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Exploring domains of ‘frontal dysfunction’ relevant to everyday life following acquired brain 

injury. 

 

ABSTRACT 

 

Damage to the frontal areas of the brain is associated with alterations in cognitive, 

social, and emotional regulation abilities. These neuropsychological consequences 

present challenges to ecologically valid assessment (difficulties in everyday life being 

poorly predicted by traditional neuropsychological test performance) and far transfer 

of rehabilitation gains to everyday life. In this thesis, the literature on ‘cold’ and ‘hot’ 

cognitive, social and emotional frontal functions is discussed in relation to these 

challenges. Gaps in the research are identified relating to 1. Associations between 

specific ‘hot’ and ‘cold’ cognitive processes, 2. Association of ‘hot’ and ‘cold’ cognitive 

processes with everyday outcomes. Four studies are presented each addressing a 

different aspect of these gaps: ‘cold’ executive and ‘hot’ emotion regulation abilities 

and peer relationships following paediatric acquired brain injury (ABI); patterns and 

predictors of performance of people with traumatic brain injury (TBI) on a modified 

gamble task compared with healthy controls; interaction between coping style and 

specific executive functions in association with emotional outcomes after ABI; and the 

effect of brief goal management training (GMT) and periodic alerts on achievement of 

everyday intentions following ABI. Results indicate variation in the extent to which 

‘hot’ and ‘cold’ frontal functions are associated with each other and everyday 

outcomes. A ‘frontal-contextual system’ model in which performance characteristics 
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arise from the dynamic interaction between ‘hot’ and ‘cold’ frontal systems and 

everyday practical and social contexts is presented as a way of understanding 

everyday difficulties. Application of novel methodologies that can sample the 

interactions between system components and are sensitive to inter-individual 

variability may be useful for advancing understanding of the links between frontal 

dysfunction and everyday life. Implications for intervention that are similarly focused 

on the interactions between components and facilitation of social or physiological 

conditions that give rise to optimal adaptation in everyday life are discussed.  
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“Essentially, all models are wrong, but some are useful”  
 
 

George Box  
 
 
 

Box, G. E. P. & Draper, N. R. (1987) Empirical Model-Building and Response 
Surfaces. John Wiley & Sons. p. 424 
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 CHAPTER 1 

 

1 Frontal functions and challenges in everyday life after Acquired 

Brain Injury 

 
1.1 Background to the clinical problem: from clinic to everyday challenges in 

life after ABI 
 
 
People with acquired brain injury (ABI, secondary to trauma, infection, stroke, 

tumour) are more likely to experience significant psychosocial problems related to 

acquired cognitive and other deficits, increased risk of behavioural or mental health 

problems (Deb, Lyons, Koutzoukis, Ali, & McCarthy, 1999; Morrison, Pollard, Johnston, 

& MacWalter, 2005) and changes to self-identity (Beadle, Ownsworth, Fleming, & 

Shum, 2016). People can experience considerable difficulties in resuming pre-injury 

roles or adjusting their lives to achieve meaningful engagement in new roles (Olver, 

Ponsford, & Curran, 1996). Whilst recovery trajectories may vary, a significant number 

survive brain injury with relatively low levels of medical or physical dependency, and 

intact ability to complete simpler everyday living tasks independently, but struggle 

with everyday life, psychiatric symptomatology, accessing and maintaining stable 

employment, and family and social relationships (Hoofien, Gilboa, Vakil, & Donovick, 

2001; Jourdan et al., 2016). The term ‘hidden disability’ (Simpson, Simons, & 

McFadyen, 2002) has been used to describe the cognitive and emotional sequelae 

that can be devastating but are often not recognised by others, including services 

(Gladman et al., 2007). Enduring cognitive difficulties commonly include executive or 
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higher attentional functions, a set of related functions typically implicated in the 

management of goal directed behaviour across varied contexts including: self-

awareness and self-monitoring, problem solving, cognitive flexibly, attentional 

control, prospective memory, sequencing and ability to respond appropriately in a 

given situation (Ashman, Gordon, Cantor, & Hibbard, 2006; Diamond, 2013; Zinn, 

Bosworth, Hoenig, & Swartzwelder, 2007). There has been a growing trend for 

investigation of social and emotional processes that are also associated with frontal 

areas of the brain. As a result, a distinction has been made between ‘cold executive’ 

processes, which do not require subjective experience of emotion, and ‘hot executive’ 

processes, such as emotion-based decision-making or aspects of empathy, which do 

(Takeuchi et al., 2013). Difficulties with ‘hot’ and ‘cold’ executive functions are also 

amongst the most commonly reported consequences of traumatic brain injury (TBI) in 

childhood during the first year post injury (Sesma, Slomine, Ding, & Mccarthy, 2008) 

and longer-term (Ganesalingam, Sanson, Anderson, & Yeates, 2007; Hawley, Ward, 

Magnay, & Long, 2004). Amongst children who have sustained a brain injury, the 

effects of injury on ‘higher’ executive and self-regulatory functions need to be 

considered within a developmental context (Catroppa & Anderson, 2010). A child may 

not have yet reached the stage of development where a specific cognitive function is 

‘on line’ and so may not show a deficit until later in childhood, termed ‘neurocognitive 

stall’ by Chapman (2006). This appears to be especially so in the domains of social and 

executive cognitive functioning (Catroppa & Anderson, 2010). 

 

From a patient perspective Pollock, St George, Fenton, & Firkins (2012), identified 

stroke survivors’ and healthcare professionals’ top two priorities as improvement of 
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cognition and helping people come to terms with the long-term consequences of 

stroke as the second priority. Winter et al. (2016) found that for veterans with TBI,  

cognitive and physical difficulties ranked most problematic, whereas for caregivers 

emotional and interpersonal domains were ranked most problematic.  

 

Despite this clear priority to address higher cognitive, social and emotional self-

regulatory functions in clinical practice, assessments of executive function are 

notoriously poor at predicting everyday outcomes following ABI (Manchester, 

Priestley, & Jackson, 2004). For social and emotional regulatory impairments, there 

are significantly fewer suitable standardised measures for assessing these domains 

objectively as compared with ‘cold’ cognitive domains (Spikman, Timmerman, 

Milders, Veenstra, & van der Naalt, 2012). Whilst there is a developing evidence base 

for cognitive rehabilitation (Stamenova & Levine, 2018; Tate et al., 2014), challenges 

remain in the meaningful transfer and maintenance of gains beyond clinic-based 

programmes into everyday life, in part due to the very nature of difficulties in EF that 

impact upon goal directed behaviour, adaptation and self-awareness (Gracey, Fish, et 

al., 2016; Tate et al., 2014). Together, this highlights the need to improve 

understanding and assessment of, and interventions for, the everyday cognitive and 

social neuropsychological difficulties people face, alongside adaptation to their 

changed circumstances over time.  

 

1.2 Defining ‘frontal functions’ 
 
In this section a summary of issues in defining ‘frontal functions’ is presented, after 

which links between everyday life (social, emotional and participatory outcomes) and 
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processes typically associated with frontal systems (including prefrontal cortex, medial 

temporal and limbic structures and anterior parietal areas), will be explored. Note: 

Whilst anatomical localisation will be discussed where relevant to consideration of the 

organisation and development of frontal functions, discussion of the anatomical 

substrates of these functions is not the primary focus of this thesis.  

 

1.2.1 Introduction to theories of frontal functions 

Luria (1995) held a hierarchical view of the organisation of brain functions, describing 

the frontal lobes as serving an overarching function above all other domains of 

cognition, for the ‘programming, controlling and verification’ of behaviour. Influenced 

by Vygotsky, Luria saw these ‘higher cognitive functions’ as having developed from the 

interplay between biology and social context, for example through the internalisation 

of language or other practices that enable performance of more complex tasks 

(Vygotsky, 1978). Ardila (2008) elaborates this account, proposing that the higher 

metacognitive functions associated with goal directed behaviour and problem solving 

arise from increasingly elaborate (as in speech) and internalised (as in thought) motor 

sequencing. Lezak (1982) described executive functions (EFs) as relating to ‘how’ a 

person does something (initiation, consistency, self-correction, response to changes 

etc) whereas other domains of cognition are concerned with ‘what’ the person can do, 

or ‘what’ the material being processed is (words, objects etc). Although Lezak’s 

account refers to component processes, the view is held, consistent with Luria, that 

EFs are ‘supramodal’, having an overarching effect on ‘all aspects of behaviour’ (Lezak, 

1982; p. 283). Baddeley (2003) also described a supramodal central executive involved 

in the management of verbal and visual short-term memory ‘slave’ systems, which 
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retain information long enough for consolidation into long term memory. 

Contemporary models of the functions of frontal functions have moved away from 

unitary accounts towards a multi-component architecture of at least partially 

dissociable neuropsychological functions. Miyake and colleagues (Miyake et al., 2000; 

Miyake & Friedman, 2012) for example define the processes comprising the central 

executive, initially identifying inhibiting (as tapped by go, no-go tasks for example), 

shifting (as when the category rule changes in a card sort test) and updating (shown in 

tasks generating interference, such as the Brown-Peterson paradigm). Miyake et al. 

(2000) found these functions contributed unique variance to task performance but 

were also correlated, which they termed the ‘unity / diversity’ hypothesis. Miyake & 

Friedman’s (2012) later analysis suggested ‘inhibition’ comprised the ‘supramodal’ 

component of executive working memory, with inhibition and shifting separate 

components.  

 

Distinct but related networks of frontal brain activation have also been identified from 

research employing functional neuroimaging; the ‘default mode network’ (DMN; see 

Andrews-Hanna, 2012 for a review), and a stimulus driven network (SDN; Corbetta 

and Shulman, 2002). The DMN appears to be involved in self-reflective or evaluative 

tasks including those that involve comparison of self with others, or retrieval of 

autobiographical memories. The SDN serves to orient our attention to the occurrence 

of a salient stimulus in the environment, and then evaluate the stimulus to determine 

and initiate the relevant course of action. These large brain networks appear to be 

composed of component hubs associated with further subdivision of functions. 

Although the SDN and DMN networks appear as independent and associated with 
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distinct types of task, recent findings suggest these networks interact during more 

complex tasks, for example when engaged in a cognitive transition between tasks 

(Smith, Mitchell, & Duncan, 2018).  

 

Despite evidence for at least partial dissociation of localised functions, and evidence 

for ‘network’ models, this historical notion of EF’s representing a common 

overarching function has led to the description of a wide range of difficulties arising 

from frontal lesions being described in terms of ‘executive’ deficits. The legacy of this 

is that in clinical practice and research, the terms ‘frontal functions’, ‘executive 

functions’ and ‘dysexecutive syndrome’ have often been used synonymously and have 

become somewhat problematic to define due to the wide range of uses and 

definitions in the literature. The term ‘dysexecutive syndrome’ was coined by 

Baddeley & Wilson, 1988) to account for the diverse failures in cognitive and self-

regulatory behaviour observed in patients with frontal lesions and arises from the 

assumption of a supramodal frontal ‘executive’ process, which if impaired leads to a 

‘dysexecutive’ presentation. However, executive functions are now seen as not 

synonymous with frontal functions, which comprise a range of specific cognitive, 

meta-cognitive and socio-emotional functions (as argued by Ardila, 2008; Stuss, 2011). 

A corollary of this is therefore that dysexecutive syndrome cannot be understood as a 

failure specifically of executive functions.  

 

1.2.2 ‘Hot’ and ‘cold’ frontal functions 

Descriptions of executive or frontal functions have labelled systems involving more 

logical processing as ‘cold’ and those involving arousal or affect as ‘hot’ (Chan, Shum, 
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Toulopoulou, & Chen, 2008; Takeuchi et al., 2013).	Ardila (2008), drawing on 

neuropsychological research as well as evolutionary theory, argues for two dissociable 

frontal systems – a dorsolateral executive / metacognitive system (cognitive processes 

associated with regulation of thought and behaviour, such as problem solving), and an 

orbitofrontal and medial social and emotional system (for regulation of emotional 

reactions and social behaviour). Extending this dichotomous approach, Stuss (2011) 

distinguishes between (cold) executive functions (such as task setting and monitoring, 

equivalent to the component functions of the ‘central executive’), and (hot) emotional 

regulation processes (associated with reversal learning, reward processing as well as 

behavioural inhibition). Stuss also describes integrative ‘metacognitive’ functions 

(associated with self-reflection and conscious awareness, empathy and integration of 

multiple ‘hot’ and ‘cold’ processes as is often necessary in everyday life), and 

‘energisation’ (ability to initiate and sustain a response). Stuss’ anatomical distinctions 

differ from some accounts, and conceptualisation of component functions could be 

further elaborated. For example, there are well developed models accounting for 

specific social cognitive processes (Frith & Frith, 2003; Salas & Yuen, 2016) and 

emotion regulation processes (Gross, 2007; Ochsner et al., 2008). Social processes 

might not be solely ‘hot’ as it has been argued that certain processes involved in 

empathy (taking another’s perspective for example) are ‘cold’ (Chavez-Arana et al., 

2018; McDonald, 2013). The metacognitive domain in Stuss’ model appears to cover a 

number of functions that others have argued are further dissociable - e.g. emotion-

based decision making, Bechara, Damasio, & Damasio (2000); multi-tasking 

situations/demands, Shallice & Burgess (1991) - and whilst Stuss implicates (largely 

right) frontal polar regions in self-reflection, others localise such functions to medial 
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frontal areas (Frith & Frith, 2003; Salas & Yuen, 2016) or systems (Andrews-Hanna, 

2012). Along similar lines as Stuss’ distinction between cognitive EFs and 

metacognition, Diamond (2013) draws helpful distinctions between ‘core’ executive 

functions (inhibition, working memory, flexibility) that underpin ‘higher-order’ 

executive functions such as problem solving, abstract reasoning or complex goal-

directed behaviour.  Diamond also describes a developmental shift from ‘reactive’ 

deployment of EFs in younger children to more anticipatory use of EFs progressively 

through childhood and adolescence. Taken together, these distinctions between ‘core’ 

and ‘higher’ executive functions, and between ‘hot’ and ‘cold’ functions, and Stuss’ 

delineation of anatomically distinct ‘frontal functions’ perhaps provide the most 

helpful framework for understanding what is meant by ‘frontal’, ‘executive’ and 

‘dysexecutive’. 

 

1.2.3 Executive functions and everyday life: the problems of ecological validity in 

assessment and ‘far transfer’ in rehabilitation 

Another common issue in clinical neuropsychology has been the poor ecological validity 

of traditional ‘frontal’ / executive functioning tests such as the Wisconsin Card Sort Test 

(WCST), Trail-making test, Stroop test and Tower of London tests  (Ardila, 2008; 

Manchester, Priestley, & Jackson, 2004), and problems with transfer of clinic-based 

rehabilitation gains into sustained changes in everyday life.  

 

Ecological validity is the extent to which structured clinical or experimental tasks are 

associated with behaviours in real-world, everyday or naturalistic settings (Chaytor & 

Schmitter-Edgecombe, 2003). Two types of ecological validity have been described 
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(Franzen & Wilhelm, 1996), those concerned with assessments that mimic or match a 

specific, everyday or naturalistic task (verisimilitude), or those that strongly predict 

everyday task performance (veridicality). Historically there was an absence of tests 

specific to EF’s that could be used to identify domains of impairment and predict 

everyday behaviour (Lezak, 1982). This situation has evolved with an increasing 

number of tests of cognitive EF and of assessment tools designed to be ecologically 

valid. Burgess and colleagues (Burgess, Alderman, Evans, Emslie, & Wilson, 1998) 

collected data using 6 different tests of executive functions and looked at which tests 

were most associated with relative or carer’s ratings of everyday ‘dysexecutive’ 

difficulties. WCST ‘categories achieved’ (concept formation) and ‘perseverative errors’ 

(shifting), Trails and an ecologically valid multi-component task (the ‘six elements 

test’) were associated with informant, but not self-rated everyday dysexecutive 

problems. The authors concluded that, at the behavioural level, dysexecutive 

problems following brain injury can be fractionated into 5 domains: inhibition, 

intentionality (including ability to organise goal-directed behaviour), executive 

memory (which appeared uniquely associated with WCST ‘perseverative errors’), 

‘positive’ emotion (referring to strong positive or negative emotional behaviour such 

as euphoria or aggression) and ‘negative’ emotions (referring to poverty of affect). 

Neither of the latter two factors showed any association with the executive 

functioning tests, consistent with a ‘hot’ versus ‘cold’ distinction of frontal functions. 

