
    Substantive Literature Review     

 

i 
 

 

SUBSTANTIVE LITERATURE REVIEW 

Emotional Processing from Faces Following Childhood Brain Injury:  

A Literature Review 

TRAINEE NUMBER: 09/01024. 

TRAINEE NAME: Jenna Oliphant, Trainee Clinical Psychologist, University of Exeter 

 

SUPERVISORS: Huw Williams, Associate Professor, University of Exeter. 

   Tim Hodgson, Associate Professor, University of Lincoln 

 

FIELD COLLABORATOR: Ingram Wright, Consultant Paediatric 

Neuropsychologist, Frenchay Hospital, Bristol 

 

TARGET JOURNAL:  Clinical Psychology Review
1
 

PROPSED RESEARCH SETTING: Clinical Group Research Setting:  Paediatric 

Neuropsychology Department, Frenchay 

Hospital, Bristol. 

Control Group Research Setting: Secondary 

School (Bristol/Exeter). 

"I certify that all material in this assignment / assessment which is not my own work 

has been identified and properly attributed. I have conducted the work in line with the 

BPS DCP Professional Practice Guidelines." 

 

THIS WORK HAS BEEN SUBMITTED IN PARTIAL FULFILMENT OF 

REQUIREMENTS FOR THE DOCTORATE IN CLINICAL AND COMMUNITY 

PSYCHOLOGY DEGREE 

WORD COUNT: 4000 Words 

DATE OF SUBMISSION: 9
th

 July 2012.

                                                           
1
 This paper is prepared in the style of the American Psychological Association (APA) as per convention for this 

journal. 



    Substantive Literature Review     

 

ii 
 

TABLE OF CONTENTS 

 

Table of contents............................................................................................................ i 

1. Introduction ................................................................................................................... 1 

1.1. Search strategy.............................................................................................. 2 

2. Impaired recognition of facial affect following ABI...................................................... 2 

3. Neuroanatomy implicated in facial affect recognition.................................................... 4 

3.1      The limbic system ........................................................................................ 4 

3.2     Parietal regions .................................................................................... 5 

3.3     The frontal lobe   .................................................................................. 5   

3.4    The Valence Hypothesis .......................................................................... 6 

4 Regions of interest viewed during emotion processing.............................................. 6 

5 Cognitive Abilities  .............................................................................................. 7 

5. Theory of Mind ...................................................................................  7 

5.2       Attention ............................................................................................ 8 

6.   Emotion recognition after childhood ABI................................................................ 9 

6.1 Plasticity ............................................................................................. 9 

6.2. Brain growth and development throughout childhood ............................. 10 

7. Discussion .......................................................................................................... 12 

7.1 Methodological critique......................................................................... 12 

8.   Conclusion .....................................................................................................................  13 

9. References .....................................................................................................................  15 

10.  Appendix .....................................................................................................................  23



    Substantive Literature Review     

 

1 
 

Emotion processing from faces, following childhood brain injury: A 

literature review 
 

1.  Introduction 

Childhood Acquired Brain Injury
2
 (ABI) is relatively prevalent within the UK, with an 

estimated 2.5% of children sustaining a head injury requiring attendance at Accident and 

Emergency (Middleton, 2001).  Poor social functioning and impaired quality of life have 

been identified as enduring difficulties experienced by children following ABI (Cattelani et 

al., 1998).  It is suggested that difficulties observed (including, poor empathy and problems 

with friendships) may result from specific deficits with reading and responding to emotions 

(Tonks et al., 2008).  However, the mechanisms underpinning these difficulties remain 

relatively unexplored in children, with most current research conducted with adults.   

This review examines current knowledge of the mechanisms underlying emotion 

processing difficulties in adults and children, and establishes specific areas for research 

development within a paediatric population.   

Emotional information is thought to be conveyed by: 

(i) facial expression;  

(ii) expression in the eyes; 

(iii) vocal prosody (Tonks et al., 2008).   

Faces are thought to be the greatest source of emotion communication and most research in 

this area is focussed on understanding the underlying neural processes that enable facial 

affect recognition (Radice-Neuman, et al., 2007).  The present review therefore focuses on 

facial affect recognition, and studies exploring auditory emotion recognition are not included. 

 

                                                           
2
 Throughout this review paper ABI is used to refer to a brain injury sustained after birth, as a result of external 

force applied to the head (traumatic brain injury), anoxic/hypoxic injury, intracranial surgery, vascular 

disruption, arterio-venous malformation, infectious diseases, intracranial neoplasms, metabolic disorders, 

seizure disorders or toxic exposure (Centre for Neuro Skills, 2010) 
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1.1.   Search strategy 

Studies were collected by searching Web of Science and PubMed databases using the 

search terms emotion processing or emotion recognition, or facial expression, and the terms 

brain injury or head injury.  These combinations of terms were intersected with child* 

(children).  The searches were conducted no later than 1
st
 April 2012.  An author search was 

conducted for key authors Ralph Adolphs and James Tonks.  References of the collected 

articles were scanned for additional studies.  The following inclusion criteria were applied 

during this search: 

1. Published in English before 1
st
 April 2012. 

2. Study participants were adults or children who had sustained a brain injury. 

3. The study assessed emotion recognition from faces. 

Using these strategies, 50 studies were found
3
.  Studies were divided into 6 areas of interest, 

which form the structure of this review (see figure 1).  

 

2.  Impaired facial affect recognition following ABI 

Several studies involving adults with ABI have identified impaired facial affect recognition 

from viewing pictures of emotions (e.g. Adolphs & Tranel, 2004; Henry et al., 2006; Hornak 

et al., 1996).  In a longitudinal study, impairment was present both shortly after- and 1 year 

post-injury, suggesting this impairment is likely to be a direct effect of brain injury, rather 

                                                           
3
 These studies are summarised in Appendix 1 

1. Impaired recognition of facial affect following ABI. 

2. Neuroanatomy implicated in facial affect recognition. 

3. Regions of interest viewed when processing emotion from faces  

4. Cognitive abilities associated with emotion recognition 

5. Brain growth and development throughout childhood  

6. Emotion recognition after ABI in childhood 

 

Figure 1.  The 6 areas of interest, chosen to structure the current review. 
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than due to environmental changes post-injury (Ietswaart et al., 2007).  This finding is 

perhaps unsurprising, because areas most likely to be damaged following a closed head injury 

are also those thought to be implicated in emotion recognition (Radice-Neumann et al., 

2007).   

Exploring this idea, Green et al. (2004) assessed adults with recent Traumatic Brain 

Injuries (TBI), sustained to the right posterior hemisphere (implicated in emotion perception).  

They compared their facial affect recognition accuracy to adults with TBI, affecting regions 

not thought to be implicated in expression perception.  Both groups however, were found to 

be equally impaired at expression recognition from pictures of faces when compared to an 

age-matched control group.  The authors concluded that in addition to focal lesions, diffuse 

axonal injury (widespread lesions in the white matter tracts) may cause affect recognition 

difficulties. 

 Several studies have shown specific impairment of negatively valenced emotions (e.g. 

fear, anger and sadness) in adults with ABI, with recognition of positive emotions (e.g. 

happiness) appearing unimpaired (Adolphs et al., 1999; Calder et al., 2004).  This finding has 

been strengthened by observations of reduced electrodermal activity in participants with 

prefrontal damage compared to a control group, when viewing negative facial affect. 

Reduced electrodermal activity was associated with reduced recognition accuracy (Hopkins, 

Dywan & Segalowitz, 2002).     

Each of the studies discussed utilised static pictures of faces, (e.g. the Ekman dataset, 

Ekman & Friesen, 1976; Florida Affect Battery, Bowers et al., 1999; or the Mind in the eyes 

test, Baron-Cohen et al., 1997).  However, three studies observed differential effects of static 

and dynamic stimuli.  Knox & Douglas (2009) found that adults with severe TBI were 

significantly impaired at identifying facial expression from video stimuli, taken from “The 

Awareness of Social Inference Test” (TASIT, McDonald et al., 2002) than from static faces.  

Impairment was found to be significantly associated with a measure of successful social 

integration.  Turkstra et al. (2001) confirmed that adolescents with TBI were also 

significantly impaired in emotion recognition from dynamic nonverbal cues.  Dynamic 

stimuli are perhaps more ecologically valid than static pictures of faces, and therefore these 

finding are particularly important.  However, not all studies are consistent.  McDonald and 

Saunders (2005) found that participants with severe TBI were more impaired at emotion 

recognition from static faces than from dynamic stimuli.  The authors suggest that moving 
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displays may therefore enlist different brain systems (e.g. the parietal cortices) to those 

involved with still displays, a dissociation also suggested by Adolphs et al. (2003).  

