for hemispheric specialisation of facial
expression perception according to processing strategy are limited by the non-significant
differences between the right and left sided brain-damage groups. Specifically, the RBD
and LBD groups did not significantly differ in how accurately they discriminated facial
expressions from configural cues (p = .20; Mean difference with 95% CIs = -4.17 [-9.93,
1.60]) or from featural information (p = .69; Mean difference with 95% CIs = 2.31 [-4.31,
8.99]). However, the 95% confidence intervals around the mean difference for affective
face discrimination accuracy from whole faces (i.e., configural) were in the direction of
the RBD group being less accurate than the LBD group. On the other hand, the 95%
confidence intervals for the RBD versus LBD difference for partial (i.e., featural
information) face discrimination accuracy suggest that the LBD and RBD groups are
fairly similar in their ability to process featural information. Interpretations of the
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confidence intervals surrounding the mean differences for the RBD versus
LBD group comparisons align with the significant RBD and LBD versus HC group
differences above (i.e., right hemisphere for configural and both hemispheres for
featural). However the RBD versus LBD comparisons were not statistically significant.
These inconclusive results for hemispheric differences according to processing strategy
could be related to the heterogeneity in the regions damaged in the RBD and LBD groups.
Research in support of hemispheric differences for configural versus featural face
processing generally involves activation of the fusiform area (occipito-temporal gyrus) in
imaging research with normal individuals (e.g., Eimer, 2000; Rossion et al., 2003), or
damage to the posterior cerebral hemispheres of the brain (inclusive of the fusiform
gyrus) in clinical patients (e.g., Bliem, 1998; Yin, 1970). For example, positron emission
tomography (PET; e.g., Rossion et al., 2000) and fMRI (e.g., Eimer, 2000; Eimer &
McCarthy, 1999; Rossion et al., 2003) research has indicated that the fusiform face area is
important for processing faces from configural and featural information, with hemispheric
differences found according to the type of facial information presented (i.e., right for
configural and left for featural). Similarly, behavioural research involving posterior
cerebral RBD patients has suggested that the right hemisphere is specialised for
configural information processing, whereas the left hemisphere is important for featural
processing (e.g., Yin, 1970). Thus, all of these studies point to the involvement of the
posterior cerebral hemispheres, particularly the fusiform face area (i.e., occipito-temporal
gyrus), for the lateralisation of configural and featural face processing.
The present sample was limited to unilateral cerebral stroke patients tested
between 3 to 14 months post injury, with both male and female patients recruited in each
group. Yet although injury aetiology, injury chronicity, and participant gender were well
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controlled, the brain-damaged participants tested in the present study sustained
damage to a wide range of brain regions [for further details please refer to Tables 2 and 3
in Abbott et al. (Submitted)6]. In particular, only 3 of the 18 RBD patients and 2 of the 18
LBD patients solely sustained temporal and/or occipital lobe damage. The remaining
patients sustained frontal and/or parietal lobe damage (RBD: n = 10; LBD: n = 11), or a
mixture (e.g., parietal as well as temporal cerebral damage; RBD: n = 4; LBD: n = 4) of
anterior and posterior regions. Thus, the current RBD and LBD groups are unable to be
easily split into neat anterior and posterior sub-groups, which made statistical analysis of
anterior versus posterior cerebral unilateral damage impossible. Yet, as described above,
only the posterior brain regions, particularly the occipito-temporal gyrus, have been
specifically shown to be involved in processing faces using configural and featural
information (e.g., Eimer, 2000; Eimer & McCarthy, 1999; Rossion et al., 2003; Yin,
1970). Thus, it is possible that the non-significant hemispheric differences may be due to
increased variability in the strategies used to discriminate facial expressions as a result of
heterogeneity in the brain regions damaged within the RBD and LBD groups.
The regions of intra-hemisphere brain damage may also have impacted the
interactions found between participant group, emotional valence and participant gender.
Male and female LBD and HC participants and female RBD participants were found to
discriminate positive faces more accurately than negative faces from both whole and
partial information, irrespective of the partial stimulus type (i.e., eyes versus mouth).
These findings are compatible with the clinical literature that has consistently found that
positive emotions are perceived more accurately than negative emotions (e.g., Braun et
al., 2005; Charbonneau et al., 2003; Kucharska-Pietura et al., 2003). However, male RBD
participants’ performance did not differ in response to positive (Mean with 95% CIs =
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86.9 [80.1, 93.7]) and negative (Mean with 95% CIs = 78.4 [69.6, 87.2])
whole and partial facial expressions. Nor did male RBD participants’ performance differ
in response to positive (Mean with 95% CIs = 81.3 [74.6, 88.0]) and negative (Mean with
95% CIs = 77.3 [71.2, 83.4]) partial facial expressions from the eyes and mouth,
specifically.
It is possible that the particular regions of brain damage within the male RBD
group may have influenced the overlapping 95% CIs for the discrimination of positive
and negative faces within this sub-group. Of the 11 male RBD patients, four had
sustained parietal and frontal lobe damage, the temporal and occipital lobe was damaged
in one case, one patient had damaged the frontal, parietal and temporal lobes, one patient
had incurred temporal and parietal lobe damage, two patients had sustained occipital lobe
damage, and the frontal lobe was damaged in two cases. fMRI research has demonstrated
complex, region-specific patterns of activation according to valence in response to facial
expressions for males (e.g., Lee et al., 2002). For example, bilateral frontal lobe and left
parietal lobe activation is observed when normal male participants view happy facial
stimuli, whereas the bilateral frontal, right temporal and lentiform areas activate in
response to sad faces (Lee et al., 2002). Given that seven of the 11 male RBD patients
sustained damage to the frontal lobe combined with the fMRI finding that the frontal area
activates in response to happy and sad faces, it is possible that large number male RBD
patients with frontal lobe damage influenced the current non-significant result according
to valence.
There was also an interesting interaction between valence and processing different
types of partial facial information (eyes versus mouth). All participants processed positive
partial face pairs from the mouth more accurately than from the eyes, whereas negative
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partial faces produced the opposite pattern of effect (i.e., sadness was
discriminated better from the eyes than the mouth). These results suggest that a smiling
mouth distinguishes a happy face to a greater extent than creases in the corner of the eyes.
In contrast, changes to the eyes distinguish a sad face more than changes to the mouth.
These findings are consistent with the normal population literature (e.g., Calvo,
Fernandez-Martin, & Nummenmaa, 2012; Eisenbarth & Alpers, 2011; Stephan et al.,
2006), with a smiling mouth shown to be a critical feature of happiness. For example a
recent study by Calvo et al. (2012) demonstrated that a smiling mouth overshadows the
processing of the eyes whether the eyes expressed congruent (e.g., happy eyes) or
incongruent (e.g., non-happy eyes) emotions. Moreover, an eye-tracking study that
monitored scanning behaviour during the evaluation of various facial expressions found
that normal individuals fixate on different facial regions depending on the affect shown
(Eisenbarth & Alpers, 2011). Specifically, participants initially fixate most frequently on
the eye region in response to sad faces, and fixate on the mouth for longer periods of time
while evaluating happy faces (Eisenbarth & Alpers, 2011). These findings suggest that
particular facial regions are most characteristic for a given emotion (i.e., a smiling mouth
is the most salient feature of happiness), and consequently people know to look at
particular regions for different emotions. Thus, it is not surprising that the current results
showed that happiness is perceived most accurately when the partial face showed the
mouth, whilst sadness is discriminated more accurately from partial faces that depict the
eyes.
Overall, this clinical study did not find a three-way interaction between participant
group (RBD, LBD, HC), emotional valence (positive versus negative) and processing
information cues (configural versus featural) for facial emotion discrimination. The
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present results suggest that the configural and featural information processing
strategies do not directly underlie how the right and left hemispheres are lateralised to
process facial emotions according to valence. Thus, neither the RHH nor the VH was
supported by this clinical study. It is surprising that there are no other clinical publications
on strategy use and facial expression lateralisation. This raises the possibility that past
clinical studies may have investigated whether an interaction exists between face
perception according to valence and processing strategy, however, for reasons similar to
this study (i.e., heterogeneity in the brain regions damaged), the results were complicated
and therefore not published. Future clinical research is clearly required to examine
whether configural and featural processing strategies are involved in the lateralisation of
emotion perception according to valence for patients with damage specifically to the
fusiform area (i.e., occipito-temporal gyrus). One might speculate that patients with
unilateral RBD that includes the fusiform area may demonstrate emotion perception
impairment according to valence related to impaired configural and featural information
processing, whereas patients with unilateral LBD to the fusiform area may show valencespecific emotion perception difficulties due to deficits in the ability to process faces from
featural information. However research is needed to confirm this speculation.
Conclusions
The present clinical study investigated the two processing strategies (configural
versus featural) that may underlie the hemispheric specialisation of facial expression
perception according to valence (positive versus negative), finding no evidence of
between-group differences. However, there were differences according to valence for the
type of partial stimulus. Positive partial faces were perceived more accurately from the
mouth than the eyes, whilst the opposite effect was found for negative partial faces. The
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results also showed that across emotional valence, the RBD group was less
accurate than the HC group in the discrimination of whole face pairs (i.e. configural),
while the RBD and LBD groups were less accurate than the HC group in the
discrimination of face pairs that provided cues from partial information (i.e., featural),
indicating that the right hemisphere processes facial expressions from both configural and
featural information, whereas the left hemisphere relies more heavily on featural facial
information. The lack of difference in the discrimination of affective faces from
configural or featural information for LBD and RBD groups is likely to stem from
heterogeneity in the intra-hemisphere regions damaged. Further research that specifically
recruits patients with posterior cerebral RBD and LBD is required to confirm this
speculation, and assess the impact of fusiform damage on configural and featural
information processing strategies involved in the lateralisation of emotion perception
according to valence.
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Chapter Summary
The purpose of Chapter five was to examine the extent to which the left and right
hemispheres use configural and featural processing strategies to perceive affective faces.
This is the first clinical study to examine the relationship between configural and featural
information processing and the lateralisation of facial expression perception. Contrary to
expectation, this large clinical investigation showed no group differences (i.e., RBD,
LBD, HC) according to valence (positive, negative) for the type of information being
processed (configural, featural).
The RBD group was less accurate than the HC group in discriminating emotion
from whole face pairs (i.e., configural processing cues), whereas both the RBD and LBD
groups were less accurate than the HC group in discriminating emotions from partial
faces (i.e., featural processing cues). These results suggest that affective face perception
on the basis of both configural and featural information is impaired following damage to
the right hemisphere, confirming that the right hemisphere uses both of these processes to
perceive facial expressions. On the other hand, LBD only compromised emotion
processing from featural information compared to HCs, suggesting that the left
hemisphere primarily uses featural information to perceive faces. These findings are
consistent with a recent fMRI neural adaptation investigation, which showed that the right
fusiform area is involved in both whole- and part-based facial processing (i.e., configural
and featural), whereas the left fusiform area is primarily involved in processing part-based
facial information (i.e., featural; Harris & Aguirre, 2010).
Although the current study found no hemispheric (i.e., RBD versus LBD)
differences according to information processing type, the 95% confidence intervals
around these non-significant differences were in the anticipated direction (i.e., right
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hemisphere for configural and featural processing, and left hemisphere for
featural processing). Furthermore, given that much of the previous literature on the
lateralisation of configural and featural face processing involved the posterior region of
the cerebral hemispheres, particularly the left and right fusiform areas (e.g., Rossion et al.,
2000; Uttner et al., 2002; Yin, 1970), it is possible that the lack of hemispheric
differences in the present study is due to the inclusion of broad intra-hemispheric lesion
locations within the RBD and LBD groups.
The current study additionally found differences according to valence for the type
of partial stimulus being processing (i.e., eyes or mouth). Specifically, positive partial
faces were perceived more accurately from the mouth compared to the eyes; in contrast
negative partial faces were processed more accurately from the eye region than the
mouth. This indicates that a smiling mouth is a critical feature in the perception of
happiness, whereas changes to the eyes region are particularly important for processing
sad faces. These findings are consistent with the non-clinical research base (e.g., Calvo et
al., 2012; Eisenbarth & Alpers, 2011): healthy participants fixate most frequently on the
eye region in response to sad faces, whereas during the evaluation of happy faces
participants were more prone to fixate on the mouth (Eisenbarth & Alpers, 2011).
The whole versus partial face discrimination task used in this study elicited
featural processing through the use of partial faces (only the eyes or only the mouth) and
configural processing via whole faces. This task was chosen because configural and
featural information processing have been investigated in other studies through the use of
whole and part based facial stimuli (e.g., Harris & Aguirre, 2010; Stephan et al., 2006).
However, it is noteworthy that other studies investigating configural versus featural face
processing have used upright and inverted face stimuli (e.g., Bourne, 2011; Yin, 1969)
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because upright faces are processed based on configural information, whereas
inversion disrupts configural processing (Leder & Bruce, 1998; Searcy & Bartlett, 1996).
It is possible that the type of task (i.e., partial faces or inversion) used may moderate the
extent to which patients with RBD and LBD rely on configural and/or featural
information when processing facial expressions according to valence. However, to date
these two techniques (i.e., inversion and partial faces) have not been compared and the
impact of the type of task used to elicit featural based processing is thus unknown.
Consequently, future direction is needed to compare and evaluate whether inversion and
partial stimuli are equally able to reliably provoke featural based processing.
Overall, the current clinical study did not find any evidence of hemispheric
differences according to valence in the type of information being processed (i.e.,
configural and featural). Because most previous research that found hemispheric
differences for configural and featural face processing involved the posterior region of the
cerebral hemispheres, these equivalent performances may reflect the heterogeneous lesion
locations of the RBD and LBD samples. Future clinical research needs to examine
whether unilateral damage to the posterior region moderates the extent that the right and
left hemispheres rely on configural and featural information to process affective faces.
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Chapter six