The DEX questionnaire used in this study has been validated in relation to measures of 

everyday functioning including neurobehavioural symptoms and activities of daily 

living (Azouvi et al., 2015). The measure has also been subject to Rasch analysis and 

revisions to improve fit with Stuss’ delineation of frontal functions by Simblett and 
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colleagues (Simblett & Bateman, 2011; Simblett, Ring, & Bateman, 2017). There is 

potential for this revised version to contribute to improvements in both ecological 

validity and neuropsychological basis of clinical assessment, although to date this has 

not been evaluated systematically.  

 

Shallice’s (Shallice, 1982; Shallice & Burgess, 1991) ‘supervisory attentional system’ 

(SAS) model attempts to account for failures in goal-directed behaviour in non-routine 

novel or complex tasks in everyday life for patients with frontal damage. The model 

highlights how much of our behaviour is relatively automatic, not requiring control by 

the ‘supervisory system’. However, under certain non-routine (complex or novel) 

circumstances often characterised by multiple potentially competing sub-goals, the 

supervisory system is required to optimise outcome in the situation. The model is well 

illustrated in the paper by Shallice & Burgess (1991) who described 3 patients with 

everyday difficulties following frontal brain damage. These patients performed at 

average or above average levels on traditional tests of intellectual functioning and 

attention or executive functioning. However, impaired performance is described on 

the ‘six elements test’ and the ‘multiple errands test’. These tasks were designed to be 

more ecologically valid (based on verisimilitude) and involve development and 

application of a plan to address a set of competing task goals within a set of rules or 

constraints. Specific ‘supervisory attentional system’ processes implicated in non-

routine everyday tasks are: identifying and specifying a goal; developing a plan or new 

temporary behavioural schema; implementing the schema; and monitoring the 

outcome. Repeated performance of a new behavioural schema will result in it 

becoming automatic so no longer involving the SAS. The model also highlights how 
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‘delayed intention markers’ for engagement of the supervisory system at a later point 

or future circumstance, and level of motivational significance, may also be set. This 

enables an individual to then interrupt ongoing routine behaviour to change course of 

action according to an initial plan (e.g. remembering to stop a phone call in time to 

take the dinner out of the oven). However, the delaying, and later action upon, 

intentions in everyday life typically occur over much longer time periods than occur 

within assessments such as the modified six elements or multiple errands tests. A 

further challenge to ecological validity is, therefore, an individual’s prospective 

memory ability – their ability to encode both the goal and the type of trigger required 

to remember to enact the goal at a later time (e.g. if associated with another action, 

at a specific time or place; Fish, Wilson, & Manly, 2010). Related to this is the 

individual’s awareness of their strengths and difficulties in relation to a specific task or 

situation, and ability to draw on this to adapt behaviour accordingly (Crosson et al., 

1989; Toglia & Kirk, 2000) for example by thinking to set a reminder or write a note. 

 

The SAS model has also informed rehabilitation, particularly problem solving and goal 

management type approaches (Evans, 2009; Krasny-Pacini, Limond, et al., 2014; 

Levine et al., 2000, 2011; Miotto, Evans, de Lucia, & Scaff, 2009). The original 

formulation of these approaches is derived from problem solving therapy (Bell & 

D’Zurilla, 2009), and takes patients through a systematic process of identifying the 

goal, weighing options and selecting a method for achieving it, identifying the steps, 

then learning and implementing these. Group-based attention and goal management 

interventions also incorporate development of self-awareness through discussion with 

others, and self-monitoring of problems and successes and factors impacting everyday 
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performance such as mood and fatigue. Addressing the issue of ‘far transfer’ from 

rehabilitation to everyday life, the idea of adding ‘content free’ cues to maintain 

attention to the goal and sub-steps has been explored with some success (Fish et al., 

2007; Gracey, Fish, et al., 2016; Manly et al., 2004; Tornås et al., 2016). 

 

Network accounts as described earlier (Andrews-Hanna, 2012; Corbetta & Shulman, 

2002) also provide a possible explanation for poor predictive value of assessments, 

and difficulty with transfer of rehabilitation into everyday life. Difficulty managing 

demands in everyday life might arise secondary to focal damage in any aspect of a 

relatively wide network required to perform a task in everyday life, or in white matter 

connectivity / integrity, which may or may not be so clearly associated with 

performance on tests sensitive to focal frontal cortical damage, such as the Stroop or 

Controlled Oral Word Association Test. This would account for the good sensitivity but 

poor specificity of traditional EF tests for detecting everyday difficulties. Similarly, 

specific cognitive EF skills (or their improvement through rehabilitation) may be 

necessary but not sufficient to achieve optimal performance in everyday life. 

 

1.2.4 Models of frontal systems and emotional functioning 

Neuroscience models of affect regulation highlight the role of the amygdala in 

processing emotional significance and emotional learning, and connections with 

frontal areas relating to orientation of attention and inhibition of reactions (e.g. 

Ledoux, 2000; Phelps & Anderson, 1997; Pessoa, 2010). In addition to these relatively 

automatic processes, other cognitive EF processes involving medial and lateral 
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prefrontal areas have been implicated in consciously mediated emotion regulation 

processes such as verbal reappraisal or labelling.  

 

Ochsner & Gross’s (2005) review of neurosciences research into the down-regulation 

of emotional reactions identified two broad categories of process, both of which 

implicate executive processes: attentional control (targeting the automatic orientation 

of attention to affectively salient stimuli, involving orbito-frontal cortex (OFC), 

anterior cingulate cortex (ACC), medial and lateral PFC) and cognitive control 

(targeting the anticipation and/or later (re)appraisal of the stimulus, also involving 

ACC, dorsal medial and ventral lateral PFC). In a later review paper (Ochsner et al., 

2008) describe how verbal labelling and reappraisal appear to reduce activation in 

amygdala (detection and encoding) and insula (affective experience) emotional 

response areas. Attempts at regulation through suppression however resulted in 

increased insula reactivity (Goldin, McRae, Ramel, & Gross, 2008). They conclude that 

a number of ‘cold’ cognitive processes are involved in effective emotion regulation 

through verbal reappraisal, including dorsal PFC areas (involved in working memory), 

ventral inhibitory processes, ACC (involved in monitoring and direction of attention), 

and dorso-medial PFC (involved in reflection on one’s own or other’s emotional 

states).  

 

Hofmann, Schmeichel, Friese, & Baddeley (2010) set out a similar account for the role 

of the component functions of the central executive of working memory in emotional 

self-regulation. They propose that an emotional reaction may enter working memory 

if salient or strong enough to recruit attentional resources. The supervisory 
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attentional system may be called upon in more demanding situations where a new 

behavioural schema needs to be developed to successfully override any impulses and 

maintain focus on goal-directed behaviour over time. Evidence in support of this 

comes from Lindstrom & Bohlin (2012) who studied working memory performance 

manipulated with threat-relevant stimuli. They interpret their findings as consistent 

with the ‘dual-competition framework’ model (Pessoa, 2009), which states that if the 

emotional stimulus is not pertinent to the goal, it will compete for limited resources 

and impair capacity of the higher-level goal directed system. However, if there is 

congruence between an emotional stimulus and the goal, emotional salience will 

enhance this higher-level cognitive functioning.  

 

Williams & Thayer’s (2009) brief review similarly argues that individual differences in 

‘cold’ EFs are associated with individual variability in a range of stress-regulatory 

processes including susceptibility to exposure to stressful events, magnitude of stress 

reaction, recovery from stress and restoration. They draw upon findings of impaired 

EF’s in research with patient populations and genotypic variation in specific EF abilities 

(notably the Attention Network Test and inhibition, switching and updating). They 

argue this genotypic variation links variations in dopaminergic system responses to 

stress, parasympathetic vagal nervous system modulation of PFC activity and EF 

abilities and stress-related early life experiences to behavioural outcomes in terms of 

stress, health and wellbeing. Studies of people with brain injury that address these 

specific mechanisms is lacking although Gyurak et al. (2009), comparing people with 

frontal deficits secondary to dementia and healthy controls, found verbal fluency 

scores (but not other EF tests) were predictive of emotional regulation in trials where 
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participants were warned about the stimulus (but not un-warned trials). This seems 

partially consistent with Ochsner & Gross’ (2005) view of EF involvement in later 

controlled, rather than earlier automatic, downregulation of emotion.  

 

There is also growing interest in parasympathetic vagal nervous system activation 

involvement, as reflected in heart rate variability (HRV), in both ‘hot’ and ‘cold’ frontal 

processes. The vagally mediated parasympathetic nervous system is thought to be 

activated under conditions of novelty, challenge or threat and is indicated by reduced 

HRV, whereas higher HRV arises under conditions of social engagement and safety 

(Porges, 2009; Thayer & Lane, 2000). Evidence is generally supportive of this claim. 

Studies indicate that greater resting HRV is associated with better performance on 

traditional executive tests such as WCST, n-back and Stroop colour word interference 

tests (Hovland et al., 2012; Thayer, Hansen, Saus-Rose, & Johnsen, 2009). In addition 

to these ‘cold’ cognitive functions, associations have also been identified between 

HRV and social and emotional processes such as depression (Kemp et al., 2010), 

perseverative cognition (such as worry or rumination; Ottaviani et al., 2016); emotion 

identification, social inference, empathy and alexithymia amongst people with TBI 

(Francis, Fisher, Rushby, & McDonald, 2016a), trait reactivity and executive functions 

(Bailey, Potter, Lang, & Pisoni, 2015). Byrd, Reuther, McNamara, DeLucca, & Berg 

(2015) investigated HRV in children and adults exposed to varying demands of specific 

inhibition, working memory and problem-solving tasks. In both children and adults, all 

tasks except problem solving were associated with on-task HRV suppression, which 

the authors interpret as indicating that vagally mediated regulatory demands only 

arise under conditions of time-response pressure, and not frontal tasks per se. 
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Individual differences in parasympathetic response to specific types of subjective 

(rather than purely cognitive) challenge such as time-response pressure, might 

therefore modulate capacity to apply higher-level regulatory skills. In addition to 

improved regulation of negative affective states, increased HRV is thought to be 

associated with higher levels of wellbeing (Kemp, Koenig, & Thayer, 2017) comprising 

positive emotional states, sense of mastery and social connection (Seligman, 2018), 

and broadening and flexibility of attention (Fredrickson, 2004). 

 

Therefore, in everyday life, deviation from behaviours observed in clinic-based 

assessment or rehabilitation might arise if an emotionally salient aspect of a situation, 

with goals that are incongruent with, or represent threat to the person’s overarching 

intentions, captures attentional or regulatory resources. Against this, positive psycho-

social processes such as social connection, sense of mastery and positive affect might 

also optimise frontal functions, as might congruency between intentions and a goal of 

high motivational value. The behavioural outcome will not simply be predicted by 

performance on assessments of EF implicated in self-regulation but would also need 

to consider the salience of the real-world emotional ‘trigger’, the salience or 

motivational value of the person’s intention, and their capacity to manage any 

competing demands that arise. This itself might be complicated by different 

regulatory processes being implicated across early/automatic regulation and later 

conscious or strategic attempts to cope or adapt effectively. 
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1.2.5 Models of frontal systems and social processing 

Spikman et al (2012) defined social cognition as ‘comprising the capacities of 

individuals to understand the behaviour of others and to react adequately in social 

situations’. The concept covers several separate functions. Crick & Dodge’s (1994) 

model of social information processing in children sets out a series of processing steps 

in response to a social ‘cue’ or stimulus: 1. Encoding the to-be-perceived stimulus or 

social cue, 2. Representing and interpreting the social cue, 3. Searching and 

generating responses, 4. Deciding upon or selecting the appropriate response (based 

on representation of potential consequences), and 5. Enactment of the social 

response, in which implementation of the social skill as well as monitoring and self-

regulation are required. Similarly, Frith & Frith (2003) set out social processes in a 

dyadic interaction as follows: 1. Predicting the intentions of others, 2. Aligning to the 

other’s subjectivity, and 3. Influencing the subjectivity and behaviour of the other. 

Frith & Frith (2010) argue for the parallel operation of a ‘cold’ mentalisation process 

which can represent the mental states or goals of others (theory of mind) as well as an 

affectively ‘hot’ mirroring system which enables subjective experiencing of, and 

empathy with, another’s emotional state.  

 

A further model of ‘hot’ social and behavioural regulation has been proposed by 

Damasio and colleagues (Bechara, Damasio, et al., 2000; Damasio, Tranel, & Damasio, 

1991). Based on the study of individuals with focal orbitofrontal or ventromedial 

lesions (Bechara, 2004) they have proposed a model of emotion-based decision 

making in which interoceptive signals (‘somatic markers’) learned through previous 

long and short-term reward / punishment contingencies, guide choice of different 
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response options in complex, fast moving situations such as social interactions. The 

automatic ‘marking’ of the possible risk / reward associated with conscious 

consideration of a choice within working memory has also been termed the ‘what if’ 

system (Bechara, Damasio, Damasio, & Anderson, 1994). The ‘somatic marker’ 

hypothesis has been tested using a specific paradigm, the Iowa Gambling Task (IGT). 

This purports to measure the ability to identify and select more favourable responses 

over time as a result of different reward and punishment contingencies. Bechara 

(2004) argues that patients with ventromedial PFC lesions have a specific deficit in 

decision-making requiring weighing of longer-term consequences, which is associated 

with social disturbances in the context of retained ability to perform ‘cold’ executive 

tests. Whilst there is a clinical coherence to the somatic marker hypothesis, and some 

patient-based evidence that these social difficulties can be made sense of in this way, 

a number of authors have critiqued both the model and the research (Dunn, Dalgleish, 

& Lawrence, 2006; Maia & McClelland, 2004). 

 

Taking a developmental approach to understanding these issues (Beauchamp & 

Anderson, 2010)’s ‘SOCIAL’ model highlights underpinning biological as well as ‘hot’ 

and ‘cold’ cognitive and social processes and environmental factors. Consistent with 

ideas emerging in the adult literature, the model indicates that ‘cold’ cognitive 

processes such as control of attention, inhibition, and self-monitoring, likely support 

specific social processes and skills such as theory of mind, empathy and mentalisation. 

In children, development of executive and social cognitive skills typically occurs trough 

childhood and into early adulthood as cortical myelination moves from anterior 

primary motor cortex and frontal polar regions to dorsolateral prefrontal cortex  
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(Gogtay et al., 2004), consequently younger age at injury might be associated with 

delayed onset of higher executive or social difficulties (Chapman, 2006).  

 

1.2.6 Conclusion 

In conclusion, frontal functions appear to comprise distinct ‘cold’ executive processes 

and ‘hot’ emotion and social regulation processes consistent with (Chan et al., 2008; 

Takeuchi et al., 2013). A simplified schematic summarising organisation of frontal 

functions is presented in Figure 1. The overarching integrated sets of processes that 

include frontal and other brain areas (including parietal and temporal and limbic 

structures, and the parasympathetic nervous system) are described as frontal 

systems, and ‘frontal functions’ as specific types of hot or cold processing ability. The 

term ‘executive function’ relates to ‘cold’ lower-level, component cognitive processes 

such as attention control, and functions that comprise executive working memory 

(e.g. shifting, inhibiting, updating). Specific social and emotional functions have also 

been identified such as use of interoceptive signals to guide decision-making, a ‘cold’ 

perspective taking aspect of empathy or mentalisation and ‘hot’ mirroring or feeling 

for the other person. The metacognitive or higher-order frontal functions refer to a 

set of supramodal processes involved in non-routine tasks with multiple or competing 

sub-goals, requiring integration of component processes or conscious reflection, 

potentially across ‘hot’ and ‘cold’ executive, social and emotional processes. This is 

consistent with contemporary accounts that blend supramodal and component 

process accounts of frontal functions (Diamond, 2013; Miyake & Friedman, 2012; 

Stuss, 2011). The literature appears to refer to metacognition in terms of integration 

of core executive processes into higher order functions required for management of 
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complex goal directed behaviour. However, in everyday life such metacognitive skills 

might also conceivably reach across executive, social and emotional systems. 

Understanding certain categories of function as sub-served by networks of component 

functions provides a basis for the partial associations seen between some component 

processes and everyday life, but poor predictive validity of tests. Potential interactions 

between ‘hot’ and ‘cold’ systems also provides a basis for understanding issues of 

poor transfer of rehabilitation into everyday life.  

 

 

Figure 1: Simplified schematic illustrating examples of core ‘hot’ and ‘cold’ executive, 

social and emotional functions within a hierarchical structure.  

 

1.3 Frontal systems and ‘everyday’ psychosocial outcomes in people with 
ABI 

 
The following sections will explore the evidence relating specific frontal functions to 

everyday participatory outcomes. In addition to practical or participatory outcomes, 

social and emotional outcomes will also be covered as these are considered strongly 

associated with everyday outcomes (Azouvi et al., 2015; Mauri, Paletta, Colasanti, 

Miserocchi, & Altamura, 2014). Given the relevance of rehabilitation to longer term 

participatory outcomes, rehabilitation and other supportive healthcare interventions 
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will be considered an important aspect of everyday life following brain injury (Nalder 

et al., 2012). For the purposes of this thesis, when considering ‘everyday life’ the focus 

will be particularly on those aspects that require some degree of ‘frontal systems’ 

involvement, in that they present social, emotional or cognitive demands, rather than 

the more automatic or routine aspects (Takeuchi et al., 2013).  