Despite some variation within individual studies, a meta-analysis examining data 

from 296 adults with TBI and 296 matched controls across 13 studies showed that overall 

following TBI between 13% and 39% of people experienced significant emotion perception 

difficulties, depending on the cut-off criteria used (Babbage et al., 2011).  The authors argue 

therefore that this area warrants further attention, with potential for assessment and 

rehabilitation of these abilities within the TBI population. 

 

3.  Neuroanatomy  

Lesion studies together with structural and functional imaging have been invaluable in 

exploring the structures involved in processing facial affect.  This review focuses on the three 

main areas that are implicated: the limbic system (involving the amygdala and temporal 

lobes) and the prefrontal and parietal cortices. 

 

3.1 The limbic system 

 The importance of the amygdala has been noted in several studies.  Early research 

found one participant with focal congenital bilateral amygdala damage (“SM”) was 

selectively impaired in recognising and judging the intensity of negative emotions, especially 

fear, when compared to participants with unilateral amygdala damage (Adolphs, et al., 1994; 

1995; 2005).  This finding was replicated with eight other patients with bilateral amygdala 

damage (Calder et al., 1996; Adolphs et al., 1999), who all showed impaired recognition of 

negative emotions, particularly fear.  This selective impairment however, was found to vary 

between participants, from severe, to almost normal.  These individual differences may 

reflect the participants’ ability to adopt alternative strategies to read emotions, which may 

vary with age at the time of insult.   

Differences have been found in recognising basic emotions (i.e. happiness, sadness) 

and more complex social emotions from faces (i.e. guilt, admiration).  Compared to the ABI 

control group, participants with unilateral or bilateral amygdala damage showed difficulty 
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with recognition of complex social emotions.  This group difference increased when 

participants were asked to recognise expressions from the eye region alone (Adolphs et al., 

2002).  Further studies have shown that implicit physiological responses to fear can remain 

intact following right unilateral amygdala damage but explicit emotional labelling is impaired 

(Heutink et al., 2011; Tsuchiya et al., 2009).  In addition, the right anterior temporal lobe has 

been implicated in impaired recognition of negative emotions, particularly fear, with right-

sided temporal lobectomy patients performing significantly worse than left-sided temporal 

lobectomy patients (Adolphs et al., 2001; Shaw et al., 2007). 

These findings suggest that the amygdala is not essential for the rapid early stages of 

fear processing but does appear to modulate conscious labelling of emotions and emotional 

intensity.   

 

3.2. Parietal regions 

Adolphs et al. (1996; 2000) used three-dimensional reconstructions of brain images to map 

lesion location and performance on an emotion recognition task.  Poor performance was most 

associated with damage to the right parietal lobe and somatosensory cortex.  The authors 

proposed that the parietal regions may be implicated in generating internal somatosensory 

representations, to simulate how a person might be feeling based on information from their 

expression. 

 

3.3. The frontal lobes 

The frontal lobes are thought to be implicated in higher order emotional processing, i.e. 

storing representations of emotional states and internally representing the mental state of 

others, modulating the lower cortical processes (Kirsch, 2006). Callahan et al. (2011) found 

that participants with frontal lobe injuries showed impaired labelling of sad, disgusted, 

surprised and fearful faces relative to a healthy control group.  Hornak et al., (1996) also 

noted that adults with ventral frontal lobe damage were impaired with recognition of facial 

expression, when compared to an ABI control group with non-ventral lesions.  Poor 

performance was correlated with alteration in emotional experience and severity of post-

injury behavioural problems.  These findings suggest that difficulty with experiencing one’s 
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own emotions is associated with difficulty identifying emotions in others (e.g. Buchanan et 

al., 2010).  Tsuchida & Fellows (2012) suggest more specifically that damage to the right 

ventromedial prefrontal cortex (VPC) is associated with impaired detection of emotional 

intensity (i.e. poor detection of less intense emotions), whilst left-sided VPC is associated 

with difficulty in discriminating between different emotions. 

 

3.4 The valence hypothesis. 

The valance hypothesis suggests that emotion is processed differently by each hemisphere of 

the brain (Balconi & Mazza, 2010; Williams & Wood, 2010).  Studies with healthy control 

participants suggest that the right hemisphere is most involved in processing negatively 

valenced faces and the left hemisphere is specialised for processing positive emotions 

(Jansari et al., 2000).  Conversely however, studies with ABI participants have generally 

found that the right hemisphere is implicated in processing all emotional stimuli.  For 

example, in a study of over 100 people with ABI, people with right-hemisphere damage were 

significantly worse at recognition of all emotions than those with left-hemisphere damage 

(Adolphs et al., 2000).   

There is some conflicting research however, with Adolphs et al., (1999), Cheung et 

al., (2006) and Rapcsak et al., (2000) all finding that the emotion recognition performance of 

participants with either unilateral or bilateral subcortical lesions were impaired relative to a 

control group, particularly for fearful faces.  Adolphs et al., (1999) suggest that difficulties in 

the recognition of fear are common for everybody, including ‘healthy controls’ and therefore 

a differential impairment may be attributable to task difficulty, rather than damage to a 

valence-specialised neural system. 

   

4. Regions of interest viewed during emotion processing 

Lesion studies have explored how different brain structures interact to process information 

from faces, and how ABI may impact on these processes.  However, these studies paid little 

attention to what information is processed by these structures.  To investigate this, Adolphs et 

al. (2005) used Gaussian bubbles, showing small regions of a face to see which regions 

conveyed the most emotional information to a healthy control group.  They found the eye- 
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and mouth-regions were associated with better emotional discrimination performance than 

other regions.  However SM, a patient with congenital bilateral amygdala damage 

demonstrated impaired rear recognition and an atypically low number of fixations when 

viewing faces, particularly in the eye-region.  The authors interpreted that SM’s specific 

impairment in the recognition of fear was due to a lack of spontaneous attention to the eyes, 

the most important region for identifying this emotion.  By instructing SM to direct her gaze 

to the eye-region, it was possible to rehabilitate her impaired fear recognition.  However, 

improvement only lasted for as long as this instruction remained explicit.   

These findings appear consistent with the suggestion that attraction to the eye region of faces 

may be innately prepared, guided by the amygdala and play a pivotal role in emotion 

perception (e.g. Adams & Kleck, 2003; Batty & Taylor, 2003). 

   

5. Cognitive Abilities 

Due to the multifaceted nature of ABI, the neuropsychological mechanisms associated with 

deficits in emotion recognition in this population remain unclear.  However, it is postulated 

that emotional empathy (i.e. the ability to utilise our own current or remembered emotional 

responses to work out how somebody else is feeling) and focussed visual attention are two 

neuropsychological processes required in emotion recognition (McDonald et al., 2011)  

 

5.1 Theory of Mind  

Reduced empathy is described as a frequent legacy of ABI, following prefrontal, limbic and 

posterior injury (Wood & Williams, 2008).  The ability to understand and feel what another 

person is feeling, known as “Theory of Mind” (ToM, Wood & Williams, 2008) is argued to 

be closely related to identifying facial expressions of emotion in others (Buitelaar et al., 1999; 

Henry et al., 2006).  It is proposed that the synthesis of emotion and cognition is important in 

determining appropriate thought and action in social settings (Tonks, Williams, Frampton, 

Yates & Slater, 2007b).  Few studies however, have examined this synthesis.  Snodgrass and 

Knott (2006) assessed 12 children aged 6-12years with documented frontal lobe damage.  

They found that these children were significantly impaired relative to an age-matched control 

group on an advanced ToM test (The Mind in the eyes test, Baron-Cohen, Joliffe & 
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Mortimore, 1997) and basic emotion recognition test, but not on a basic ToM test (The Sally 

Ann Test, Baron-Cohen, Leslie & Frith, 1985).  A similar profile of deficits was noted in a 

study assessing adults with frontal lobe epilepsy (Farrant et al., 2005).   

It is suggested that the eyes and faces subtests in these studies tap into overlapping 

emotion recognition skills, with the only difference that the eyes test additionally measures 

ToM.   This suggests it is specifically the “internalising” aspect of emotional empathy that is 

impaired following ABI and not a general ToM impairment (Henry et al., 2006).  This 

suggestion is consistent with research implicating the activation of the “mirror neuron 

system” in the ventral premotor cortex, suggesting we simulate the emotions of others in 

order to understand and empathise with how they are feeling (Pfeifer, Iacoboni, Mazziotta & 

Dapretto, 2008).   Further research is needed to explore these suggestions. 