General Discussion

“The value of a college education is not the learning of many facts but the
training of the mind to think”
~Albert Einstein as quoted in the New York Times (18th of May 1921)
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Overview
The primary aim of the thesis was to investigate how the cerebral hemispheres are
lateralised for facial emotion perception according to valence. In particular, it sought to
determine whether the right hemisphere is dominant for all facial emotion processing, in
line with the RHH, or whether the right and left hemispheres are differentially lateralised
to process facial emotions by valence, in accordance with the VH. The following specific
research questions were addressed: firstly, how large are hemispheric differences in the
ability to perceive facial emotions? Secondly, to what extent do differences in the ability
to perceive affective faces vary according to the emotional valence (positive or negative)
of the expression? Thirdly, to what extent do methodological factors impact the ability of
a study to find hemispheric differences in affective emotion perception according to
valence? Finally, to what extent do featural and configural information processes underlie
how the left and right hemispheres process affective faces?
The initial chapter provided a review of the extant literature to examine support
for the RHH, the VH, and the alternate VH, clearly highlighting the ongoing division in
the literature as to how the brain is lateralised to perceive facial emotion. The apparent
inconsistencies in the literature may be a product of low to average statistical power,
which can be resolved with a MA of clinical studies that have examined the lateralisation
of emotional perception. Chapter one also included discussion of a number of factors that
may be moderating how the cerebral hemispheres are lateralised to perceive positively
and negatively valanced emotions, including: injury aetiology, injury chronicity (i.e., time
since onset), participant gender, stimulus gender, and the cognitive load of the task (i.e.,
between task differences and the number of emotions used within a task).
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In light of the concerns raised, Chapter two detailed a MA (Study one)
that was designed answer a number of the research questions above. The issue of
statistical power was addressed by quantitatively estimating the effect size and precision
of hemispheric differences in emotional perception based on the results from several past
research studies. The MA also aimed to examine the extent to which sample
characteristics and testing paradigm moderate the hemispheric specialisation of emotional
processing; uncovering moderators is an important feature of MA (Cooper, 2010).
The outcomes of the MA then guided Studies two and three which aimed to
investigate the neural substrates involved in affective perception of facial expression via a
new clinical investigation testing unilateral stroke patients. Comprehensive information
about the Participants, Materials and Procedure employed in the new clinical
investigation was detailed in Chapter three. Chapter four presented the findings from
Study two which examined RBD and LBD patients’ ability to perceive facial emotions, as
well as the extent to which injury chronicity, participant gender, the number of emotional
options within a perception task, and the type of perception task, impact the ability to find
hemispheric differences in affective emotion perception. Finally, Chapter five reported
the findings of Study three. The third Study assessed whether patients with left and right
hemisphere damage predominantly use configural and/or featural information to perceive
positive and negative faces. The key findings and implications of Studies one, two and
three are discussed below.
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Major Findings and their Implications
The Extent to which Right and Left Hemisphere Damage Impacts the Perception of
Positive and Negative Faces
The MA in Study one and the new clinical investigation in Study two assessed the
effect of right and left hemisphere damage on positive and negative facial expression
perception. The results from Studies one and two were conflicting and are therefore
described in turn below, followed by an integrative summary of the findings.
The MA, based on seven previously-published clinical studies of facial expression
perception using identification and labelling tasks, showed an association between the
side of unilateral brain damage and emotion perception according to valence. The results
of the identification and labelling task MAs demonstrated emotion perception impairment
following LBD and RBD, irrespective of valence. Importantly, RBD was associated with
notably more pronounced emotion perception impairment (i.e., very large effect size
differences) than LBD (i.e., large to small effect size differences) across valence, which
suggests right hemisphere dominance for emotion perception. In addition, the MA results
indicated that RBD was associated with a larger tendency for impairment in negative than
positive emotion perception (identification and labelling). The finding that RBD leads to
impairments in both positive and negative emotion perception is consistent with the
majority of past clinical research (e.g., Anderson, Spencer, Fulbright, & Phelps, 2000;
Borod et al., 1998; Bowers, Bauer, Coslett, & Heilman, 1985; Charbonneau, Scherzer,
Aspirot, & Cohen, 2003; Etcoff, 1984; Harciarek & Heilman, 2009; Harciarek, Heilman,
& Jodzio, 2006; Kucharska-Pietura, Phillips, Gernand, & David, 2003). Yet the finding
that LBD also negatively impacts emotion processing is contrary to the majority of
previous studies that failed to identify emotion processing difficulties following left
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hemisphere damage (e.g., Adolphs, Damasio, Tranel, Cooper, & Damasio,
2000; Borod, Koff, Perlman Lorch, & Nicholas, 1986; Borod, Martin, Alpert, Brozgold,
& Welkowitz, 1993). This finding may be a product of the increased statistical power
provided by a MA, however, interpretation of the association between LBD and emotion
perception impairment is limited by wide confidence intervals that cross zero (i.e., not
statistically significant) when the LBD patients were compared with HCs. This
imprecision suggests considerable variability within the LBD group in the ability to
perceive facial expressions.
Importantly, the MA finding that RBD prompts more pronounced impairment for
negative compared to positive emotion perception is consistent with much of the clinical
literature in demonstrating that the right hemisphere is particularly important for
processing negative emotion (e.g., Adolphs et al., 2000; Adolphs, Damasio, Tranel, &
Damasio, 1996; Borod et al., 1986; Borod et al., 1993; Ehlers & Dalby, 1987; KucharskaPietura & Klimkowski, 2002; Mandal et al., 1999; Mandal, Tandon, & Asthana, 1991;
Philippi, Mehta, Grabowski, Adolphs, & Rudrauf, 2009). Overall, the results from the
MAs indicate support for the alternative VH model, whereby the right hemisphere
preferentially processes negative facial expressions and both hemispheres process positive
facial expressions (e.g., Adolphs, Jansari, & Tranel, 2001; Mandal et al., 1999).
In Study two, a large, carefully controlled sample (N = 72) of unilateral stroke and
healthy control participants completed two face perception tasks (identification and
discrimination) to further investigate the laterality hypotheses. Contrary to expectation,
there was no evidence of between-group differences in the ability to perceive facial
expression perception according to valence. The confidence intervals around the mean
percentage correct for the identification and discrimination of emotion according to
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participant group (i.e., RBD, LBD, HC) overlapped considerably across
emotional valence, indicating negligible hemispheric differences in the perception of
negative and positive emotions. Although the RBD group was less accurate than the HC
group in perceiving facial expressions across emotional valence, the LBD group did not
differ from either the RBD or the HC groups. Together, these results conflict with the
predictions of the RHH, VH, and alternative VH. The results instead suggest that both
hemispheres are involved in the perception of both positive and negative facial
expressions.
The lack of group differences according to valence is contrary to the findings of
the great majority of clinical studies that support the RHH (e.g., Blonder, Bowers, &
Heilman, 1991; Bowers et al., 1985; Bowers, Blonder, Feinberg, & Heilman, 1991;
Charbonneau et al., 2003; Kucharska-Pietura et al., 2003), or the alternative VH model,
whereby the right hemisphere is specialised for the perception of negative emotion and
both hemispheres process positive emotion (e.g., Adolphs et al., 1996; Adolphs et al.,
2001; Borod et al., 1986; Borod et al., 1993; Mandal et al., 1999; Mandal et al., 1991;
Philippi et al., 2009). Across valences, the reduction in facial expression perception
following RBD compared to HCs conforms with the clinical studies that support the RHH
(e.g., Borod et al., 1990; Bowers et al., 1985; Charbonneau et al., 2003; Etcoff, 1984;
Kucharska-Pietura et al., 2003). However, the non-significant RBD versus LBD group
differences indicate that both hemispheres contribute to emotion perception irrespective
of valence; the difference between the RBD and LBD groups is at most small. Thus,
together these main effects fail to support the RHH. Overall, the findings from the new
clinical study conflict with the RHH, VH, and alternative VH, instead indicating that both
hemispheres process both positive and negative facial expressions.
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In summary, the findings from the MA in Study one are in contrast to
the new clinical results found in Study two; the MA supports the alternative VH, whereas
the new clinical investigation suggest that both hemispheres are involved in processing
facial expressions. These conflicting findings may be due to the influence of moderator
variables that were generally unable to be examined in the MA, yet were well controlled
in Studies two and three.
Moderating Factors and Underlying Strategies
The chronicity of brain damage and the number of emotion options in a perception
task may well moderate the hemispheric lateralisation of affective face perception. The
overall lack of hemispheric differences in Study two are arguably due to the exclusion of
very chronic stroke patients, because LBD patients have a better long-term functional
prognosis than RBD patients (Johansson, Jadback, Norrving, Widner, & Wiklund, 1992).
Moreover, Study two showed that RBD patients were less accurate than LBD patients in
identifying emotion from two options, whereas RBD and LBD patients’ accuracy did not
differ when there were four or six options. Thus, the results from Study two suggest that
clinical studies that include patients with long-term brain injury, or use a small number of
emotion options (i.e., low cognitive load), may be biased to find hemispheric differences
(i.e., right versus left) in the perception of affective faces. These biases may in turn be
contributing to the conflict in the literature base on the hemispheric lateralisation of
emotion perception.
In contrast, participant gender and the type of perception task (identification,
discrimination, labelling) do not influence a studies’ ability to find hemispheric
differences in affective perception. In support of fMRI research indicating a complex
relationship between participant gender and the lateralisation of affective face perception
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(Lee et al., 2002), participant gender did not moderate right and left brain
damaged patients’ ability to perceive affective faces in Study one or Study two.
Moreover, the identification task elicited similar hemispheric patterns of performance to
both the labelling (Study one) and discrimination (Study two) tasks, indicating that task
type is not a moderating factor. In addition, the results in Study three suggest that
configural and featural information processing strategies do not directly underlie how the
right and left hemispheres are lateralised to process facial emotions according to valence.
In summary, a study's ability to find hemispheric differences in affective face perception
are moderated by injury chronicity and the number of emotion options within a task, not
by participant gender and task type. Thus the contrasting findings from Studies one and
two are probably a result of differences in the injury chronicity and the number of
emotions used. More broadly, these two important factors may be influencing the ongoing
conflict in the research base concerning how the cerebral hemispheres are lateralised to
process facial expressions.
Limitations
Stroke Participant Sample
A large sample (N = 36) of patients with unilateral brain injury was recruited and
tested for Studies two and three. Importantly, these participants were recruited according
to a set of inclusion/exclusion criteria that ensured that a number of possible participantrelated moderator variables were carefully controlled. In particular, injury chronicity and
aetiology were limited to unilateral cerebral stroke patients tested between 3 to 14 months
post injury. Gender was controlled by testing both male and female participants and
presenting equal numbers of female and male models. However, participant-related
limitations must also be noted, including heterogeneity in the intra-hemisphere lesion
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location, amount of sub-cortical involvement, lesion size, quantity of residual
neurological impairment, and the extent of rehabilitation assistance (i.e., days of acute
and rehabilitation hospitalisation). Each of these limitations is described in turn in the
following subsections.
Heterogeneity in intra-hemisphere lesion site.
In order to recruit a large clinical sample that controlled for injury aetiology,
injury chronicity and participant gender, within the timeline of a doctoral thesis, this study
did not apply restrictions on the location of damage within the right or left cerebral
hemisphere. The brain-damaged participants tested in the present study sustained damage
to a wide range of regions: four RBD and five LBD patients sustained frontal lobe
damage; two RBD patients and one LBD patient sustained occipital lobe damage; two
LBD patients sustained parietal lobe damage; one RBD and one LBD patient sustained
temporal and parietal lobe damage; one RBD and two LBD patients sustained temporal
and occipital lobe damage; one LBD patient sustained temporal, parietal and occipital
lobe damage; six RBD and four LBD patients sustained frontal and parietal lobe damage;
one LBD patient sustained frontal and temporal lobe damage; and three RBD patients
sustained a mixture of frontal, parietal and temporal cerebral damage. As such, the RBD
and LBD groups could not be split into neat anterior and posterior sub-groups, which
made statistical analysis of anterior versus posterior cerebral unilateral damage
impossible.
The inclusion of participants with damage to a wide range of locations is likely to
have influenced the results, given that damage to the anterior and posterior regions of the
cerebral hemispheres may differentially impact emotion processing (e.g., Asthana,
Mandal, Tandon, & Asthana, 1991; Harciarek & Heilman, 2009; Mandal, Asthana,
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Tandon, & Asthana, 1992). Several clinical investigations using behavioural
paradigms have demonstrated that the anterior cerebral regions are particularly important
for perceiving affective faces (e.g., Asthana et al., 1991; Cicone, Wapner, & Gardner,
1980; Harciarek & Heilman, 2009; Mandal et al., 1992). For instance, patients with
anterior damage are less accurate in matching facial expressions than patients with
posterior damage (Asthana et al., 1991; Mandal et al., 1992). These findings suggest that
the anterior region is primarily involved when processing facial expressions. However,
these studies did not separate the anterior and posterior groups into inter-hemisphere
subgroups (i.e., patients with right and left sided damage were included in the anterior
group). Therefore the influence of intra-hemispheric lesion location for patients with
unilateral brain-damage was not established.
Few studies have separated brain-damaged patients according to both intra- and
inter-hemispheric damage (i.e., anterior RBD, posterior RBD, anterior LBD, posterior
LBD). However, Harciarek and Heilman (2009) did examine anterior and posterior RBD
patients’ ability to identify facial expressions. Although both right-sided anterior and
posterior damage were found to negatively influence facial emotion identification,
patients with anterior damage were more impaired than those with posterior damage
(Harciarek & Heilman, 2009). These results suggest that although facial emotion
perception involves the anterior and posterior regions of the right cerebral hemisphere, the
anterior region is particularly important. However, Harciarek and Heilman (2009) did not
test patients with LBD, therefore the results of this study are unable to indicate how intrahemisphere location may influence emotion perception processing in the left hemisphere.
Mandal et al. (1999) on the other hand tested both RBD and LBD patients and did not
find any significant intra-hemisphere differences (frontal, temporal, parietal) according to
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valence and hemispheric lateralization (i.e., right, left) for facial emotion
perception. Given the lack of differences, these results indicate that both anterior and
posterior regions are involved in emotion perception. Overall, the literature suggests that
both the anterior and posterior regions are involved in processing facial emotion, and that
the anterior region may be particularly important.
In the present thesis no inclusion/exclusion criterion was imposed for the intrahemispheric area of brain damage because this thesis primarily aimed to control, and
therefore examine, the influence of the injury aetiology, chronicity range, and participant
gender. Indeed, an extensive amount of time and resources were dedicated to the
recruitment of 36 unilateral stroke (i.e., one aetiology) patients tested within a welldefined chronicity range of 3 to 14 months post injury. Participants for the clinical
investigation were recruited between August 2011 and February 2013 (i.e., over
approximately 19 months). Moreover, patients were recruited from two of the largest
health care providers in Victoria, Australia. The Western Health and Austin Health
service a catchment of over 700,000 and 996,000 people, respectively, and offer acute,
repatriation, rehabilitation, as well as outpatient services. Given the considerable time and
resources required to recruit unilateral stroke patients within a limited chronicity range, it
would have been impossible to obtain a similarly large sample had the inclusion criteria
been further restricted to patients with unilateral injury to specific cerebral regions (e.g.,
only posterior: temporal and occipital, or only anterior: frontal), within the timeline
required for this doctoral thesis. In future, researchers could consider using an alternative
set of inclusion/exclusion criteria, for example, only stroke patients with posterior
(temporal or occipital) lesions, as has been done in some studies (e.g., Harciarek &
Heilman, 2009). However, in order to recruit patients with particular regions of unilateral
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brain-damage, other potentially important exclusion criteria such as the time
since injury onset (i.e., chronicity) would have to be sacrificed in order to obtain a large
enough sample, unless recruitment is allowed to continue for an extensive period of time
(e.g., at least four years).
In summary, the literature suggests that both the anterior and posterior regions are
involved in processing facial emotion, although the anterior region may be particularly
important. Given that the stroke patients tested in the present clinical studies sustained
damage to a wide range of regions, it was impossible to analyse whether the intrahemisphere region of damage influenced the results.
Inclusion of minor sub-cortical damage.
The brain-damaged patient inclusion criteria allowed for some sub-cortical brain
damage, provided that the majority of damage was cerebral. A large number of the RBD
(i.e., 14 out of 18) and LBD (i.e., 11 out of 18) patients recruited had some sub-cortical
damage in addition to their predominately cerebral lesion (please refer to Tables 3.1
(RBD) and 3.2 (LBD) in Chapter three on pp. 133-139). Given that functional imaging
(e.g., Murphy, Nimmo-Smith, & Lawrence, 2003; Phillips et al., 1997) and lesion (e.g.,
Adolphs, Tranel, Damasio, & Damasio, 1994; Philippi et al., 2009; Shaw et al., 2005)
studies have shown that sub-cortical regions are involved in emotion processing, the
current thesis findings are limited by the inclusion of patients with some sub-cortical
damage. If the RBD and LBD samples were restricted to patients without any sub-cortical
damage, the sample sizes would have been very small (i.e., from the current sample,
RBD: n = 4; LBD: n = 7), and the recruitment of appropriate sample sizes with enough
power to determine whether there are any hemispheric differences would have been
beyond the scope of this doctoral thesis timeline. A future direction for research could be