 

1.3.1 Cognitive factors associated with everyday participatory outcomes 

A relatively large number of studies have attempted to identify predictors of 

psychosocial and participatory outcomes following stroke and brain injury, with many 

variables and outcomes included. In general, pre-injury factors, severity of injury, 

language impairment as well as social and emotional issues and domains of cognitive 

functioning emerge as significant predictors of outcomes, (Barker-Collo & Feigin, 2006; 

Sherer et al., 2015) consistent with the World Health Organisation-International 

Classification of Functioning (WHO-ICF; Üstun, Chatterji, Bickenbach, Kostanjsek, & 

Schneider, 2003). 

 

Some studies particularly focus on EF or social processing variables relevant to 

outcomes. Ponsford, Draper and Shönberger (2007) found several cognitive measures 

including EF were associated with poorer outcome although digit-symbol coding, a 

measure of speed of processing (SoP), was the strongest cognitive predictor. In terms 

of Stuss’ (2011) model, SoP could be related to impairment of the ‘energization’ 

aspect of frontal functioning, particularly if performance indicated a relatively rapid 

drop in performance after a promising start, or a failure to initiate action. However, it 

is also possible that SoP is a marker for a higher level of global impairment, or for 
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diffuse axonal injury disrupting white matter connections and therefore network 

integrity. A later study, employing a wider range of cognitive assessments, found the 

addition of cognitive (memory and EF) measures significantly improved predictive 

models of psychosocial outcomes, in particular the Behavioural Assessment of the 

Dysexecutive Syndrome (BADS) Zoo Map test, Trails-B and Wechsler Memory Scale 

(WMS) III working memory index scores (Spitz, Ponsford, Rudzki, & Maller, 2012). 

However, Wood & Rutterford (2006) found that, of several cognitive predictors, 

working memory emerged as the only measure significantly associated with 

community integration.  

 

Mani, Cater, & Hudlikar (2017) conducted a systematic review of studies looking at 

associations between cognition and return to work post TBI. They conclude that EFs 

emerged as the most common significant predictor, with other domains of cognitive 

functioning including attention and memory also contributing, echoing findings in 

stroke (Barker-Collo & Feigin, 2006). However, the review did not contrast specific 

domains or measures of executive functioning. Ownsworth & McKenna’s (2004) 

review of cognitive predictors of return to work also highlights the contribution of EF. 

They suggest the impact of cognitive difficulties on vocational outcomes might be 

mediated by metacognitive (associated with awareness and application of strategies 

to manage cognitive problems) and emotional or motivational variables in addition to 

access to rehabilitation/therapy and other factors such as financial incentives or 

environmental supports. Yeates et al. (2016) also explored executive and social 

cognitive predictors of workplace supervisors’ evaluation of the work-related social 

skills of people with brain injury. The study found that of the social and executive 
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cognitive measures included, mentalisation (ability to hold the states and intentions of 

others in mind; the ‘Faux Pas’ test) and plan formulation and implementation (BADS 

modified six elements task) emerged as significant contributors to supervisors’ 

evaluations of social skills. It has also been argued that variability in job demands such 

as complexity can impact upon the extent to which EF difficulties are associated with 

outcome (Matheson, 2010). 

 

1.3.2 Factors impacting engagement in and response to rehabilitation 

Frontal dysfunction might impact participation directly, or indirectly by affecting 

ability to access services or benefit from interventions. A review of studies of 

rehabilitation outcome predictors by Whyte, Skidmore, Aizenstein, Ricker, & Butters, 

(2011) identified various ways in which cognition might impact upon rehabilitation 

outcomes, suggesting capacity for full engagement or participation in rehabilitation 

might be lower for those with deficits in EF and self-awareness. They also suggest 

deficits in flexibility, learning and prospective memory are likely to hinder attempts at 

compensatory adaptation, whilst deficits in sustained attention, processing speed and 

learning might hinder efforts at improving functioning through intensive practice. 

From this model they then identify intervention targets that might enhance response 

to rehabilitation amongst those with these deficits, such as metacognitive strategy 

training to address EF and self-awareness issues (Skidmore et al., 2011). Similar 

arguments that longer term favourable outcomes are dependent on an individual’s 

ability to adapt flexibly to their new circumstances, problem solve, develop awareness 

of their difficulties, cope in an active problem-oriented manner and remember to 

implement required strategies at the appropriate time have been made (Anson & 
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Ponsford, 2006; Cicerone et al., 2011; Crosson et al., 1989; Fish et al., 2010; Judd & 

Wilson, 2005).   

 

The identification of a range of metacognitive, executive and emotional functions 

likely associated with rehabilitation outcomes (including self-awareness, learning, 

mood or motivation and prospective memory) gives a clear indication of the need to 

include relevant evidence-based interventions within a wider rehabilitation effort to 

improve far-transfer of interventions from clinic to everyday life. Increasingly, 

interventions addressing goal management skills (concerned with improving goal 

directed behaviour, problem solving and self-monitoring) are being adapted to include 

mindfulness (Alfonso, Caracuel, Delgado-Pastor, & Verdejo-García, 2011; Levine et al., 

2011), implicit or errorless learning (Bertens, Kessels, Fiorenzato, Boelen, & Fasotti, 

2015), emotion regulation strategies (Tornås et al., 2016), self-awareness (Cantor et 

al., 2014), autobiographical memory supports (Cuberos-Urbano et al., 2016) and 

periodic alerts or reminders (Gracey et al., 2017; Tornås et al., 2016).  

 

In summary, once global levels of impairment, and severity of injury have been 

considered, EF’s emerge as a significant cognitive predictor of a range of outcomes for 

people with stroke and other ABIs, alongside other factors such as spatial neglect / 

inattention (in stroke), memory, communication and speed of processing. In terms of 

rehabilitation, deficits in EF may present a barrier to transfer of strategies or learning 

into everyday life and may also compromise other health behaviours related to 

outcome. Social processing skills, mood and motivation are also likely to contribute to 
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outcomes indicating a dynamic, unfolding trajectory in which both ‘hot’ and ‘cold’ 

processes associated with frontal functions may play a key role. 

 

1.3.3 Evidence for frontal systems associated with emotional outcomes following 

brain injury 

Poor emotional outcomes are a significant issue for 20-40% of people post stroke or 

brain injury (Ayerbe, Ayis, Wolfe, & Rudd, 2013; Ayerbe, Ayis, Crichton, Wolfe, & 

Rudd, 2014; Hart et al., 2016; Matheson, Wohl, & Anisman, 2009; Osborn, Mathias, & 

Fairweather-Schmidt, 2014) with depression and suicidality appearing to increase over 

time post injury (Fordyce, Roueche, & Prigatano, 1983; Teasdale & Engberg, 2001; 

Tsaousides, Cantor, & Gordon, 2011). Children are also especially vulnerable to 

negative emotional and behavioural outcomes including anxiety, depression, 

personality changes and attention deficit hyperactivity disorder (ADHD; Max et al., 

1997, 2004, 2011) with associated peer relationship problems (Tonks, Yates, Williams, 

Frampton, & Slater, 2010). Causes of emotional distress are likely complex and multi-

factorial. Gainotti (2001) describes how emotional consequences might arise from 

‘psychological’ effects relating to losses and changes, as well as organic effects or 

damage to brain systems involved in emotion regulation. Goldstein (1952) described 3 

possible routes to changes in everyday life following brain injury: the potential direct 

effects of brain damage on abilities; the potential for a strong negative emotional 

reaction to these changed circumstances which he described as the ‘catastrophic 

reaction’; and further loss of abilities through attempts to avoid the ‘catastrophic 

reaction’, compounding the effects of the initial injury. These ideas have been further 

developed in our models (Gracey, Evans, & Malley, 2009; Gracey, Longworth, & Psaila, 
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2016; Gracey, Olsen, Austin, Watson, & Malley, 2015; Wilson, Gracey, Evans, & 

Bateman, 2009), which emphasise the two-way interaction between stresses or 

challenges in everyday life (and regulation of these responses), enduring sense of self 

and attempts to maintain continuity of self, and longer-term coping, in turn impacting 

everyday life (for example through loss of social networks or employment 

opportunities). Gracey, Olsen, et al. (2015) extended these ideas to the understanding 

of emotional outcomes in childhood ABI. Emotional issues might arise directly from 

the injury, from the child’s appraisals of changes and losses, and appraisals and coping 

responses of others in the child’s context which might significantly impact upon 

development through disrupted attachment relationships and / or cognitive 

scaffolding for neurodevelopment.  

 

Hackett et al (2005)’s systematic review of predictors of post stroke depression found 

that out of many possible predictor variables studied, level of physical disability, 

stroke severity, cognition and social isolation were consistently associated with level 

or presence of post-stroke depression. Ayerbe et al (2013) drew similar conclusions in 

their more recent review and meta-analysis. In TBI, the studies of Malec, Brown, 

Moessner, Stump, & Monahan (2010) and Ownsworth et al. (2011) both highlight 

severity of injury as important, in contrast to (Spitz, Schönberger, & Ponsford, 2013), 

and appraisals of post-injury ability as related to post-injury depression, with accuracy 

of perceived functioning at discharge from hospital a possible moderating factor.  

 

Focusing on cognitive predictors, Jorge & Robinson (2004) found greater impairments 

in problem solving and cognitive flexibility in people with major depression and TBI, 
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and that EF was more significantly impaired in TBI depressed than non-depressed, 

although it emerged that depression itself might contribute to the deficits in problem 

solving, rather than vice versa. Involvement of EFs in anxious versus non-anxious 

people with TBI have also been found by Gould, Ponsford, & Spitz (2014). Anxiety 

disorders were associated with reduced processing speed, working memory and EF, 

with EF best differentiating anxious from non-anxious TBI participants, but again 

direction of causality is not clear.  

 

Given the theoretical links between emotion activation and regulation, and ‘cold’ 

cognitive working memory or supervisory attentional processing discussed previously, 

there may also be a role for cognition, coping style and appraisal in predicting 

community functioning and emotional outcomes. The association between working 

memory (but not other cognitive factors) and emotional outcomes identified by Wood 

& Rutterford (2006) appeared accounted for by self-efficacy, suggesting greater 

working memory deficit might directly impact unfavourably on community outcomes, 

and over time, the resulting loss of confidence reduces self-efficacy, further impacting 

emotional outcomes. Spitz et al. (2013) found both memory and executive functions 

were associated with depression post-injury, alongside less adaptive and more 

maladaptive coping styles. 

 

Taken together, these findings suggest more severe injury and poorer self-awareness 

of deficits early post-injury may increase vulnerability to perceptions of loss of 

function / greater changes early post-discharge, which in turn impact upon self-

efficacy and emotional outcomes. Cognitive factors, particularly working memory, 
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other EFs and speed of processing appear associated with emotional outcomes, 

possibly through effects on participatory outcomes, and resulting lowered self-efficacy 

and increased awareness of losses and changes. Considering these challenges, less 

adaptive and more maladaptive coping styles are further associated with worse 

emotional outcomes. Despite a theoretical basis for specific executive deficits 

contributing to emotional vulnerabilities, few studies were designed to address this 

question. However, some evidence suggests possible direct contribution of EF or self-

regulatory deficits to emotion regulation and emotional outcomes. There is also some 

indication that where depression and EFs appear associated, it is the depression that 

at least partially contributes to EF (problem solving) difficulties. Therefore, whilst 

there is some lack of certainty regarding directions of causality and specific 

mechanisms involved, specific frontal functions appear at least indirectly, and possibly 

directly associated with greater vulnerability to poorer emotional outcomes.  

 

1.3.4 Relationships between social cognitive processes and social outcomes 

Several studies have explored social cognitive processes after ABI and factors 

associated with social outcomes. Spikman et al. (2012) evaluated social cognitive 

abilities relating to emotion identification, ‘cold’ theory of mind, and ‘hot’ empathic 

ability, alongside non-social cognitive tests in people with TBI and controls. They 

found a substantial level of impairment in three domains of social cognitive functions 

in TBI (emotion identification, theory of mind and empathy) which was not 

attributable to performance in other cognitive tasks. Struchen et al.’s (2008) study 

focused on social cognitive and executive functions in the prediction of occupational 

and social outcomes following TBI. They found that executive functioning contributed 
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significantly to occupational and social outcomes, with social cognitive tasks 

accounting for unique variance in outcomes, albeit at a lower level than EF. Unlike 

Spikman et al, they did find correlations between ‘cold’ EF’s and the social cognitive 

tasks they employed, perhaps attributable to their use of the La Trobe questionnaire 

as an outcome measure, which includes items relating to a range of cognitive and 

social communication problems. The conclusion here is that both ‘cold’ EFs and ‘hot’ 

social cognitive processes contribute to occupational and social outcomes, and that 

whilst there is some association between EFs and social processes, social processes 

also make a unique contribution to outcomes.  

 

In the study of Yeates et al. (2016) the greater contribution of ‘cold’ executive 

functioning over specific ‘hot’ social cognitive tests (other than mentalisation), to 

perceived social skills was not in keeping with the authors’ hypotheses that a wider 

range of social cognitive abilities (rather than ‘cold’ executive skills) would be the 

stronger predictors of workplace social skills. In the context of study limitations, the 

authors suggest that supervisors may perceive, and rate workplace related social 

interaction issues secondary to executive deficits, for example seeing poor 

organisational skills in terms of how respectful or considerate of others the person is, 

rather than as a ‘cognitive deficit’. An alternative account is that many aspects of 

social communication can be considered as complex goal-directed behaviours sitting 

under wider executive control (Struchen et al, 2008), or that management of the 

demands of meeting work related goals in a social interactional context require 

metacognitive integration of component ‘cold’ and ‘hot’ frontal functions.  
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Social competence following childhood brain injury is significantly lower than typically 

developing children (Rosema, Crowe, & Anderson, 2012) and children with brain 

injury are more likely to have problems with peer relationships and loneliness (Ross, 

McMillan, Kelly, Sumpter, & Dorris, 2011; Tonks et al., 2010) with these problems 

increasing over 1-2 years post injury (Ryan et al., 2016). In children who sustain brain 

injury, the age and developmental stage at which an injury is sustained may have 

developmentally specific effects, and as previously discussed the child may grow into 

deficits as the downstream effects of foundation skills or neuroanatomical disruption 

become apparent. In keeping with these ideas, research indicates contributions of 

socio-emotional processes (Anderson et al., 2013; Ganesalingam, Sanson, Anderson, & 

Yeates, 2006; Rosema et al., 2012; Tousignant et al., 2018) and cognitive factors 

including executive functions and speed of processing (Anderson et al., 2013) to social 

competence in childhood brain injury. Parent or family factors also emerge as 

significant predictors of social and emotional outcomes (Rosema et al., 2012; Shari L 

Wade et al., 2011). In adolescents, loss of ‘hot’ empathy abilities as shown in 

sensitivity to others appears to be a particular issue (Tousignant et al., 2018). Whilst 

Rosema et al (2012) and Ciccia, Beekman, & Ditmars (2018) highlight weaknesses in 

research in this field, including need for more work on age or developmental stage at 

injury, measures of social and emotional processing domains, and environmental 

factors the research is indicating potential targets for intervention including ‘hot’ and 

‘cold’ processes and family functioning (Chavez-Arana et al., 2018). 
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1.3.5 Summary and conclusions 

The preceding review concludes that anatomically and neuropsychologically 

dissociable yet linked frontal functions are of key relevance in successful adaptation to 

life post-injury and potential to benefit from rehabilitation. Whilst many factors 

impact on outcomes (including severity of injury, communication and memory), it 

could be argued that the frontal brain areas and associated systems and functions 

represent a ‘common pathway’ by which goal directed and social behaviours are 

expressed, and responses to novelty, challenges or social and emotional salience, in 

the ongoing stream of life post-injury are processed and regulated. Evidence for 

benefits of interventions for frontal deficits transferring into everyday life is limited 

perhaps because the deficits people have are the very skills needed for better 

adaptation and outcome. These include use of problem-solving ability in the face of 

stresses or inflexibility in thinking, abilities which themselves might interact with 

emotional state. Again, however, the evidence concerning the interplay of processes 

such as coping style and executive functioning is mixed.  