 

 

5.2.  Attention 

Attentional abilities are also thought to play an important role in modulating emotion 

recognition accuracy (e.g. Wronka & Walentowska, 2011).  McDonald et al (2011) found 

that a TBI group showed an abnormal physiological response to pictures of angry faces, 

relative to a control group.  However, when instructed to explicitly attend to facial 

expression, they found a normalisation of the participant’s physiological responses.  The 

authors proposed that damage to the ventral frontal system may have disrupted the automatic 

attentional orientation to faces within the TBI group and subsequent physiological response.  

They suggest that an effortful attention instruction was able to reengage the emotional 

physiological response in these participants.  They did not find however, that this was 

associated with emotion labelling at an explicit level. 

Other recent studies have explored whether directing attention explicitly to the eyes may 

remediate emotion perception difficulties, with mixed results.  Several studies have found 

that adults with severe TBI showed improved performance across a range of emotion 

perception tasks (Driscoll et al., 2011; Kennedy & Adolphs, 2010).  However, some studies 

have found more limited effects of attentional remediation strategies (e.g. McDonald et al., 

2009). 
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6. Emotion recognition after childhood ABI 

Relatively few studies have investigated facial emotion recognition abilities in children with 

ABI.  Those studies that have been conducted have however been consistent with the adult 

literature.  For example, studies show that children aged 9-17 with varied lesion aetiologies 

and locations, showed impairment in reading emotions from Ekman faces (Ekman & Friesen, 

1976), when compared to age-matched peers (Tonks et al., 2007a; Schmidt et al., 2010; 

Tlustos et al., 2011).  In addition, children aged 6-12 years with diffuse damage to frontal 

lobe regions, showed impaired emotion recognition and ToM (Snodgrass & Knott, 2006).  

Despite similarities to the adult literature, there are several differences between an adult brain 

and that of a child which should be considered in interpretation of these results. 

 

6.1   Plasticity  

“Plasticity” theorists suggest that in childhood the brain has a greater capacity for recovery, 

through neural regrowth or reorganization than the adult brain, which is more rigidly 

specialised (Giza & Prins, 2006).  There is, however, some evidence that reorganisation is not 

always successful and may result in either inappropriate neural connections, leading to 

dysfunctional behavioural recovery or a “crowding effect”, where functions relocate to the 

remaining healthy brain areas, leading to general depression of all abilities (Anderson, et al., 

2009).  Plasticity has recently been applied to emotion recognition abilities.  Tlustos et al., 

(2011) assessed a group of children aged 3-7 years immediately after sustaining a TBI and 

then at 18 months follow up, using an emotion labelling task.  Whilst all children showed 

improved abilities at follow-up, children with TBI showed significantly less improvement 

than an orthopaedic control group.  The authors suggest that this may indicate a permanently 

altered trajectory for emotion processing in the TBI group.  However, longer-term follow-up 

is needed to determine whether these children can reorganise emotion processing abilities to 

catch up their same aged peers or whether this marks an enduring deficit.   

A further study paired a group of adults and children with similar unilateral stroke 

lesions and compared them on a range of chronic neuropsychological and social outcomes.  

The results showed similar outcomes for both adults and children with similarly located brain 

lesions (Mosch et al., 2005).  However, age of lesion onset was not considered, which may 

have been a confounding variable in both adult and child groups.  These studies highlight a 
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need for longitudinal research to further investigate whether emotion perception abilities 

might be reorganised in children and to what extent this might vary with age at lesion onset, 

relative to the child’s stage of neural development. 

 

6.2 Brain growth and development throughout childhood 

Outcome after childhood ABI is often difficult to determine and should be considered within 

the context of brain development (Tonks et al., 2008).  It is argued that childhood ABI may 

have a differential impact during “sensitive periods” of brain development.  Tonks et al. 

(2008) assessed 7 children with ABI and found three different types of cognitive and 

emotional profiles, namely, subtle emotion processing difficulties with cognitive difficulties; 

emotion processing difficulties alone; or cognitive difficulties alone.   

Studies indicate that fast intrinsic emotional arousal is present from birth and 

emotional abilities are thought to develop throughout early childhood, with children as young 

as three showing the ability to empathise with others (Baron-Cohen, 2002).  These abilities 

continue to develop throughout childhood and adolescence, with specific periods of brain 

growth (occurring aged 0-18 months, 2-4years, 6-8years and 11-14years) coinciding with 

significant improvements in reading emotional information (e.g. Tonks et al., 2008).  For 

example, Tonks et al. (2007c) found healthy children showed improved ability to read 

expression from the eyes aged 11years, which coincides with a brain growth spurt. 

Tonks et al. (2008) have summarised this information, developing a heuristic to 

illustrate the emergence of emotion recognition abilities; see Figure 2. 
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Figure 1. The development of emotion recognition/processing abilities across three levels throughout 

childhood and adolescence (adapted from Tonks et al., 2008) 

 

 

This model suggests that for children with ABI, location of the injury and age at insult may 

impact on the nature of emotion recognition impairment (Tonks et al., 2007b).  In particular, 

prefrontal injuries may result in hidden deficits that do not emerge until later in adolescence, 

when task demands (e.g. as the child begins college) become more challenging and normal 

development of the necessary skills is impeded.   

 To summarise, research suggests that the limbic system, frontal, parietal and 

somatosensory regions all have a role in recognition of facial affect.  It is thought the limbic 

regions may support attention to socially salient regions, particularly for complex emotions.  

The parietal lobes may also support the decoding of information from faces and the 

somatosensory and prefrontal regions appear associated with creating internal representations 

of the experiences of others, to recognise the emotion portrayed in their expressions.  Despite 

potential for reorganisation of abilities, following childhood ABI, it appears developmental 
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factors (i.e. the age at insult/stage of brain development) are also important to consider.  

Children frequently present with previously hidden socio-emotional difficulties, later in 

childhood, which may reflect the effects of the lesion itself or a “crowding effect”.  In 

practice, this would suggest that ongoing screening and assessment may be necessary, to 

ensure that children have the necessary support to overcome a changing pattern of needs 

throughout childhood and adolescence.    

 

7.   Discussion 

This review has explored existing literature with adult and child populations following ABI 

to evaluate our current knowledge of facial affect recognition.  Considering the number of 

variables within this field (e.g. differential effects of ABI, age/stage of brain development at 

insult) and the complexity of human emotions, it is perhaps unsurprising that whilst 

confirming the prevalence of emotion recognition difficulties with ABI populations, this 

review has also highlighted a number of areas for development within a paediatric 

population. 

 

7.1.   Methodological critique 

Some of the studies outlined in this review exemplify sound methodology.  Many have 

attempted to use as large an ABI sample as possible under the guidance of power analyses 

(e.g. Anderson et al, 2009; Wood & Williams, 2008) and almost every study employed an 

ABI control and healthy age-matched control group in addition to their target ABI sample 

(e.g. Adolphs, Damasio & Damasio, 1995).  In addition many studies have attempted to 

control for the heterogeneity of their sample by adopting stringent controls and inclusion 

criteria, (e.g. specifically defining lesion locality using MRI scans, Adolphs et al., 2001).   

The studies have used a range of methods to investigate emotion recognition, with 

many experimental studies using standardised assessment stimuli (e.g. the Ekman dataset, 

Florida affect battery). In addition some studies attempted to triangulate their findings using 

multiple categorical and continuous measures of outcome.  For example, using high quality 

MRI data, standardised questionnaires, three-dimensional mapping techniques, and eye 

tracking methods to provide as much data as possible.  Authors have also attempted to control 
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for extraneous variables that may influence but not be directly related to emotion recognition 

performance.  For example, by taking measures of attention prior to assessment and 

excluding those with severe attention difficulties (Snodgrass & Knott, 2006) or screening for 

mood disorder (e.g. Sprengelmeyer et al., 2010).  In addition several studies have adapted 

their methodology to increase ecological validity.  For example, Adolphs (2009) has begun to 

explore real social interactions. 

 However, these studies also illustrate many of the methodological limitations of 

research into ABI.  Many of the studies reported the need to recruit a small sample size due to 

the preliminary nature of the study.  Whilst in the majority of studies, this ensured the sample 

was as controlled and homogeneous as possible, this also has implications for the validity of 

the results, and many authors acknowledged results would need to be replicated with larger 

samples to ensure reliability.  In addition, whilst some studies provided comprehensive 

information regarding the size, location and aetiology of the lesion and time since injury (e.g. 