289
to only include patients with cerebral damage however, again, to attain a large
enough sample the recruitment of participants would need to continue at least four years.
Overall, because affective face perception impairment has been shown in the literature
following subcortical brain damage (Adolphs et al., 1994; Shaw et al., 2005), the present
study is limited by the inclusion of patients with some subcortical damage.
Heterogeneity in lesion size.
An additional factor that was noted but not controlled within studies two and three
is the size of the lesion. As seen in Tables 3.1 (RBD) and 3.2 (LBD) within the General
Methodology Chapter (pp. 133-139), there were eight patients whose lesions were
classified post hoc as small (i.e., measured less than 3cm3; RBD: n = 3; LBD: n = 5), 11
patients with lesions classified post hoc as moderate (i.e., between 2cm3 and 30cm3 in
size; RBD: n = 4; LBD: n = 7), and 13 patient with lesions classified post hoc as large
(i.e., measured equal or greater than 30cm3; RBD: n = 9; LBD: n = 4).
Although few clinical studies have examined lesion size as a potential moderating
variable, Mandal et al. (1999) assessed the relationship between lesion size and task
performance by computing correlations for both inter-hemispheric groups (i.e., RBD and
LBD) as well as intra-hemispheric sub-groups (e.g., frontal RBD, parietal RBD, temporal
RBD) with their perceptual accuracy score. No significant correlations were found,
therefore it was concluded that lesion size does not moderate emotion expression
perception. These findings indicate that the use of patients with different sized lesions in
the present study is unlikely to have impacted on the overall findings.
Examining differences and similarities between RBD and LBD patients with
small, moderate and large lesions was beyond the scope of the present thesis, given the
small sample sizes of the RBD and LBD sub-groups according to lesion size. Moreover,
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had the clinical investigation only tested patients with either small, moderate
or large lesion sizes within the timeframe required for a doctoral thesis, the sample would
have been severely reduced, which would have in turn impacted the power to find
hemispheric differences. Furthermore, even if the present study had controlled for lesion
size (i.e., only including patients with damage below or above a certain volume), there is
still the issue of the type of imaging performed (i.e., CT versus MRI) and the time that the
scan is performed when measuring the lesion size.
As detailed in Chapter three, a mixture of CT and/or MRI brain scans was used to
measure the lesion size for the RBD and LBD patients. Moreover, there was no control
over the time since injury (i.e., acute, sub-acute, chronic) at which the brain scans were
performed. Yet the ability to detect the location and volume of a lesion has been shown to
differ for CT versus MRI scans, with further differences evident depending on the time
period of the scan as detailed below. In general, an MRI brain scan is more sensitive in
detecting and measuring acute and chronic lesions compared to CT brain scans (Chalela
et al., 2007; Lansberg, Albers, Beaulieu, & Marks, 2000). For example, a study compared
diffusion-weighted MRI scans to CT scans with respect to the accuracy (i.e., sensitivity
and specificity) of localising acute cerebral infarctions, as well as measuring the
correlation between acute lesion volume (within seven hours of onset) with final (30 days
post onset) infarct volume for lesions of the middle cerebral artery territory (Lansberg et
al., 2000). This study found that when diffusion-weighted MRI and CT are directly
compared, diffusion-weighted MRI is more accurate for identifying the acute infarctions,
is more sensitive at detecting the acute lesion volume, and has a higher correlation
between acute and final (30 days post onset) lesion volume (Lansberg et al., 2000).
However, although an MRI may be more sensitive and specific, a brain CT has the
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advantage of being quicker, easier, and more cost effective than an MRI
(Blumenfeld, 2002). For these reasons a brain CT is often the imaging scan of choice in
the acute, emergency setting. MRI on the other hand is generally reserved for patients in
non-urgent situations, or those who are suspected of having low-contrast lesions or a
lesion is suspected on the basis of clinical observations but is it not evident on CT
(Blumenfeld, 2002). It was for the above reasons that the clinical patients had undergone
different types of imaging at different time points.
To overcome some of the differences between CT and MRI brain scans, studies
two and three sized the brain-damaged patients’ lesions post hoc according to the
classification criteria of small, moderate, or large. Therefore the present study was unable
to perform correlations such as those used by Mandal et al. (1999) for lesion size and
facial expression perception performance. In summary, the present study included RBD
and LBD patients who had sustained different sized lesions and was unable to perform a
between-group comparison of the impact of lesion size. However, given that previous
research has not found lesion size to correlate with affective perception performance, the
results are unlikely to have been adversely influenced by the inclusion of patients with
different sized lesions.
Heterogeneity in the degree of residual neurological impairment.
Studies two and three were also limited by heterogeneity in the length of
hospitalization, and residual neurological deficits following a stroke. Given that lesion
size and location were heterogeneous in the present sample (as detailed above), and that
infarct volume and location have been associated with functional outcome following a
stroke (e.g., Engelter, Provenzale, Petrella, DeLong, & Alberts, 2003; Feigenson,
McDowell, Meese, McCarthy, & Greenberg, 1977; Macciocchi, Diamond, Alves, &
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Mertz, 1998), it is unsurprising that there was heterogeneity in the amount of
residual neurological impairment sustained by each of the 36 patients recruited. However,
the impact of such impairments was countered by controlling the amount of cognitive,
linguistic and visual ability required for participation. The clinical investigation excluded
patients with severe residual cognitive or receptive language deficits at the time of testing;
all patients were able to understand instructions. Moreover, all of the patients were able to
see A4 pictures appropriately and were screened for their ability to recognise faces.
Therefore, patients with severe residual vision problems, including face recognition, were
excluded.
Although severe cognitive, linguistic and vision problems were controlled, it was
not possible to control for the amount of residual hemiparesis, neglect, or partial
hemianopia. Qualitative observations made by the examiner (a provisional psychologist,
in training to become a clinical neuropsychologist) identified residual neurological
difficulties in six RBD and eight LBD patients. The residual difficulties included:
contralateral limb weakness, hemiparesis, hemianopia, expressive dysphasia (following
LBD only), limb numbness, and/or reduced limb power (please refer to Tables 3.2 and 3.3
in Chapter three for further detail about these residual deficits, pp. 133-139). However,
these residual impairments are unlikely to have negatively affected the results, given that
the materials and procedure used in studies two and three were specifically designed to
counter for these types of neurological deficits. The facial stimuli were presented
vertically (i.e., one underneath the other) when more than one face was shown at a time
(e.g., discrimination tasks) to counter for the possibility of residual neglect. Participants
were not required to use their limbs (i.e., writing, drawing) during the face perception
tasks, thus limiting the influence of residual hemiparesis. In addition, participants with
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expressive language difficulties were able to point to their response from a cue
card of options, controlling for the potential influence of expressive dysphasia on the
experimental outcomes.
It was not possible to control for the amount of inpatient and/or outpatient
rehabilitation received by each patient. For example, seven RBD and eight LBD patients
received in-patient rehabilitation. The number of days that each patient received varied
greatly, from 1 to 49 days in the RBD group and between 7 and 92 days in the LBD
group. A similar amount of variation was noted in the number of days spent as an acute
in-patient (RBD: 2 to 31 days; LBD: 3 to 26 days). The variability in the length of
hospitalisation is likely associated with the differences in the size and locations of the
lesion (e.g., Beloosesky, Streifler, Burstin, & Grinblat, 1995; Engelter et al., 2003;
Macciocchi et al., 1998). Thus, any impact of the length of hospitalization is likely
secondary to the size and location of the infarct, as discussed previously.
In summary, the present clinical sample included patients who had been
hospitalized (acute and rehabilitation) over a broad length of time and had variable
residual neurological impairment. However, any influence of residual neurological
impairment was countered by controlling the amount of cognitive, linguistic and visual
ability required for participation and designing the affective perception tasks to limit the
impact of visual neglect, hemiparesis, or expressive language difficulties. Moreover, any
impact of the length of hospitalization and residual neurological impairment is likely
secondary to the size and location of the lesion.
Multicultural Sample
A broad ethnic sample was recruited across the three participant groups (i.e.,
RBD, LBD, HC). Of the 72 participants, 21 (29%) were first generation Australians who
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originated from Malta (5.6%), Italy (4.2%), Greece (4.2%), India (2.8%), Sri
Lanka (2.8%), Tonga (2.8%), Germany (1.4%), Austria (1.4%), Poland (1.4%), Vietnam
(1.4%), or the Philippines (1.4%). Only first generation background was noted in the
current study. Importantly, the ethnic diversity of the participants in Studies two and three
is representative of the Australian population (Australian Bureau of Statistics, 2012).
Since the first Australian population census in 1911, migrants have made up a substantial
component of the population. Indeed, the most recent 2011 census revealed that 26% of
Australia’s population was born overseas (i.e., first generation migrants; Australian
Bureau of Statistics, 2012). Moreover, all participants were recruited from the state of
Victoria, which has a long history of migration. In 2011, 26% of Victoria’s population
were born overseas, with more residents considered second or third generation migrants
(Victorian multicultural commission, 2013). Thus, the proportion of first generation
Australians (~26%), and more specifically Victorians (~26%), is very similar to the
percentage of first generation Australians in the current study (29%). Because the current
sample is typical of the populations in Victoria and, more generally, Australia, the current
clinical findings can be generalised to these populations.
The clinical sample was strengthened by the ethnic diversity of the participants.
However, the current clinical investigation used only Caucasian face stimuli from Ekman
and Friesen (1976). The use of Caucasian face stimuli with a multicultural sample is
potentially problematic because individuals have been shown to process own-race faces
better than other-race faces (e.g., Byatt & Rhodes, 2004; Humphreys, Hodsoll, &
Campbell, 2005; Meissner & Brigham, 2001). Meissner and Brigham (2001), for
instance, conducted a MA of 39 articles that investigated own-race bias for face memory
and found that own-race faces are remembered better than faces of a different race.
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Moreover, further evidence indicates an own-race bias for the recognition of
emotion from faces (e.g., Ducci, Arcuri, Georgis, & Sineshaw, 1982; Ekman, 1972;
Matsumoto, 1989). For example, Ducci et al. (1982) found that Ethiopian participants
recognised facial emotions from Caucasian models at an accuracy rate of 52%, which is
less accurate than the normative data for Caucasian participants (83%; i.e., same race
participant-stimuli) developed by Ekman and Friesen (1976). These findings suggest that
there is cultural variation (i.e., own-race bias) for the perception of faces, and more
specifically facial emotions, which has implications for the present investigation.
However, own-race bias for face recognition (e.g., Tanaka & Pierce, 2009) and
affect recognition from faces (e.g., Elfenbein & Ambady, 2002) is reduced when people
are familiarised with races different to their own. For example, a MA that examined
emotion recognition within and across cultures found that although emotions were
recognised more accurately when the emotions were both expressed and recognised by
the members of the same race, this advantage was smaller for people with exposure to
other races (Elfenbein & Ambady, 2002). This differentiation is important, as it reduces
the extent to which the current clinical study may be limited by the use of Caucasian
stimuli on a multicultural sample of Australians. The present clinical investigation did not
measure the amount of contact that each participant had with people from other racial
groups. However, given that a large proportion of Australia’s (~26%; Australian Bureau
of Statistics, 2012), and particularly Victoria’s (~26%; Victorian multicultural
commission, 2013), residents were born overseas, with further residents considered
second or third generation migrants, the participants in the current study are likely to have
experience with races different from their own (i.e., Caucasian, Asian). Thus, the high
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degree of multiculturalism in Australia, and more specifically Victoria, may
have reduced the effect of own-race bias on the current clinical results.
Future clinical research should further investigate the issue of own-race bias for
facial expression perception in multicultural societies such as Australia. One option is to
use a range of stimuli that is representative of all Australians (e.g., Asians, Caucasians,
Aboriginals) and determine whether the same results are found. Alternatively, participants
could be tested using race-matched affective face stimuli. However, the former suggestion
may be the best option for the reason that Australia is made up of multicultural
backgrounds, so individuals are likely to be accustomed to range of races (e.g., Elfenbein
& Ambady, 2002). The results are likely to show an increase in affective face perception
accuracy for RBD, LBD and HC participants if face stimuli that are representative of the
Australian population are used, rather than only Caucasian faces.
Finally it is important to note that the potential limitation of using Caucasian face
stimuli on a culturally diverse sample applies to all three participant groups (i.e., RBD,
LBD, HC) in the current clinical sample. The clinical and control groups included
participants from different ethnic backgrounds. The RBD group included eight first
generation Australians (Italian: n = 2; Maltese: n = 2; Greek: n = 1; Tongan: n = 1; Polish:
n = 1; Philippine: n = 1), the LBD group included four first generation Australians
(Indian: n = 2; Greek: n = 1; Vietnamese: n = 1), and nine HC participants were first
generation Australians (Italian: n = 1; Maltese: n = 2; Greek: n = 1; Tongan: n = 1; Sri
Lankan: n = 2; German: n = 1; Austrian: n = 1). Given that all three groups included
participants from different races, the potential limitation of own-race bias should not have
differentially impacted any one participant group's performance.
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In summary, the current sample is typical of the ethnic diversity within
Victoria and, more generally, Australia, therefore the clinical results can be generalised to
these local populations. However, given that all participants were tested using Caucasian
face stimuli, regardless of their ethnicity, the results may have been influenced by ownrace bias. However, because all three participant groups (RBD, LBD and HC) included
participants from different ethnic backgrounds, own-race bias should not have influenced
the studies’ ability to find group differences.
Order Effect for Identification Task
The identification task used in Study two was designed to assess whether the
number of emotions used moderates the hemispheric lateralisation of facial expression
perception according to valence. This was achieved by varying the number of emotions
across three separate blocks of identification trials: block one consisted of one positive
emotion (happiness) and one negative emotion (sadness); block two consisted of two
positive emotions (happiness, surprise) and two negative emotions (sadness, disgust); and
block three consisted of two positive emotions (happiness, surprise) and four negative
emotions (sadness, disgust, fear, anger). However, although the stimuli for each block
were presented in a fully random order for each participant, the order of the three blocks
was not counterbalanced. Block one (two emotions) was always presented first, followed
by block two (four emotions) and then block three (six emotions). Thus, the clinical
results for the number of emotions used in the identification task in Study two may have
been confounded by the presentation order.
It is possible that the procedure for the identification task in Study two may have
caused a learning effect, given that the order of the blocks progressed in terms of the
number of emotions used, with the opportunity to learn from blocks one and two.
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However, given that the participants were not told that there were three blocks
of trials that differed in the number of emotions used, they were not prepped to learn from
each block. In addition, no feedback or teaching was provided during the testing phase;