 

Children with acquired brain injury are particularly vulnerable to mental health 

problems and peer relationship changes likely due to disruption of development of 

executive, social and emotional, processes although further testing of these 

hypothesised relationships is required. In adults with ABI problems with executive 

functioning appear at least partially associated with negative emotional outcomes, 

although mechanisms remain unclear. However, the evidence base for psychological 

therapies to help people adjust and adapt is mixed (e.g. Waldron, Casserly and 

O’Sullivan, 2013) and further work is required to develop clinical models to guide 
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intervention and identify viable adaptations to therapy to address cognitive problems 

that can affect memory and problem solving (Gracey, Ford, & Psaila, 2015; 

Ownsworth, Gooding, & Beadle, 2018).  

 

The work reviewed in this chapter has identified several ways in which frontal 

functions and everyday outcomes might influence each other both directly (in terms 

of cognitive limitations to participation and rehabilitation) but also through multiple 

indirect routes. This review also highlights methodological issues and lack of 

theoretical coherence to help select and test variables and relationships, with clinical 

studies generally failing to test the specific models being developed in cognitive and 

affective neuroscience research. This is particularly so with the conceptualisation and 

measurement of specific aspects of frontal functions such as metacognition, 

emotionally ‘hot’ processes as well as interactions between coping style and executive 

functions and metacognition. These challenges of ecological validity of assessments 

and of transfer from rehab to everyday life could be accounted for by considering 1. 

Improved measurement of specific component processes, 2. Testing model-based 

hypotheses regarding interactions between component processes, including direct, 

indirect and bidirectional relationships, and relationship to everyday outcomes and 3. 

Evaluation of processes and mechanisms that facilitate far transfer of rehabilitation 

from the clinic into everyday life. Addressing these gaps might contribute to improving 

prediction of difficulties in everyday life from clinical neuropsychological assessment, 

and generalisation of rehabilitation to everyday life.  
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1.4 Questions being addressed in this thesis 
 
This thesis aims to address some of the challenges to understanding and rehabilitating 

problems arising due to frontal systems damage. The specific overarching question is 

as follows: Can specific ‘hot’ or ‘cold’ neuropsychological frontal functions be 

identified that are associated with social processes, or social, emotional and 

participatory indicators of everyday functioning? The question will be addressed 

through a specific focus on: 

1. Cognitive and emotional frontal functions associated with social relationship 

outcomes in children and young people who sustained an ABI at different ages 

(Chapter 2, Paper 1). 

2. Cognitive functions associated with social-emotional functions in adults with 

TBI compared with non-injured controls (Chapter 3, Paper 2). 

3. Executive functions associated with emotional outcomes (Chapters 4 and 5, 

papers 3 and 4). 

4. Use of periodic alerts and brief goal management training to improve 

achievement of everyday intentions in adults with everyday executive 

difficulties following ABI (Chapter 5, paper 4). 
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CHAPTER 2 

 

2 Which specific frontal functions are associated with social peer 

relationship problems following childhood acquired brain injury? 

 

Gracey, F, Watson, S, McHugh, M, Swan, A, Humphrey, A and Adlam, A. (2014) Age at injury, 

emotional problems and executive functioning in understanding disrupted social relationships 

following childhood acquired brain injury. Social Care and Neurodisability 5(3), 160-170. 

 

2.1 Introduction to the paper 
 
Prior research clearly indicates associations between social outcomes (such as peer 

relationships, or social behaviour regulation) and frontal functions in children with 

brain injury. However, there is variation across studies as to which functions have 

emerged as significant, including ‘cold’ EFs such as working memory, as well as solely 

‘hot’ self-regulatory or social processes. Studies have also varied regarding time since 

injury and age / developmental stage of the sample. In this paper we sought to further 

explore associations between age at injury, various ‘hot’ and ‘cold’ frontal functions 

(as rated by parents on the Behavior Rating Inventory for Executive Function, BRIEF; 

Gioia, Isquith, Guy, & Kenworthy, 2000) and peer relationship problems in a clinical 

sample covering a wide range of age at injury and age at assessment. We also sought 

to further compare mental health needs of children with brain injury referred for 

rehabilitation with those referred for mental health problems but no brain injury.  
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2.2 Summary of key findings 
 
In the context of methodological limitations (notably selection bias, cross sectional 

design, small sample size, shared method variance), the study suggests that younger 

age at injury may be associated with poorer social relationship outcomes. The study 

also suggests that this relationship is mediated by metacognitive functions (as rated 

by parents on the BRIEF), in contrast to some previous research. The metacognitive 

index of the BRIEF covers everyday examples of ‘cold’ executive functions such as 

working memory, planning and problem solving. Somewhat surprisingly, ‘hot’ 

behavioural and emotional regulation scores were not associated with peer 

relationships in the final regression model. 
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CHAPTER 3 

 

3 Do people with TBI show a ‘signature’ pattern of deficit on the 

Bangor Gambling Task assessment of emotion-based decision 

making compared with non-injured controls, and does this relate to 

cognitive and executive functions? 

 
 
Adlam, A.-L. R., Adams, M., Turnbull, O., Yeates, G., & Gracey, F. (2017). The Bangor 

Gambling Task: Characterising the Performance of Survivors of Traumatic Brain Injury. Brain 

Impairment, 18(1), 62–73. doi:10.1017/BrImp.2016.30 

 

3.1 Introduction to the paper 
 
There is a relative gap in formal assessment tools for ‘hot’ social and emotional 

aspects of frontal functions for people following brain injury, by comparison with 

assessment tools for ‘cold’ executive functions. One measure that is becoming well 

established and is published as a standardised assessment tool is the Iowa Gambling 

Task (IGT) (Bechara, Tranel, & Damasio, 2000). The task purports to measure ability to 

use an emotional biasing signal, or ‘somatic marker’ to guide decision making in fast 

moving, complex situations such as social interactions. It could therefore be 

considered to have potential ecological validity, insofar as scores on the measure 

correlate with difficulties in everyday social and emotional domains. However, there is 

a body of literature that is critical of the ’somatic marker hypothesis’ and provides 

alternative hypotheses to account for findings from IGT studies. It has also been 
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argued that in clinical practice interpretation of scores of tests in the domain of ‘hot’ 

frontal functions is complicated by much greater individual variability in the general 

population making development of assessments that are sensitive to detection of 

problems arising post-injury more difficult. To address the issue that IGT performance 

might be associated with working memory ability, the Bangor Gambling Task (BGT) 

was developed, and an initial study demonstrated similar patterns of performance on 

the BGT to the IGT in a group of healthy controls. However, the performance of 

people with TBI who are vulnerable to impairment on this measure had not previously 

been explored in terms of either patterns, or cold cognitive correlates, of 

performance. 
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3.2 Summary of key findings 
 
It can cautiously be concluded that the BGT performance is more impaired in those 

with TBI than healthy controls, and that it is not associated with cold cognitive 

processes but may be associated with general processing abilities as reflected in 

estimated IQ and speed of processing. Furthermore, the cluster analysis indicates that 

an apparent group difference between TBI and controls seems more likely attributable 

to individual differences in general strategies for the gamble task, with 2 small groups 

showing almost complete avoidance of gambling throughout, or a strategy of mostly 

choosing to gamble, respectively.  
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CHAPTER 4 

4 Do executive functions and coping styles interact to determine 

different emotional outcomes amongst people with everyday EF 

problems following ABI? 

 

Gracey, F., Fish, J. E., Wagner, A. P., Simblett, S. K., Bateman, A., Malley, D., Evans, J. J. & 

Manly, T. (submitted / under review). The influence of executive functioning on the relationship 

between coping style and emotional outcomes in the chronic phase following acquired brain 

injury. Accepted (with revisions) to Neuropsychology, November 2018 

 

4.1 Introduction to the paper 
 
Research in the field of affective neurosciences has identified shared processes 

related to ‘hot’ regulation of emotion and ‘cold’ cognition. For example, an influential 

model implicates executive attention early in the processes of triggering of a negative 

emotion, working memory in early coping responses such as verbal reappraisal, and 

involvement of the supervisory attentional system in devising a new ‘behavioural 

schema’ for responding adaptively to the emotion. This has been explored a little in 

ABI populations, in studies focussing on potential interactions between coping style 

and EFs. However, there have been methodological and conceptual limitations to 

study design and interpretation, resulting in variability in findings. In this study we 

therefore set out to identify the presence of interactions between ‘cold’ frontal 

functions (maintaining attention to a simple goal, and supervisory functions involved 

in developing and implementing a plan), coping styles and emotional outcomes across 
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anxiety, depression and anger in a heterogenous sample of people with clinician-

identified everyday executive difficulties.  
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The influence of executive functioning on the relationship between coping style 

and emotional outcomes in the chronic phase following acquired brain injury. 

 

Abstract 
 
 Background 

Weaknesses in executive functioning (EF) have been proposed to create a general 

vulnerability to increased emotional distress, and to interact with coping style. 

However, studies of coping and EF following acquired brain injury have failed to 

consistently support hypothesized interactions. The current study sought to identify 

contributions of coping styles and metacognitive and cognitive EF to models of 

depression, tension-anxiety and anger-hostility in people with ABI. 
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 Method 

69 people with ABI (43 Male, 34 TBI, mean age 47.8 years) were recruited and 

completed demographic and clinical measures, the Coping Inventory for Stressful 

Situations, the Profile of Mood States and The Hotel Task and Sustained Attention to 

Response Test (SART) at the baseline phase of a separately reported trial of an EF 

rehabilitation intervention. 

 

 Results 

Multiple regression analyses employing a model fit approach (Akaike’s Information 

Criterion, AIC) identified Hotel Task * task-oriented coping interaction terms in 

models of anxiety and depression, and SART * emotion focused coping in the anxiety 

model, consistent with poorer EF being associated with a greater impact of coping 

style. Fatigue and emotion-focused coping style emerged as associated with all three 

emotional outcomes. 

 

 Conclusions 

The current study is the first to identify an effect of interaction between EF and 

coping style on emotional outcomes in ABI. It is proposed that future studies include 

measures of metacognitive or higher EF rather than more circumscribed cognitive EF 

measures, explore mechanisms by which fatigue is associated with emotional 

outcome, and employ longitudinal designs. 

 

Keywords 
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Brain Injuries, Executive Functions, Coping, Emotions 

 

Public significance statement 

Brain injury causes a mix of problems with thinking skills and emotions that 

can interact to influence how people adjust in their everyday lives. This study 

shows problems with particular higher-level cognitive skills, executive 

functions, can make coping with the stress of life after brain injury much 

more difficult. Therefore, in clinical services for people with brain injuries, 

assessing and supporting executive functioning difficulties alongside 

emotional difficulties is important.  
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Introduction 

The elevated incidence and prevalence of emotional disorders following ABI (Fann, 

Katon, Uomoto, & Esselman, 1995; Hart et al., 2016; Tsaousides, Cantor, & Gordon, 

2011), improved understanding of the psychological impact of ABI, and the need for 

integration of psychological factors into rehabilitation is increasingly well 

documented (Ownsworth, Fleming, Haines, Cornwell, Kendall, Nalder & Gordon, 

2011; Ownsworth & Haslam, 2014; Wilson, Gracey, Malley & Bateman, 2009). 

Progress is being made with the development and evaluation of psychological 

interventions that might both treat (Ashman, Cantor, Tsaousides, Spielman, & 

Gordon, 2014; Bradbury, Christensen, Lau, Ruttan, Arundine, & Green, 2008; Hsieh, 

Ponsford, Wong, Schoenberger, Taffe & Mckay, 2012; Waldron, Casserly, & 

O’Sullivan, 2012; Watkins, Auton, Deans, Dickinson, Jack, Lightbody, Sutton, van den 

Broek & Leathley, 2007) or prevent later development of (Backhaus, Ibarra, Klyce, 

Trexler, & Malec, 2010; Hackett, Anderson, House, & Halteh, 2008; Watkins, 

Wathon, Leathley, Auton, Deans, Dickinson, Jack, Sutton, van den Broek & Lightbody, 

2011)  psychological problems. However, the emerging findings are mixed for both 

intervention studies (Ownsworth and Gracey, 2017) as well as studies seeking to 

identify those factors that serve as vulnerabilities for later problems, making it 

difficult to develop and apply individually tailored psychological interventions based 

upon less well-evidenced mechanisms. 

 

One of the most fruitful lines of enquiry relates to the role of coping style as a 

mediator between the stressful impact of an ABI and a range of later emotional 

outcomes (Lubusko, Moore, Stambrook, & Gill, 1994; Moore, Stambrook & Peters, 
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1989). The stress-appraisal-coping model based on that proposed by Lazarus & 

Folkman (1987) has been applied as a general model of post injury adaptation 

(Godfrey, Knight, & Partridge, 1996; Kendall & Terry, 1996). Moore & Stambrook 

(1995) suggested that coping style might be the ‘final pathway’ between BI sequelae 

and outcomes. Appraisals, coping and self-regulatory processes such as goal 

discrepancy feature in more recent transdiagnostic models (Brands, Wade, Stapert, 

& van Heugten, 2012; Gracey, Ford, & Psaila, 2015; Park, 2010). Although there is 

some variability in findings across studies, in general coping styles that reflect a task 

or problem-oriented approach appear to be adaptive, whereas coping styles focused 

on the emotional impact such as avoidance, worry, substance use or wishful thinking 

appear less adaptive (Anson & Ponsford, 2006; Curran, Ponsford, & Crowe, 2000), 

echoing Goldstein’s (1952) insight that the consequences of ABI arise from three 

processes: the direct effects of brain damage, the emotional ‘catastrophic reaction’ 

to these changes, and loss of abilities due to avoidance of the catastrophic reaction. 

 

Another common determinant of psychosocial outcomes is impairment of executive 

functioning (Douglas, 2010; Spitz, Ponsford, Rudzki, & Maller, 2012). Executive 

functions incorporate potentially adaptive skills such as inhibitory control, flexibility 

and problem-solving ability. It has therefore been hypothesized that there may be 

interactions between level and type of acquired executive functioning deficit, coping 

style and emotional outcome following ABI (Gracey, Evans, & Malley, 2009; Gracey 

et al., 2015; Rutterford & Wood, 2006; Spitz, Schönberger, & Ponsford, 2013). This 

idea has received some attention in non-brain injured groups, with Williams, Suchy, 

& Rau (2009) proposing individual differences in EF in the general population might 
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underpin variations in vulnerability to stress, with weaker EF being associated with 

greater stress vulnerability. Compton et al. (2011) employed neuropsychological 

assessment of cognitive control (Stroop task), behavioural assessment of emotional 

reactions to stresses over a 14-day period, and ECG data, in a healthy sample, finding 

that specific aspects of cognitive control were associated with less adaptive coping 

and greater physiological stress responses. Grech et al. (2015) studying interaction 

between EF and coping in multiple sclerosis, found EF mediated the relationship 

between adaptive coping and psychosocial outcome: having better EF meant a 

greater chance of better emotional outcomes despite less adaptive coping style. 

Whilst Allott et al.’s (2015) findings were consistent with this for their healthy 

control group (better working memory buffered against stress), the first episode 

psychosis (FEP) patient group showed a contrary relationship, suggesting the effects 

of interaction between cognition and coping on emotional outcomes may vary 

across healthy and clinical groups. 

 

Krpan, Levine, Stuss, & Dawson (2007) tested whether impaired executive 

functioning would compromise ability to use problem-oriented coping, leading to 

increased default use of emotion-focused coping. The results were supportive of 

study hypotheses within the TBI, but not healthy control group. However, the study 

employed multiple comparisons and the sample size was small given the regression 

analyses employed. Furthermore, the impact of the interaction between EF and 

coping on emotional outcomes was not investigated. Rutterford & Wood (2006) 

explored prediction of psychosocial outcome in a group of people with ABI 10 or 

more years post injury, testing the hypothesis that cognitive deficits would have 
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both direct and indirect (via coping style) impacts on outcome, as proposed by 

Kendall & Terry (1996). The results were only partly supportive of Kendall and Terry’s 

model, with no evidence for indirect effect of cognition on social outcomes via 

coping. Spitz et al (2013) also tested both direct and indirect effects of cognitive 

impairment on anxiety and depression, via the mediating role of coping and 

appraisal, in an ABI sample 6 to 53 months post injury. They found that good 

performance on an executive verbal fluency test was significantly positively 

associated with adaptive coping, consistent with Krpan et al (2007). However, they 

did not find mediation of the effect of cognition on mood by coping style. Only two 

executive tests were used neither of which directly assessed the solution generation 

or problem-solving aspects of EF that one might presume are implicated in the 

relationship between adaptive problem oriented coping and mood.(Wolters 

Gregório, Ponds, Smeets, Jonker, Pouwels, Verhey, & Heugten (2015) investigated 

whether executive functioning mediates the relationships between coping style and 

depression and quality of life in healthy controls and people with ABI with at least 1 

neuropsychiatric symptom. Using the Trail Making Test and Stroop test to assess 

executive functioning, the authors did not find the predicted mediating relationship. 