Tonks et al., 2009) others did not provide such specific information, which has implications 

for the internal validity and replicability of these studies.  

 Whilst many of the studies attempted to control for extraneous variables (e.g. 

attention) using questionnaire measures and basic cognitive screening, it is argued more 

specialised standardised assessment of assessment should be considered.  In addition, few 

studies sought information from participants or their family regarding their pre-injury 

functioning, which may have helped to adjust for pre-existing difficulties.   

 Finally, with the exception of Ietswaart et al. (2007) every study assessed emotion 

recognition at a single point in time.  This review has discussed the importance of considering 

ABI within a developmental context, particularly with children.  A longitudinal design would 

be sensitive to changes in emotion processing abilities over time and provide further 

information regarding neuronal plasticity, although the challenges of longitudinal 

methodology (e.g. risk of dropout, possible sampling bias) are also noted.  

 

8. Conclusion 

This review has shown that facial affect recognition appears to involve a complex network of 

systems, including the limbic system, somatosensory, parietal and prefrontal regions of the 
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brain.  To better understand this system in children following ABI, it is important to conduct 

further comprehensive studies, where possible employing multiple methodologies.  Future 

studies should consider the developmental nature of emotion recognition, and how damage 

during “sensitive periods” of development may have differential and sometimes subtle or 

hidden effects that do not emerge until later in childhood or adolescence.  In addition, 

difficulties may result from widespread axonal damage as well as focal lesions within 

structures implicated in emotional processing.  In practice, it is suggested that ongoing 

assessment of emotional difficulties for children with ABI, may be beneficial, to ensure that 

difficulties are detected and appropriate support is provided. 
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Appendix 1 – Summary of the papers used in the current review 

Table 1.  Review papers  

Study (year)  Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Adolphs (2008) Faces, fear and the human amygdala – explanatory power in psychiatric illness in terms of the behavioural relevance/interpretation of 
stimuli (e.g. phobias/depression/schizophrenia).  Developments in autism research. People with ASD less likely to look at the eyes – 
show preference for the mouth region! (E.g. Spazio, Adolphs & Piven, 2007). 

Adolphs (2010) Conceptual challenges and directions for social neuroscience. Clinical relevance to look at deficits in specific stages of social emotion 
processing.  Application within TBI/Mood disorders/ASD. 

Bornhofen & 
McDonald 
(2008)  

Summary of research evidence  re: emotion processing following TBI – regions implicated – recommendations for intervention  

Babbage et al., 
(2011) – Meta 
analysis 

296 adults with 
TBI 
296 health y 
controls 

varied Varied – meta analysis of 13 
ER studies 

TBI participants performed on 
average 1.1SD below the mean 

+ evidence that this 
is a clear difficulty 
following TBI 
- Just facial affect 

examined. 

Driscoll, Dal 
Monte & 
Grafman 
(2011) 

Review of studies of rehabilitation of impairments in social functioning – e.g. social skills training, errorless learning, facial affect 
recognition, self-instruction training.  Evidence of improved performance in still photos and video clips in a group of adults with severe 
TBI   (Bornhofen & McDonald 2008; Radice-Neumann et al., 2009) 

Harms, Martin 
& Wallace 
(2010) 

Review of behavioural neuroimaging studies: facial ER in ASD.  Mixed results with children and young people. Suggestive of 
compensatory strategies. 
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Table 1.  Review papers  

Pessoa & 
Adolphs (2010) 

Amygdala not central to emotion processing – primary role to coordinate the function of cortical networks during rapid evaluation of 
the biological significance of a stimulus.  The authors suggest that the cortex has a more important role in emotion processing than 
traditionally assumed. 

Shaw et al.,  19 TBI with 
temporal lobe 
epilepsy  

Temporal lobe 
resection 

Ekman 
Happen (faux 
pas) 
EF 
(neuropsych) 

Rating of 
emotions 

P’s with L.temporal lobectomy 
showed normal emotion  
recognition– r. Sided showed 
impaired recognition  

- 

Yeates et al. 
(2007) 

Describes a heuristic model that characterises the relationships between social adjustment, peer interaction, social problem solving and 
communication, social-affective and cognitive-executive processes & the associated neural substrates. 
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Table 2.  Emotion Recognition following Stroke (adult & child)  

Study 
(year)  

Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Mosch 
et al., 
(2005)  

13 Adults & 
13 children 

Matched 
adult-child 
pairs - 
Unilateral 
stroke lesions 

WAIS/WISC/WRAT/AVLT/CVLT-
C/ROCFT 
Social functioning scale (clinician 
rated)/The Glasgow outcome scale  

Lesions 
mapped and 
matched adult-
child 
Tests 
administered 
and scored  

Learning and 
memory 
impairments in 
adults & children 
L.Hem lesions – 
normal language 
in children but 
borderline for 
adults 
Adults with R.hem 
lesions more social 
difficulties than 
l.hem. 
 Asymmetry not 
noted in children  

+ similarity found 
between chronic 
neuropsychological 
and social 
outcomes for adults 
and children 
following a stroke 
? Argument against 
neuroplasticity 
- Age at stroke 
onset was 
overlooked.  
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Table 2.  (continued)  Impaired recognition of affect (adult and child participants)  

Study (year)  Population 
AM (age-matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Adolphs & 
Tranel (2004)  

ABI bilateral 
ABI unilateral 
AM control  

amygdala  Morphed 
Ekman faces  

Neutral-
expression  

Bilateral most impaired.  
Right worse than left  

Role of other 
emotions in ID of 
fear (composite?)  

Calder et al. 
(2004)  

Focal ABI n=7  Ventral Striate 4 
Basal Ganglia 3 

Ekman,  Morphed, 
forced choice  

VS Difficulty with anger and 
aggression.  BG no 
impairment  

Small groups  

Farrant et al ., 
(2005)  

14 adults with 
frontal lobe 
epilepsy 

FL  Happe  
Ekman 
Mind in the 
eyes 

Comp groups  L hemisphere excision – 
impaired emotion 
recognition but preserved 
ToM 

 

Green, Turner 
& Thompson 
(2004)  

TBI (n=30) 
AM control n=30 

Right posterior  FAB  Neutral face 
discrim 
Emotion 
labelling 
Emotion discrim  

TBI less accurate than AM 
controls 
Both TBI subgps as impaired  

Diffuse axonal injury 
(DAI) alone may be 
sufficient to impair 
ER.  

Henry et al. 
(2006)  

TBI (adult) n=16 
AM control n=17  

Varied/general  Ekman 
MIE 
Ex.F(FAS)  

Neuropsych 
Ekman 
MIE accuracy  

ABI Reduced accuracy on 
Ekman & MIE compared to 
control  

Not robust/small 
sample 
size/replicate  
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Table 2.  (continued)  Impaired recognition of affect (adult and child participants)  

Heutink et al. 
(2011) 

Case study: FZ right 
amygdala lesion 
after temporal lobe 
infarction. 

Right amygdala Ekman 
FEEST 
(emotion 
hexagon test) 

ERP study FZ unable to distinguish btw 
fearful and surprised faces 
BUT differential ERP – 
therefore implicit 
recognition appears intact 

- Single case 
study 

Scheibel et al. 
(2011) 

Adolescents with 
TBI 

 Animated 
social 
attribution 
task. 

fMRI Different activation to TD – 
excluding the medial 
prefrontal cortex 

 

Snodgrass & 
Knott (2006)  

TBI Child n=12 
AM control  n=12  

Frontal lobe 
damage  

Ekman 
MIE 
Sally Ann  

ToM assessment 
Emotion  

Sally Ann no impairment 
MIE & Ekman impaired vs. 
control  

 

Shaw et al., 
(2005)  

19 patients with 
intractable epilepsy 
19 controls  

varied  WAIS 
Ekman  
MiE  

Assessment of 
YP following  ABI  

  

Tonks et al. 
(2007a)  

18 ABI (9-17yrs) 
67 AM control  

varied  DKEFS 
FAB 
SDQ  

admin  ABI worse than AM peers at 
ER – cog abilities unrelated  

Sample size – 
increased chance of 
type 1 error 

  Ietswaart et al 
(2007)  

30 ABI 
32 orthopaedic 
controls  

varied  Ekman 
voice 

Visual label/ 
discrim 
Shortly after ABI & 
1 yr f/up  

ABI as impaired 1yr f/up as 
immediately post injury.  