the participants were not told whether their responses were correct/incorrect, nor were
they taught how to differentiate between the facial expressions. Moreover, none of the
participants indicated to the examiner that their responses were influenced by the previous
trials (e.g., no participant said, “I saw that one on the first test, so it must be sad”).
Overall, it is possible that the results and conclusions from the identification task were
influenced by the order of the stimuli blocks, although this effect was reduced by the
absence of feedback/teaching provided during each block. Future studies that examine the
impact of the number of emotions on the perception of facial expressions according to
valence should control for the order of the number of emotions used in the identification
task by counterbalancing the blocks of trials according to the number of emotions used.
Use of Anger for Identification Task
As stated in the subsection above, the identification task used in Study two was
designed to assess whether the number of emotions used moderates the hemispheric
lateralisation of facial expression perception according to valence. In order to achieve this
aim, the identification task comprised of three blocks of trials that differed in the number
of emotion options (two, four or six). Anger was used in the third block that comprised all
six basic emotions (i.e., happiness, surprise, sadness, disgust, fear and anger). Yet, as
discussed in Chapter one (see discussion on pp. 8-9), the use of anger as a negative
emotion is problematic because, unlike other negative emotions (e.g., disgust, fear; Pelled
& Xin, 1999; Woody & Tolin, 2002), anger often evokes approach rather than avoidance
behaviour (for a review see Harmon-Jones, 2004; Rutherford & Lindell, 2011a).
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However, importantly, anger was only used in the identification task of the
present study to assess valence (i.e., positive, negative) rather than approach-avoidance.
Moreover, anger was only used in block three of the identification task to examine the
influence of the number of emotional options; anger was not used in any other
identification task blocks, nor was it used in either of the emotion perception
discrimination tasks (i.e., whole face discrimination or whole versus partial face
discrimination). In summary, the use of anger in block three of the identification task may
be influencing the results and conclusions from the identification task in Study two given
that anger often induces approach rather avoidance tendencies, contrary to most negative
emotions.
Implications for Clinical Practice and Future Research
Stroke is a leading cause of severe disability (Adamson, Beswick, & Ebrahim,
2004; Mathers, Vos, & Stevenson, 1999). Moreover, stroke is considered the most
common cause of complex disability, with multiple domains affected (Adamson et al.,
2004), including affective face perception (Adolphs et al., 2001; Borod et al., 1986;
Bowers et al., 1985; Charbonneau et al., 2003; Kucharska-Pietura et al., 2003). Given that
the ability to perceive emotion from facial expressions is a fundamental aspect of social
interaction (Darwin, 1872; Ekman, 1964; Ekman & Friesen, 1969), and that psychosocial
functioning is a strong determinant of long-term outcome following brain damage (Levin,
Grafman, & Eisenberg, 1987; Schwab, Grafman, Salazar, & Kraft, 1993), it is important
to pursue research examining how the right and left hemispheres are lateralised to
perceive affective faces to develop optimal intervention strategies for patients who have
experienced a unilateral stroke.
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Overall the MA findings in Study one indicate that damage to both the
right and left hemispheres negatively impacts emotion perception, although the extent of
impairment is larger following RBD especially for the perception of negative emotion.
Qualitatively, the new clinical findings in Study two also showed a small reduction in
positive and negative emotion perception following RBD and LBD compared to HCs,
although no statistically significant group differences in facial expression perception
according to valence were found. However across emotions, the RBD group was less
accurate than the HC group, although RBD and LBD group performance did not differ.
The lack of difference between RBD and LBD groups indicates that both hemispheres are
involved in positive and negative expression perception. Clinically, together these results
suggest that patients with right and left unilateral brain damage should be routinely
assessed for their ability to process emotional information from faces. In particular, given
that the MA and the large majority of the clinical literature (e.g., Adolphs et al., 2000;
Adolphs et al., 1996; Borod et al., 1986; Kucharska-Pietura & Klimkowski, 2002; Mandal
et al., 1999; Mandal et al., 1991) have demonstrated that negative emotion perception is
particularly impaired following RBD, clinicians should ensure that they comprehensively
measure RBD patients’ ability to perceive negatively valenced faces (e.g., sadness and
disgust). If a patient is found to have emotion perception impairment following right or
left brain injury, rehabilitation should be provided according to the specific
recommendations below.
A number of specific rehabilitation recommendations for unilateral stroke patients
are made based on the findings from Study two. In particular, Study two found that RBD
patients’ ability to perceive emotion from faces is reduced (compared to HCs) regardless
of task demand (i.e., tasks that carry low or high cognitive loads; when there are two, four
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or six options to choose from). Yet, patients with LBD were shown to struggle
to perceive facial emotions as much as RBD patients when the perception task carried a
high cognitive load (i.e., four or six options). Overall, these findings indicate that RBD
patients and their family/friends should be educated about the likelihood that patients will
generally find it more difficult than usual to accurately identify the emotion portrayed in
faces. In contrast, LBD patients and their support network should be educated about the
increased likelihood for facial expression perception difficulty when the emotion
perception task is demanding, for example in the context of large groups of people (i.e.,
many facial emotions to process).
In addition to providing education, rehabilitation programs need to ensure that
unilateral stroke patients with emotion perception deficits are treated with appropriate
cognitive interventions. Further research is required to assess whether the emotion
perception deficits found according to the number of emotional options (i.e., two, four
and six) when the RBD was compared to the HC group reflect a general deficit in
emotion processing or whether specific mechanisms underlie emotion perception
impairment following RBD. However, until future research is undertaken, medical and
allied health practitioners should treat emotion perception deficits following RBD via
cognitive rehabilitation programmes that provide hierarchically-structured interventions
that focus on relatively simple discrimination and naming (i.e., static emotion perception)
remediation, followed by higher order, dynamic emotion perception and social inference
training, which together have been shown to treat intrinsic emotion perception deficits
following brain injury (i.e., irrespective of any underlying mechanisms; Bornhofen &
McDonald, 2008a; Bornhofen & McDonald, 2008b). On the other hand, the results from
Study two imply that patients who have suffered a left-sided stroke require intervention
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assistance that specifically focuses on higher order (i.e., cognitively
demanding) deficits in face perception. Thus, LBD patients may benefit from a shorter
intervention programme that is not hierarchical, but rather focuses on the later stages of
emotion perception rehabilitation, such as integrating emotional information of increasing
complexity (e.g., integration facial emotion information from multiple sources).
In addition, the findings from Study three indicate that configural and featural
information processing strategies do not directly underlie how patients with right and left
hemisphere damage perceive positive and negative emotion from faces. Therefore,
although it is well established in the literature that the right hemisphere is specialised to
process configural facial information and the left hemisphere specifically processes facial
information featurally (e.g., Bliem, 1998; Bourne, Vladeanu, & Hole, 2009; Jacques &
Rossion, 2007; Leehey, Carey, Diamond, & Cahn, 1978; Rhodes, 1993; Rossion et al.,
1999; Uttner, Bliem, & Danek, 2002; Yin, 1970), intervention programs to improve
affective face perception in the rehabilitation setting should be cautious of implementing
strategies that focus on configural information cues with RBD patients and featural
information with LBD patients. Rather, both configural and featural cues should both be
used within intervention programs that aim to improve unilateral stroke patients’ ability to
process facial expressions.
In summary, the results from this thesis indicate that both LBD and RBD
negatively impact emotion perception, therefore RBD and LBD patients’ ability to
perceive emotions should be routinely assessed. Although there may be individual
differences, RBD patients will most likely benefit from a hierarchical cognitive
rehabilitation programme that focuses on both simple and complex emotion perception
interventions, in contrast, LBD patients will likely benefit from an intervention
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programme that specifically focuses on remediating complex emotion
perception skills. Regardless of the lesion site, both configural and featural information
cues can be used within emotion perception intervention programmes.
The above recommendations are made based on the results of the new clinical
investigation, however, no clinical research has assessed whether the current cognitive
rehabilitation interventions used to treat emotion perception deficits (Bornhofen &
McDonald, 2008a, 2008b) are successful in treating patients who have suffered a right or
a left sided brain injury in particular. More specifically, the effectiveness of the above
recommendations must to be tested clinically. Thus, a future research direction is to
assess whether the current cognitive remediation programmes available for emotion
perception, and more specifically the above recommendations according to the side of
brain damage, are successful in treating emotion perception deficits following RBD and
LBD. However, given the wide and overlapping confidence intervals shown for emotion
perception following RBD and LBD compared to HCs in Studies one and two,
investigation of the effectiveness of emotion perception rehabilitation programmes may
be confounded by individual differences between patients with unilateral injury (i.e., not
all patients will have deficits). Moreover, those patients with emotion perception deficits
are likely to have additional cognitive difficulties such as reduced working memory and
executive dysfunction, which may influence the successfulness of cognitive interventions.
One of the main conclusions from the new clinical study is that injury chronicity
is moderating the hemispheric lateralisation of emotion perception. Future research
should therefore control for the potential effect of the time since injury onset by using a
specific chronicity range. More specifically, it is essential that a longitudinal study is
conducted that examines the recovery of emotion perception at specific stages (i.e., acute,
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sub-acute and various chronic stages) following right and left-sided brain
damage. Although a longitudinal study has previously examined emotion perception
recovery following brain damage (Zgaljardic, Borod, & Sliwinski, 2002), the findings
from this study are limited due to the brain-damaged patients being initially tested
between 2 to 49 months post onset. As such, their findings do not provide information
about recovery between distinct time points (e.g., acute compared to chronic, or different
chronic stages). Future longitudinal research therefore needs to examine whether there are
differences in emotion perception recovery at specific chronicity stages following rightand left-sided brain damage. The results from this longitudinal study of emotion
perception recovery will provide further important information to assist in the
development of optimal rehabilitation programs for unilateral brain-damaged patients.
Final Conclusions
Overall, the MA findings in Study one support the alternative VH. In contrast, the
results from the new clinical investigation in Study two indicate that both hemispheres are
important in the perception of facial emotion, although hemispheric differences were
found according to the number of emotional options used within a perception task. These
contradictory findings are arguably due to the moderating influence of injury chronicity.
The previously-published studies included in the MA generally included patients with
long-term brain damage, whereas Study two excluded very chronic (>14 months post
onset) brain damaged patients. This difference is important, given that hemispheric
differences are more likely to be found for long-term patients (Johansson et al., 1992). A
longitudinal study that investigates emotion recovery at specific stages (e.g., three
months, six months, one year, five years) is therefore an essential future research
direction. Importantly, the results from Study two also indicate that the number of
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emotional options within a perception task moderates hemispheric differences
in the perception of facial emotion due to changes in cognitive demand. Both hemispheres
(right and left) are involved in emotion processing when the task demands are high (e.g.,
more options; four or six emotions), whereas only the right hemisphere is involved when
the demand is low (e.g., less options; two emotions). Therefore RBD leads to general
deficits in emotion perception, whereas LBD seems to negatively impact on high-order
emotion perception abilities. This indicates that comprehensive emotion perception
rehabilitation programmes should be provided to RBD patients, whereas LBD patients
may benefit from a tailored emotion perception intervention program that focuses on
improving higher order emotion perception. Furthermore, the results from Study three
suggest that configural and featural information processing strategies do not directly
underlie how patients with right or left unilateral hemisphere damage perceive positive
and negative facial expressions. This suggests that both configural and featural
information cues should be used to rehabilitate affective emotion perception impairment
for patients with unilateral brain-damage, regardless of the lesion site.
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Appendix A
La Trobe University Higher Degrees Committee (Research) Guidelines for preparing
thesis by publication
1. While dissertations submitted for award of higher degrees often contain work by
the candidate that is already published (or accepted for publication), it is also
permissible for candidates to submit a higher-degree thesis that is in the form of a
series of thematically-focused articles or chapters that are either published or
accepted for publication by reputable journals or publishers. The presentation of
the articles will take the same format as doctoral and masters by research theses,
and will include full publication details for the published/accepted material.
2. Where the thesis submitted for a degree by published work includes jointly
authored publications, the candidate is expected to have made a significant and
leading contribution to such work. The candidate will provide at the time of
submission a declaration for each article or chapter, stating the extent and nature
of his or her contribution and justifying the inclusion of the material. In each case,
a signed declaration from at least one co-author is to be provided, verifying the
extent and nature of the candidate’s contribution.
3. The presentation of a thesis as a collection of articles or chapters will include at
least one substantial integrating chapter, or a separate introduction, general
discussion and conclusion that in combination reveal the way the articles and
chapters are thematically linked. This integrating material will not itself contain
new or innovative research material. Where a dissertation contains a mixture of
published and unpublished work which in combination represent a substantial and
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original contribution to knowledge, then it will be examined in the
normal way, and will not be treated as a submission for a higher degree by
published work.
4. The number of articles to be included will depend on the significance, originality
and length of each and takes account of (a) the University’s requirements for the
degree, and (b) the amount of research normally expected to be undertaken for the
degree in question. Discipline areas may set specific requirements, in addition to
those described in these guidelines.
5. Normally most of the work submitted will have been completed during the period
of candidature. It is permissible to include work published prior to commencement
of higher degree research candidature at La Trobe University when this fits with,
and adds substantial content to, the research studies being assessed by the
examiner(s).
6. A book published or definitely accepted for publication by a reputable publisher
can also be submitted for examination for a Masters, PhD or professional
doctorate, provided that guidelines 2 and 5 above apply.
7. The thesis will be examined in the normal way. In cases where the Chair of
HDC(R) is persuaded that there has already been sufficient peer review of the
contribution(s) a decision can be made to reduce the number of examiners to one
examiner for a Master’s degree and two examiners for a Doctorate.