However, analysis of self-rated EF using the Frontal Systems Behaviour Scale (FrSBe; 

Grace & Malloy, 2001) did find support for their predictions: lower levels of self-

rated EF were associated with passive coping, and in turn depression and lower QoL; 

in the high self-rated EF group, problem-focused coping was associated with better 

QoL. Similarly, Rakers et al. (2017), reporting on coping style and EF amongst 

moderate-severe TBI participants found greater self-reported EF difficulties 
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associated with more passive and less active coping styles. Of the behavioral 

measures of EF used, only mental flexibility was associated with coping style.  

 

Therefore, whilst there is a theoretical argument for possible relationships between 

coping style, EF and mood, findings are mixed and inconclusive. It appears that, in 

MS and ABI groups, impaired EF may be associated with less problem solving and 

more emotion-focused coping. In addition, there is some indication that the 

relationship between coping style and emotional outcomes is stronger for those with 

lower EF, perhaps because they are less able to implement adaptive coping 

strategies. However, findings are inconsistent, particularly where cognitive tests, 

rather than self-rating measures have been employed. The variability in findings may 

stem from differences in methodologies and in the predicted relationships being 

tested. Wood and Rutterford’s sample were at least 10 years post-injury, whereas 

Wolters et al included only patients with neuropsychiatric problems. Use of self-

rating scales is problematic due to likely shared variance amongst items relating to 

emotion regulation and problem solving which feature in scales of both coping style 

and of EF symptoms. The studies of Krpan et al (2011), and Rakers et al (2017) were 

the only ones to employ a range of EF measures including measures sensitive to 

problem solving, the most likely candidate for an interaction with adaptive problem-

oriented coping and mood. However, neither study measured emotional outcomes. 

Studies also varied with regard to the specific measures of coping style employed, 

and as such therefore also varied with regard to what exactly constituted adaptive or 

maladaptive coping styles.  
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In the current study we therefore set out to explore the relationship between coping 

style, EF and three different, common forms of emotional distress. Assuming the 

relationship between coping style and mood is well established within and outside of 

the ABI population, our interest is in whether the specific effects of acquired EF 

impairment alter this relationship. Therefore, we predict that, after accounting for 

demographic and injury related variables and general intellectual functioning: 

1. Specific EF skills associated with goal management (problem solving, plan 

development and deployment, and maintenance of attention to goals) and 

coping style will be associated with emotional distress 

a. Consistent with prior studies, more emotion focused, avoidant and 

less task-oriented coping will be associated with greater emotional 

distress (depression, tension and aggression) 

b. EF will make a significant contribution to variance in emotional 

distress (depression, tension and aggression)  

2. The interaction between specific EF skills and specific adaptive (task oriented) 

and maladaptive (avoidant, emotion focused) coping styles will be 

significantly associated with emotional outcomes (controlling for 

demographic variables, intellectual functioning and aetiology) such that 

those with lower EF show a stronger relationship between coping style and 

emotional outcomes compared to those with better EF 

 

Method 
Ethics: 
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Ethical approval was provided by a UK National Health Service Research Ethics 

Committee (study reference 08/H0306/45) and the relevant Research and 

Development Department for each of the health service providers involved in 

recruitment of participants. All participants provided written informed consent to 

participate. If consent was withdrawn after anonymization and data entry, data was 

retained for analysis.  

 

Design: 

A cross-sectional, correlational design employing multiple regression was used to 

develop and explore models to account for different emotional outcomes 

(Depression; Tension/Anxiety; Aggression/Hostility) from dispositional coping style 

and EF independently and in interaction.  

 

Participants: 

Participants were individuals who had consented to participate in a trial of 

rehabilitation of everyday executive deficits [author information masked] who had 

completed baseline measures prior to starting the trial. Inclusion criteria for the trial 

and therefore for this study were as follows: 

• aged 18 or over 

• non-progressive brain injury acquired in adulthood 

• more than one year post-injury  

• clinician, carer or self-reported everyday organization and memory 

problems 
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• able to use a mobile phone (required as part of rehabilitation 

intervention trial) 

 

Exclusion criteria: 

• memory impairment of sufficient severity to limit retention of 

intentions and training information required for the trial (clinical judgment and 

neuropsychological assessment) 

• patient or carer participant with severe and enduring mental health 

problem, or substance misuse or dependency, as identified by referring clinician 

• participation in a rehabilitation intervention with significant overlap 

with the study intervention 

 

Participants were recruited from a range of community rehabilitation services and 

also from the Cambridge Cognitive Neuroscience Research Panel (CCNRP; people 

with ABI who gave prior consent to be approached for relevant research studies). As 

previously reported [author information masked] 93 individuals were assessed for 

eligibility for the trial, of whom 83 consented and completed initial assessments and 

started the baseline phase of the trial. Of these 83, 14 were excluded from the 

current analysis due to significant levels of missing data. Data from 69 individuals 

were thus used in the current analysis. Information regarding the sample 

characteristics is provided in Table 1. In summary, of the 69 included, 43 (62.3%) 

were male, 34 had experienced a moderate–severe TBI, 22 stroke and 13 other ABI. 
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Mean age was 47.8 years (s.d. 14), mean years of education were 12.5 (range 10 – 

21 years) and mean years post injury was 6.9 years (range 0.9 – 39.8 years). 

 

Table 1 about here 

 

Procedure: 

Participants were assessed as part of the larger trial at their homes, at a 

rehabilitation service or at the research institution.  

 

Measures 
1. Coping style: 

The Coping Inventory for Stressful Situations (CISS; Endler, Parker, Ridder, & van 

Heck, 2004) which has been validated for use with ABI (Simblett, Gracey, Ring, & 

Bateman, 2015), was used to evaluate self-rated dispositional coping style. The 

Rasch analysis conducted by Simblett et al (2015) using data collected from people 

with ABI provides guidance on rescoring to provide improved reliability and 

construct validity of subscales. The CISS data was summarized according to the 3 

subscales identified by Simblett et al (2015; Task, Avoidance and Emotion) and in 

accordance with their rescoring guidance, so as to maximize the fit of data to 

interval-level measurement.  

 

2. General intellectual functioning: 

The National Adult Reading Test (NART Nelson, 1982) was used to derive an estimate 

of pre-morbid general intelligence. The Wechsler Adult Intelligence Scales-III-UK 
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(Wechsler, 1999) Matrix Reasoning subtest was used to assess current general 

intellectual functioning. 

 

3. Neuropsychological measures of EF: 

Two measures of executive functioning were included associated with sustaining 

attention to goal directed behavior, planning and problem solving. The Sustained 

Attention to Response Test (SART; Manly & Robertson, 2005) is a type of go no-go 

task in which the target stimuli occur relatively infrequently. The task places 

demands on ability to sustain attention to the goal of the task, and poor 

performance in terms of number of commission errors (pressing when one 

shouldn’t) has been shown to be associated with TBI / frontal damage and has been 

considered a metric of ‘goal neglect’ (Manly, Hawkins, Evans, Woldt, & Robertson, 

2002; Manly & Robertson, 2005) and could be considered a measure of the ‘task 

setting’ and ‘monitoring’ components of executive functioning described by (Stuss, 

2011).  

 

The Hotel Test (Manly et al., 2002) is similar to the Modified 6 Elements (Burgess et 

al., 2000) task in that the person is asked to complete some of each of 5 different 

tasks, within a set time and according to a set of rules. The test is considered a 

measure of higher-level EF incorporating multiple skills such as planning, problem 

solving, prospective memory and goal maintenance, and could be considered a 

measure of ‘metacognitive’ skills according to (Stuss, 2011). The Hotel Task is scored 

in terms of time deviation from the ‘ideal’ solution of spending equal amounts of 

time on each subtask.  
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4. Dependent variables – emotional outcomes: 

The Profile of Mood States POMS (McNair, Lorr, & Droppleman, 1992) was used to 

assess depression, tension-anxiety, and anger-hostility. It is a validated and 

psychometrically robust measure and has been used to evaluate emotional 

outcomes in a range of patient groups including pain, surgery, cancer, mental health 

and brain injury (Hodgson, McDonald, Tate, & Gertler, 2005; Nyenhuis, Yamamoto, 

Luchetta, Terrien, & Parmentier, 1999).  

 

Analysis: 

Analysis was conducted with SPSS version 23 and R Studio. Data were checked and 

cleaned, and CISS items were rescored as per guidance of Simblett et al. (2015). 

Despite having a general prediction about the contribution of EF to the coping–mood 

relationship, given the wide range of possible permutations of interaction terms that 

could be tested arising from two EF terms and 3 coping terms, we opted to take a 

model fit approach, rather than significance testing one predetermined model. 

Specifically, we used the Akaike Information Criterion (corrected for use with smaller 

samples: AICc, Burnham & Anderson, 2002) which provides a metric against which to 

select the best fitting models. For the current study, 64 possible models including all 

main effects and combinations of interaction terms can be derived and compared. 

We opted to retain only those models within an AIC of 2 of the best-fitting model.  

 

Multiple regression analyses were then conducted for each separate emotional 

dependent variable: POMS Depression, POMS tension-anxiety and POMS anger-
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hostility. Each regression equation simultaneously entered estimated premorbid IQ 

(NART), current intellectual functioning (WAIS-III Matrix Reasoning, MR; to control 

for any association between general intellectual functioning and EF), aetiology (TBI, 

stroke, other ABI) and POMS Fatigue, the three modified CISS subscale scores and 

two EF measures (SART EoC and Hotel TTD). To answer question 1, variables within 

the full models will be reported. To answer question 2, six interaction terms will be 

calculated (3 CISS subscales x 2 EF measures) and all possible interaction 

combinations entered and compared, and the AIC used to select the models with 

best fit (within 2 AIC). The models retained in this way were then inspected to 

determine: 1. Whether any of the models retained is a main effects model? If so this 

would be the most parsimonious model and it would be concluded that there is no 

meaningful contribution of any interaction terms, and 2. Whether only models 

including interaction terms are retained? If so, models were inspected to determine 

which of these is the most parsimonious and also most consistent with the other 

models retained. Plots to illustrate changes in the contribution of coping style to 

emotional outcome as level of EF ability changes were produced where the best 

fitting models included interaction terms.  

 

Results: 
Analyses were initially run to check assumptions for parametric analysis, identify 

outliers, and inspect residual plots. This identified that the residuals for POMS Anger 

were not normally distributed and square root transformation was conducted. The 3 

regression analyses for each emotional outcome were run as previously described, 

are summarized in Table 2, below. Variance Inflation Factors (VIF) were generated to 
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test for multi-collinearity of covariates – all analyses were found to fall within 

acceptable limits, with VIF being <2 which is well below the suggested cut off of ten 

(Hair Jr., Tatham, Anderson, & Black, 1998). The findings are set out for each 

emotional outcome, addressing each question: 1. Whether addition of the coping * 

EF interaction terms improves the models of Depression, Tension and Aggression. 2. 

Which terms are included in the best fitting models.  

 

Insert Table 2 about here 
 

1. Depression 

Two models were retained both of which included interaction terms. We selected 

the best fitting and most parsimonious model which included the Hotel TTD * CISS 

task interaction term (t = -2.386; p = .020) only, the second model also included 

Hotel TTD * CISS emotion focused coping interaction. As shown in Table 2, the full 

model (F (11,57) = 14.24; Adjusted R2 = .6817; p = .000) included significant 

contributions from aetiology (other ABI versus stroke and TBI), POMS Fatigue, 

modified CISS task and emotion focused coping, and Hotel TTD, confirming effects of 

coping and EF as predicted.  

 

Figure 1 provides an illustration of how the association between task oriented coping 

style and depression changes with increasing Hotel TTD scores (decreasing EF 

ability). The plot suggests that the predicted negative association between task 

orient coping and depression (i.e. more task coping, lower depression; less task 

coping, greater depression) is strongest for those with poorest EF (largest Hotel 

TTD). The significant effect of Hotel TTD on depression in the base model (b 
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 = .012; t = 2.55; p =  .0154) suggests this interaction is driven by higher depression 

and lower task-oriented coping, a relationship which increases in strength as EF 

reduces, as predicted. However, as EF improves (Hotel TTD reduces) self-rated 

tendency to use task-oriented coping appears to have a progressively weaker 

association, and below Hotel TTD of approximately 450s the association may be 

positive so that less task-oriented coping is associated with less depression. This 

indicates a more complex interaction than that which was predicted.  

 

Insert Figure 1 here 
 

2. POMS Tension – Anxiety 

Eleven models were retained all within 2 AIC, indicating multiple similar models of 

equivalent fit. All models included interaction terms consistent with our hypothesis 

of the contribution of interaction between coping style and EF to emotional 

outcomes. Six of the models included Hotel TTD * CISS Task coping, eight models 

included SART EoC * CISS Emotion focused coping and five included Hotel TTD * CISS 

Emotion coping interaction terms. The most parsimonious model with the lowest AIC 

and greatest consistency across all retained models included only Hotel TTD * CISS 

Task coping and SART EoC * CISS Emotion focused coping interaction terms. 

However, the interaction terms did not reach significance at the p = .05 level within 

the model. The full model (F (12, 56) = 13.78; Adjusted R2 = .6928; p = .000) shows 

that, as with POMS depression, aetiology (other ABI versus stroke and TBI, POMS 

Fatigue, modified CISS task and emotion focused coping, and Hotel TTD) were 



92 

significant in the model for POMS Tension-Anxiety, again confirming effects of 

coping style and EF as predicted.  

 

Figure 2 illustrates the nature of the interaction for the effects of Hotel TTD on the 

relationship between task oriented coping style and POMS Tension-Anxiety, and 

Figure 3 the effect of SART EoC on the relationship between emotion-focused coping 

and POMS Tension-Anxiety. Figure 2 shows a similar pattern to that for depression, 

with poorer Hotel performance being associated with a stronger negative 

relationship between task coping and depression. Figure 3 suggests that as number 

of SART commission errors increases, the effects of emotion-focused coping on 

POMS Tension-Anxiety increase, which is consistent with the hypothesized 

prediction. 

 

Insert Figures 2 and 3 here 

 

3. Anger-hostility 

One model was identified with no other models falling within 2 AIC, and this model 

did not include any interaction terms. The full model (F (10, 58) = 6.827; Adjusted R2 

= .4615; p = .000) and terms are set out in Table 2. Aetiology, POMS Fatigue and, 

consistent with predictions, emotion coping, were significant in the model, however 

neither EF term made a significant contribution. 

 
Discussion 
This study systematically analyzed emotional outcomes in people with ABI recruited 

on the basis of everyday executive functioning problems, to determine the direct 
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and indirect contributions of coping style and executive functioning. In partial 

support of study hypotheses, CISS task-oriented coping style and EF as measured by 

the Hotel task time deviation score were significant in models of depression and 

tension-anxiety, but not anger-hostility. Also, in partial support of study hypotheses, 

the best fitting models included coping-EF interaction terms for depression and 

tension-anxiety, but not anger-hostility. Both models included an interaction 

between Hotel task performance and task-oriented coping. Estimated pre-morbid 

and current intellectual functioning variables were included in the models therefore 

the effects of EF can be considered as independent from any effect of general 

intellectual functioning. 

 

Coping style and emotional outcomes 
The significant contribution of adaptive (task oriented) or maladaptive (emotion-

focused) coping styles to different emotional outcomes, including anger-hostility, 

has been demonstrated, as shown previously in relation to anxiety and depression 

(Anson & Ponsford, 2006; Curran et al., 2000; Moore et al., 1989). Avoidant coping 

was not associated with any emotional outcome independently or in interaction with 

EF despite previous findings (Kegel, Dux, & Macko, 2014; Riley, Dennis, & Powell, 

2010) and models that indicate avoidance may be a particularly important 

maladaptive coping style following brain injury (e.g. Gracey et al, 2015). One possible 

reason for this is that the CISS Avoidance measure incorporates two further 

subscales, task-oriented distraction, and person-oriented social diversion, which may 

show differential effects. For example, previous studies suggest that social 

connection is adaptive following stroke (Haslam et al., 2008; Jones et al., 2011) and 
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keeping to oneself maladaptive (Curran et al., 2000). Few prior studies have 

investigated anger or aggression and coping style. Our study indicates a possible role 

for greater emotion-focused coping in increasing anger-hostility. A number of 

hypotheses regarding this finding can be generated based on the existing cognitive-

behavioral and neuropsychological literature as outlined by Medd & Tate (2000).  