No evidence of recover 
– direct affect of injury 
not environment  



    Substantive Literature Review     

 

28 
 

Table 2.  (continued)  Impaired recognition of affect (adult and child participants)  

  Schmidt et al., 
(2010)  

69 orthopaedic 
controls 
75 children with TBI  

varied location & 
aetiology  

FAB (prosody) 
Phonological 
discrimination 
Ekman 

Comparison 
between  groups 
Longitudinal 5x 
measures (max 
24m post injury)  

TBI presented with significant 
difficulties with reading 
emotion  

+ SES and age at injury 
implicated progress 
made  

  Bornhofen & 
McDonald 
(2008b)  

12 adults with chronic 
TBI  

Severe TBI  Neuropsych 
Static emotion 
perception 
Dynamic 
emotion 
perception 
(video) 
Psychosocial qu.  

Teaching of 
emotion 
perception  

TBI group showed 
improvement in all measures  
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Table 2.  Impaired recognition of affect (adult and child participants)  

Study (year)  Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Allerdings & Alfano 
(2006) 

11 TBI 
13 controls 

varied Ekman Ekman 
VCI 

TBI group showed 
reduced ER 
accuracy – 
significantly 
correlated with VCI.  
Suggested that the 
left hemisphere 
may be more 
involved in ER than 
previously 
suspected? 

 

Hornak, Rolls & 
Wade (1996)  

23 focal lesion 
patients  

Ventral lobe 
damage/frontal  

Ekman (28) 
Voice 
Change questionnaire  

ER face, voice 
MRI/CT  

Face and voice 
expression 
recognition 
difficulties 
(separable)  

?CT quality  

Adolphs et al. 
(1999)  

9 ABI 
16 ABI control  

bilateral 
amygdala 

Ekman rating (0-5) 
intensity  

Rate intensity of 
expressions  

Specific impairment 
of negative (fear) 
comp to control 
ABI.  Happy no 
impairment  

Role of amyg – 
previously 
animal literature 
re: harmful 
stimuli  
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Table 2.  Impaired recognition of affect (adult and child participants)  

Callahan et al., 
(2011) 

14 adults 
frontal TBI 
22 controls 

Frontal TBI Ekman 
BADS/Iowa gambling 
task/WAIS/Benton/Frontal 
systems behaviour scale 

As per Adolphs et 
al (1994) original 
study – rating 
intensity of 
emotion 

Facial emotion 
recognition 
impairment in TBI – 
poor patient ratings 
of surprise, fear, 
disgust and sad. 

+ Replication of 
previous study. 

Cheung et al. 
(2006) 

38 subcortical 
stroke 
19 controls 

19 left side 
19 right side 

Ekman morphed Clinical participants 
were impaired 
relative to controls 
– no clear 
lateralisation 
pattern was noted 

- 

Turkstra, McDonald 
& DePompei (2001)  

10 TBI (aged 
13-21) 
60 AM 
controls  

varied  Videotape (non verbal)  ID emotion  TBI performance 
worse than controls  

Dynamic stimuli  

Hopkins, Dwyan & 
Segalowitz (2002)  

15 closed 
head injury 
15 AM 
controls  

varied  Ekman  Electrodermal 
response 
measure  

Reduced 
electrodermal 
response in 
response to 
negative faces 
particularly fear.  

No imaging  

Adolphs, Tranel & 
Damasio (2003)  

1 (“B”)  Bilateral lesions 
amygdala, 
hippocampus,  

Ekman  naming, sorting, 
dynamic  

Difficulty with static 
vs. dynamic stimuli  

 

 Adolphs & Tranel   
(2004)  

ER Morphed 
(intensity) 

    Right worse than left 
uni – bilateral worst 

Bilat & uni lat amyg 
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Table 2.  Impaired recognition of affect (adult and child participants)  

Knox & Douglas (2009)  13 ABI 
AM controls  

varied  Line bisection 
VP literacy screen 
TASIT 
Japanese & Caucasian Facial 
expressions (JACFEE)  

Interp FE 
Interp emotional 
situations 
Measure of social 
integration  

ABI sig difficulty with 
ER & matching 
emotion to social 
situations. 
Relationship btw social 
integration & ER ability  

 

McDonald et al (2011) 18 severe TBI 
18 healthy 

varied 32 photos – Ekman 1) Passive 
observation 

2) ER task 
SCR measured 
HR also measured 
(ECD) 

TBI had lower arousal 
at baseline.  Rapid 
habitation to all faces 
relative to control 
group.  ECD increased 
for TBI group in attend 
condition.  No 
correlation btw 
physiological response 
and ER accuracy 

- Small group 
size 

- Homogenous 
deficits. 

Rice et al., (2012) 37 children with 
ASD 
26 TDC 

n/a Free viewing of dynamic 
social scenes 

Eye tracking Reduced fixation on 
faces. Higher fixation 
on the inanimate 
environment & greater 
social disability 

 

 Hampson et al (2006) – women faster at recognising positive and negative emotions
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Table 3:  Brain structures implicated 

Study (year)  Population 
AM (age-
matched)  

Brain region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Adolphs et 
al.,(2008)  

3 Bilateral 
Amygdala 
damage  
7 unilateral 
Amygdala 
damage 
TBI and non 
TBI controls  

Bilateral or 
unilateral  

Rating faces (50 
negative, 50 positive)  

Presented – 
compare 
groups  

Bilateral rated 
negative faces as 
more positive. 
No significant 
differences for 
unilateral  

 

Adolphs et al 
(2000)  

108 focal ABI  varied  Ekman 
(matching/intensity)  

MR/CT 
Co-registration 
(result to 
lesion site)  

Right somatosensory 
cortex associated 
with greatest task 
impairment  

?multiple cognitive 
processes not just ER 
Varied lesion sites 
not just 
somatosensory  

Adolphs et al 
(2001)  

26 unilat 
temp. 
Lobectomy 
(15r, 11l) 
50 ABI 
controls 

Temp lobes 
Varied not TL.  

IQ 
Benton 
Ekman  

Intensity rating 
(faces & voice)  

Ps with right but not 
left TL impaired 
comp to controls  

 



    Substantive Literature Review     

 

33 
 

Table 3:  Brain structures implicated 

Adolphs, Baron-
Cohen & Tranel 
(2002)  

30 post op. 
Temporal 
lobectomy 
(16 left, 14 
right) 
2 bilat amyg 
47 ABI 
control 
19 normal 
controls  

Unilateral/bilateral 
amyg. 
Varied lesions  

Basic & Social 
emotions (Baron-
Cohen, 2000)  

Label emotions 
from face and 
eye region 
alone  

Unilateral & bilat 
more impaired at 
social emotions.  
Impaired  when 
asked to recog from 
eyes alone  

 

Adolphs & 
Tranel (2003)  

4 bilat. Amyg 
23 unilat lat 
22 ABI 
control 
16 AM 
control  

Amygdala 
Not amygdala 
No damage  

Photos of film with 
and without faces  

Match/label/  Bilat impaired at 
anger recog.  Better 
without faces  

Ecological validity of 
stimuliextend to 
dynamic  

 Adolphs & Tranel 
(2004)  

ER Morphed (intensity)     Right worse than left 
uni – bilateral worst 

Bilat & uni lat amyg 

Buchanan, Bibas 
& Adolphs 
(2010)  

4608 people 
(5-50yrs)  

n/a   Rate intensity 
of faces 
Own emotional 
experience 

Increase experience 
of emotion 
associated with 
accuracy or rating 
faces  

Intensity of our own 
emotions guide 
interpretation of 
others – effects of 
emotional blunting in 
ABI?  
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Table 3:  Brain structures implicated 

Study (year)  Population 
AM (age-
matched)  

Brain region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Sprengelmeyer 
et al. (2010)  

HN  Paraneoplastic 
limbic encephalitis  

Ekman & FEEST 
(Young)  

Morphed 
Depression 
screen  

Facial impairment of 
fear & disgust  

Variety of stimuli 
sources  

Adolphs, Tranel 
& Damasio 
(1994)  

SM (bilat. 
Amyg) 
12 ABI 
7 normal 
control  

Amygdala 
Not amyg  

Ekman  Rate intensity  Ratings of fear anger 
surprise less intense 
than ABI & controls 

 

Adolphs, Tranel, 
Damasio & 
Damasio (1995)  

1 bilat amyg 
3 uni left 
3 uni right 
12 ABI (not 
amyg) 
7 AM control  

Amygdala  Ekman (label 
Rate intensity)  

Label – 
correlate to 
normal 
findings  

Bilat not unilat 
impaired fear recog 
– intensity difficult.  