318
Appendix B
Table 1.
Ekman and Friesen (1976) Photographs / Models used in the Identification Task, Block
one.
Stimulus

Stimulus

Photograph number (model)

Emotion

Gender

Version 1

H

F

1 (A)

H

F

7 (C)

H

F

42 (JM)

H

F

48 (MF)

H

F

57 (MO)

H

F

85 (PF)

S

F

2 (A)

S

F

8 (C)

S

F

43 (JM)

S

F

49 (MF)

S

F

58 (MO)

S

F

86 (PF)

H

M

14 (EM)

H

M

22 (GS)

H

M

29 (JB)

H

M

34 (JJ)

H

M

74 (PE)

H

M

101 (WF)

S

M

15 (EM)

319
S

M

23 (GS)

S

M

76 (PE)

S

M

36 (JJ)

S

M

75 (PE)

S

M

103 (WF)

Note. F = Female; M = Male; H = Happy; S = Sad
Table 2.
Ekman and Friesen (1976) Photographs / Models used in the Identification Task, Block
two.
Stimulus

Stimulus

Emotion

Gender

Version [Photograph number (model)]
1

2

3

4

5

H

F

1(A)

48(MF)

57(MO)

85(PF)

7(C)

H

F

42(JM)

7(C)

1(A)

48(MF)

57(MO)

H

F

85(PF)

57(MO)

42(JM)

7(C)

48(MF)

H

M

22(GS)

29(JB)

101(WF)

74(PE)

14(EM)

H

M

34(JJ)

14(EM)

22(GS)

29(JB)

101(WF)

H

M

74(PE)

101(WF)

29(JB)

14(EM)

22(GS)

SUR

F

11(C)

4(A)

54(MF)

45(JM)

90(PF)

SUR

F

63(MO)

90(PF)

11(C)

4(A)

45(JM)

SUR

F

54(MF)

45(JM)

90(PF)

63(MO)

4(A)

SUR

M

19(EM)

107(WF)

39(JJ)

26(GS)

81(PE)

SUR

M

31(JB)

81(PE)

19(EM)

39(JJ)

26(GS)

SUR

M

26(GS)

31(JB)

81(PE)

107(WF)

39(JJ)

S

F

86(PF)

49(MF)

43(JM)

58(MO)

2(A)
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S

F

43(JM)

8(C)

49(MF)

2(A)

86(PF)

S

F

2(A)

58(MO)

86(PF)

43(JM)

8(C)

S

M

36(JJ)

15(EM)

103(WF)

23(GS)

75(PE)

S

M

23(GS)

36(JJ)

75(PE)

103(WF)

15(EM)

S

M

75(PE)

103(WF)

15(EM)

36(JJ)

23(GS)

D

F

12(C)

46(JM)

64(MO)

55(MF)

12(C)

D

F

55(MF)

5(A)

46(JM)

91(PF)

64(MO)

D

F

64(MO)

91(PF)

5(A)

12(C)

55(MF)

D

M

20(EM)

27(GS)

32(JB)

82(PE)

108(WF)

D

M

32(JB)

40(JJ)

108(WF)

27(GS)

20(EM)

D

M

108(WF)

82(PE)

27(GS)

20(EM)

40(JJ)

Note. F = Female; M = Male; H = Happy; SUR = Surprise; S = Sad; D = Disgust
Table 3.
Ekman and Friesen (1976) Photographs / Models used in the Identification Task,
Block three
Stimulus Stimulus
Emotion

Gender

Version [Photograph number (model)]
1

2

3

4

5

H

F

48(MF)

7(C)

42(JM)

1(A)

85(PF)

H

F

85(PF)

1(A)

57(MO)

42(JM)

48(MF)

H

M

29(JB)

74 (PE)

22(GS)

101(WF)

34(JJ)

H

M

34(JJ)

101(WF)

74(PE)

14(EM)

29(JB)

SUR

F

97(SW)

54(MF)

11(C)

63(MO)

90(PF)

SUR

F

70(NR)

90(PF)

63(MO)

11(C)

54(MF)

SUR

M

81(PE)

19(EM)

107(WF)

26(GS)

39(JJ)
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SUR

M

31(JB)

81(PE)

39(JJ)

31(JB)

26(GS)

S

F

94(SW)

49(MF)

8(C)

58(MO)

43(JM)

S

F

58(MO)

86(PF)

67(NR)

94(SW)

8(C)

S

M

15(EM)

23(GS)

103(WF)

36(JJ)

75(PE)

S

M

103(WF)

36(JJ)

23(GS)

75(PE)

15(EM)

D

F

91(PF)

98(SW)

71(NR)

12(C)

64(MO)

D

F

55(MF)

71(NR)

98(SW)

91(PF)

12(C)

D

M

27(GS)

20(EM)

32(JB)

108(WF)

82(PE)

D

M

40(JJ)

32(JB)

20(EM)

27(GS)

108(WF)

FE

F

9(C)

59(MO)

50(MF)

68(NR)

95(SW)

FE

F

59(MO)

9(C)

88(PF)

50(MF)

68(NR)

FE

M

24(GS)

16(EM)

37(JJ)

79(PE)

104(WF)

FE

M

79(PE)

104(WF)

16(EM)

37(JJ)

24(GS)

A

F

69(NR)

96(SW)

53(MF)

89(PF)

61(MO)

A

F

10(C)

61(MO)

89 (PF)

53(MF)

96(SW)

A

M

18(EM)

25(GS)

38(JJ)

30(JB)

105(WF)

A

M

105(WF)

30(JB)

80(PE)

18(EM)

25(GS)

Note. F = Female; M = Male; H = Happy; SUR = Surprise; S = Sad; D = Disgust; FE =
Fear; A = Anger
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Table 4.
Ekman and Friesen (1976) Photographs / Models used in the Whole Faces
Discrimination Task, Positive Emotion Block
Stimulus Category*
Gender

F

F

F

M

M

M

F

F

F

Version [Photograph number (model)]

A

A

A

A

A

A

B

B

B

1

2

3

4

5

42; 42

1; 1

42; 42

1; 1

1; 1

(JM)

(A)

(JM)

(A)

(A)

66; 66

7; 7

7; 7

66; 66

85; 85

(NR)

(C)

(C)

(NR)

(PF)

93; 93

85; 85

93; 93

85; 85

42; 42

(SW)

(PF)

(SW)

(PF)

(JM)

14; 14

22; 22

22; 22

74; 74

22; 22

(EM)

(GS)

(GS)

(PE)

(GS)

34; 34

29; 29

34; 34

34; 34

14; 14

(JJ)

(JB)

(JJ)

(JJ)

(EM)

101; 101

74; 74

74; 74

101; 101

29; 29

(WF)

(PE)

(PE)

(WF)

(JB)

42(JM);

42(JM);

66(NR);

7(C);

1(A);

7(C)

1(A)

42(JM)

93(SW)

66(NR)

85(PF);

7(C);

85(PF);

66(NR);

85(PF);

66(NR)

66(NR)

7(C)

42(JM)

7(C)

93(SW);

93(SW);

93(SW);

1(A);

93(SW);

1(A)

85(PF)

1(A)

85(PF)

42(JM)
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M

M

M

F

F

F

M

M

M

F

F

F

B

B

B

C

C

C

C

C

C

D

D

D

22(GS);

22(GS);

22(GS);

101(WF); 74(PE);

14(EM)

14(EM)

101(WF)

14(EM)

101(WF)

34(JJ);

34(JJ);

14(EM);

34(JJ);

34(JJ);

74(PE)

29(JB)

34(JJ)

22(GS)

22(GS)

29(JB);

74 (PE);

29 (JB);

29 (JB);

14 (EM);

101(WF)

101(WF)

74 (PE)

74(PE)

29(JB)

6; 1

47; 42

1; 6

42; 47

72; 66

(A)

(JM)

(A)

(JM)

(NR)

7; 13

66; 72

72; 66

13; 7

7; 13

(C)

(NR)

(NR)

(C)

(C)

92; 85

99; 93

85; 92

93; 99

99; 93

(PF)

(SW)

(PF)

(SW)

(SW)

28; 22

14; 21

21; 14

22; 28

41; 34

(GS)

(EM)

(EM)

(GS)

(JJ)

101; 110

41; 34

29; 33

33; 29

110; 101

(WF)

(JJ)

(JB)

(JJ)

(WF)

83; 74

101; 110

110; 101

14; 21

83; 74

(PE)

(WF)

(WF)

(EM)

(PE)

7(C);

47(JM);

42(JM);

1(A);

6(A);

99(SW)

7(C)

99(SW)

92(PF)

42(JM)

72(NR);

1(A);

72(NR);

47(JM);

66(NR);

42(JM)

92(PF)

85(PF)

66(NR)

99(SW)

1(A);

99(SW);

7(C);

7(C);

13(C);

92(PF)

66(NR)

6(A)

99(SW)

85(PF)
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M

M

M

D

D

D

110(WF); 101(WF); 28(GS);

101(WF); 28(GS);

22(GS)

21(EM)

74 (11)

33(JB)

74(PE)

74(PE);

41(JJ);

34(JJ);

83(PE);

101(WF);

41(JJ)

74(PE)

33(JB)

14(EM)

33(JB)

21(EM);

22(GS);

21(EM);

34(JJ);

21(EM);

29(JB)

33(JB)

101(WF)

28(GS)

34(JJ)

Note. F = Female; M = Male
* Category: A = face pairs that have the same identity and emotion; B face pairs that have
a different identity and same emotion; C consisted of face pairs that have the same
identity but display different emotions; and D face pairs that have different identities and
different emotions.
Table 5.
Ekman and Friesen (1976) Photographs / Models used in the Whole Faces
Discrimination Task, Negative Emotion Block
Stimulus Category*
Gender

F

F

F

M

Version [Photograph number (model)]

A

A

A

A

1

2

3

4

5

43; 43

2; 2

2; 2

43; 43

2; 2

(JM)

(A)

(A)

(JM)

(A)

8; 8

67; 67

86; 86

8; 8

8; 8

(C)

(NR)

(PF)

(C)

(C)

94; 94

86; 86

43; 43

86; 86

86; 86

(SW)

(PF)

(JM)

(PF)

(PF)

23; 23

75; 75

23; 23

15; 15

23; 23

(GS)

(PE)

(GS)

(EM)

(GS)
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M

M

F

F

F

M

M

M

F

F

F

M

A

A

B

B

B

B

B

B

C

C

C

C

36; 36

36; 36

15; 15

36; 36

103; 103

(JJ)

(JJ)

(EM)

(JJ)

(WF)

75; 75

103; 103

103; 103

103; 103

75; 75

(PE)

(WF)

(WF)

(WF)

(PE)

67(NR);

8(C);

2(A);

43(JM);

43(JM);

43(JM)

94(SW)

67(NR)

8(C)

2(A)

86(PF);

67(NR);

86(PF);

86(PF);

8(C);

8(C)

43(JM)

8(C)

67(NR)

67(NR)

94(SW);

2(A);

94(SW);

94(SW);

94(SW);

2(A)

86(PF)

2(A)

2(A)

86(PF)

23(GS);

103(WF); 75(PE);

23(GS);

23(GS);

103(WF)

15(EM)

103(WF)

15(EM)

15(EM)

15(EM);

36(JJ);

23(GS);

36(JJ);

36(JJ);

36(JJ)

23(GS)

36(JJ)

75(PE)

23(GS)

103(WF); 15(EM);

15(EM);

36(JJ);

75(PE);

75(PE)

75(PE)

23(GS)

103(WF)

103(WF);

6; 2

43; 47

72; 67

6; 2

43; 47

(A)

(JM)

(NR)

(A)

(JM)

67; 72

13; 8

8; 13

8; 13

99; 94

(NR)

(C)

(C)

(C)

(SW)

92; 86

94; 99

99; 94

92; 86

67; 72

(PF)

(SW)

(SW)

(PF)

(NR)

21; 15

23; 28

41; 36

28; 23

15; 21

(EM)

(GS)

(JJ)

(GS)

(EM)

326
M

M

F

F

F

M

M

M

C

C

D

D

D

D

D

D

75; 83

41; 36

103; 110

103; 110

110; 103

(PE)

(JJ)

(WF)

(WF)

(WF)

110; 103

15; 21

83; 75

83; 75

36; 41

(WF)

(EM)

(PE)

(PE)

(JJ)

43(JM);

2(A);

6(A);

13(C);

43(JM);

99(SW)

92(PE)

43(JM)

94(SW)

13(C)

72(NR);

47(JM);

67(NR);

67(NR);

6(A);

86(PF)

67(NR)

99(SW)

47(JM)

86(PF)

8(C);

8(C);

13(C);

6(A);

94(SW);

6(A)

99(SW)

86(PF)

86(PF)

72(NR)

23(GS);

103(WF); 28(GS);

110(WF); 103(WF);

83(PE)

83(PE)

75(PE)

23(GS)

41(JJ);

83(PE);

103(WF); 75(PE);

41(JJ);

23(GS)

15(EM)

15(EM)

41(JJ)

75(PE)

15(EM);

36(JJ);

21(EM);

21(EM);

23(GS);

110(WF)

28(GS)

36(JJ)

83(PE)

21(EM)

15(EM)