Firstly, it is possible that a continued focus on angry or hostile thoughts or feelings 

might serve to maintain or intensify angry feelings and behaviors. Novaco (1976) 

argued that anger expression might enable people who feel vulnerable or anxious to 

experience a rewarding sense of (attempted) control. Consistent with this, Gracey et 

al (2015) argue that aggressive behavior post ABI can often be formulated as a 

response to ‘threat to self’ and as such might arise where individuals fail to engage 

an adaptive regulatory coping strategy (such as arousal reduction, leaving the 

situation, or addressing the trigger problem). Second, aggressive behavior might 

arise as a consequence of neuropsychological disinhibition or failure of emotion 

regulation. Shields et al’s (2015) study suggests emotion regulation maybe a 

transdiagnostic factor underpinning depression, anxiety and stress. The current 

study tentatively indicates that failed emotion regulation via emotion focused 

coping, but not reduced EF, might also underpin problems with aggression. 

 

Fatigue and emotional outcomes 

POMS Fatigue emerged as associated with all three emotional outcomes. This is 

consistent with previous research by Johansson & Ronnback (2014) who identified a 

significant overlap between specific mood and fatigue scale items, including poor 

concentration, irritability and lack of initiative. Studies have also indicated subjective 
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fatigue to be associated with subjective mental effort to complete tasks (Azouvi et 

al., 2004), which might arise following brain injury due to neurological, cognitive or 

psychological changes with increased sense of effort and slowness conceivably 

influencing depressed feelings, anxiety (through worry about functioning) or 

aggression (through frustration). Although Grech et al.’s (2015) study of mood, 

coping and EF in MS did not include a measure of fatigue, they found less effortful 

coping styles such as acceptance and growth to be associated with better outcomes 

amongst those with poorer EF. Given the significance of this symptom to people with 

stroke and TBI, the current study indicates that further research exploring the 

interplay between cognition, mood, effortful versus effortless (e.g. growth, 

acceptance) coping, and fatigue might be warranted.  

 

Interaction between coping and EF 
We had hypothesized that poorer EF would be associated with a stronger effect of 

unhelpful coping style on all three emotional outcomes. The inclusion of SART EoC 

by emotion-focused coping interaction in the model for POMS tension-anxiety is 

consistent with hypotheses, showing an increasing effect of emotion-focused coping 

on tension-anxiety as EF reduced. The Hotel task emerged as associated with 

depression and tension-anxiety on its own (poorer EF, greater anxiety or depression) 

and in interaction with task-oriented coping.  This is partially consistent with 

previous findings in healthy controls and other neurological populations (Compton et 

al., 2011; Grech et al., 2015; Williams et al., 2009) in that the previously 

demonstrated negative association between task coping and mood was stronger for 

those with poorer EF. The negative association of task-oriented coping with 
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depression was strongest for those with lower functioning EF, consistent with Krpan 

et al (2011) who concluded that poorer EF was associated with less ability to use 

task-oriented coping, therefore greater default use of emotion-focused. The current 

study goes further indicating that this pattern is associated with poorer emotional 

outcomes for anxiety and depression, but not anger, as predicted, but not 

confirmed, in previous studies with ABI participants (Rutterford & Wood, 2006; Spitz 

et al., 2013; Wolters Gregório, Ponds, Smeets, Jonker, Pouwels, Verhey, & van 

Heugten, 2015). However, contrary to predictions and to prior studies (although 

Curran et al. (2000) found greater problem-solving coping was not associated with 

lower depression in people with TBI), those with better EF showed less task-oriented 

coping to be associated with lower, rather than higher, depression and anxiety.   

 

This pattern of results could be interpreted in a number of ways. First, as suggested 

by Krpan et al. (2007), the relationship between task-oriented coping, metacognitive 

EF (rather than more focused cognitive EF skills, as described by Stuss, 2011), and 

mood could be accounted for by lower EF impairing ability to use problem or task-

oriented coping. In addition, impaired monitoring and task setting abilities might 

interfere with adaptive emotion regulation abilities (impacting anxiety), consistent 

with cognitive-affective regulation models such as that of Ochsner & Gross (2005) in 

which verbal down-regulation of negative affect relies on core executive skills. It is 

also possible that an underlying common variable (as suggested by Williams et al., 

2009) or diffuse damage to frontal networks independently gives rise to both 

impaired self-regulation of affect, on the one hand, and impaired EF (as shown by 

independent contribution of Hotel task to anxiety and depression) on the other. 
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These accounts are not mutually exclusive, so it is possible that for a given individual, 

each of these processes might contribute to emotional outcomes. 

 

 Limitations and strengths 
The study findings need to be considered in the context of limitations. The 

correlational design of the current study makes it difficult to interpret the results in 

terms of direction of effect, therefore it remains open whether higher depression is 

impacting upon EF, or whether poor EF and subsequent greater emotion-focused 

and less task-oriented coping are increasing vulnerability to depression, or there is a 

combination of both effects.  In addition, the sample was selected on the basis of 

self-reported or clinician identified everyday EF problems, rather than assessment 

using specific standardized assessments of EF, and the aetiologies were mixed 

resulting in greater heterogeneity of anatomical damage and cognitive profiles. 

Whilst the sample size was adequate for the multiple regression analysis, confidence 

in the results would be increased with a larger sample. Finally, the measures of 

coping style and mood rely on self-report and therefore responses of participants 

with impaired self-awareness might not be valid indictors of actual coping style or 

mood. Against that, study strengths include use of behavioral tests of executive 

functioning that are conceptually better aligned with possible general regulatory or 

metacognitive skills (Stuss, 2011) requiring integration of multiple lower order 

processes, as also employed by Krpan et al. (2011) and Rakers et al. (2017). 

Employing the AIC approach to determine the best fitting models provided a greater 

degree of flexibility regarding exploration of possibly important interaction effects, 

in contrast to traditional model testing approaches wherein a greater degree of 
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certainty regarding the tested interactions is required, risking a possible false 

negative result.  Future studies should also employ longitudinal designs, for example 

as employed by Spitz et al (2013) and include more complex measures of higher-

level EF or metacognition. Clinical implications of the study indicate the importance 

of assessment to formulate an individual’s profile of stress and coping efforts in the 

context of life after brain injury in conjunction with assessment of specific aspects of 

executive and metacognitive functioning. Attention to fatigue when considering 

emotional needs is also highlighted. This information should help guide choice, and 

adaptation, of intervention approach. 

 
Conclusions 
 
This study is one of few with brain injured participants that has found evidence of 

interaction between metacognitive and core executive functions and self-reported 

coping style, employing behavioral rather than self-rating measures of EF. Those 

with lower EF on the Hotel Task appeared to be less able to make use of adaptive 

task-oriented coping (for depression and anxiety), and worse affected by 

maladaptive emotion-focused coping styles (for anxiety). Emotion focused coping 

and fatigue emerged as possible transdiagnostic predictors of all three emotional 

outcomes. However, whilst the findings indicate further research using more 

complex, ecologically valid or metacognitive tests may be fruitful, the correlational 

design limits conclusions regarding causality. Future studies should seek to identify 

basic processes that might account for links between subjective fatigue, executive 

and metacognitive functions and emotion regulation, employing longitudinal 

designs. 
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 N Mean (s.d.) s.d. 
Age (years) 68 47.8 

(min. 21 years – max. 
72 years) 

14 

Time since injury (years) 68 6.9  
(min. 0.9 years –  max. 

39.8 years) 

7.1 

Education (years) 65 12.5  
(min. 10 – max. 21 

years) 

2.8 

NART estimated IQ 69 101.4 13.2 
WAIS-III Matrix Reasoning 

standardized score 
69 11.9 3.2 

D-KEFS Letter Fluency 
standardized score 

69 7.6 3.8 

POMS Total Mood 
Disturbance 

69 
53.0 

43 

  n % 
Injury type: 

TBI 
Stroke 
Other 

69  
34 
22 
13 

 
49 

31.9 
18.8 

Gender: 
Male 

Female 

69  
43 
26 

 
62.3 
37.7 

 

Table 1: Demographic and baseline clinical characteristics of the sample. (NART = 
National Adult Treading Test; WAIS = Weschler Adult Intelligence Scales; D-KEFS – 
Delis-Kaplan Executive Functioning System; POMS = Profile of Mood States)
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  POMS Depression POMS Tension-Anxiety POMS Anger-Hostility (sq. root transformed) 
  b std error t value P b std error t value P b std error t value P 
intercept -33.010 13.310 -2.480 0.016* -9.232 8.918 -1.035 0.305 0.127 1.788 0.071 0.944 
NART 
estimated 
IQ 0.108 0.093 1.172 0.246 0.018 0.061 0.289 0.774 0.002 0.015 0.154 0.878 
WAIS 
Matrix 
Reasoning -0.297 0.326 -0.911 0.366 -0.414 0.214 -1.938 0.058 0.007 0.056 0.126 0.900 
Aetiology 
(stroke vs 
other+TBI) -1.699 2.444 -0.695 0.490 0.801 1.604 0.499 0.619 -0.915 0.422 -2.170 0.034* 
Aetiology 
(other vs 
TBI + 
stroke) -8.353 2.875 -2.906 

0.005*
* -2.303 1.875 -1.229 0.224 -1.060 0.489 -2.167 0.034* 

POMS 
Fatigue 0.798 0.134 5.965 

0.000*
** 0.517 0.088 5.856 0.000*** 0.075 0.023 3.259 

0.002*
* 

CISS 
Task 0.626 0.254 2.462 0.017* 0.420 0.166 2.532 0.014* 0.031 0.022 1.387 0.171 
CISS 
Emotion 1.460 0.235 6.203 

0.000*
** 0.616 0.220 2.796 0.007** 0.155 0.041 3.816 

0.000*
** 

CISS 
Avoid 0.197 0.281 0.702 0.486 0.022 0.186 0.120 0.905 0.045 0.048 0.938 0.352 
Hotel TTD 

0.049 0.016 3.046 
0.003*
* 0.022 0.010 2.103 0.040* 0.000 0.001 0.413 0.681 

SART 
EoC -0.001 0.154 -0.006 0.995 -0.044 0.168 -0.261 0.795 -0.032 0.026 -1.212 0.231 
Hotel * 
CISS 
Task -0.001 0.001 -2.386 0.020* -0.001 0.000 -1.894 0.063         
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Hotel * 
CISS Emo                         

Hotel * 
CISS 
Avoid         

                

SART * 
CISS Emo         0.033 0.018 1.830 0.073         

SART * 
CISS 
Avoid  

                        

SART * 
CISS 
Task 

                        

Model 

F (11, 57) = 14.24  
p = 0.000 
Adjusted R2 = .6817  
 

F (12, 56) = 13.78  
p = 0.000 
Adjusted R2 = .6928  

F (10, 58) = 6.827 
p = 0.000 
Adjusted R2 = .4615  
 

 
 
Table 2: Summary models from multiple regression analyses showing main effects and interaction terms for Depression, Tension-Anxiety 
and Anger-Hostility (NART = National Adult Treading Test; WAIS = Weschler Adult Intelligence Scales; POMS = Profile of Mood States; EF = 
Executive Functioning; CISS = Coping Inventory for Stressful Situations; Emo = emotion-focused coping; avoid = avoidance coping; task = 
task-oriented coping; Hotel TTD = Hotel total time deviation score; SART EoC = Sustained Attention to Response Task Errors of 
Commission score;  *** p < .001; ** p < .01; * p < .05).  
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Figure 1: Plot showing how the relationship between POMS depression and CISS 

task-oriented coping changes as Hotel Test performance deteriorates.  
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Figure 2: Plot showing the change in relationships between POMS tension-anxiety 

and CISS task-oriented coping as Hotel Test performance deteriorates. 
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Figure 3: Plot showing the change in relationship between CISS emotion-focused 

coping and tension-anxiety as SART commission errors increase.
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4.2 Summary of findings 
 
The study findings confirmed previous research indicating coping styles are 

significantly associated with all emotional outcomes. The study also indicated that 

higher level frontal functions (as measured by the Hotel task) showed an association 

with anxiety and depression but not anger. Furthermore, depression and anxiety both 

appeared associated with interactions between Hotel task, and task-oriented coping, 

and anxiety was also associated with interaction between Sustained Attention to 

Response Test (SART) and emotion focused coping. As such it can be concluded that 

‘cold’ frontal functions relating to regulation of attention and more complex 

multitasking and problem-solving skills interact with emotion-focused and task-

oriented coping, such that those with better performance are less affected by 

maladaptive emotion-focused coping, and those with poorer performance are less 

able to make use of task-oriented coping to reduce depression. 
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CHAPTER 5 

5 Is it possible to enhance goal management skills with automated 

(SMS text) reminders to improve achievement of everyday tasks?  

 

Gracey, F., Fish, J. E., Greenfield, E., Bateman, A., Malley, D., Hardy, G., Ingham, J., Evans, 

J. J. and Manly, T. (2016). A randomized controlled trial of Assisted Intention Monitoring (AIM) 

for the rehabilitation of executive impairments following acquired brain injury (ABI). 

Neurorehabilitation and Neural Repair, 31(4), 323-333.  

 

5.1 Introduction to the paper 
 
The previous 3 studies addressed issues of the contribution of, and interaction 

between ‘hot’ and ‘cold’ frontal functions in relation to social and emotional 

outcomes to improve understanding of variability between clinical assessments and 

specific aspects or predictors of everyday functioning. It is increasingly recognised 

that those presenting for rehabilitation of EF’s present a ‘double whammy’: the 

difficulties they have are the very abilities required to aid successful adaptation of 

new behaviours and transfer into everyday life. Prior to this study, whilst there had 

been some indication of benefit of goal-management type interventions, questions 

remained about potential application of ‘content free cuing’ for achievement of 

everyday intentions, and how to enhance far transfer of goal-management type 

interventions into everyday life. Theoretically, models such as the Supervisory 

Attentional System model predict that periodic ‘mental review’ (stopping and 

reflecting on one’s ongoing goals and intentions) might support maintenance of goals 

and action schema in working memory. The ‘Assisted Intention Monitoring’ trial 
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sought to test the potential benefit of mobile phone SMS text reminders delivered at 

random intervals during the trial active intervention phases on completion of 

participants’ everyday plans and intentions. 
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5.2 Summary of key findings 
 
The findings indicated a possible benefit of the combined brief goal management and 

text reminders, with the effect appearing stronger for the proxy task (making phone 

calls at set times) compared to participants’ own everyday intentions. Tentative 

exploration of predictors of outcome also suggest that those with TBI rather than 

stroke or another ABI may be more likely to benefit. Although effects were only 

present in per-protocol analyses including data from the cross-over phase, it was 

concluded that provision of text reminders to prompt ‘mental review’ might aid carry-

over from brief goal management training into everyday life. Despite the suggestion 

that ‘cold’ goal management skills might have a role in better emotional outcomes, 

this study did not find an effect of the rehabilitation intervention on emotional 

outcomes, although negative emotional state was associated with reduced response 

to intervention, as found in previous rehabilitation research.  
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CHAPTER 6 

 

6 Discussion, critical review and theoretical integration 

 
The four studies included in this thesis explored different aspects of ‘hot’ and ‘cold’ 

frontal functions in relation to one another and everyday life. As such, the studies 

allow reconsideration of the schematic presented in Chapter 1 (Figure 1). This model 

suggests an overarching structure for differentiating frontal functions, including ‘hot’ 

and ‘cold’ executive functions. In short, the studies suggest a role of ‘cold’ cognitive 

processes (working memory, planning, problem solving, goal maintenance) in social 

outcomes (peer relationships of children with ABI) and emotional outcomes 

(depression and anxiety, but not anger, in main effect and interaction with coping 

styles). However, ‘cold’ working memory functioning did not emerge as associated 

with a novel emotion-based decision-making task, where patterns of performance 

appeared more aligned to individual differences in approaching the task. In the 

randomised controlled trial (RCT) in Chapter 5 some evidence of improvement in 

everyday intentions was shown, in the absence of improved ‘cold’ EFs or emotional 

outcomes. The tested relationships are summarised in Figures 2a (significant 

associations found) and 2b (non-significant associations). 
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Figure 2a:  

 

Figure 2b 

FIGURES 2a and 2b: Key associations tested across the four studies showing significant 

associations (2a) and non-significant (2b). Arrow heads denote the dependent variable, not 

direction of causality. 

 

With study methodological limitations in mind, these findings present a challenge to 

interpretation, as no clear single conclusion about the role of specific ‘cold’ processes 
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in regulating ‘hot’ processes, or about the ways in which activation of ‘hot’ processes 

might impact upon cold cognitive processes, can be reached. As such, whilst we can 

conclude a potential interplay between ‘cold’ and ‘hot’ processes from the four 

studies, a simple hypothesis that inclusion of ‘hot’ processes improves models of the 

relationship between ‘cold’ frontal functions and everyday functioning cannot be fully 

supported. Relationships between ‘hot’ and ‘cold’ functions and everyday outcomes 

therefore likely vary according to the specific processes being measured and the 

conditions under which they are being elicited. For example, patterns of interaction 

between behaviour, and specific hot and cold frontal functions may well differ 

between decontextualized lab or clinic-based tasks and meaningful (therefore 

potentially ‘hot’) everyday situations. 