Control groups  

Adolphs et al 
(1996)  

SM (bilat 
amyg)  

Bilat amygdala  Ekman (39)  WAIS, Mood  Impaired recog of 
fear/intensity 
Identity no 
impairment  

Dissociable systems 
ER & ID.  
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Table 3:  Brain structures implicated 

Batty & 
Taylor (2003) 

26 young 
adults (TD) 

n/a Modelled photos 
trained by Ekman 
expression set. 

ERP A differing pattern of ERPs was 
observed across emotions.  The 
superior and middle-temporal regions 
were associated with early processing 
of all emotion and later activations 
were noted for negative emotions.   

+ Support for a 
model of fast 
automatic 
emotion 
processing 
(innate). 

Batty & 
Taylor (2005) 

82 children 
Aged 4-15 yrs 

n/a Static pictures ERP Activation in P1 associated with the 
effect of the emotion in young 
children.  This effect disappeared with 
age, whilst emotional sensitivity 
emerged from N170.  Early ER differed 
with child age.  The neural processing 
pattern develops throughout 
childhood. 

 

Calder et al. 
(1996)  

DR & SE  Bilat amyg  Ekman Morphed 
Forced choice 

Deficits in ER (fear) 
DR unable to tell fear from anger  

Negative 
valence  

Grabowska 
et al., (2011) 

10 right 
handed 
patients with 
left-sided 
neglect 

Visuospatial 
neglect to left 
field following 
right 
hemisphere 
damage 

IAPS Emotional vs. 
neutral 

Detection rate higher for emotional 
stimuli presented in left visual field. 
Hypothesised: activation of frontal and 
limbic networks, providing privileged 
by top-down modulation of 
attention/processing in the higher 
order extra striate visual area rather 
than relying on amygdala. 

- 
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Table 3:  Brain structures implicated 

Hornak, Rolls 
& Wade 
(1996)  

23 focal lesion 
patients  

Ventral lobe 
damage/frontal  

Ekman (28) 
Voice 
Change 
questionnaire  

ER face, voice 
MRI/CT  

Face and voice expression recognition 
difficulties (separable)  

?CT quality  

Morris et al 
(1996)  

4 male 
1 female  
No ABI  

n/a  Ekman (10 faces)  PET scan 
during ER task  

Neuronal response in left amygdala 
greater to fearful vs. happy (increased 
with emotion intensity)  

Role of 
amygdala 
(danger)  

Adolphs et 
al. (1999)  

9 bilateral 
amyg  

Varied 
aetiology  

Ekman faces  Rating intensity 
0-5/labelling  

All impaired with negative emotions – 
nobody impaired with happiness  

Animal lit – 
role of 
amygdala.  

Davidson et 
al., (2000)  

-  Prefrontal 
cortex & 
amygdala  

Review paper  

Paul, 
Corsello, 
Tranel & 
Adolphs 
(2010) 

2 participants 
with 
developmental 
bilateral 
amygdala 
damage 
Norms for TD 
population 
and ASD 
population 

Bilateral 
amygdala 
lesions 

ADOS 
Social 
responsiveness 
scale 

Assessment 
administered 

Although both participants show 
difficulties with social cognition neither 
show evidence of ASD across the range of 
measures. 
 
Amygdala lesions are NOT sufficient for 
producing autistic symptoms 

+ evidence that 
the amygdala 
function in 
association with 
other networks 
 
-  Small sample – 
potential for large 
individual 
difference. 
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Table 3:  Brain structures implicated 

Pelphrey & 
Carter (2008) 

Review – role of the superior temporal sulcus in social perception of the action and intentions of others. 

Recio, 
Sommer & 
Schacht 
(2010) 

21 healthy 
adults (TD) 

n/a Static vs. 
dynamically 
evolving 
expressions 

Categorisation 
task 

Prolonged posterior negativity was 
noted with dynamic stimuli – 
enhanced activation in visual areas.  

 

Taylor, Batty 
& Itier (2004) 

Review  
3 studies 
N=424 

Normal 
children 
Aged 4-15yrs 

Implicit and 
explicit tasks 

ERP recorded Processing faces implicates rapid 
neural processes in young people at 
various sites on the fusiform and 
inferior temporal gyri.  Studies show 
changes in the P1 and N170 (starting 
in mid childhood) recordings, sensitive 
to task demands.  Different recordings 
related to processing of different 
aspects of the face and evidence of 
maturational change. 

n/a 

Tsuchiya, 
Moradi, 
Felsen et al 
(2009) 

SM 
12 controls 

Bilateral 
amygdala 
damage 

Nimstims Button press to 
detect fear/anger 
stimulus 

SM showed rapid response to fear 
detection but poor intensity rating – 
suggestive that unconscious processing 
intact but conscious labelling affected. 
 
Amygdala not essential for early stages of 
fear processing but modulates 
recognition and social judgement. 
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Table 3:  Brain structures implicated 

Tsuchida & 
Fellows 
(2012) 

29 adults Focal frontal 
lobe damage 

Neutral – 6 basic expression morph.  Rated intensity of the emotion.  & lesion analysis.  Damage to 
the right ventromedial prefrontal cortex impaired detection of less intense emotions.  Left VPC 
showed difficult y discriminating between different emotions. 

Wronka & 
Walentowska 
(2011) 

29 adults All Healthy 
controls 

Ekman ERP (EEG) Gender recognition and ER appear 
distinct processes.  Attention modulates 
facial emotion processing 140-185ms post 
stimulus.  Involuntary differentiation of 
facial expression was observed later (160-
340ms post stimulus) 

- Did not look 
at differences 
btw 
expressions 

 

Table 4.  The Valence Hypothesis  

Study (year)  Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Jansari et al 
(2000)  

28 normal 
subjects  

n/a  Faces  Happy/sad on 
the l/R of 
neutral face  

Better performance with happy 
presented to the  right  - others 
to left  

Negative –RH 
Positive both 
R&LH.  

Rapcsak et 
al (2000)  

Focal ABI 
n=63 
AM controls 
n=80  

Varied  Pictures of facial affect 
series  

Select word on 
paper to match 
face  

Patients impaired relative to 
controls no differential effect of 
bilateral/uni lat  

Results 
attributable to 
task difficulty?  
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Adolphs, 
Jansari & 
Tranel 
(2001)  

Focal chronic 
unilateral ABI 
31R, 28L  

Varied  Ekman  Valence 
presented to 
the left/right of 
neutral  

RHD – impaired with recog of –
ive emotion to left 
Lor RD superior to controls for 
happy face to right of neutral  

Consistent with 
prev study. 
Negative –RH 
Positive both 
R&LH.  

Balconi & 
Mazza 
(2010)  

19 non ABI  n/a  Ekman  EEG recording 
during faces  

Increased right frontal 
activation for negative and left 
frontal for positive emotions  

 

Watling & 
Bourne 
(2007) 

136 children n/a Behavioural and 
neuropsych measures 
of ER & Expression 
regulation knowledge 
test 

 Children who showed right 
hemisphere preference for ER 
processing showed greater 
understanding of emotion 
regulation. 

 

Williams & 
Wood 
(2010)  

64 TBI  
AM Controls  

varied  Ekman 60 faces 
EET  

2 sets of stimuli 
WAIS & TMT  

TBI sig impaired compared to 
controls – diff btw +/- emotions  

Sample biases 
(prob behaviour 
referral)  
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Table 5.   Decoding information from faces:  the importance of the eye region 

Study 
(year)  

Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Adams & 
Kleck (2003) 

13 male 
19 female 
students 
 

n/a - control Ekman 
faces 

Faces presented 
with direct gaze 
or gaze averted 

Approach emotions more quickly 
processed when gazed was direct 
(e.g. anger & fear).   
 