Note. F = Female; M = Male
* Category: A = face pairs that have the same identity and emotion; B face pairs that have
a different identity and same emotion; C consisted of face pairs that have the same
identity but display different emotions; and D face pairs that have different identities and
different emotions.
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Table 6.
The Ekman and Friesen (1976) Photographs / Models used in the Full versus Partial
Face Discrimination Task, Positive Emotion Block
Stimulus

Category*

Version [Photograph number (model)]

Gender

F

F

F

M

M

M

F

F

F

A

A

A

A

A

A

B

B

B

1

2

3

4

5

1; 1

85; 85

42; 42

93; 93

42; 42

(A)

(PF)

(JM)

(SW)

(JM)

7; 7

93; 93

85; 85

66; 66

7; 7

(C)

(SW)

(PF)

(NR)

(C)

42; 42

66; 66

1; 1

7; 7

93; 93

(JM)

(NR)

(A)

(C)

(SW)

29; 29

34; 34

101; 101

74; 74

22; 22

(JB)

(JJ)

(WF)

(PE)

(GS)

22; 22

74; 74

34; 34

14; 14

29; 29

(GS)

(PE)

(JJ)

(EM)

(JB)

14; 14

101; 101

22; 22

29; 29

34; 34

(EM)

(WF)

(GS)

(JB)

(JJ)

66E: 66

1Mo: 1

85: 85Mo

1:1Mo

7E: 7

(NR)

(A)

(PF)

(A)

(C)

85E: 85

66: 66Mo

7E: 7

66: 66E

1: 1Mo

(PF)

(NR)

(C)

(NR)

(A)

93:93M

85E: 85

1: 1E

85Mo: 85

93: 93E

(SW)

(PF)

(A)

(PF)

(SW)
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M

M

M

F

F

F

M

M

M

F

F

F

B

B

B

C

C

C

C

C

C

D

D

D

34E: 34

101:101E

74: 74E

74: 74E

22: 22Mo

(JJ)

(WF)

(PE)

(PE)

(GS)

74Mo: 74

34: 34Mo

34Mo: 34

14E: 14

74:74E

(PE)

(JJ)

(JJ)

(EM)

(PE)

101:101

22Mo: 22

14:14Mo

101Mo:

101Mo:

Mo (EM)

(GS)

(EM)

101 (WF)

101 (WF)

72:66

13: 7

93: 99

92: 85

6: 1

(NR)

(C)

(SW)

(PF)

(A)

1: 6

47: 42

1: 6

42: 47

85: 92

(A)

(JM)

(A)

(JM)

(PF)

13: 7

1:6

72: 66

72: 66

72: 66

(C)

(A)

(NR)

(NR)

(NR)

101:110

28: 22

110:101

101:110

14:21

(WF)

(GS)

(WF)

(WF)

(EM)

33: 29

29: 33

21: 14

28: 22

110: 101

(JB)

(JB)

(EM)

(GS)

(WF)

74: 83

14: 21

29: 33

34: 41

74: 83

(PE)

(EM)

(JB)

(JJ)

(PE)

93: 99Mo

93: 99E

13E: 7

13Mo: 7

42: 47E

(SW)

(SW)

(C)

(C)

(JM)

47Mo: 42

72E: 66

72Mo: 66

93: 99E

13Mo: 7

(JM)

(NR)

(NR)

(SW)

(C)

85: 92E

47Mo: 42

93: 99Mo

6E: 1

6Mo: 1

(PF)

(JM)

(SW)

(A)

(A)
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M

M

M

F

F

F

M

M

M

D

D

D

E

E

E

E

E

E

33Mo: 29

83E: 74

47Mo: 42

28Mo: 22

74: 83Mo

(JB)

(PE)

(JM)

(GS)

(PE)

83E: 74

14: 21Mo

29: 33E

29: 33Mo

34: 41E

(PE)

(EM)

(JB)

(JB)

(JJ)

14: 21Mo

33E: 29

83Mo: 74

14: 21E

28E: 22

(EM)

(JB)

(PE)

(EM)

(GS)

13: 7E

47: 42E

72: 66E

47: 42E

1Mo: 6

(C)

(JM)

(NR)

(JM)

(A)

99: 93Mo

7Mo: 13

85E: 92

92: 85Mo

99: 93E

(SW)

(C)

(PF)

(PF)

(SW)

42Mo: 47

72: 66E

7Mo: 13

1Mo: 6

66E: 72

(JM)

(NR)

(C)

(A)

(NR)

41: 34Mo

33: 29E

28: 22Mo

41: 34E

33: 29E

(JJ)

(JB)

(GS)

(JJ)

(JB)

101Mo:

22Mo: 28

110:101E

101E:

14Mo: 21

110 (WF)

(GS)

(WF)

110 (WF)

(EM)

74E: 83

83: 74Mo

34E: 41

22Mo: 28

41: 34Mo

(PE)

(PE)

(JJ)

(GS)

(JJ)

Note. F = Female; M = Male; Mo = Mouth; E = Eyes
* Category (i.e., face one: face two): A = whole happy: whole happy; B = partial happy:
whole happy; C = whole neutral: whole happy; D = partial neutral: whole happy; E partial
happy: whole neutral.
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Table 7.
Ekman and Friesen (1976) Photographs / Models used in the Full versus Partial Face
Discrimination Task, Negative Emotion Block
Stimulus

Category*

Version [Photograph number (model)]

Gender

F

F

F

M

M

M

F

F

F

A

A

A

A

A

A

B

B

B

1

2

3

4

5

67: 67

8: 8

94: 94

86: 86

2: 2

(NR)

(C)

(SW)

(PF)

(A)

2: 2

43: 43

8: 8

43: 43

86: 86

(A)

(JM)

(C)

(JM)

(PF)

8: 8

2: 2

67: 67

67: 67

43: 43

(C)

(A)

(NR)

(NR)

(JM)

103: 103

23: 23

103: 103

103: 103

15: 15

(WF)

(GS)

(WF)

(WF)

(EM)

23: 23

36: 36

15: 15

23: 23

103: 103

(GS)

(JJ)

(EM)

(GS)

(WF)

75: 75

15: 15

75: 75

36: 36

75: 75

(PE)

(EM)

(PE)

(JJ)

(PE)

94: 94E

94:94Mo

8: 8Mo

8: 8Mo

43: 43E

(SW)

(SW)

(C)

(C)

(JM)

43: 43E

67:67Mo

67: 67E

94: 94E

8: 8Mo

(JM)

(NR)

(NR)

(SW)

(C)

86:86Mo

43: 43E

94: 94E

2:2Mo

2: 2E

(PF)

(JM)

(SW)

(A)

(A)
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M

M

M

F

F

F

M

M

M

F

F

F

B

B

B

C

C

C

C

C

C

D

D

D

36:36Mo

75: 75E

43: 43E

23: 23E

75:75Mo

(JJ)

(PE)

(JM)

(GS)

(PE)

75:75Mo

15:15Mo

15:15Mo

36: 36E

36: 36E

(PE)

(EM)

(EM)

(JJ)

(JJ)

23: 23E

36: 36E

75:75Mo

15:15Mo

23:23Mo

(GS)

(JJ)

(PE)

(EM)

(GS)

13: 8

47: 43

67: 72

47: 43

92: 86

(C)

(JM)

(NR)

(JM)

(PF)

94: 99

13: 8

6: 2

86: 92

94: 99

(SW)

(C)

(A)

(PF)

(SW)

47: 43

67: 72

13: 8

6: 2

72: 67

(JM)

(NR)

(C)

(A)

(NR)

36: 41

47: 43

28: 23

36: 41

36: 41

(JJ)

(JM)

(GS)

(JJ)

(JJ)

110: 103

23: 28

110:103

110: 103

21: 15

(WF)

(GS)

(WF)

(WF)

(EM)

23: 28

75: 83

36: 41

47: 43

75: 83

(GS)

(PE)

(JJ)

(JM)

(PE)

94:99Mo

86: 92E

47E: 43

6Mo: 2

43: 47E

(SW)

(PF)

(JM)

(A)

(JM)

13Mo: 8

99E: 94

92Mo:86

67: 72E

13Mo: 8

(C)

(SW)

(PF)

(NR)

(C)

43: 47E

72Mo:67

2: 6Mo

13E: 8

94:99Mo

(JM)

(NR)

(A)

(C)

(SW)
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M

M

M

F

F

F

M

M

M

D

D

D

E

E

E

E

E

E

83Mo:75

41E: 36

110:103

83Mo:75

23:28Mo

(PE)

(JJ)

Mo (WF) (PE)

(GS)

28E: 23

75:83Mo

36: 41E

15:21Mo

103:110

(GS)

(PE)

(JJ)

(EM)

E (WF)

15:21Mo

110E:10

23:28Mo

41E: 36

75:83E

(EM)

3 (WF)

(GS)

(JJ)

(PE)

72: 67E

6: 2E

92: 86E

6: 2E

8Mo: 13

(NR)

(A)

(PF)

(A)

(C)

92:86Mo

94Mo:99

8E: 13

72:67Mo

6: 2E

(PF)

(SW)

(C)

(NR)

(A)

43Mo:47

92: 86E

43Mo:47

86M: 92

94E: 99

(JM)

(PF)

(JM)

(PF)

(SW)

41:36Mo

110:103

83:75Mo

83:75E

28:23E

(JJ)

E (WF)

(PE)

(PE)

(GS)

75Mo:83

36Mo:41

41:36E

15E: 21

75Mo:83

(PE)

(JJ)

(JJ)

(EM)

(PE)

103E:11

28:23Mo

15E: 21

103Mo:1

110:103

0 (WF)

(GS)

(EM)

10 (WF)

Mo (WF)

Note. F = Female; M = Male; Mo = Mouth; E = Eyes
* Category (i.e., face one: face two): A = whole sad: whole sad; B = partial sad: whole
sad; C = whole neutral: whole sad; D = partial neutral: whole sad; E partial sad: whole
neutral.
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Appendix C

Austin Health Stroke Participant Information and Consent Form
Full Project Title: Lateralisation of the perception of affective facial
expressions in unilateral stroke patients.
Principal Researchers:

Dr. Lisa Sherry, Dr. Andrew Hughes and Dr. Annukka
Lindell

Associate Researcher:

Jacenta Abbott

1.

Introduction

You are invited to take part in this research project because we are looking
for people who have had one or more strokes affecting either the left or the right
side of the brain. We obtained your contact details from the Austin Health
database following consultation with an Austin Health neurologist. Participants
must be: able to provide consent and understand instructions, medically stable,
and right-handed . Given the nature of the project, people who have a psychiatric
diagnosis, neurological disease, are habitual drug or alcohol users, have major
vision difficulties, or whose primary language is not English are not eligible for
participation.
This Participant Information and Consent Form tells you about the
research project. It explains the procedures involved. Knowing what is involved
will help you decide if you want to take part in the research.
Please read this information carefully. Ask questions about anything that
you don’t understand or want to know more about. Before deciding whether or not
to take part, you might want to talk about it with a relative, friend or healthcare
worker.
Participation in this research is voluntary. If you don’t wish to take part, you
don’t have to.
If you decide you want to take part in the research project, you will be
asked to sign the consent section. By signing it you are telling us that you:
•
•
•
•

understand what you have read;
consent to take part in the research project;
consent to participate in the research processes that are described;
consent to the use of your personal and health information as
described.

You will be given a copy of this Participant Information and Consent Form to
keep.

334
2.

What is the purpose of this research project?

The research investigates how the two sides of the brain process emotion.
Understanding whether someone is looking happy or sad is an important
everyday skill, so improving understanding of how we process emotion could help
improve rehabilitation intervention programs for patients with an acquired brain
injury.
Past research examining how the two sides of the brain process negative
(e.g., sadness) and positive (e.g., happiness) emotions has not produced clear
results. Some studies have found that the right side of the brain controls negative
emotion, and that the left side of the brain processes positive emotion. But other
studies have found no difference in how the two sides of the brain process
negative and positive emotions.
This research project will investigate whether the right and left sides of the
brain process positive and negative emotions, and what kind of strategies are
used by each side of the brain to process emotion. This project will contribute to
the current research base on how the brain processes facial emotions, and may
guide the design of intervention programs to better assist the rehabilitation of
patients with acquired brain injury.
To achieve these aims this research project will compare 30 right-sided
and 30 left-sided stroke patients’ ability to process emotions, with 30 healthy
control participants. Therefore 90 people will be participating in total. All stroke
patients will be recruited from Austin Health, and healthy control participants will
be recruited from the general population.
The results of this research will be used by the researcher, Jacenta Abbott,
in partial fulfilment of the requirements for her Doctorate of Clinical
Neuropsychology degree.
This research is being conducted by La Trobe University in collaboration
with Austin Health.
3.

What does participation in this research project involve?

Participation in this study will involve a researcher coming to your home, or
the researcher arranging to meet with you at the La Trobe University Bundoora
campus. You can choose the venue that best suits you.
The assessment will consist of a brief interview containing questions
concerning your demographic, neurological and psychological history, an
examination of your mental status, the completion of two short questionnaires
that will assess your handedness (i.e., left or right handed) and your current level
of depression, anxiety and stress. You will also complete four simple tasks in
which you will look at photos of faces and make decisions about the identity or
emotion expressed. The assessment session will take approximately 90 minutes
in total, with breaks in between tasks and as requested.
Information about you may be obtained from your health records held at
this, and other, health services for the purposes of this research.
All participants will receive a summary of findings for group data in the mail
at the conclusion of the study, in 2013.
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You will be reimbursed for your participant through the payment
of a $20 ‘Coles’ or ‘Myer’ voucher at the completion of assessment. You will not
be reimbursed for any travel or parking expenses.
4.

What are the possible benefits?

We cannot guarantee or promise that you will receive any benefits from
this research, besides learning more about emotion processing. However,
possible benefits to society in general may include improved intervention
programs for emotion perception in rehabilitation settings.
5.

What are the possible risks?

There is the very minor risk of stroke participant fatigue during the
assessments. However to minimise this risk, stroke patients will be able to be
assessed over two 45 minute assessment sessions as opposed to one 90 minute
assessment if necessary.
The assessment will conclude with the completion of a questionnaire about
symptoms of depression. It will ask participants to rate how much 21 different
depressive symptoms have impacted on their life in the last week. The
completion of this questionnaire holds the minor risk of participant distress. The
assessor has experience in administering this questionnaire to people with
depression, which will minimise the risk of any associated distress. If deemed
necessary a risk assessment will be performed and the Austin Health principal
investigators will be consulted.
6.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take
part you don’t have to. If you decide to take part and later change your mind, you
are free to withdraw from the project at any stage by contacting the associate
researcher and assessor, Jacenta Abbott (see section 12 for contact information).
If you do consent to participate, you may only withdraw prior to the
conclusion of the assessment session(s).
Your decision whether to take part or not to take part, or to take part and
then withdraw, will not affect your relationship with Austin Health.
7.