 

In order to develop and integrate conclusions from the four studies, attention will 

now be paid to reviewing findings considering wider and more recent literature in 

relation to ‘hot’ and ‘cold’ functions across the conceptual areas covered in Chapter 1 

(social processes and outcomes, emotional outcomes, participation and rehabilitation 

engagement).  

 

6.1 Can specific neuropsychological ‘hot’ or ‘cold’ frontal functions be 
identified that are associated with social, emotional and participatory 
indicators of everyday functioning? 

 

6.1.1 Social processes and social relationship outcomes 

The two papers addressing this question are Gracey et al. (2014) which looked at peer 

relationships and EFs in childhood ABI, and Adlam, Adams, Turnbull, Yeates, & Gracey 
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(2017), which looked at cognition and emotion-based decision-making in adult TBI 

and non-injured controls.  

 

Our study of peer relationships following child ABI seemed to support a role of ‘cold’ 

metacognitive executive processes, which on the BRIEF includes working memory. 

This is partially consistent with findings from two studies by Levan and colleagues 

(Levan et al., 2016; Levan, Baxter, Kirwan, Black, & Gale, 2015). These authors found a 

range of executive tests (letter fluency, trail making test) were not associated with 

social problems, but they did find an association between ‘cognitive proficiency’ 

(combined working memory and speed of processing abilities) and social competence 

(Levan et al., 2015), and also Continuous Performance Test errors and social problems 

(Levan et al., 2016). The variable relationships between social outcomes, social 

processes and specific ‘cold’ executive functioning tests might arise due to the 

heterogenous effects of brain injury or skills which are networked rather than focally 

localised. Focusing on the contribution of the ‘social brain network’ (SBN) and 

associated social processing skills (Theory of Mind, ToM), Ryan et al. (2016) found 

injury severity directly impacted SBN morphology. More severely injured children 

showed greater social difficulties at 24 months post injury on the Child Behavior 

Checklist (CBCL) compared with typically developing children, this being mediated by 

composite ToM scores at 6 months post-injury. As such, studies of children whose 

brain injuries involve both SBN and areas associated with ‘cold’ executive functions 

might give rise to correlations in performance that do not reflect actual functional 

interactions between these brain areas. Alternatively, ToM tasks often involve an 

element of ‘cold’ verbal working memory. Our study finding, mediation of age at 
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injury and peer relationship outcomes by ‘metacognitive’ functions (‘cold’ EFs 

including working memory), could therefore be in part attributable to impact of 

working memory on ‘cold’ aspects of specific social abilities such as ToM. Studies 

focused on a wider range of predictors of outcome show that social outcomes can 

also vary greatly depending on family, parent and socioeconomic factors (Taylor et 

al., 1995; Wade et al., 2003; Wade et al., 2011), suggesting a more complex set of 

social determinants than a focal domain of either hot or cold cognitive functioning.  

 

Our study of performance of people with TBI on the BGT was also concerned with 

‘cold’ cognitive correlates of a ‘hot’ social processing task considered a potentially 

ecologically valid measure of social performance. Age, gender, estimated IQ, 

presence of TBI and, as found in other studies of social processes, speed of processing 

contributed significantly to ‘gamble’ choices. However, unlike the child brain injury 

and peer relationships study, and research into the contribution of working memory 

to IGT performance (Cui et al., 2015) we did not find associations between executive 

working memory and social (in this case BGT) functions. This would appear to confirm 

the reduced working memory demand of this simpler gamble task as intended by 

(Bowman & Turnbull, 2004). Although the TBI group appeared to perform worse 

overall than the non-injured control group, group differences in gender and age make 

it difficult to draw firm conclusions.  

 

Bechara (1994) postulated that somatic markers guide allocation of resources in 

working memory. It is possible that the BGT reduces the working memory load on the 

task, leaving performance to be more strongly related to other processes such as 
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implicit learning (Cui et al., 2015), sensation seeking or risk aversion. Icenogle et al.’s 

(2017) study explored the hypothesis that IGT performance of adolescents and young 

adults is associated with relative contributions of sensation seeking versus impulse 

control. They found that pubertal maturation predicted approach (via sensation 

seeking), whereas age predicted cost-avoidance (via impulse control). The reference 

to two interacting brain systems in the development of decision making under 

uncertain circumstances is helpful for considering patterns of performance in adults 

with and without brain injury. The data from our study illustrate what appears to be 

individual differences that could be made sense of in terms of sensation seeking 

(propensity to avoid gambling altogether or to generally opt to ’gamble’ as in clusters 

1 and 3 respectively) and balance between sensation seeking and inhibitory control 

(giving rise to learning over time, cluster 2). Performance on this type of task could 

therefore be determined by individual differences in: 1. Tendency to approach or 

avoid risk, 2. Inhibitory control, and 3. Integration of these systems. Sustaining a TBI 

could potentially impact brain systems associated with any of these processes 

individually or in combination.   

 

An alternative explanation of the mechanism behind IGT performance related to task 

demands has been proposed by Steingroever, Wetzels, Horstmann, Neumann, & 

Wagenmakers (2013). They found substantial evidence that healthy participant 

performance is less based on ‘learning’ which decks are advantageous (pay out 

better) in the long term, and more on responding to the frequency of losses. They 

also note ‘impaired’ performance is commonly reported amongst healthy controls. 

The variation in healthy control performance was also identified within our BGT 
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study, with about two thirds performing below the cut off proposed by Bowman & 

Turnbull (2004) for impaired performance. 

 

Although the BGT appears to show a similar overall block-to-block pattern of 

performance as the IGT in our own and previous studies (Bowman & Turnbull, 2004) 

and might simplify certain potentially ‘cold cognitive’ aspects of the IGT, the task 

would not allow separation of scores on the basis of loss frequency as a determinant 

of choice over time. Therefore, the modified IGT and analysis employed by Icenogle 

et al (2017) might be preferable in future studies to further unpack neuroanatomical 

and cognitive correlates, particularly in a developmental clinical context. Performance 

seems to arise from a complex mix of individual tendency towards sensation seeking, 

inhibitory control, working memory (if required to allow encoding of trial outcomes, 

hold and decide between multiple options), and ability to integrate information 

across these systems to optimise outcome.  

 

A further challenge with interpretation of results in this area is that whilst a specific 

domain of hot or cold functioning might appear to be associated with social 

relationship outcomes (when rated by others, as in our child ABI study), this does not 

preclude the influence of social contextual factors, not necessarily related to social 

skills. For example, as argued by Yeates et al. (2016) in relation to workplace abilities, 

judgements made by people about the social desirability of someone with ABI might 

stem from judgements of a range of abilities not just social skills, in addition to social 

stigma associated with disability (Jones et al., 2011).  
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The varied pattern of results across studies concerning relationship of hot (social) and 

cold (social and executive) functions, as measured on behavioural tests and ratings of 

social outcomes, may be indicative of the difficulties of evaluating simple predictions 

of association in the context of interactions between multiple component functions. 

Variability in findings concerned with prediction of everyday social behaviour could 

similarly arise from the interactions of multiple cognitive and social processes, sub-

served by complex underlying brain systems.  

 

6.1.2 Emotional outcomes  

Paper 3 (Gracey et al, under review) explored correlates of emotional outcomes post 

ABI including coping style and executive functions independently and in interaction, 

finding some evidence for contribution of specific EFs to anxiety and depression but 

not anger and confirming the contribution of emotion and task-oriented coping. The 

general trend appeared to be that as EF reduces, the strength of relationship 

between coping and emotional outcome increases. The findings are at least partially 

consistent with predictions of processes proposed in the models of Hofmann et al. 

(2010), Ochsner & Gross (2005) and Salas, Gross and Turnbull (2019) and extend 

those of Krpan, Levine, Stuss, & Dawson (2007), in that presence of EF difficulties (in 

this case, with regulation of attention to goals, developing and implementing a plan) 

might contribute to emotional vulnerability via effects on coping.  

 

It may be that people with reduced EF are less able to make use of adaptive coping 

strategies to reduce the impact of emotional responses or are more vulnerable to 

focusing on the emotional experience. However, a  recent paper by Ownsworth et al. 
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(2018) proposed two routes by which emotional outcomes might be impacted by 

neurocognitive functioning: 1. Elevated emotional symptoms might arise from 

increased negative self-focused attention (rumination) where cognitive impairment 

impairs ability to regulate through reappraisal for example, or 2. Generally lowered 

cognitive resources might reduce tendency for negative self-focused attention 

leading to less emotional symptoms. Their findings appeared to indicate a protective 

effect of impaired memory, working memory and EF, consistent with the second 

pathway to emotional outcomes. Within a mixed group of participants with ABI, both 

processes might be represented resulting in null or contradictory findings depending 

on the profiles of participant clusters.  

 

Paper 4 (Gracey et al, 2016) explored the potential impact of the AIM intervention on 

mood arising from 1. Feeling better about being more successful in achieving 

everyday intentions, or 2.  Periodic interruption of ongoing routine behaviour to 

perform a ‘mental review’ disrupting unhelpful patterns of emotional response. 

However, we did not find an effect on emotional outcomes, unlike full GMT 

interventions (Stamenova & Levine, 2018). This could be accounted for by issues in 

study design - participants were selected based on executive difficulties in everyday 

life rather than depression. It may also be that depending on individual variation in 

mood or coping style, cues to reflect or stop and think might be disregarded 

(Richardson, McKay, & Ponsford, 2015), or, in keeping with Ownsworth et al. (2018) 

might cue negative self-focused attention, rather than disrupting it – as one client 

undergoing rehabilitation put it: “stopping and thinking is the last thing I want to do”. 

As such, intermittent cues to self-monitor or skills to problem solve and manage goals 
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might well be helpful but capacity to benefit will depend upon emotional reactions to 

everyday challenges and use of strategies, and the extent to which rehabilitation also 

addresses such processes.  

 

Vagal tone (as measured by heart rate variability, HRV) also provides a possible basis 

for exploring co-variations in executive task performance and emotion regulation. 

Vagal regulation is thought to be triggered under situations of novelty, threat or 

challenge with potential impacts across cognitive, emotional and social processes 

(Porges, 2009; Thayer & Lane, 2000). It is therefore possible that apparent 

associations between executive loaded tasks and emotional outcomes are dependent 

on individual variation in vagal functioning, which would be linked to the affective 

aspect of certain executive tasks. Prime candidates for this effect would be tasks with 

time pressure or tasks where slips (e.g. go no-go tasks), negative feedback (e.g. card 

sort tests) or interference effects (e.g. Stroop task, Brown-Peterson task) are likely to 

be frequent. This suggests a possible further dimension along which relationships 

between hot and cold frontal functions might interact, in part accounting for issues in 

translation of assessment and rehabilitation from clinic to everyday life. We are 

currently undertaking work to investigate these processes.  

 

 

6.1.3 Everyday goals and intentions, and transfer of rehabilitation to everyday life 

in adults with ABI 

Investigations of cognitive rehabilitation targeting working memory through training 

packages and targeting higher-level metacognitive functions through goal 
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management approaches (such as Goal Management Training, GMT), have seen an 

increase over the last 15 years, with the latter appearing to have the strongest 

emerging evidence base (Krasny-Pacini, Chevignard, & Evans, 2014; Stamenova & 

Levine, 2018). There is now some indication of effectiveness for specific interventions 

for deficits in self-awareness, also a major barrier in rehabilitation and in transfer 

from clinic to everyday life (Schmidt, Fleming, Ownsworth, & Lannin, 2013; Schmidt, 

Lannin, Fleming, & Ownsworth, 2011). Working memory emerges in several studies 

as a key determinant of social, emotional and practical everyday outcomes. However, 

efforts to improve everyday outcomes through working memory training have 

yielded at best mixed results, despite evidence for ‘close transfer’ of skills to tasks 

similar to those used in training across age and patient groups (Bahar-Fuchs, Clare, & 

Woods, 2013; Dunning, Holmes, & Gathercole, 2013; von Bastian & Oberauer, 2014). 

In contrast, Poulin, Korner-Bitensky, Dawson, & Bherer (2012) suggest there may be 

some potential for training-type approaches to executive rehabilitation post-stroke. 

 

Approaches such as GMT typically include a mix of skills development, self-

awareness, social support and compensatory strategy use. The meta-analysis of goal 

management training programmes conducted by Stamenova & Levine (2018) 

indicated beneficial effects of GMT across a range of outcome measures immediately 

after training and at follow up. Improvements in executive functioning tests, other 

cognitive processes, activities of daily living and mental health were found post 

training. Meta-regression indicated that number of hours of intervention was strongly 

positively associated with improvements in EF and in activities of daily living. Full 

GMT packages appeared to yield medium effect sizes for improvement in EF test 
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performance, where we found no such effect. It is possible therefore that increased 

intervention hours lead to improvements in EF skills, which, with repeated practice of 

between-session homework could transfer into everyday life. Nevertheless, results 

from our trial, comprising only about 2 hours of intervention rather than 20, yielded a 

medium effect size for the proxy (phone call) task (compared to a strong general 

effect size for ADLs for full GMT in the meta-analysis). Whilst this supports the notion 

that number of hours of intervention is an important consideration, the fact that a 

medium effect size was yielded from our study suggests that nature and type of 

between-session cues might also be a significant factor in treatment and transfer 

effects. Inclusion of alerts might further facilitate this transfer without reliance on 

improvement in underlying executive skills. Whilst the meta-analysis showed largely 

positive effects across patient groups, in our study the effects of cues were strongest 

for people with TBI rather than stroke or other ABI, suggesting other factors relating 

to nature of underlying deficits might also be a factor in treatment response, for 

example emotional state or emotional reaction to cues, as discussed in the previous 

section. Alternatively, people post-stroke might be more likely to have focal lesions 

impacting upon everyday executive difficulties, compared with TBI where wider 

diffuse or network damage might be more likely. It may therefore be possible that 

the focus of the AIM intervention on maintenance of goals in working memory might 

not address underlying difficulties in core frontal functions. 

 

Therefore, in terms of challenges to everyday participation such as work, education 

or social relationships, GMT in an adapted form, incorporating cues to ‘stop and 

think’ to help maintain activation of goals and plans in working memory, in addition 
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to social or psychological supports to aid acceptance, might be most beneficial. 

Greater intervention intensity is also warranted, but further research is needed to 

explore how to extend findings of near-transfer from working memory training 

packages into everyday life.  

 

6.1.4 Summary and consideration of findings in relation to the schematic model of 

frontal systems and processes 

Several factors or processes can, therefore, be considered as influencing findings in 

studies attempting to relate ‘hot’ and ‘cold’ frontal systems to domains of everyday 

life and wellbeing: 

o Differences between subgroups of participants based on aetiology of injury and 

age at injury and related neurocognitive differences 

o Variation between individual participants in terms of:  

o Profiles of strengths and difficulties in hot and cold frontal functions 

(with potential for either positive or negative effects on emotion)  

o Enduring heuristics or disposition for guiding decisions in specific types 

of task (e.g. gambling / risk taking) 

o Biological predispositions to respond to situational demands including 

risk, conflict or novelty in particular ways  

o Subjective fatigue and related underlying brain metabolic processes 

o General intellectual functioning 

o The meaningfulness of cognitively demanding everyday situations to people 

with ABI in comparison to lab or clinic-based situations. Effectively, everyday 

life or ecologically valid tasks are more likely to implicate ‘hot’ systems 
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associated with processes such as risk/reward sensitivity, social connection, 

meaning and threat/challenge. 

o Difficulty isolating and testing simple causal effects when there are multiple 

interacting processes across biological, psychological and social domains 

o Issues of statistical power given the large number of variables that may need 

to be included in models 

 

6.2 Synthesis of findings: A complex adaptive systems approach to the issue 
of ecological validity and far transfer between frontal systems and 
everyday life 

 
The work presented and discussed in this thesis builds on our prior work on 

improving understanding of everyday social and emotional outcomes following brain 

injury (Brindley, Bateman, & Gracey, 2011; Gracey et al., 2008, 2009; Gracey, 

Longworth, et al., 2016; Gracey & Ownsworth, 2012; Longworth, Deakins, Rose, & 

Gracey, 2018; Yeates et al., 2008). Here we focused on the specific ways in which 

problems arising from disruption to frontal systems interact with everyday challenges 

and outcomes. The studies we conducted, and the literature here reviewed indicate 

likely interactions between ‘hot’ and ‘cold’ processes and metacognitive functions. 