Avoidance emotions (e.g. sadness, 
fear) were facilitated by averted 
gaze. * see also Adams & Kleck 
(2005); Fox et al., (2007)   

 

Campbell et 
al (2000)  

17 
adolescents 
(11f, 6m) 
With 22q11DS 
syndrome  

n/a amygdala  NIMSTIM 
faces set 
WASI 

Eye tracking & 
recog  

Ps differed from controls – fewer 
fixations, shorter scan path, less 
eyes more mouth  

 

Adolphs, 
Sears & 
Piven 
(2001)  

8 males 
Autism 
Aged 18-28 

n/a - ? amyg  Ekman 
faces 
(basic) 
Social faces 
(Adolphs et 
al, 1998)  

WISC/WAIS 
normal range 
Rate 
intensity/recog 
of basic and 
social emotion  

Difficulty with rating social 
emotions, e.eg. trustworthiness of 
faces  
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Table 5.   Decoding information from faces:  the importance of the eye region 

Adolphs et 
al (2005)  

SM (bilat 
amyg 
g), 13 Uni 
amyg 
10 normal 
control 
(bubbles) 
12 normal 
control (faces) 
18 normal 
control (eye 
tracking)  

Amygdala  Ekman  Gaussian bubbles 
Faces with eyes 
removed 
Faces (eye 
tracking)  

SM needed more bubbles – lack of 
spontaneous fixation on eyes.  
Instructed to look at eyes improved 
performance (temp)  

Consistent with prev 
findings  

Adolphs, 
Spezio & 
Parlier 
(2008)  

53 parents 
with child with 
ASD 
20 parents of 
neurotypicals  

n/a - ? 
amygdala  

Ekman 
faces  

Gaussian bubbles 
method  

Parents of ASD children voted as 
‘socially aloof’ were more impaired 
at emotion recognition  

Significant gender 
differences btw groups  

Adolphs et 
al. (2009)  

Amygdala 
lesions  

amygdala  Social 
situations 
eye contact  

Real scenarios  Difficulty with eye 
contact/personal space.  

 

Gosselin et 
al. (2011) 

23 ABI 
10 R. 
AMYGDALA 
LESIONS 
13 LEFT 
12 HEALTH Y 
CONTROLS 

amygdala Ekman Eye tracking 
Gaussian Bubbles 
task 

Statistically significant asymmetry 
in eye region during emotion 
judgements – left if right amygdala 
damage and right eye if left 
amygdala damage. 

-/+ asymmetry is seen in 
many people not distinct 
to ABI group BUT 
interesting to explore 
further 
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Table 5.   Decoding information from faces:  the importance of the eye region 

Kennedy & 
Adolphs 
(2010) 

SM 
(BILATERAL 
AMYGDALA 
DAMAGE) 
5 HEALTHY 
CONTROLS 

Bilateral 
amygdala 

50 
greyscale 
faces 

Eye tracking 
1) Spontaneous 

viewing 
2) Gaze 

contingent 
presentation 
(search light) 

SM impaired in spontaneous 
viewing, particularly unusual first 
saccade (failure to fixate on eyes).  
BUT in searchlight condition SM’s 
gaze normalised.   
 
Authors suggest that absence of 
features allowed for ‘top down’ 
viewing of the face – evidence SM 
had innate awareness of the 
importance of the eyes BUT when 
features all present is drawn to 
salient features for speech (e.g. the 
mouth – ‘bottom up processing’). 

+ replication of previous 
findings 

Klin et al. 
(2009) 

2 YEAR OLD 
WITH ASD 

n/a Point-light 
displays of 
biological 
motion 

Child shown 
displays 
Eye tracking 

Child with ASD failed to orientate 
towards point-light displays of 
biological motion relative to 
controls.  More attention related to 
non-social contingencies. 

 

McDonald, 
Bornhofen 
& Hunt 
(2009) 

22 TBI 
(CHRONIC) 
32 CONTROLS 

varied WAIS 
WTAR 
COWAT 
Ekman 

Spontaneous 
labelling of faces 
then either a 
focus (upon 
features) OR 
mimicry (mimic 
the expression) 
task. 

Poorer performance in the 
spontaneous task was not found in 
the TBI group.  Control participant 
performance improved with the 
focus instruction but TBI group did 
not.  Mimicry did not improve 
performance for either group. 

- Benefits of mimicry 
may have been 
offset by the dual 
demands on 
participant 
attention/resources. 
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Table 5.   Decoding information from faces:  the importance of the eye region 

Speer et al., 
(2007) 

12 MALES 
WITH ASD 

n/a Video and 
static faces 

Neuropsych 
Video 
Static faces 

Only differences observed in social 
dynamic stimuli – reduced eyes & 
increased fixation duration on body 
regions 

- Increased sample to 
generalise. 

Vlamings et 
al., (2010) 

22 CHILDREN 
WITH ASD (3-
4YRS) 

n/a Face stimuli 
filtered 
with 
high/low 
frequency 

ERP Children with ASD showed 
preference for high frequency 
(related to focus on local 
information).  Results consistent 
with the notion that a fast low 
frequency subcortical face 
processing system may be 
disrupted in ASD. 

-  
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Table 5.   Decoding information from faces:  the importance of the eye region (Cont) 

Study (year)  Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Boratson  & 
Balkemore 
(review)  

   Eye 
tracking  

Dalton et al (2005) autism – 
diminished eye region fixations 

Direct observation of 
behaviour. Which 
info processed by the 
brain  

Le et al (2003)  SB (agnostic) 
9 students  

Occipito-parietal 
& Occipito-
temporal (R) 
Occipito temp 
junction(L)  

Faces or objects  Eye 
tracking  

SB not aware of faces but 
processed differently to objects 
eye pattern similar to controls  

 

Linden et al 
(2005)  

6 ABI 
6 students  

Difficulty with 
selective visual 
attention (SVA).  

Everyday search 
tasks 
(scenarios)  

Eye 
tracking  

Utility for eye tracking for 
assessment of SVA  

 

Spezio, 
Adolphs, 
Hurley & Piven 
(2007) 

9 adults with 
High 
functioning 
autism (HFA) 
10 male 
controls 

n/a Static faces - The 
bubbles method 
(Gosselin & 
Schyns, 2001) 

Eye 
tracking 

Participants with HFA failed to 
make use of the eye regions of 
faces, instead primarily making 
use of the mouth region.  No 
obvious performance differences. 

- Bubbles method 
may alter visual 
processing 
(?ecological 
validity) 

+ Implications for 
intervention 
programmes, 
normalising face 
gaze. 
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Table 6.   General cognitive abilities following ABI 

Study (year)  Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Tham, Tay & 
Low (2009) 

26 children with 
childhood 
stroke 
-15 AIS 
10 HS 

15 unilateral 
10 bilateral 
10 solitary 
lesions 
15 multiple 
lesions 

Case note 
review of 
outcome at 
discharge and 
follow-up 

Retrospec
tive case 
note 
review 

Neuropsychological 
difficulties found in 2 
children at follow-up & 2 
mild difficulties requiring 
school support.  
Neuropsychological outcome 
associated with systemic 
disease.  Cortical and 
subcortical involvement 
associated with cognitive 
impairment 

Small sample. 
Retrospective analysis 

Ganesan et 
al., (2000) 

90 children with 
childhood 
strokes 

34% right 
hemisphere 
lesions 
34% left 
hemisphere 
28 bilateral 

Qu’s 
Bayley scales 
WISC-IV 
CELF 
 

Parent/th
erapist 
questionn
aires 
 
Neuropsy
ch asst. 

Effect of age at lesion 
associated with outcome 
(lower age-poorer outcome). 
 
Good agreement btw parent 
and professional report – not 
well correlated with quant 
(neuropsych assst) - ? 
differences in physical and 
cognitive abilities 

Lack of validation of 
questionnaire 
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Table 6.   General cognitive abilities following ABI 

Ballantyne et 
al., (2008) 

29 preschool 
age children 
24 controls 

Unilateral 
ischemic 
perinatal stroke 
13 LH 
6 RH 

WISC 
WRAT 
CELF 
PPVT 

Longitudi
nal 
assessme
nt T1 – T2 

No evidence of cognitive 
decline over time. ?sufficient 
plasticity to result in 
cognitive stability over time 

Difficult to ascertain whether 
differences between children 
wit 
h/without seizures are due to 
AEDs or sx’s? 

Mosch et al., 
(2005)  

13 Adults & 13 
children 

Matched adult-
child pairs - 
Unilateral stroke 
lesions 

WAIS/WISC/WR
AT/AVLT/CVLT-
C/ROCFT 
Social 
functioning 
scale (clinician 
rated)/The 
Glasgow 
outcome scale  

Lesions 
mapped 
and 
matched 
adult-
child 
Tests 
administe
red and 
scored  

Learning and memory 
impairments in adults & 
children 
L.Hem lesions – normal 
language in children but 
borderline for adults 
Adults with R.hem lesions 
more social difficulties than 
l.hem. 
 Asymmetry not noted in 
children  

+ similarity found between 
chronic neuropsychological 
and social outcomes for adults 
and children following a stroke 
? Argument against 
neuroplasticity 
- Age at stroke onset was 
overlooked.  