How will I be informed of the final results of this research project?

You will receive a summary of results based on pooled group data in 2013.
8.

What will happen to information about me?

Any information obtained for the purpose of this research project that can
identify you will be treated as confidential and securely stored. It will be disclosed
only with your permission, or as permitted by law. All participant data will be
coded alpha-numerically to ensure confidentiality and anonymity. All data will be
stored in locked filing cabinets in the laboratory of the principal investigator, Dr.
Annukka Lindell, at La Trobe University, Bundoora campus. Consent forms will
be stored in a separate locked filing cabinet to maintain anonymity. Only the
principal investigators will be able to access the codes and filing cabinets. Data
storage will be in accordance with Austin Health data storage regulations for a
period of at least seven years from the completion of the study. Following this
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seven year period, data will be shredded and disposed in confidential
document paper recycling.
In any publication and/or presentation, information will be provided in such
a way that you cannot be identified, with the results containing collated deidentified information only.
9.

Can I access information kept about me?

In accordance with relevant Australian and/or Victorian privacy and other
relevant laws, you have the right to access the information collected and stored
by the researchers about you. Please contact one of the researchers named at
the end of this document if you would like to access your information.
In addition, in accordance with regulatory guidelines, the information
collected in this research project will be kept for at least seven years (in
accordance with Austin Health data storage regulations) from the completion of
the study. Following this seven year period, data will be shredded and disposed
in confidential document paper recycling. You must be aware that the information
collected about you may at some point not be able to be identified once the
identifying information has been removed, this is expected to be to performed a
month after the information was collected. Access to information about you after
this point will not be possible.
10.

Is this research project approved?

The ethical aspects of this research project have been approved by the
Human Research Ethics Committee of Austin Health (H2011/04337) and La
Trobe University (11-035).
This project will be carried out according to the National Statement on
Ethical Conduct in Human Research (2007) produced by the National Health and
Medical Research Council of Australia. This statement has been developed to
protect the interests of people who agree to participate in human research
studies.
11.

Consent

I have read, or have had read to me in a language that I understand, and I
understand the purposes, procedures and risks of this research project as
described within it.
I have had an opportunity to ask questions and I am satisfied with the answers I
have received.
I freely agree to participate in this research project as described.
I understand that I will be given a signed copy of this document to keep.
Participant’s name (printed) ……………………………………………………
Signature
Name
of
witness
to
………………………………………
Signature

Date
participant’s

signature
Date

(printed)
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Declaration by researcher*: I have given a verbal explanation of the
research project, its procedures and risks and I believe that the participant has
understood that explanation.
Researcher’s name (printed) ……………………………………………………
Signature

Date

* A senior member of the research team must provide the explanation and
provision of information concerning the research project.
12.

Who can I contact?

The person you may need to contact will depend on the nature of your
query, therefore, please note the following:
For further information or appointments:
If you want any further information concerning this project or if you have
any medical problems which may be related to your involvement in the project
(for example, feelings of distress), you can contact either of the following principal
supervisors: Dr. Lisa Sherry on 9490 7562, or Dr. Andrew Hughes on 9496 2845.
Alternatively, if you want any further information concerning this project or
want to make an assessment appointment you can contact the associate
researcher and assessor, Jacenta Abbott on 9479 1981.
Name: Dr Andrew Hughes
Role: Principal Investigator
Telephone: 9496 2845
Email: ajhughes@unimelb.edu.au
Post: PO Box 5444 Heidelberg West, Victoria 3081
Name: Dr Lisa Sherry
Role: Principal Investigator
Telephone: 9490 7562
Email: Lisa.Sherry@austin.org.au
Post: Royal Talbot Rehabilitation Centre, 1 Yarra Boulevard Kew 3101
Name: Annukka Lindell
Role: Principle Investigator
Telephone: 9479 2708
Email: a.lindell@latrobe.edu.au
Post: c/o School of Psychological Science, La Trobe University Bundoora
3086
Name: Jacenta Abbott
Role: Associate Investigator and Assessor
Telephone:9479 1981
Email: jd2abbott@students.latrobe.edu.au
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Post: c/o School of Psychological Science, La Trobe University Bundoora 3086
For complaints:
If you wish to contact someone, independent of the study, about ethical
issues or your rights or to make a complaint, you may contact the Austin Health
and/or La Trobe University ethics committees. Jill Davis is the manager of the
Research Ethics Unit at Austin Health: Telephone 9496 4034; Email
ethics@austin.org.au; Post Research Ethics Unit, Henry Buck Building, 145
Studley Road, Heidelberg, 3084. Or contact the La Trobe University Human
Ethics Committee: Phone 9479 1443; Email humanethics@latrobe.edu.au; Post
La Trobe University, Victoria, 3086.
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Austin Health Control Participant Information and Consent Form
Full Project Title: Lateralisation of the perception of affective facial
expressions in unilateral stroke patients.
Principal Researchers:

Dr. Lisa Sherry, Dr. Andrew Hughes and Dr. Annukka
Lindell

Associate Researcher:

Jacenta Abbott

1.

Introduction

You are invited to take part in this research project because we are looking
for medically healthy people who are right-handed to participate. Given the nature
of the project, people who have a psychiatric diagnosis, neurological disease, are
habitual drug or alcohol users, have major vision difficulties, or whose primary
language is not English are not eligible for participation.
This Participant Information and Consent Form tells you about the
research project. It explains the procedures involved. Knowing what is involved
will help you decide if you want to take part in the research.
Please read this information carefully. Ask questions about anything that
you don’t understand or want to know more about. Before deciding whether or not
to take part, you might want to talk about it with a relative, friend or healthcare
worker.
Participation in this research is voluntary. If you don’t wish to take part, you
don’t have to.
If you decide you want to take part in the research project, you will be
asked to sign the consent section. By signing it you are telling us that you:
•
•
•
•

understand what you have read;
consent to take part in the research project;
consent to participate in the research processes that are described;
consent to the use of your personal and health information as described.

You will be given a copy of this Participant Information and Consent Form
to keep.
2.

What is the purpose of this research project?

The research investigates how the two sides of the process brain emotion.
Understanding whether someone is looking happy or sad is an important
everyday skill, so improving understanding of how we process emotion could help
improve rehabilitation intervention programs for patients with an acquired brain
injury.
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Past research examining how the two sides of the brain process
negative (e.g., sadness) and positive (e.g., happiness) emotions has not
produced clear results. Some studies have found that the right side of the brain
controls negative emotion, and that the left side of the brain processes positive
emotion. But other studies have found no difference in how the two sides of the
brain process negative and positive emotions.
This research project will investigate whether the right and left sides of the
brain process positive and negative emotions, and what kind of strategies are
used by each side of the brain to process emotion. This project will contribute to
the current research base on how the brain processes facial emotions, and may
guide the design of intervention programs to better assist the rehabilitation of
patients with acquired brain injury.
To achieve these aims this research project will compare 30 right-sided
and 30 left-sided stroke patients’ ability to process emotions, with 30 healthy
control participants. Therefore 90 people will be participating in total. All stroke
patients will be recruited from Austin Health, and healthy control participants will
be recruited from the general population.
The results of this research will be used by the researcher, Jacenta Abbott,
in partial fulfilment of the requirements for her Doctorate of Clinical
Neuropsychology degree.
This research is being conducted by La Trobe University in collaboration
with Austin Health.
3.

What does participation in this research project involve?

Participation in this study will involve a researcher coming to your home, or
the researcher arranging to meet with you at the La Trobe University Bundoora
campus. You can choose the venue that best suits you.
The assessment will consist of a brief interview containing questions
concerning your demographic, neurological and psychological history, an
examination of your mental status, the completion of two short questionnaires
that will assess your handedness (i.e., left or right handed) and your current level
of depression, anxiety and stress. You will also complete four simple tasks in
which you will look at photos of faces and make decisions about the identify or
emotions expressed. The assessment session will take approximately 90 minutes
in total, with breaks in between tasks and as requested.
All participants will receive a summary of findings for group data in the mail
at the conclusion of the study, in 2013.
You will be reimbursed for your participant through the payment of a $20
‘Coles’ or ‘Myer’ voucher at the completion of assessment. You will not be
reimbursed for any travel or parking expenses.
4.

What are the possible benefits?

We cannot guarantee or promise that you will receive any benefits from
this research, besides learning more about emotion processing. However,
possible benefits to society in general may include improved intervention
programs for emotion perception in rehabilitation settings.
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5.

What are the possible risks?

The assessment will conclude with the completion of a questionnaire about
symptoms of depression. It will ask participants to rate how much 21 different
depressive symptoms have impacted on their life in the last week. The
completion of this questionnaire holds the minor risk of participant distress. The
assessor has experience in administering this questionnaire to people with
depression, which will minimise the risk of any associated distress. If deemed
necessary a risk assessment will be performed and the Austin Health principal
investigators will be consulted.
6.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take
part you don’t have to. If you decide to take part and later change your mind, you
are free to withdraw from the project at any stage by contacting the associate
researcher and assessor, Jacenta Abbott (see section 12 for contact information).
If you do consent to participate, you may only withdraw prior to the
conclusion of the assessment session(s).
Your decision whether to take part or not to take part, or to take part and
then withdraw, will not affect your relationship with Austin Health.
7.

How will I be informed of the final results of this research project?

You will receive a summary of results based on pooled group data in 2013.
8.

What will happen to information about me?

Any information obtained for the purpose of this research project that can
identify you will be treated as confidential and securely stored. It will be disclosed
only with your permission, or as permitted by law. All participant data will be
coded alpha-numerically to ensure confidentiality and anonymity. All data will be
stored in locked filing cabinets in the laboratory of the principal investigator, Dr.
Annukka Lindell, at La Trobe University, Bundoora campus. Consent forms will
be stored in a separate locked filing cabinet to maintain anonymity. Only the
principal investigators will be able to access the codes and filing cabinets. Data
storage will be in accordance with Austin Health data storage regulations for a
period of at least seven years from the completion of the study. Following this
seven year period, data will be shredded and disposed in confidential document
paper recycling.
In any publication and/or presentation, information will be provided in such
a way that you cannot be identified, with the results containing collated deidentified information only.
9.

Can I access information kept about me?

In accordance with relevant Australian and/or Victorian privacy and other
relevant laws, you have the right to access the information collected and stored
by the researchers about you. Please contact one of the researchers named at
the end of this document if you would like to access your information.
In addition, in accordance with regulatory guidelines, the information
collected in this research project will be kept for at least seven years (in
accordance with Austin Health data storage regulations) from the completion of
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the study. Following this seven year period, data will be shredded and
disposed in confidential document paper recycling. You must be aware that the
information collected about you may at some point not be able to be identified
once the identifying information has been removed, this is expected to be to
performed a month after the information was collected. Access to information
about you after this point will not be possible.
10.

Is this research project approved?

The ethical aspects of this research project have been approved by the
Human Research Ethics Committee of Austin Health (H2011/04337) and La
Trobe University (11-035).
This project will be carried out according to the National Statement on
Ethical Conduct in Human Research (2007) produced by the National Health and
Medical Research Council of Australia. This statement has been developed to
protect the interests of people who agree to participate in human research
studies.
11.

Consent

I have read, or have had read to me in a language that I understand, and I
understand the purposes, procedures and risks of this research project as
described within it.
I have had an opportunity to ask questions and I am satisfied with the answers I
have received.
I freely agree to participate in this research project as described.
I understand that I will be given a signed copy of this document to keep.
Participant’s name (printed) ……………………………………………………
Signature
Name
of
witness
to
………………………………………

Date
participant’s

Signature

signature

(printed)

Date

Declaration by researcher*: I have given a verbal explanation of the research
project, its procedures and risks and I believe that the participant has understood
that explanation.
Researcher’s name (printed) ……………………………………………………
Signature

Date

* A senior member of the research team must provide the explanation and
provision of information concerning the research project.
12.

Who can I contact?

The person you may need to contact will depend on the nature of your
query, therefore, please note the following:
For further information or appointments:
If you want any further information concerning this project or if you have
any medical problems which may be related to your involvement in the project
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(for example, any feelings of distress), you can contact either of the
following principal supervisors: Dr. Lisa Sherry on 9490 7562, or Dr. Andrew
Hughes on 9496 2845.
Alternatively, if you want any further information concerning this project or
want to make an assessment appointment you can contact the associate
researcher and assessor, Jacenta Abbott on 9479 1981.
Name: Dr Andrew Hughes
Role: Principal Investigator
Telephone: 9496 2845
Email: ajhughes@unimelb.edu.au
Post: PO Box 5444 Heidelberg West, Victoria 3081
Name: Dr Lisa Sherry
Role: Principal Investigator
Telephone: 9490 7562
Email: Lisa.Sherry@austin.org.au
Post: Royal Talbot Rehabilitation Centre, 1 Yarra Boulevard Kew 3101
Name: Annukka Lindell
Role: Principle Investigator
Telephone: 9479 2708
Email: a.lindell@latrobe.edu.au
Post: c/o School of Psychological Science, La Trobe University Bundoora
3086
Name: Jacenta Abbott
Role: Associate Investigator and Assessor
Telephone: 9479 1981
Email: jd2abbott@students.latrobe.edu.au
Post: c/o School of Psychological Science, La Trobe University Bundoora
3086
For complaints:
If you wish to contact someone, independent of the study, about ethical
issues or your rights or to make a complaint, you may contact the Austin Health
and/or La Trobe University ethics committees. Jill Davis is the manager of the
Research Ethics Unit at Austin Health: Telephone 9496 4034; Email
ethics@austin.org.au; Post Research Ethics Unit, Henry Buck Building, 145
Studley Road, Heidelberg, 3084. Or contact the La Trobe University Human
Ethics Committee: Phone 9479 1443; Email humanethics@latrobe.edu.au; La
Trobe University, Victoria, 3086.
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Stroke Participant Information and Consent Form
Western Health
Full Project Title: Lateralisation of the perception of affective facial
expressions in unilateral stroke patients.
Principal Researchers: Dr Diana Perre, Dr Tissa Wijeratne and Dr Annukka
Lindell
Associate Researcher: Jacenta Abbott
1.