Performance in everyday situations is likely influenced by subtle moment-to-moment 

shifts in meaning or emotional salience which can impact upon several distinct but 

interacting systems including physiological systems, component executive and social 

processes and metacognitive processes. Such contextual sensitivity is consistent with 

a view of frontal systems as having evolved to maximise our adaptability to changing 

or challenging contexts.  
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Whilst advances are being made in understanding the immediate or proximal 

cognitive and behavioural effects of underlying brain changes, if considered in 

isolation these advances may not help us understand, predict and address longer-

term participation challenges in the everyday life of people post-ABI. Therefore, a 

further basis for issues of poor ecological validity in assessment of frontal functions, 

and also of poor transfer from rehabilitation clinic to everyday life, is that the 

features of these interrelated processes might be better conceived of as a complex 

adaptive system which is highly sensitive to context, rather than in terms of (multiple) 

linear causal relationships that can be understood outside of the context in which 

they are applied.  

 

6.2.1 A frontal-contextual systems model 

We propose that relationships between frontal systems dysfunction and everyday 

behaviour are best understood as arising from a set of nested complex adaptive 

systems each of which have the capacity to interact across system boundaries, as 

illustrated in Figure 2. A complex adaptive system is a system in which a connected 

network of components, governed by simple rules, act and react depending on the 

actions of neighbouring components. There is no component responsible for top 

down regulation or control, rather control emerges as a property of interactions 

across the system, and in response to the context in which the system sits. A complex 

system might itself sit within a wider complex system, such that it effects and adapts 

to that wider system. As such, it may be difficult to clearly delineate boundaries 
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around complex systems which themselves are nested within wider systems (Health 

Foundation, 2010; Kim, 1999).  

 

The model includes a social contextual system (located in the external, everyday 

world), a frontal system (located in the internal neuroanatomical realm), and a 

frontal-contextual system which emerges through interaction between multiple 

frontal component functions (including specific cognitive and psychophysiological 

processes), and social systems components (including the nature of task demands). 

Given the evidence that ‘cold’ cognitive systems can operate on a range of ‘hot’ or 

‘cold’ content, these specific component processes have been relabelled as ‘neutral’. 

For simplicity, the developmental and contextual influences on cognitive content 

acquired by an individual, and lower-level cognitive processes are omitted. Many 

component processes could be included within the boundary of frontal systems. 

However, based on the work presented here, we have included attention orientation 

and control, working memory and SAS functions, particularly self-monitoring and 

schema generation and implementation (problem solving and flexible plan 

implementation). ‘Hot’ processes are labelled as such to denote the embodied 

subjective affective experience associated with these social and emotional processes. 

These include level of parasympathetic nervous system activation (specifically vagal 

tone), sensitivity to losses or rewards, and social processes such as empathy. 

Energisation, as described by Stuss is omitted for simplicity but would be included as 

a hot process acting across other systems in a similar manner to vagal tone.  
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Metacognitive functions are also included as to represent the specific processes 

involved when integration of component processes is required. The evidence we have 

reviewed appears to support a stand-alone metacognitive or integrative system 

associated with frontal polar or medial frontal networks. However, viewing frontal 

systems in everyday situations as a complex adaptive system implies that 

metacognitive functions could be understood as emergent system properties that 

arise under certain processing configurations, rather than discrete top-down control 

modules.  

 

If considering assessment of a specific function, such as working memory, a particular 

frontal-contextual system configuration will arise in order to adapt to and address the 

task demands (as indicated by the upper green arrow) specific to that situation. 

Similarly, a decontextualized evaluation of a specific social or emotional task may give 

rise to specific hot or ‘neutral’ processing configurations (the lower red arrow). 

However, the demands of everyday life after brain injury are located within specific 

social and cultural contexts, where family functioning, peer relationships and social 

connection, attitudes about disability, social welfare and educational support 

systems, and the availability of information or discourses with which to deal with life 

after injury will all vary.  

 

In the context of everyday life, prior to a specific situation or demand, an individual’s 

cognitive executive skills and parasympathetic self-regulatory capacity might vary 

depending on developmental history, as well as any damage sustained and the age 

and developmental stage the damage was acquired at. The individual will carry with 
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them expectations about performance, anticipated outcome (reward / risk), and 

about the perspectives of others, based on learning from prior experience, which will 

underpin appraisals made of performance and choice of coping strategy. In everyday 

life, novel or challenging situations will therefore necessarily comprise a blend of 

cognitive, social and emotional demands (the vertical green-red arrow on the right), 

dynamically interacting with component frontal functions (the vertical green-red 

arrow on the left). Component frontal functions themselves (such as maintenance of 

a goal in working memory) might dynamically interact and change as emotional 

and/or social processes are activated, or conscious, metacognitive regulatory 

strategies applied. Goals associated with, for example, immediate rewards or 

avoidance of anticipated negative experiences might compete in working memory 

with goals associated with longer-term gains. If able to reflect upon and communicate 

these dilemmas emotional activation might be reduced. Communication with others 

might further engage helpful supports. These changes could further impact task 

performance, which might in turn further trigger emotional responses. Over time a 

(perceived) tendency to ‘fail’ or ’succeed’ might influence decision making or 

behaviour in future similar scenarios. Equally, repeated contextualised application of 

strategies might enable a specific type of demand to become more routine exerting 

less demand on frontal systems. Individual differences in tendency to persevere, 

avoid losses or sensation-seek might further dynamically alter behaviour. Individual 

variability in HRV, reduced HRV secondary to frontal systems damage, or increased 

HRV related to positive psychological states and social connection could further 

contribute to these dynamic moment-to-moment interactions between processing 

demands and context. The pattern of behaviour that arises in a given novel, 
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challenging or non-routine situation can therefore be made sense of as an emergent 

property of a frontal-contextual system, itself arising from the interplay between 

underpinning frontal brain systems and social systems, and therefore dynamically 

changing over time. 

 

6.2.2 Implications for future research  

If the interplay between component parts of the system conform to characteristics of 

a complex adaptive system (e.g. interdependence, sensitivity to feedback, lack of 

overarching organising component), research focusing on simpler causal relationships 

for predicting everyday outcomes may inadequately inform improvements in 

assessment and rehabilitation in patient groups with diffuse or system-wide damage 

as in ABI. A shift away from the study of simple linear relationships to the study of 

component interactions and system properties is required. Methodologies and 

analytic approaches for the study of complex adaptive systems are relatively well-

developed in contemporary neuroscience research (for example Bullmore & Sporns, 

2009). These approaches map the activity of low-level neuroanatomical nodes and 

their connections and provide a novel way of understanding functional connectivity 

and behaviour, but this has not yet significantly influenced clinical assessment or 

neuropsychological research concerning assessment and rehabilitation of everyday
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Figure 2: A framework for understanding frontal systems and everyday behaviour as a complex adaptive system: the frontal-contextual 

systems model.
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difficulties. Understanding brain networks involved across multiple types of task, and 

identification of processes associated with highly interconnected ‘hubs’, might assist in 

identifying domains of assessment that are more likely implicated in everyday tasks 

with matching demands. Such an argument has been presented by Duncan (2010) in his 

review of the ‘multiple demand network’ of fronto-parietal control process and Zaki & 

Ochsner (2012) in their review of empathy research. Along similar lines, there is also a 

move towards understanding inter-individual variability in mapping cognitive processes 

to brain systems and behavioural tasks. Inter-individual variation is viewed as noise in 

traditional statistical techniques, however, approaches that seek to measure variability 

between individuals have been developed and show promise in accounting for brain-

behaviour relationships (Kanai & Rees, 2011). 

 

Future research could also attempt to map dynamic shifts in the interactions between 

component processes under changing cognitive, emotional or social task demands in 

such a way as to improve modelling of complex everyday scenarios. Time series 

classification approaches to neuroimaging data are increasingly used to understand 

brain activity associated with cognitive processes unfolding over time (Grootswagers, 

Wardle, & Carlson, 2017). These types of analyses may provide further opportunities 

for understanding the complex systems arising between everyday task demands and 

frontal systems. A novel approach that provides opportunities for understanding the 

interplay between brain and behaviour in everyday life is functional near-infrared 

spectroscopy (fNIRS), a highly portable and non-invasive approach which lends itself to 

applications outside the laboratory. Pinti et al. (2018) suggest that the next frontier for 

cognitive neuroscience is to move away from study of basic processes to the 
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understanding of how people cope with everyday challenges. They suggest that, whilst 

big data approaches (such as the Human Connectome Project) might go some way to 

moving this endeavour forward using aggregated data, development of novel, portable 

techniques such as fNIRS breathe new life into traditional clinical neuropsychological 

approaches concerned with understanding a unique individual’s processing ability 

under varying real-world demands. Pinti et al. (2018) summarise some recent 

applications to understanding patterns of prefrontal cortex activation and associated 

cognitive functioning in real-world experiments, providing some validation of models 

such as the SAS model. Increasing interest in wearable technology capable of gathering 

and integrating multiple markers of contextual sensitivity (such as portable EEG, ECG 

and skin conductance) might also support research along these lines. 

 

6.2.3 Implications for interventions to support people with frontal systems deficits 

Understanding the impact of frontal systems impairments on everyday life as 

occurring within a complex adaptive system has specific implications for intervention 

with people with ABI. A focus on targeted training of specific processes (such as 

adaptive training of working memory), even if successful in near transfer of gains to 

non-trained tasks, might not be sufficient to improve performance in everyday life, 

and may result in unintended consequences. For example, the 30 minutes per day of 

working memory training required to generate improvements in near-transfer tasks 

might take away from a child’s time spent practicing maths skills or may increase 

stress in the family home with implications for behaviour and development.  
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Complex multicomponent interventions such as GMT incorporating interventions 

addressing component interactions would be more likely to result in gains in everyday 

behaviour as the evidence indicates. This approach involves repeated practice in 

monitoring attentional slips, thinking about and setting goals and plans, conducting 

periodic ‘mental reviews’ and managing factors such as fatigue and environment, and 

implementation of strategies in everyday life. Such approaches are sometimes 

dismissed in the context of healthcare intervention research as unsystematic 

‘shotgun’ approaches. However, within a systems approach, the multiple components 

of the intervention would not be thought of as addressing individual components in a 

listwise manner. Rather, the co-occurrence of intervention components addressing 

interactions would be more likely to result in system adaptation, and behaviour 

change. For example provision of new information about how we are all vulnerable to 

attention slips and how we might manage these better, facilitation of self-monitoring 

in everyday life, non-judgemental attitude of facilitators to patient problems, mindful 

control of attention under stress, social connection between group members and 

supporting positive affect, might together facilitate psychological acceptance, 

engagement in behaviour change and adaptive skills practice, echoing the socio-

cultural acquisition of skills through contextualised practice (Ardila, 2008; Vygotsky, 

1978). Change in complex adaptive systems is achieved through changing the 

contextual conditions to facilitate the system in developing its own new self-

regulatory processes rather than imposition of ‘top-down’ control. Therefore, 

interventions should also attend to the process of delivery and qualities of the 

therapist or social context in which rehabilitation is provided. In this vein, 

comprehensive day programme approaches (e.g. Wilson, Gracey, Malley, Bateman, & 
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Evans, 2009) also seek to present structured and supported opportunities to address 

real-world challenges that explicitly address experiences of threat to self in the 

context of a therapeutic milieu comprising staff, clients and family members involved 

in the programme. In support of the importance of contextual processes, quality of 

the therapeutic relationship in such programmes has been found to be associated 

with improvements in self-awareness (Schönberger, Humle, Zeeman, & Teasdale, 

2006). A number of approaches to rehabilitation that incorporate multiple 

components to varying extents have been proposed, including context-sensitive 

behavioural supports and identity-oriented approaches (Ylvisaker, 2003), contextual-

metacognitive therapy (Ownsworth, Fleming, Desbois, Strong, & Kuipers, 2006) and 

the Y-Shaped model of rehabilitation (Gracey et al., 2009) focused on contextualised 

integration of identity, strategy use and self-regulation. Diamond & Ling (2016) also 

provide a framework for consideration of self-regulatory interventions including 

combined physical and cognitive practise (as required in yoga or Tai Chi). 

 

In addition to these multi-component interventions, the model presented also allows 

identification of specific processes that might facilitate gains through general effects 

across the system, such as energisation or enhancing parasympathetic adaptation to 

novelty or challenge by increasing HRV through stimulation (Clancy et al., 2014). 

Enhancing the vagal response to challenge or threat could be achieved through a 

variety of therapeutic techniques such as HRV biofeedback (Francis, Fisher, Rushby, & 

McDonald, 2016b; S. Kim et al., 2013; O’Neill & Findlay, 2014) or mindfulness-based 

approaches (Krygier et al., 2013) or other approaches associated with increasing 

wellbeing. Alteration of the regulatory potential of the whole system might enhance 
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regulation of negative affect in the face of real-world challenges or demands, thus 

facilitating potential application of strategies developed in rehabilitation. Issues with 

the potential aversiveness of periodic reminders to ‘stop and think’, for example, 

might be reduced by enhancing an individual’s ability to accept and implement this 

strategy.  

 

Although not addressed in the studies reported in this thesis, we are currently 

undertaking a single case experimental design trial for the feasibility and effects of 

transcutaneous vagal nerve stimulation (tVNS) on aggression in people with ABI, 

intellectual disability or autistic spectrum disorders. The trial is ongoing, but data from 

an initial case shows potential benefits, echoing findings of implanted vagal nerve 

stimulation in people with Prader-Willi syndrome (Manning et al., 2016). We are also 

about to undertake a study of the short-term effects of tVNS on executive (‘flanker’ 

task) and non-executive (lexical decision) cognitive task performance in healthy 

controls to further explore these mechanisms. Alongside this, we have recently 

researched an intervention that emphasise positive effects of social connection and 

creativity in an Arts and Health group intervention (Ellis-Hill et al., 2015), and are 

developing projects with the objective of further elucidating the interplay between 

affective, cognitive and social self-regulatory processes, social context and well-being 

following stroke and brain injury. 

 

The next step in developing application of the frontal contextual systems model in 

clinical research would be to develop a programme to evaluate the additional benefits 

(in terms of improved carry-over into everyday life domains and reduced variability or 
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unpredictability of responses) to routine rehabilitation (including training) that might 

be achieved through specific interventions that address ‘hot’ processes. Extending our 

prior research in this area, key interventions to evaluate include:  

1. Enhancing rehabilitation of higher cognitive functions through interventions that 

improve capacity to manage the affective component of novelty, challenge or 

complex challenges in everyday life. For example, including mindfulness-based 

interventions, HRV biofeedback, or vagal nerve stimulation, and addressing self-

efficacy in managing cognitive issues. Management of fatigue would also be 

necessary. 

2. Identifying aspects of identity (self-goals or values, for example) associated with 

challenges in everyday life that might serve to increase the individual’s capacity to 

remain connected to pre-injury sense of self in the moment, thereby reducing 

negative affect / threat response, enabling a more adaptive approach to coping and 

increasing attention to potential future reward. 

3. Identifying activities and social contexts that can enhance experience of safety and 

connectedness with self and others. Interventions here might include peer support, 

resource facilitation, arts and health interventions and community projects or groups. 

4. Linking interventions in these domains to automated alert or reminding systems 

delivered via smart phone app to further enhance carry-over into everyday life. 

 

Interventions would thus need to be chosen and combined per individual to address a 

balance of core skills that might need improving, along with interventions that address 

connection in social context, including family context and development in the case of 

childhood brain injury. 
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6.3 Conclusion 
 
Traditionally, ecologically valid assessment of ‘executive functions’ and transfer of 

rehabilitation gains to everyday life has been challenging. By taking a broader 

approach to frontal systems functioning than solely focusing on ‘cold’ cognitive EFs, it 

has been possible to identify a range of ‘hot’ affective, and ‘hot’ and ‘neutral’ social 

and cognitive functions, that together and in interaction adapt to the demands of 

everyday situations. We have proposed a frontal-contextual system as a way of 

understanding the high level of contextual sensitivity of frontal systems, and view 

performance characteristics as emergent properties of the interplay between frontal 

brain systems and social contextual systems. It is concluded that methodologies 

developed for cognitive neurosciences research in to brain networks be extended to 

incorporate multiple data sources bridging brain and everyday behaviour. Implications 

for intervention support the application of complex multi-component interventions 

that create conditions under which the frontal-contextual system can adapt to 

maximise adaptive behaviour. Where emotional salience or meaning causes dynamic 

reduction in cognitive, social or emotional self-regulation, the potential to benefit 

from rehabilitation might be facilitated through approaches that maximise system 

adaptability. These might include interventions that aim to increase HRV (directly or 

indirectly), facilitate social relationships or connections, as well as providing 

opportunities to practice and develop skills. This shift towards social connection and 

wellbeing as intrinsic components of the rehabilitation of frontal dysfunction 

represents a radical departure from decontextualized cognitive training approaches 

and carries implications for rehabilitation that extend beyond healthcare into the 

wider community and social policy.  
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