Hetherington 
et al (2005) 

72 children 
 

47 AIS 
25 sinovenous 
thrombosis 
(mean 5.8 m 
post stroke) 

WISC/Bayley 
scales 

Administe
red 
neuropsyc
h 
assessme
nt 

All within the average range 
but below.  No group 
difference 

Small cell sizes – no possible to 
look at lesion 
comparisons/control for 
variance. 

Kirton & 
deVeber 
(2006) 

(Review) – formal neuropsychological assessment is recommended to monitor cognitive and behavioural deficits and to inform educational 
and environmental supports. 
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Table 6.   General cognitive abilities following ABI 

Kolk etal. 
(2011) 

21 neonatal 
10 childhood 

= NEPSY 
 

MRI & NEPSY Worse 
attention/language/memory/ 
sensorimotor skills. 
More severe impairment 
following neonatal stroke 

Small number of 
subjects and unequal 
groups. 

Max (2004) 13 Left 
hemisphere 
lesions 
16 right 
hemisphere 
lesions 

= WISC-III, WRAT 
MAE Token test, 
TOWL-3, 
Developmental 
test of visual-
motor 
integration, 
CVLT-c, ROCFT, 
Design fluency, 
MAE/COWA, 
WCST. 

MRI & 
neuropsych 

No significant differences btw 
abilities in children with right 
and left hemisphere lesions. 
However overall abilities lower 
relative to control group, 
suggesting reduced abilities 
across all domains within the 
stroke group. 
 
 Different to adult findings – 
supports view of innate biases 
at birth towards processing of 
particular info but that neural 
and behavioural reorganisation 
can occur in the developing 
brain (Bates & Roe, 2001) 

+ breadth (several 
cognitive domains) 
+ use of  robust 
neuropsych measures 
- Only lesion side 

was examined not 
exact location. 

- Heterogeneity in 
sample despite 
stringent 
inclusion/exclusio
n criteria. 

Westmacott 
et al. (2009) 

26 neonatal AIS  WISC/WPPSI Assessment at 
preschool and 
grade school 

No difference at preschool age.  
Emerging difficulties at school 
age (WMI/PSI) males performed 
more poorly than females on 
several measures 

Considerable 
variability across 
subjects – need to 
explore in addition to 
group effects. 
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Table 6.   General cognitive abilities following ABI 

Max et al., 
(2010) 

17 early onset 
12 late onset 
29 controls 

Unilateral 
AIS 
HS 

MRI 
SADS-PL 
 
WISC-III 
WRAT 
MAE 
TOWL 
VMI 
CVLT 
ROCFT 
Design fluency 
COWA 
Winsconsin card 
sorting 

 Children with early stroke 
performed more poorly in a 
wide range of domains than 
those with late stroke. 
 
Exception: children with late 
onset stroke performed more 
poorly in 2/3 executive function 
tests 

Sample size –not 
unusual in a sample of 
children with focal 
lesions. 
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Table 7.   Theory of Mind & Executive Function 

Study (year)  Population 
AM (age-matched)  

Brain region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Buitelaar et 
al. (1999)  

Children with 
autism n=20 
PDD-NOS n=20 
Psychiatric control  

n/a  Ekman 
1st order Tom 
2nd order ToM 
Cog asst  

Admin tests  Verbal memory , 
Perceptual  R index, age & 
gender best pred of social 
cog ability  

 

Gerschcovich Single case – 52 yr 
old male  

bilateral cerebellar 
infarction – affecting 
the posterior vermis 
and medial&posterior 
regions of cerebellum  
bilaterally. 

MiE Neuropsych
ology 
MiE  

Disruption to several 
loops leading to impaired 
cognition and ToM 

- Single case 
study 

Snodgrass & 
Knott (2006)  

TBI Child n=12 
AM control  n=12  

Frontal lobe damage  Ekman 
MIE 
Sally Ann  

ToM 
assessment 
Emotion  

Sally Ann no impairment 
MIE & Ekman impaired vs. 
control  

 

Happe et al 
(1999)  

14 stroke survivors 
14 healthy  controls 

8 people - RHD group 
5 people  -LHD 

ToM story 
Written and 
cartoon 

P’s read 
story and 
answered 
questions 

Documented social and 
communication 
difficulties found in 
participants with RHD 
may be due to deficits in 
ToM 

- 
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Table 7.   Theory of Mind & Executive Function 

Henry et al. 
(2006)  

TBI (adult) n=16 
AM control n=17  

Varied/general  Ekman 
MIE 
Ex.F(FAS)  

Neuropsych 
Ekman 
MIE 
accuracy  

ABI Reduced accuracy on 
Ekman & MIE compared 
to control  

Not robust/small 
sample 
size/replicate  

Pfeifer et al 
(2008)  

16 children (9-10 
years)  

n/a  MacBrain face 
stimulus set 
(www.macbrain.
org/faces/index.
htm)  

fMRI during 
viewing of 
faces  

Frontal component of 
mirror neuron system 
(MNS) activated  

Single measure – 
age range.  

Tonks et al., 
(2008)  

7 children ABI 
(selected as high-
med risk of 
diagnosis – SDQ)  

 DKEFS 
FAB 
MIE  

Background 
info  

3 types of deficit noted; 
ER alone, cognitive alone 
or ER &cog.  

Case series 
?generalisability  

Tonks et al. 
(2007a)  

18 ABI (9-
17yrs) 
67 AM control  

varied  DKEFS 
FAB 
SDQ  

admin  ABI worse than AM peers 
at ER – cog abilities 
unrelated  

 

Wood & 
Williams 
(2008)  

89 ABI adults 
84 normal controls  

varied  EF assessment 
(BADS) 
Balanced 
emotion 
empathy scale 
(BEES)  

 TBI – low BEES score 
No association btw injury 
severity and empathy OR 
BEES & neuropsych  

Incomplete 
neuropsych 
Ecological relevance  

Newsome et 
al (2010)  

9 adolescents mild-
mod TBI 
9 AM controls  

varied  Target words 
(self) or (other)  

Trait 
Descriptors 
MRI 
fMRI  

TBI self  from 3rd person– 
activation in posterior  

Alternative 
pathways to 
frontoparietal 
regions used by 
normal controls.  
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Table 8.  Emotion recognition after childhood ABI 

Study (year)  Population 
AM (age-
matched)  

Brain 
region/lesion 
etiology  

Stimuli  Method  Significant results  Strengths/ 
limitations  

Anderson et al., 
(2009)  

164 children (10-
16yrs) 
ABI 
36 (congenital) 
33 perinatal 
19 preschool 
31 middle 
childhood 
10 late childhood  

l/r frontal & 
posterior  

FSIQ 
WRAT 
BRIEF 
SDAQ  

Admin all 
measures – 
comp to 
norms  

ABI increased risk of impairment 
across all measures.  Early ABI global 
difficulties.  Later ABI better 
(cognitive) behaviour 7-9 worse than 
3-6yrs  

Not all functions 
show the same 
pattern of 
vulnerability.  

Snodgrass & 
Knott (2006)  

TBI Child n=12 
AM control  n=12  

Frontal lobe 
damage  

Ekman 
MIE 
Sally Ann  

ToM 
assessment 
Emotion  

Sally Ann no impairment 
MIE & Ekman impaired vs. control  

 

Tlustos et al., 
(2011) 

32 children mod-
severe TBI 
23 mild TBI 
82 orthopedic 
controls 

varied DANVA-2 
assessment 

Repeated 
measures 
shortly after 
injury and 18 
month delay 

Improved emotion labelling at follow-
up.  Slower improvement to control 
group.  No significant association with 
socio-emotional outcomes. 

- Stimuli 
- Confounding 

abilities not 
accounted 
for. 
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Table 8.  Emotion recognition after childhood ABI 

Tonks et al. 
(2007c) 

9-15yrs normal n=67  n/a  FAB  FAB 
presentation  

Improvement in ER at age 11yrs  Small sample  

Tonks et al., 
(2008)  

7 children ABI (selected as high-
med risk of diagnosis – SDQ)  

 DKEFS 
FAB 
MIE  

Background 
info  

3 types of deficit noted ; ER alone, 
cognitive alone or ER &cog.  

Case series 
?generalisability  

Appendix 1.  Tables 1-6 show the papers included in this review 