Introduction

You are invited to take part in this research project because we are looking
for people who have had one or more strokes affecting either the left or the right
side of the brain. We obtained your health information through the Western
Hospital neurology outpatient clinic. This Participant Information and Consent
Form tells you about the research project. It explains the procedures involved.
Knowing what is involved will help you decide if you want to take part in the
research.
Please read this information carefully. Ask questions about anything that
you don’t understand or want to know more about. Before deciding whether or not
to take part, you might want to talk about it with a relative, friend or healthcare
worker.
Participation in this research is voluntary. If you don’t wish to take part, you
don’t have to.
If you decide you want to take part in the research project, you will be
asked to sign the consent section. By signing it you are telling us that you:
•
understand what you have read;
•
consent to take part in the research project;
•
consent to participate in the research processes that are described;
•
consent to the use of your personal and health information as
described.
You will be given a copy of this Participant Information and Consent Form
to keep.
2.

What is the purpose of this research project?

The aim of this research is to investigate how the two sides of the brain
process emotion and what strategies are used by each side of the brain to
process emotion. Understanding whether someone is looking happy or sad is an
important everyday skill, so improving understanding of how we process emotion
could help improve rehabilitation intervention programs for patients who have had
a stroke.
Past research examining how the two sides of the brain process negative
(e.g., sadness) and positive (e.g., happiness) emotions has not produced clear
results. Some studies have found that the right side of the brain controls negative
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emotion, and that the left side of the brain controls positive emotion.
But other studies have found no difference in how the two sides of the brain
process negative and positive emotions.
This project will contribute to our understanding of how the brain
processes facial emotions, and may guide the design of intervention programs to
better assist the rehabilitation of patients with acquired brain injury.
To achieve these aims this research project will compare 30 right-sided
and 30 left-sided stroke patients’ ability to process emotions, with 30 healthy
control participants. Therefore 90 people will be participating in total. All stroke
patients will be recruited from Austin Health or Western Health, and healthy
control participants will be recruited from the general population.
The results of this research will be used by the associate researcher,
Jacenta Abbott, in partial fulfilment of the requirements for her Doctorate of
Clinical Neuropsychology degree.
This research is being conducted by La Trobe University in collaboration
with Austin Health and Western Health.
3.

What does participation in this research project involve?

Participants must be right-handed to participate in the research project.
Participation in this study will involve a researcher coming to your home or you
participating in the research project during your visit to the Western Hospital
neurology out-patient clinic, or the researcher arranging to meet with you at the
La Trobe University Bundoora campus. You can choose the venue that best suits
you.
The assessment will consist of a brief interview containing questions
concerning your personal characteristics such as your age and education,
neurological and psychological history, an examination of your mental status, the
completion of two short questionnaires that will assess your handedness (i.e., left
or right handed) and your current level of depression, anxiety and stress. You will
also complete four simple tasks in which you will look at photos of faces and
make decisions about and identify the emotions expressed. The assessment
session will take approximately 90 minutes in total, with breaks in between tasks
if required.
You will be reimbursed for your participation through the payment of a $20
‘Coles’ or ‘Myer’ voucher at the completion of assessment. You will not be
reimbursed for any travel or parking expenses.
4.

What are the possible benefits?

You are unlikely to receive any benefits from your participation in this
research, however, possible benefits to society in general may include improved
intervention programs for emotion perception in rehabilitation settings.
5.

What are the possible risks?

The assessment will conclude with the completion of a questionnaire about
symptoms of depression. It will ask participants to rate how 21 different
depressive symptoms have impacted on their life in the last week. The
completion of this questionnaire holds the minor risk of participant distress. The
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assessor has experience in administering this questionnaire to people
with depression, which will minimise the risk of any associated distress. If you
require counselling the researchers will arrange counselling for you at the La
Trobe University clinic.
In addition, should you feel tired the 90 minute session may be split into
two 45 minute sessions
6.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take
part you don’t have to. If you decide to take part and later change your mind, you
are free to withdraw from the project at any stage by contacting the associate
researcher Abbott (see section 11 for contact information).
If you do consent to participate, consent can be withdrawn at any time.
Your decision whether to take part or not to take part, or to take part and
then withdraw, will not affect your relationship with Western Health.
7.

What if I withdraw from this research project?
If you decide to withdraw, please notify a member of the research team.

8.

How will I be informed of the results of this research project?

You will receive a summary of results based on pooled group data in 2013.
9.

What else do I need to know?

•

What will happen to information about me?

Any information obtained for the purpose of this research project that can
identify you will be treated as confidential and securely stored. It will be disclosed
only with your permission, or as permitted by law. All participant data will be
coded to ensure confidentiality. All data will be stored in locked filing cabinets in
the laboratory of the principal investigator, Dr. Annukka Lindell, at La Trobe
University, Bundoora campus. Consent forms will be stored in a separate locked
filing cabinet to maintain your privacy. Only the principal investigators will be able
to access the codes and filing cabinets. Data will be stored for a period of at least
seven years from the completion of the study. Following this seven year period,
data will be shredded and disposed in confidential document paper recycling.
In any publication and/or presentation, information will be provided in such
a way that you cannot be identified, with the results containing grouped nonidentifiable information only.
•

How can I access my information?

In accordance with relevant Australian and/or Victorian privacy and other
relevant laws, you have the right to access the information collected and stored
by the researchers about you. Please contact one of the researchers named at
the end of this document if you would like to access your information.
In addition, in accordance with regulatory guidelines, the information
collected in this research project will be kept for at least seven years from the
completion of the study. You must be aware that the information collected about
you may at some point not be able to be identified once the identifying
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information has been removed, this is expected to be to performed a
month after the information was collected. Access to information about you after
this point will not be possible.
•

Is this research project approved?

The ethical aspects of this research project have been approved by the
Melbourne Health Human Research Ethics Committee (2012.015).
This project will be carried out according to the National Statement on
Ethical Conduct in Human Research (2007) produced by the National Health and
Medical Research Council of Australia. This statement has been developed to
protect the interests of people who agree to participate in human research
studies.
10.

Consent

I have read, or have had read to me in a language that I understand, and I
understand the purposes, procedures and risks of this research project as
described within it.
I have had an opportunity to ask questions and I am satisfied with the answers I
have received.
I freely agree to participate in this research project as described.
I understand that I will be given a signed copy of this document to keep.
Participant’s name (printed) ……………………………………………………
Signature
Name
of
witness
to
………………………………………

Date
participant’s

Signature

signature

(printed)

Date

Declaration by researcher*: I have given a verbal explanation of the research
project, its procedures and risks and I believe that the participant has understood
that explanation.
Researcher’s name (printed) ……………………………………………………
Signature

Date

* A senior member of the research team must provide the explanation and
provision of information concerning the research project.
11.

Who can I contact?

Who you may need to contact will depend on the nature of your query,
therefore, please note the following:
For further information or appointments:
If you want any further information concerning this project or if you have
any medical problems which may be related to your involvement in the project
(for example, any side effects), you can contact the associate researcher and
assessor on Jacenta Abbott on 9479 1981or any of the following people: Dr
Annukka Lindell on 9479 2708 or Dr Diana Perre on 8345 1785.
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For complaints:
If you have any complaints about any aspect of the project, the way it is
being conducted or any questions about being a research participant in general,
then you may contact:
Name: Angela Gray.
Position: Manager Melbourne Health Human Research Ethics Committee.
Telephone: 9342 8530.
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Control Participant Information and Consent Form
Western Health
Full Project Title: Lateralisation of the perception of affective facial
expressions in unilateral stroke patients.
Principal Researchers: Dr Diana Perre, Dr Tissa Wijeratne and Dr Annukka
Lindell
Associate Researcher: Jacenta Abbott
1.

Introduction

You are invited to take part in this research project because we are looking
for medically healthy people who are right-handed to participate.
This Participant Information and Consent Form tells you about the
research project. It explains the procedures involved. Knowing what is involved
will help you decide if you want to take part in the research.
Please read this information carefully. Ask questions about anything that
you don’t understand or want to know more about. Before deciding whether or not
to take part, you might want to talk about it with a relative, friend or healthcare
worker.
Participation in this research is voluntary. If you don’t wish to take part, you
don’t have to.
If you decide you want to take part in the research project, you will be
asked to sign the consent section. By signing it you are telling us that you:
•
understand what you have read;
•
consent to take part in the research project;
•
consent to participate in the research processes that are described;
•
consent to the use of your personal and health information as
described.
You will be given a copy of this Participant Information and Consent Form
to keep.
2.

What is the purpose of this research project?

The aim of this research is to investigate how the two sides of the brain
process emotion and what strategies are used by each side of the brain to
process emotion. Understanding whether someone is looking happy or sad is an
important everyday skill, so improving understanding of how we process emotion
could help improve rehabilitation intervention programs for patients who have had
a stroke.
Past research examining how the two sides of the brain process negative
(e.g., sadness) and positive (e.g., happiness) emotions has not produced clear
results. Some studies have found that the right side of the brain controls negative
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emotion, and that the left side of the brain controls positive emotion.
But other studies have found no difference in how the two sides of the brain
process negative and positive emotions.
This project will contribute to our understanding of how the brain
processes facial emotions, and may guide the design of intervention programs to
better assist the rehabilitation of patients with acquired brain injury.
To achieve these aims this research project will compare 30 right-sided
and 30 left-sided stroke patients’ ability to process emotions, with 30 healthy
control participants. Therefore 90 people will be participating in total. All stroke
patients will be recruited from Austin Health or Western Health, and healthy
control participants will be recruited from the general population.
The results of this research will be used by the associate researcher,
Jacenta Abbott, in partial fulfilment of the requirements for her Doctorate of
Clinical Neuropsychology degree.
This research is being conducted by La Trobe University in collaboration
with Austin Health and Western Health.
3.

What does participation in this research project involve?

Participants must be right-handed to participate in the research project.
Participation in this study will involve a researcher coming to your home or the
researcher arranging to meet with you at the La Trobe University Bundoora
campus. You can choose the venue that best suits you.
The assessment will consist of a brief interview containing questions
concerning your personal characteristics such as your age and education,
neurological and psychological history, an examination of your mental status, the
completion of two short questionnaires that will assess your handedness (i.e., left
or right handed) and your current level of depression, anxiety and stress. You will
also complete four simple tasks in which you will look at photos of faces and
make decisions about and identify the emotions expressed. The assessment
session will take approximately 90 minutes in total, with breaks in between tasks
if required.
You will be reimbursed for your participation through the payment of a $20
‘Coles’ or ‘Myer’ voucher at the completion of assessment. You will not be
reimbursed for any travel or parking expenses.
4.

What are the possible benefits?

You are unlikely to receive any benefits from your participation in this
research, however, possible benefits to society in general may include improved
intervention programs for emotion perception in rehabilitation settings.
5.

What are the possible risks?

The assessment will conclude with the completion of a questionnaire about
symptoms of depression. It will ask participants to rate how 21 different
depressive symptoms have impacted on their life in the last week. The
completion of this questionnaire holds the minor risk of participant distress. The
assessor has experience in administering this questionnaire to people with
depression, which will minimise the risk of any associated distress. If you require
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counselling the researchers will arrange counselling for you at the La
Trobe University clinic.
6.

Do I have to take part in this research project?

Participation in any research project is voluntary. If you do not wish to take
part you don’t have to. If you decide to take part and later change your mind, you
are free to withdraw from the project at any stage by contacting the associate
researcher, Jacenta Abbott (see section 11 for contact information).
If you do consent to participate, consent can be withdrawn at any time.
Your decision whether to take part or not to take part, or to take part and then
withdraw, will not affect your relationship with the researchers.
7.

What if I withdraw from this research project?
If you decide to withdraw, please notify a member of the research team.

8.

How will I be informed of the results of this research project?

You will receive a summary of results based on pooled group data in 2013.
9.

What else do I need to know?

•

What will happen to information about me?

Any information obtained for the purpose of this research project that can
identify you will be treated as confidential and securely stored. It will be disclosed
only with your permission, or as permitted by law.
All participant data will be coded to ensure confidentiality. All data will be
stored in locked filing cabinets in the laboratory of the principal investigator, Dr.
Annukka Lindell, at La Trobe University, Bundoora campus. Consent forms will
be stored in a separate locked filing cabinet to maintain your privacy. Only the
principal investigators will be able to access the codes and filing cabinets. Data
will be stored for a period of at least seven years from the completion of the
study. Following this seven year period, data will be shredded and disposed in
confidential document paper recycling.
In any publication and/or presentation, information will be provided in such
a way that you cannot be identified, with the results containing grouped nonidentifiable information only.
•

How can I access my information?

In accordance with relevant Australian and/or Victorian privacy and other
relevant laws, you have the right to access the information collected and stored
by the researchers about you. Please contact one of the researchers named at
the end of this document if you would like to access your information.
In addition, in accordance with regulatory guidelines, the information
collected in this research project will be kept for at least seven years from the
completion of the study. You must be aware that the information collected about
you may at some point not be able to be identified once the identifying
information has been removed, this is expected to be to performed a month after
the information was collected. Access to information about you after this point will
not be possible.
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•

Is this research project approved?

The ethical aspects of this research project have been approved by the
Melbourne Health Human Research Ethics Committee (2012.015).
This project will be carried out according to the National Statement on
Ethical Conduct in Human Research (2007) produced by the National Health and
Medical Research Council of Australia. This statement has been developed to
protect the interests of people who agree to participate in human research
studies.
10.

Consent

I have read, or have had read to me in a language that I understand, and I
understand the purposes, procedures and risks of this research project as
described within it.
I have had an opportunity to ask questions and I am satisfied with the answers I
have received.
I freely agree to participate in this research project as described.
I understand that I will be given a signed copy of this document to keep.
Participant’s name (printed) ……………………………………………………
Signature
Name
of
witness
to
………………………………………

Date
participant’s

Signature

signature

(printed)

Date

Declaration by researcher*: I have given a verbal explanation of the research
project, its procedures and risks and I believe that the participant has understood
that explanation.
Researcher’s name (printed) ……………………………………………………
Signature

Date

* A senior member of the research team must provide the explanation and
provision of information concerning the research project.
11.

Who can I contact?

Who you may need to contact will depend on the nature of your query,
therefore, please note the following:
For further information or appointments:
If you want any further information concerning this project you can contact
the associate researcher Jacenta Abbott on 9479 1981or any of the following
people: Dr Annukka Lindell on 9479 2708 or Dr Diana Perre on 8345 1785.
For complaints:
If you have any complaints about any aspect of the project, the way it is
being conducted or any questions about being a research participant in general,
then you may contact:
Name: Angela Gray.
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Position: Manager Melbourne Health Human Research Ethics
Committee.
Telephone: 9342 8530.

